
Abstract. Wnt proteins control cell fate and differentiation
during development. Alterations of the Wnt/ß-catenin signaling
pathway and changes in wnt gene expression are clearly
associated with leukemia. The expression of human wnt13/
wnt2b is complex as it involves alternative promoters and RNA
splicing giving rise to Wnt13A, -B and -C mRNA isoforms,
which encode proteins with different intracellular localiza-
tions and functions. We investigated the expression of the
human wnt13 in relation to leukemic cell differentiation.
Differentiated endothelial cells expressed the highest levels
of Wnt13 mRNA isoforms among various endothelial and
leukemic cell lines. The differentiation of U937 cells towards
monocyte/macrophages resulted in an increase of Wnt13B
and -C mRNAs while Wnt13A mRNAs were decreased. The
differentiation of K562 cells towards megakaryocytes was
accompanied with the up-regulation of all Wnt13 mRNA
isoforms. In the two differentiation systems, Wnt13B and -C
expression correlated with the expression of the MAF-B
transcription factor. Our data demonstrate the differential
regulation of wnt13 promoters and pinpoint a Wnt13 isoform
switch during differentiation of the leukemic U937 cells
towards the monocyte/macrophage lineage, thereby suggesting
new players in this process.

Introduction

Wnt proteins are a family of highly conserved signaling factors
controlling cell fate and differentiation during development
(1). The spatio-temporal expression of wnt is tightly regulated
during development with specific increases during patterning
and organogenesis to becoming minimal if not undetectable

at later stages of embryogenesis, in neonates and adults (1).
However, the re-expression of some wnt members in adult
tissues has been associated with wound healing, tissue repair
and regeneration (2,3). In the latter, the Wnt/ß-catenin-
dependent signaling pathway was shown to control the self-
renewal properties of stem cells and the proliferation of early
progenitor cells as well as their maintenance in an
undifferentiated state (4-6).

Alterations of the Wnt/ß-catenin signaling pathway are
clearly associated with the tumorigenesis of tissues with a high
renewal potential such as that of bone marrow-hematopoietic
tissue (7). Although mutations of specific Wnt proteins have
yet to be identified, changes in wnt gene expression have been
demonstrated in various cancers including leukemia (8,9).
Moreover, different human wnt genes show a complex
organization and pattern of expression with alternative
promoters and RNA splicing responsible for the expression
of isoforms that differ only in their N-terminal sequences and
functions, such as human wnt13/wnt2b (10,11) and wnt16
(12). Notably, a differential up-regulation has been detected
in human primary gastric cancer cells for Wnt13A/Wnt2B2
mRNA (13), and in basal cell carcinoma and pre-B acute
lymphoblastoid leukemia for Wnt16B mRNA (8). Therefore,
though less attention has thus far been paid to the regulation
of wnt expression, such an analysis appears to be required to
understand and define the respective role of individual Wnt
proteins, if not individual Wnt isoforms, in the control of cell
fate, tissue regeneration and tumorigenesis.

We have previously reported the expression of the
wnt13/wnt2b gene in human differentiated endothelial cells
(EC), in which two alternative promoters gave rise to the
transcription of Wnt13B and -C mRNAs and Wnt13A mRNA,
respectively (10,11), while an alternative skipping of exon 2
gave rise to Wnt13C mRNA (11). Notably, wnt13/wnt2b was
also found to be expressed in human fetal hematopoietic cells
and various leukemic cell lines, though in the earlier studies
the different Wnt13 mRNA forms were not distinguished
(14-16). We have previously observed that Wnt13B and -C
mRNAs were the predominant forms in human differentiated
EC (11), suggesting a possible switch of expression of the
Wnt13 isoforms during endothelial and hematopoietic
differentiation.

