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Abstract Chronic Myeloid Leukaemia (CML) is a myelo-
proliferative disorder characterized by the expression of the
oncoprotein, Bcr-Abl kinase. CCN3 normally functions as a
negative growth regulator, but it is downregulated in CML,
the mechanism of which is not known. MicroRNAs
(miRNAs) are small non-coding RNAs, which negatively
regulate protein translation by binding to the complimen-
tary sequences of the 3′ UTR of messenger RNAs.
Deregulated miRNA expression has emerged as a hallmark
of cancer. In CML, BCR-ABL upregulates oncogenic
miRNAs and downregulates tumour suppressor miRNAs
favouring leukaemic transformation. We report here that the
downregulation of CCN3 in CML is mediated by BCR-
ABL dependent miRNAs. Using the CML cell line K562,
we profiled miRNAs, which are BCR-ABL dependent by

transfecting K562 cells with anti-BCR-ABL siRNA.
MiRNA expression levels were quantified using the Taq-
man Low Density miRNA array platform. From the
miRNA target prediction databases we identified miRNAs
that could potentially bind to CCN3 mRNA and reduce
expression. Of these, miR-130a, miR-130b, miR-148a,
miR-212 and miR-425-5p were significantly reduced on
BCR-ABL knockdown, with both miR-130a and miR-130b
decreasing the most within 24 h of siRNA treatment.
Transfection of mature sequences of miR-130a and miR-
130b individually into BCR-ABL negative HL60 cells
resulted in a decrease of both CCN3 mRNA and protein.
The reduction in CCN3 was greatest with overexpression of
miR-130a whereas miR-130b overexpression resulted only
in marginal repression of CCN3. This study shows that
miRNAs modulate CCN3 expression. Deregulated miRNA
expression initiated by BCR-ABL may be one mechanism
of downregulating CCN3 whereby leukaemic cells evade
negative growth regulation.
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Abbreviations
CML Chronic Myeloid Leukaemia
MiRNA MicroRNA

Introduction

Chronic Myeloid Leukaemia (CML) is a haematopoietic
stem cell (HSC) disorder. CML is characterized by the
presence of the Philadelphia chromosome (Nowell and
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Hungerford 1960), which encodes the BCR-ABL onco-
gene. BCR-ABL is a fusion gene resulting from the
reciprocal translocation between BCR and ABL genes on
the chromosomes 22 and 9 respectively (Rowley 1973).
BCR-ABL translates to the constitutively active Bcr-Abl
tyrosine kinase protein, which deregulates downstream
signalling pathways. This results in deregulated cell
proliferation, differentiation, apoptosis and adhesion
(Deininger et al. 2000). CML is currently treated using
tyrosine kinase inhibitors (TKIs). Imatinib mesylate
(Gleevec, STI571) is now the front line treatment for
CML patients in all disease stages (Druker and Lydon
2000). Clinical studies have demonstrated that imatinib
induces complete cytogenetic response in more than 80%
of patients in chronic phase CML (Hochhaus et al. 2009).
Resistance to imatinib develops over a period of time and
may be attributed to Bcr-Abl kinase domain mutations,
additional genetic aberrations or the BCR-ABL indepen-
dent state of the disease at later stages (Volpe et al. 2009).
CML is a stem cell disorder; persistence of the quiescent
population of BCR-ABL+ CD34+ stem cells even after
treatment with TKIs gives rise to patient relapses. Since
CML stem cells do not rely on BCR-ABL for maintain-
ing their quiescent state(Bhatia et al. 2003), alternate
targets have to be sought for identifying new treatment
strategies.

DNA microarray analysis of a CML murine stem cell
model performed to identify the initial effects of Bcr-Abl
kinase activity, detected downregulation of CCN3 in CML.
Bone marrow cells from CML patients had reduced Ccn3
expression and the expression was restored upon treatment
with imatinib. Increased secretion of Ccn3 is also observed
in progenitor CD34+ CML cells, indicating loss of CCN3
as an early event in CML (McCallum et al. 2006). In vitro
studies using CML cell lines overexpressing Ccn3 or
treated with recombinant Ccn3 showed reduced cell
proliferation and increased apoptosis (McCallum et al.
2009). In CML, reduced CCN3 expression confers growth
advantage and survival means for CML cells and CCN3
deregulation could be a key step in the transformation of
hematopoietic cells to CML phenotype (McCallum et al.
2006).

The mechanism by which BCR-ABL downregulates
CCN3 is not known. Small regulatory noncoding RNA
molecules called MicroRNAs (miRNAs) that negatively
regulate protein expression reduce the expression of several
tumour suppressor proteins (Schickel et al. 2008). In CML,
BCR-ABL upregulates oncogenic miRNAs, which reduces
the expression of key tumour suppressor proteins thereby
favouring malignant transformation (Faber et al. 2008). In
this study, we investigated if BCR-ABL upregulates any
miRNA(s) resulting in the downregulation of CCN3 using
the CML cell line model K562.

Materials and methods

Cell lines

The K562 CML and HL60 acute myeloid leukaemia
(AML) cell lines were obtained from Deutsche Sammlung
von Mikrorganismen und Zellkulturen (DSMZ GmbH,
Braunschweig, Germany). The cells were maintained in
RPMI-1640 supplemented with 10% fetal calf serum
(Gibco BRL, Paisley, United Kingdom), and incubated at
37°C in a humidified incubator with 5% CO2. They were
passed twice weekly to maintain log phase growth.

BCR-ABL siRNA transfection

K562 cells (1×106) were transfected with either siRNA
targeting BCR-ABL (Qiagen, Cat. No: 1027020) or
scrambled control using cell line nucleofector Solution V,
program T-16 (Amaxa GmbH, Cologne, Germany) accord-
ing to the manufacturer’s instructions. Cells after transfec-
tion were incubated at 37°C with 5% CO2 for 24 h and 72 h
post transfection.

Real time PCR analysis for BCR-ABL and CCN3
expression

K562 cells transfected with siRNA targeting BCR-ABL or
scrambled control were harvested and total RNA was
extracted at 24 h and 72 h post transfection using mirVana
miRNA isolation kit (Ambion). Samples were run on a
denaturing polyacrylamide gel (15%) with 7 M Urea to
assess the quality of the RNA. Real time PCR (RT-PCR)
using Taqman chemistry was used to detect the levels of
BCR-ABL and CCN3 transcripts. The primer-probe sets for
BCR-ABL were used according to the Europe Against
Cancer protocol as previously described (Gabert et al.
2003). For CCN3 detection, the following primer-probe
sets were designed using primer express software (Applied
Biosystems) forward primer—5′-TGC GAC CTG CAC
CTG TCA-3′, reverse primer- 3′-TCC TGG AGG AAG
GCC TCAT-5′, probe-5′-FAM-CCA ACT GTC CTA AGA
AC-NFQ MGB-3′. The levels of BCR-ABL and CCN3
were normalized to endogenous 18S rRNA control. The
RT-PCR was carried out using an ABI PRISM 7500
Sequence Detector and data analysis was performed using
Sequence Detector v1.6.3 software (Applied Biosystems);
relative transcript levels were quantified using 2−ΔΔCT

method (Ginzinger 2002).

Western blot analysis

K562 cells (1×106) transfected with siRNA targeting BCR-
ABL were harvested and suspended in RIPA buffer
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consisting of 1x PBS, 1% Igepal CA-630 (Sigma-Aldrich),
0.1% SDS and protease inhibitor (Complete Mini Cocktail,
Roche Diagnostics Ltd, Lewes, UK) and lysed on ice for
10 min. Samples were then sonicated for 15 s and
centrifuged at 13,000 rpm at 4°C for 15 min to remove
insoluble material. The supernatant was recovered and
protein concentration was estimated by the Bradford protein
method (BCA protein assay kit, Pierce, Cramlington,
United Kingdom).