Leukemic cells represent early hematopoietic progenitors
at different stages of commitment with self-renewal properties
which fail to undergo terminal differentiation and apoptosis
in situ (17). Various leukemic established cell lines
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recapitulate self-renewal and differentiation block in in vitro
culture conditions while they can be differentiated in single
or multiple cell lineages depending on the hematopoietic
stage they arise from, such as the human monoblastic U937
leukemic cell line which is able to differentiate only towards
the monocyte/macrophage lineage (18), and the multipotent
K562 cell line which is able to differentiate towards either the
erythroid lineage or megakaryocytes (19). During these early
stages of hematopoietic cell differentiation, specific gene
expression programs are driven by lineage-specific trans-
cription factors (20,21) and are thus characterized by specific
correlation patterns of co-regulation among the lineage-
specific transcription factors, signaling effectors and markers
of differentiation that can be traced by hierarchical cluster
analysis (22).

In the present study, we have employed real-time PCR
analysis to determine the expression levels of Wnt13 mRNA
isoforms and their correlation with the expression of hemato-
poietic differentiation markers.

Materials and methods

Cell culture. U937 (a gift from Dr G. Van Zant, University of
Kentucky), THP1 (ATCC) and K562 cell lines (ATCC and
a gift from Dr G. Van Zant) were cultured in RPMI-1640
supplemented with 10% heat-inactivated fetal bovine serum
(FBS), 1% penicillin/streptomycin (Invitrogen, Carlsbad, CA)
in a 5% CO2 humidified atmosphere at 37˚C. Human umbilical
vein endothelial cells (HUVEC) were isolated and grown on
a fibronectin-coated plate as previously described (11). EAhy
926 (23) were cultured in DMEM (Invitrogen) supplemented
with 5% FBS and 1% penicillin/streptomycin.

Leukemic cell differentiation. Experimental cultures of U937
and K562 cells were initiated at densities between 0.5- and
4.5-x105 cells/ml and the cells were collected at various time
points after treatment with or without differentiating agents.
The differentiating agents, phorbol 12-myristate 13-acetate
(PMA) (Calbiochem), all-trans retinoic acid (ATRA) and
hemin (Sigma) were administered from stock solutions in
dimethyl sulfoxide (DMSO) at a final concentration of 10 nM,
1 and 50 μM, respectively. The vehicle control was 10-2 μl/ml
DMSO. Cell counts were monitored using a hemocytometer
and viability was estimated using trypan blue exclusion. Phase
contrast images of K562 and U937 cells after treatment with
the differentiating agents were taken with an inverted
microscope (Nikon, TE2000), with 20X objective to evaluate
the morphological changes associated with differentiation.

RNA isolation, first strand DNA synthesis and real-time PCR.
Total RNA was isolated using TRIzol reagent (Invitrogen).
Total RNA (2 μg) was DNase-I treated to remove any
genomic DNA contaminations prior to the addition of 0.5 μg
of oligo(dT)12-18 primers and SuperScript III reverse
transcriptase according to the manufacturer's protocol
(Invitrogen). The real-time PCR was performed in duplicates
using, per reaction, 34 ng equivalents of total RNA, 10 pmoles
of primers for highly expressed genes and 2.5 pmoles for
low-expressing genes and the SYBR-Green kit (Applied Bio-
systems, Foster City, CA) in an ABI Prism® 7000 sequence

detection system (Applied-Biosystems). The primers used in
this study are listed in Table I and the identity of the amplicons
was verified by sequencing and restriction digests. To verify
the accuracy and specificity of each real-time PCR reading,
the dissociation curves were analyzed and the PCR products
were resolved on 2% agarose gels.

Data and statistical analyses of the real-time PCR. For each
target gene, the threshold cycle number (Ct) was calculated
with SDS v1.7 software (Applied Biosystems) and the dupli-
cates averaged. The expression of ß-actin mRNAs did not
significantly vary in any of our experimental conditions and
cell lines, and was used for normalization of the levels of the
target mRNAs. The Ct differences (ΔCt = Ct target gene-Ct ß-actin)
of the target gene and ß-actin mRNA levels were determined
and the relative levels of target mRNA for each treatment
were calculated using ΔΔCt (ΔΔCt = ΔCtcontrol-ΔCttreatment).
Pair-wise plots were used to determine the normal
distribution on a log scale of the various gene expression and
statistical significance was determined using one-way
ANOVA. To assess the correlation of the expression patterns,
a hierarchical cluster analysis (22) was conducted by average
linkage clustering and gene similarity metrics based on the
Pearson correlation using SYSTAT 8.0 software.

Results

All three Wnt13 mRNA isoforms are expressed in human
cells. The ability to accurately quantify the three Wnt13
transcripts is essential to following the specific regulation of
each mRNA and hence of the corresponding Wnt13 protein
forms (10,11). Due to the limited differences in sequence and
size between the three mRNA isoforms, real-time PCR is the
best-suited method for their quantification. For this purpose,
a common reverse primer located in exon 4 was designed,
while the specific forward primers were chosen within the
alternative exons 2 and 3 for Wnt13B and -A, respectively,
and to encompass the exon 1-4 junction for Wnt13C (Fig. 1A).
These specific Wnt13 mRNA isoform primer sets gave the
expected amplicons by real-time PCR (Fig. 1B) allowing
their use for the relative quantification of Wnt13 mRNA
isoforms in various cell types ranging from primary-
differentiated HUVEC to undifferentiated multipotent
leukemic K562 cells. Since the Ct values for ß-actin mRNAs
were similar from one cell line to another, the expression
levels are presented as ΔCt values (Ct target mRNA-Ct ß-actin), which
are inversely related to the RNA levels. Although the Wnt13
mRNA isoforms are present in the cell types investigated,
their relative levels vary between them and cell types (Fig. 1C).
The primary HUVEC display the highest levels of all Wnt13
mRNA isoforms in the order of Wnt13C>Wnt13B>Wnt13A,
with Wnt13C being 16-fold more abundant than Wnt13A. In
the opposite level range, the EAhy cell line, an established
hybrid between HUVEC and A549 transformed lung epithelial
cells (23), and the multipotent K562 cells have the lowest
levels with 16- and 64-fold less Wnt13C and -B expression
than HUVEC, respectively, though the order of Wnt13C>
Wnt13B>Wnt13A is conserved. In contrast, the monoblastic
U937 cells present an unusual profile with Wnt13B mRNA
levels being 100- and 400-fold lower than those of Wnt13A
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and -C mRNAs, respectively (Fig. 1C). The monocytic THP1
cells, which are more differentiated than U937 cells, present
a more similar profile than does HUVEC though the levels of

the three Wnt13 mRNA isoforms were still 10-fold lower
(Fig. 1C).

The three Wnt13 mRNA isoforms are expressed in the
human cell types we investigated, and although their levels
tend to decrease in undifferentiated and transformed cell
lines, the expression pattern Wnt13C>Wnt13B>Wnt13A is
conserved except in U937 cells. To further analyze the
relationship between the expression of Wnt13 RNA isoforms
and cell differentiation, we used the well-established
differentiation systems of the monoblastic U937 cells towards
monocyte/macrophages in the presence of PMA and ATRA
(18), and of the erythroblastic K562 cells towards mega-
karyocytes with PMA (24) and erythrocytes with hemin (19).
The changes in expression of Wnt13 mRNA isoforms during
the differentiation of U937 and K562 cells towards these
different hematopoietic lineages were assessed and then
compared to those of lineage-specific transcription factors as
well as differentiation and inflammation markers (Fig. 2). The
expression of the transcription factor MAF-B was followed
since its expression was associated with monocyte/macrophage
(25,26) and megakaryocytic differentiation (27,28).