For Western blotting, 40 μg of the total protein was
loaded onto a pre-cast NuPAGE® Novex 3–8% Tris-
Acetate Gel (Invitrogen, Paisley, UK) and subsequently
transferred to a 0.45-μm pore sized PVDF membrane
(Invitrogen). Bcr-Abl expression was determined using a
polyclonal rabbit c-Abl antibody (Cell Signalling; dilution
1:1000). For Ccn3 detection, an NH5 antibody raised
against the C-terminus of Ccn3 was used at 1:1000
(Subramaniam et al. 2008). All dilutions of the antibodies
and blocking steps were done using 5% milk in TBS-
Tween. Equivalent protein loading was censured by
determining beta-actin levels (Sigma). Chemiluminescence
was used to detect the protein bands in the immunoblots
(Supersignal; Pierce, Rockford, IL). Optical densitometry
was performed using the Autochemi System (Ultra-Violet
Products, Cambridge, United Kingdom) and corrected for
protein loading via the beta-actin signal.

MiRNA expression profiling using Taqman Low Density
Array cards

Total RNA (1 μg) from K562 cells and from anti-BCR-
ABL siRNA treated cells at 24 h and 72 h was reverse
transcribed using TaqMan® MicroRNA Reverse Tran-
scription Kit (Applied Biosystems). The profiling of 667
mature miRNAs was performed using Taqman Low
Density Array (TLDA) cards on a 7900 HT fast RT
PCR using ABI sequence detection software v2.3. The
results were analyzed by SDS Relative Quantification
(RQ) Manager. The expression levels of miRNAs were
normalized to the endogenous RNU48 and the fold
changes of individual miRNAs were calculated using
the 2−ΔΔCT method.

Database prediction of miRNAs targeting CCN3

The miRNAs potentially targeting CCN3 mRNA were
identified using the bioinformatic program miRGEN
http://www.diana.pcbi.upenn.edu/miRGen.

MicroRNA transfection

HL60 (BCR-ABL negative) AML cells were transfected
with 30 nm pre-miR miRNA precursor molecules of hsa-

miR-130a (PM10506) and hsa-miR-130b (PM10777) from
Applied Biosystems using program T-19 Amaxa nucleo-
fection. As a control 30 nm of pre-miR miRNA precursor
molecule-negative control # 1 (NC1, AM17110, Applied
Biosystems) was used. Total RNA and protein were
extracted 24 h and 48 h post transfection as described
previously.

Quantitative PCR for miRNAs

To determine the expression of candidate miRNAs, 10 ng
of total RNA was reverse transcribed using stem loop
primers for specific miRNAs and RT-PCR was carried out
using individual Taqman miRNA assays (Cat No: 000454
and 000456, Applied Biosystems). The expression levels of
miRNAs were normalized to RNU48 (Cat No: 001006,
Applied Biosystems) (Wong et al. 2007).

Results

BCR-ABL reduction increases CCN3 expression

Initially, we established that we were using a robust cell
line model. K562 cells were transfected with siRNA
directed against BCR-ABL. The levels of BCR-ABL
mRNA decreased 4.5 fold at 24 h and 3.6 fold at 72 h of
siRNA transfection compared to the scrambled control
(Fig. 1a). The reduction in BCR-ABL was associated with a
significant increase in CCN3 transcripts (Fig. 1b). CCN3
levels increased 2.5 fold within 24 h of BCR-ABL
reduction (p<0.005). CCN3 levels further increased 2.8
fold at 72 h of BCR-ABL reduction (p<0.001). The
difference in CCN3 transcript levels observed in K562
cells, scrambled control and in anti-BCR-ABL siRNA
transfected cells is expressed in terms of Ct (cycle
threshold) values normalized to 18SrRNA (Fig. 1c). A
lower Ct value indicates higher gene expression. These
transcript changes were mirrored at the protein level as
demonstrated by western blotting (Fig. 1d) and by the
corresponding densitometric plots (Fig. 1e). These findings
were also confirmed at 48 h post BCR-ABL silencing (data
not shown), but the initial 24 h and later 72 h time points
were chosen for the analysis of BCR-ABL dependent
miRNA expression.