Switch of expression between Wnt13A and -B mRNA isoforms
during the differentiation of U937 cell towards the monocyte/
macrophage lineage. Surprisingly, the expression of Wnt13B
and -C mRNA isoforms increased significantly over time in
U937 cells treated with DMSO only, of 100- and 500-fold for
Wnt13B and 4- and 16-fold for Wnt13C at days 4 and 7,
respectively, while the expression of Wnt13A remained
unchanged or reduced (Fig. 2C). These increases of Wnt13B
and -3C mRNA levels were associated mainly with an
increase of MAF-B and to a lesser extent to increases of the
monocytic marker CD11b and of the inflammation marker
caspases 4 and 5 at day 4 (Fig. 2C). As expected, PMA
treatment induced a rapid cell cycle arrest in U937 cells as
demonstrated by the absence of cell proliferation during a
4-day period (Fig. 2A) and characteristic morphological
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Table I. Primers used for real-time PCR quantification of the mRNA levels of Wntl3 isoforms and differentiation markers.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Gene Forward primer sequence (5'�3') Reverse primer sequence (5'�3')
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
ß actin GGACTTCGAGCAAGAGATGG AGCACTGTGTTGGCGTACAG
Wntl3A CGTAGACACGTCCTGGTGGTA GCATGATGTCTGGGTAACGC
Wntl3B GATCCTTGAGGACGGCAGTA GCATGATGTCTGGGTAACGC
Wntl3C CTAAAAGTACATTGGGGCAC GCATGATGTCTGGGTAACGC
MAF-B CTGGCTTTCTGAACTTTGCGCGTT AGGTCCGTCTGTCCTTCCTT
CDllb GGGAAGTGGCAAGGAATGTA CTGCGTGTGCTGTTCTTTGT
PUl/Spi-1 ATCAGAAGACCTGGTGCCCTATGA TGAAGTTGTTCTCGGCGAAGCTCT
gp91/Nox2 TCACTTCCTCCACCAAAACC GGGATTGGGCATTCCTTTAT
Caspase 4/5 CACAGCCAGGGATATGGAGT GCCTGGACAATGATGACCTT
IL8 GTGCAGTTTTGCCAAGGAGTG CTCTGCACCCAGTTTTCCTTG
GATA1 AGAAGCGCCTGATTGTCAGT TTCCAGATGCCTTGCGGTTT
GATA2 GTCACTGACGGAGAGCATGA CAGTTGACACACTCCCGGC
CD41/GPIIb AGGTGAGAGGGAGCAGAACA TCCACCTTGAGAGGGTTGAC
GPHA CAAACGGGACACATATGCAG GTCGGCGAATACCGTAAGAA
ß/δ globin GCACGTGGATCCTGAGAACT GCCACCACTTTCTGATAGGC
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 1. Expression of the Wnt13 mRNA isoforms in different human cell
lines. (A) Schematic representation of human Wnt13 mRNAs and the
position of the primers used (arrows) for assessing their expression. (B)
Analysis of the real-time PCR products obtained from no template control
(NTC) and from the cDNAs of K562 cells treated as indicated. (C) The
relative levels of the Wnt13 mRNA isoforms were determined by real-time
PCR using ß-actin mRNA levels for normalization. The results are expressed
as ΔCts, which are inversely related to the mRNA amounts and represent the
mean ± SEM of at least four different experiments, except for THP1.
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Figure 2. Differential regulation of Wnt13 isoforms during U937 and K562 cell differentiation. (A and D) The proliferative rate of U937 (A) and K562 (D)
cells plated at 0.5-, 1.5- and 4.5-x105 cells/ml in the presence of DMSO (10-2 μl/ml), PMA (10 nM), ATRA (1 μM) or hemin (50 μM) was determined by
cell counting at the indicated time after treatments. Representative experiments are shown. (B and E) Changes in the U937 (B) and K562 (E) morphology
after four days of PMA treatment were assessed by phase contrast imaging at x20 magnification. Representative images are shown. (C and F) The expression
of the differentiation markers and Wnt13 isoforms were assessed by real-time PCR in U937 (C) and K562 (F) cells plated at 1.5x105 cells/ml and treated as
above for the indicated time. The relative mRNA levels are expressed as ΔΔCt using the samples treated with DMSO for 24 h as controls. The mean ± SEM
obtained from at least three experiments is shown with #p<0.05 and *p<0.01 as compared to DMSO Day 1 (one-way ANOVA).
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changes of differentiated U937 cells, such as cell attachment
to the substratum and spreading (Fig. 2B). These changes were
accompanied by a rapid induction of the CD11b marker, with
a 60-fold increase after 4 days of PMA treatment (Fig. 2C).
MAF-B expression was increased by 100-fold after only 24 h
of PMA treatment. Following the kinetics of MAF-B up-
regulation, the expression of Wnt13B mRNA was highly
increased, ~100-fold, from 2 up to 7 days of treatment, while
Wnt13C expression was moderately increased, ~4- to 8-fold,
and Wnt13A expression was decreased by 95% (Fig. 2C).
Treatment with ATRA did not affect the proliferation of
U937 cells (Fig. 2A), but was still inducing the expression of
the CD11b marker (15-fold) with faster kinetics than the
DMSO treatment (Fig. 2C). Concomitantly with the extent of
U937 cell differentiation, ATRA treatment for two days was
accompanied by increases of Wnt13B (8-fold) and MAF-B
(8-fold) mRNA levels while the Wnt13A mRNA levels
decreased by 75% (Fig. 2C). Thus, the unusual Wnt13
expression pattern in U937 cells was reversed during their
differentiation towards monocyte/macrophages by the
combination of Wnt13A mRNA down-regulation and the
substantial up-regulation of Wnt13B mRNA.

Up-regulation of the Wnt13 mRNA isoforms during the
differentiation of K562 cells towards megakaryocytes. A slight
increase of the expression of the Wnt13 mRNA isoforms was
observed over time in the K562 cells treated with DMSO,
which was accompanied with a 75% decrease of the erythroid
ß/δ-globin marker and a 4-fold increase of the megakaryocytic
CD41 marker (Fig. 2F), indicating a spontaneous differen-
tiation towards megakaryocytes. PMA treatment resulted in a
rapid inhibition of K562 cell proliferation (Fig. 2D) and a
25-fold increase of the megakaryocytic marker CD41, while
the expression of the erythroid markers, ß/δ globin and
glycophorin A, was decreased by 95% (Fig. 2F). In addition,
morphological changes such as attachment and large intra-
cellular vacuoles were observed (Fig. 2E). However, in
contrast to the U937 cells where the MAF-B and Wnt13B
mRNAs were highly increased after PMA treatment, the
K562 cells presented only a slight increase of the Wnt13B
and -C mRNAs (4-fold) and the MAF-B mRNA (8-fold) after
one day of treatment (Fig. 2F). The PMA-induced megakaryo-
cytic differentiation of K562 cells was accompanied with an
increase of the Wnt13A mRNA levels (3-fold) (Fig. 2F).
Hemin inhibited the proliferation of K562 cells after 2 days
of treatment (Fig. 2A) and blunted the spontaneous
differentiation of K562 cells towards megakaryocytes as
indicated by the significant decrease of CD41 mRNA levels
and to a smaller decrease of the ß/δ-globin mRNAs (Fig. 2F).
Despite these small features of differentiation, the 4- to 10-
fold increase of Wnt13 mRNA isoforms were similar in
levels and kinetics to those obtained with DMSO treatment
over time (Fig. 2F). These responses to hemin treatment were
consistent in two different batches of K562 cells and reflected
their lower frequency of chromosome Philadelphia and lesser
sensitivity to erythrocyte-induced differentiation (29).
Nonetheless, the absence of significant changes of Wnt13
expression in response to hemin reinforces the specificity of
the changes observed in K562 cells, differentiated with
PMA, and their association with MAF-B expression.