Candidate miRNAs binding to CCN3 3′ UTR

Four different miRNA target prediction algorithms
(Targetscan, miRbase target, PicTar and miRanda) were
used to predict miRNAs which could bind to CCN3 3′ UTR.
These databases identified 149, 51, 1 and 15 candidate
miRNAs respectively. To reduce the number of false positives
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we used miRGen target that uses the union of the above-
mentioned algorithms. This narrowed down the search results
to 16 miRNAs: miR-92, miR-92b, miR-132, miR-212, miR-
323, miR-539, miR-758, miR-130a, miR-130b, miR-148a,

miR-182*, miR-299-5p, miR-302b*, miR-302c, miR-30e-5p
and miR-425-5p. Of these, miR-92, miR-92b, miR-132, miR-
212, miR-130a and miR-130b were predicted by Targetscan,
miRbase target and miRanda.
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MiRNAs predicted to target CCN3 are BCR-ABL
dependent

To identify the miRNAs expressed by the K562 cell line
model, miRNA expression profiling was carried out using
Taqman Low Density Array cards. These arrays detect mature
forms of 667 humanmiRNAs using Taqman chemistry. Of the
16 candidate miRNAs, K562 cells did not express miR-299-
5p, miR-302c, miR-363 and miR-539. The remaining 12
miRNAs had varied levels of expression. To detect if the 12
candidate miRNAs are dependent on BCR-ABL, we used
siRNA specific to BCR-ABL and analyzed the changes in
miRNA signatures at 24 h and 72 h post transfection. Five of
the miRNA candidates decreased with BCR-ABL reduction
(Fig. 2), of which miR-130a (−4.5 fold), miR-130b (−3.5
fold), miR-148a (−1.3 fold), miR-425-5p (−2 fold) had
significant reduction at the initial 24 h. At 72 h, miR-130b
(−3.1 fold) and miR-425-5p (−1.5 fold) still had reduced
expression. We focused further studies on miR-130a, which
showed significant decrease at 24 h and on miR-130b, which
decreased at both 24 h and 72 h time points.

Validation of the TLDA results

To validate our approach, we compared the expression of
BCR-ABL associated miRNAs reported in the literature
with the results generated from the TLDA platform. The
miR-17-92 cluster is a group of oncogenic miRNAs
upregulated by the BCR-ABL–c-Myc pathway (Venturini
et al. 2007). We found a decrease of all the miRNAs in this
cluster with the exception of miR-92 (Fig. 3a), similar to
the findings reported previously by Venturini et al.
(Venturini et al. 2007). Bcr-Abl kinase activity results in
the loss of miR-328 in the blast crisis of CML that impairs
myeloid cell differentiation (Eiring et al. 2010). In our
studies, we found miR-328 levels increasing with BCR-
ABL reduction, with significant increase at 72 h of BCR-
ABL silencing (Fig. 3b).

Imatinib treatment of K562 cells reduces miR-130a
and miR-130b expression

To confirm BCR-ABL dependent expression of miR-130a
and miR-130b, K562 cells were treated with 1 μM imatinib
for 24, 48 and 72 h to inhibit Bcr-Abl kinase activity.
Decrease in Bcr-Abl protein resulted in increased Ccn3
expression (Fig. 4a). The expression of miRNAs was
determined by miRNA specific Taqman real time PCR
assays. Imatinib treatment resulted in significant decrease
of both miRNAs at all time points (Fig. 4b and c).

Overexpression of miR-130a and miR-130b reduces CCN3
levels

To confirm the effect of miR-130a and miR-130b on CCN3
expression, the AML cell line HL60, which does not
express BCR-ABL, was used, as BCR-ABL+ cells do not
express CCN3. We compared the expression of CCN3 in
HL60 cells with K562 cells using real time PCR. Each
amplification reaction contained 50 ng of cDNA equiv-
alents. HL60 had 76.3 copies of CCN3 compared to the 0.8
copies of CCN3 in K562 (Fig. 5a). HL60 cells were
transfected with Taqman Pre-miR miRNA precursors, of
miR-130a and miR-130b. These precursors are chemically
modified double stranded RNA molecules that mimic
endogenous mature miRNA molecules. Pre-miR™ Nega-
tive control #1, which is a random sequence of Pre-miR
molecules having no identified effects on known miRNA
function was used as a control. Transfection of both miR-
130a and miR-130b mimics resulted in significant increase

Fig. 2 The expression of miRNAs predicted to target CCN3
decreases with BCR-ABL reduction. Analysis of BCR-ABL depen-
dent miRNA expression of K562 cells was carried out using TLDA
miRNA cards. The miRNA expression of K562 cells transfected with
siRNA directed against BCR-ABL was compared with the control K562
cells at 24 h and 72 h post transfection. Data represents the fold reduction
observed in the expression of 5 miRNAs predicted to target CCN3 with
each BCR-ABL silencing experiment (n=3), *, p<0.05; ***, p<0.001.
The expression of RNU48 was used as the endogenous control. Light
bars represent 24 h and dark bars represent 72 h time points

Fig. 1 BCR-ABL silencing increases CCN3 expression. siRNA
directed to target BCR-ABL was used to investigate CCN3 expression
levels. K562 cells transfected with siRNA targeting BCR-ABL, a
scrambled sequence and untransfected control cells were compared at
24 h and 72 h post transfection. a Real time PCR was performed to
quantify BCR-ABL transcript levels. A significant reduction in BCR-
ABL was observed within 24 h of siRNA treatment. b RQ-PCR was
performed to detect levels of CCN3 expression as a result of siRNA
targeting BCR-ABL. BCR-ABL reduction corresponded with an
increase in CCN3. c Box plots indicating the difference in CCN3
gene expression in each set of samples. Data represent normalized Ct
values; higher the Ct value, lower the gene expression. d Western
blotting was performed on protein lysates to detect expression of Bcr-
Abl (i), Ccn3 (ii) and β-actin. e Optical densitometry was performed
for the blots in (c) and the data was graphically formatted to compare
levels of Bcr-Abl and Ccn3 protein expression normalized to β-actin.
Data represent the mean of three independent experiments. *, p<0.05;
**, p<0.01; ***, p<0.001

�
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in the expression of both miRNAs (Fig. 5b and c). HL60
cells do not express miR-130a; therefore the transfection of
miR-130a mimic into these cells results in a considerable
fold increase in miR-130a transcript levels. The expression
of CCN3 was determined by quantitative PCR at 24 h and
48 h post transfection of the miRNA mimics. Both miR-
130a and miR-130b overexpression resulted in the decrease
of CCN3 mRNA levels. The levels of CCN3 in HL60
decreased by 43±2% at 24 h (p<0.001) and by 31±2% (p<
0.001) at 48 h when transfected with miR-130a (Fig. 5d).
Whereas, miR-130b transfection decreased CCN3 tran-
scripts by 55±17% at 24 h (p<0.01) and by 44±20% at
48 h (p<0.001) (Fig. 5d). Significant reduction in Ccn3
protein levels were seen with miR-130a transfection at 48 h
where as miR-130b overexpression resulted only in modest
decrease of Ccn3 (Fig. 5e and f). Though at 24 h there was

clearly a decrease at RNA levels, a significant decrease at
the Ccn3 protein levels was not observed with miR-130b
overexpression.

Discussion

MiRNAs are non-coding single stranded RNA molecules,
typically 21–23 nucleotides in length. They are posttran-
scriptional gene regulatory molecules, which inhibit protein
translation by binding to the target messenger RNAs.
MiRNAs control key cellular processes like proliferation,
differentiation, apoptosis and aberrant expression of miR-
NAs have been identified in various pathologies including
cancer (Zimmerman and Wu 2011). In CML, BCR-ABL
upregulates the expression of oncogenic miRNAs; for

Fig. 3 BCR-ABL associated miRNAs change expression with respect
to BCR-ABL reduction. The expression of two of the BCR-ABL
associated miRNAs was identified using the TLDA platform. a The
miR-17-92 cluster upregulated by BCR-ABL showed significant
reduction at both 24 h and 72 h post BCR-ABL siRNA transfection

in K562 cells. b The tumour suppressor miR-328 was significantly
increased at 72 h of BCR-ABL silencing. Data represent the mean fold
reductions observed in three independent experiments. *, p<0.05;;
***, p<0.001. Light bars represent 24 h and dark bars represent 72 h time
points

Fig. 4 Imatinib treatment of
K562 cells reduces miR-130a and
miR-130b expression. K562 cells
were treated with 1 μM imatinib
for 24, 48 and 72 h and the
expression levels of miR-130a and
miR-130b were compared with
untreated K562 cells. Quantitative
PCR for individual miRNAs were
performed and expression was
normalized to the endogenous
control RNU48. (a) Western blot-
ting showing the decrease in Bcr-
Abl expression (i) and the corre-
sponding increase in Ccn3 (ii) in
K562 cells with 24, 48 and 72 h of
imatinib treatment (b) Expression
levels of miR-130a and (c) miR-
130b following 24, 48 and 72 h of
imatinib treatment of K562 cells.
Data represent the mean fold
reduction in miR-130a and miR-
130b expression relative to the
untreated K562 cells (n=3). *, p<
0.05; **, p<0.01; ***, p<0.001
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example miR-17-92 cluster of oncomirs which facilitate
tumour progression (Venturini et al. 2007). Simultaneously,
BCR-ABL downregulates the expression of tumour sup-
pressor miRNAs like miR-203 (Bueno et al. 2008) and
miR-328 thereby blocking differentiation of the myeloid
cells (Eiring et al. 2010). Downstream to this is the
imbalance created in their protein targets, whereby onco-
proteins are upregulated and tumour supressors are down-

regulated, a characteristic feature of malignancy. The
repression of tumour suppressor mRNAs by miRNAs is
emerging as an important deregulatory switch in cancer. We
hypothesized that BCR-ABL regulated miRNAs might play
a role in downregulating the levels of CCN3 in CML.

Using the CML cell line model K562, which expresses
Bcr-Abl kinase, we identified miRNAs that are BCR-ABL
dependent by using siRNA against BCR-ABL. BCR-ABL

Fig. 5 Overexpression of miR-130a and miR-130b reduces CCN3
levels. (a) Real time PCR analysis of CCN3 copy number in K562
cells and BCR-ABL negative HL60 cells. (b) Amaxa transfection of
miRNA mimics of miR-130a showed a significant increase in miR-
130a transcripts at 24 h and 48 h following transfection, (c)
transfection of miR-130b miRNA mimics show increased expression
of miR-130b in HL60 cells at both 24 h and 48 h (d) CCN3 mRNA

levels decrease with miR-130a and miR-130b overexpression at 24 h
and 48 h post transfection of the miRNA mimics (n=3). *, p<0.05;
**, p<0.01; ***, p<0.001. (e) Corresponding protein level determi-
nation, miR-130a overexpression decreases Ccn3 at 48 h where as
miR-130b transfection shows a slight decrease at Ccn3 protein levels.
(f) Corresponding optical density readings for the blots in (e)
comparing the levels of Ccn3 protein normalized to β-actin
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knockdown resulted in the upregulation of 56 miRNAs and
the downregulation of 76 miRNAs by >1.5 fold within 24 h
of siRNA transfection. Among these, 12 miRNAs predicted
to target CCN3 mRNA, showed different levels of
expression with respect to BCR-ABL status. We focused
only on those miRNAs, which showed a consistent
decrease in their expression levels in the triplicate experi-
ments. From the panel of 5 miRNAs, we selected miR-130a
and miR-130b to examine their effect on CCN3 expression;
miR-130a decreased −4.5 fold and miR-130b decreased −3.5
fold within 24 h of BCR-ABL knockdown.

Both miR-130a and miR-130b are paralogous miRNA
sequences located on chromosomes 11 and 22 respectively
with their mature sequences differing at two nucleotides at
positions 11 and 13. The mature sequence of miR-130a is
CAGUGCAAUGUUAAAAGGGCAU and miR-130b is
CAGUGCAAUGAUGAAAGGGCAU; miR-130a and
miR-130b are predicted to target the same region of
CCN3 mRNA from bases 300–321. Transfection of mature
sequences of both miRNAs individually into HL60 cells
resulted in the repression of CCN3 at varying levels. MiR-
130a transfection suppressed Ccn3 protein translation
significantly, whereas the downregulation of Ccn3 con-
ferred by miR-130b was only partial. Transfection of miR-
130a and miR-130b decreased CCN3 mRNA, but the
decrease in Ccn3 protein levels was prominent only with
miR-130a overexpression. This suggests that miR-130a
might be the key miRNA in reducing Ccn3 expression.

We also examined the expression of miR-130a and miR-
130b when K562 cells were treated with imatinib for 24, 48
and 72 h to inhibit Bcr-Abl kinase activity. Imatinib treatment
resulted in the decrease of both miR-130a and miR-130b, but
the extent of downregulation obtained was different from the
siRNA treatment against BCR-ABL. The decrease in expres-
sion of both the miRNAs was greatest with siRNA silencing
of BCR-ABL, rather than with imatinib treatment. This could
reflect the mechanistic differences in the extent of Bcr-Abl
reduction obtained by these treatments.

MiR-130a has been implicated in platelet differentiation.
MiRNA expression profiling of CD34+ progenitors and
platelets showed the downregulation of miR-130a during
haematopoietic differentiation. The downregulation of miR-
130a increases the expression of its target protein MAFB; a
transcription factor required for promoting platelet develop-
ment (Garzon et al. 2006). A block in cellular differentiation
is a hallmark of CML; BCR-ABL mediated miR-130a
upregulation might be a means of downregulating proteins
associated with myeloid differentiation. A recent study using
mouse bone marrow cells showed miR-130a levels enriched
in the haematopoietic stem cell fraction (O'Connell et al.
2010). These independent studies indicate miR-130a as a
highly expressed miRNA in haematopoietic stem cells and
that its expression reduces during differentiation and

maturation. In CML, altering the levels of miR-130a by
BCR-ABL could be a means of arresting differentiation.

MiR-130b was identified as upregulated in adult T-cell
Leukaemia (ATL) cell lines transformed by Human T-cell
lymphotrophic virus 1 (HTLV-1). Increased expression of
miR-130b was also identified in the peripheral blood
mononuclear cells of ATL patients. In ATL, miR-130b
downregulates the expression of tumor protein 53–induced
nuclear protein 1 (TP53INP1), a key protein required for
the induction of cell cycle arrest and apoptosis (Yeung et al.
2008). In hepatocellular carcinoma (HCC), miR-130b was
preferentially expressed in the tumour initiating cells.
Overexpression of miR-130b in HCC cell lines increased
their proliferation, self-renewal capacity and chemoresist-
ance (Ma et al. 2010). A recent study showed that TAp63,
an isoform of p63, increases miR-130b expression by
enhancing dicer activity. TAp63 upregulation of miR-130b
reduces the invasive capacity of mouse embryonic fibro-
blasts (Su et al. 2010). Increased expression of mir-130b is
also reported in primary gastric tumours. Overexpression of
miR-130b in different gastric cell lines resulted in the
reduction of RUNX3 tumour suppressor facilitating tumour
progression (Lai et al. 2010).

Recently, there have been reports on the miRNA
regulation of CCN proteins. MiR-155 is found to target
CCN1 resulting in reduced placental angiogenesis (Zhang
et al. 2010). CCN1 is also regulated by miR-30a-3p;
overexpression of this miRNA reduced CCN1 expression
in the HepG2, human hepatocellular liver cancer cell line
(Nakamoto et al. 2005). In cardiomyocytes and fibroblasts,
miR-30 and miR-133 overexpression decreased CCN2
expression resulting in the reduced production of collagen.
Decreased expression of these two miRNAs is observed in
cardiac pathologies resulting in increased CCN2 expres-
sion. This results in increased collagen production leading
to cardiac fibrosis (Duisters et al. 2009). In chondrocytes,
CCN2 is downregulated by miR-18a, resulting in their
decreased differentiation potential (Ohgawara et al. 2009).
The miR-17-92 cluster, of which miR-18a is a member is
found to downregulate CCN2 expression in gliomas leading
to altered differentiation (Ernst et al. 2010). In primary
pigmented nodular adrenocortical disease (PPNAD), de-
creasing levels of miR-449 was correlated with increased
CCN5 expression (Iliopoulos et al. 2009).

We report that in CML, the expression of miRNAs, miR-
130a and miR-130b is BCR-ABL dependent. The over-
expression of mature sequences of either of these miRNAs
resulted in the downregulation of CCN3 transcripts in
HL60 cells. A significant reduction in Ccn3 protein levels
was achieved with miR-130a overexpression. In conclu-
sion, this study for the first time identified the post-
transcriptional regulation of CCN3 expression by miRNA
activity. Taken together this data suggests that, BCR-ABL
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downregulation of CCN3 observed in CML might be
mediated by the expression of miR-130a/b.
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