Wnt13B and -C expression correlates with MAF-B expression.
Our results in U937 and K562 cells pinpoint the association
of Wnt13B and C with MAF-B expression rather than cell
cycle arrest per se (Fig. 2A and D), cell apoptosis (not shown),
or a particular differentiation state (Fig. 2C and F). To further
establish the correlation between the expression of Wnt13B
and C and MAF-B, we performed agglomerative hierarchical
clustering (22) using the gene similarity metrics based on the
Pearson correlation between the different ΔCt of the target
mRNAs studied. Pattern similarities in gene expression in
U937 and K562 cells have confirmed the co-regulation of
Wnt13B and -C mRNA expression (Fig. 3A), and the control
of Wnt13B and -C mRNA expression by a common promoter
(11). Moreover, the transcription factor MAF-B clustered
with Wnt13B and -C in U937 in the control and differentiated
cells, while such clustering was only seen in the K562 cells
differentiated with PMA (Fig. 3A). This correlation between
MAF-B and Wnt13B mRNA expression in U937 cells was
observed as early as 3 h after PMA treatment with an 8- and
3-fold increase, respectively, while the levels of Wnt13C
mRNA remained unchanged (Fig. 3B). Based on the initial
difference of Wnt13B and -C mRNAs in U937 cells (400-fold,
Fig 1C), the latter is in agreement with a transcriptional
activation of the Wnt13B and -C promoter and/or an alternative
RNA splicing switch favoring Wnt13B mRNA. On the other
hand, Wnt13A expression was clustered with neither Wnt13B
and -C nor any of the transcription factors tested in the U937
and K562 cells with the exception of K562 cells treated with
hemin (Fig. 3A). The absence of correlation between Wnt13A,
and Wnt13B and -C mRNA expression confirms the existence
of a second promoter in the wnt13 gene and its differential
regulation.

Discussion

Taken together, our results confirm the presence of two
promoters in the human Wnt13 gene and demonstrate their
differential regulation, particularly during the differentiation of
the monoblastic U937 leukemia cell line towards monocyte/
macrophage. Moreover, unlike Wnt13A expression, the
expression of Wnt13B and -C mRNAs was highly correlated
with the expression of the transcription factor MAF-B in
various cell lines and differentiation systems. Although
Wnt13A/Wnt2b was shown to be downstream of the MAF-B
cascade during the inner ear patterning and eye development
in the zebrafish, newt and mouse (2,30,31), this is the first
report specifically linking the expression of human Wnt13B
and -C isoforms with the MAF-B transcription factor during
leukemic cell differentiation, which emphasizes the
conservation of wnt13/wnt2b and maf-B association in
different developmental and differentiation systems.

We showed herein that all three Wnt13 mRNA isoforms
are present in all the human cell types we investigated, and
although their levels tend to decrease in undifferentiated and
transformed cell lines, the expression pattern Wnt13C>
Wnt13B>Wnt13A is conserved in most of them (Fig. 1C).
Only the monoblastic U937 leukemia cells presented an
unusual pattern with Wnt13C>Wnt13A>Wnt13B (Fig. 1C),
which was reversed during their differentiation towards
monocyte/macrophages by the combination of Wnt13A
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mRNA down-regulation and the substantial up-regulation of
Wnt13B mRNA (Fig. 2A). As expected with a common
promoter controlling Wnt13B and -C mRNA expression (11),
there was a high correlation of Wnt13C and -B mRNA
expression even in the U937 cells (Fig. 3A). Similarly, the
absence of correlation between Wnt13A with Wnt13B and -C
mRNA expression (Fig. 3A) strengthens the existence of the
second promoter Wnt13 gene and its differential regulation.
Besides transcriptional regulation, additional mechanisms
probably occur to explain the difference in Wnt13C and -B
mRNA levels in U937 cells (400-fold, Fig. 1C) and its
disappearance after differentiation (8-fold) such as regulated
RNA-splicing events (32).

Another human wnt gene, wnt16, presents a similar
genomic organization with two promoters responsible for the

transcription of alternative exons containing divergent 5'-
untranslated region and coding for different N-termini (12).
Similarly, the expression of the resulting Wnt16A and -B
mRNA isoforms are differentially regulated, with Wnt16B
mRNA expression being associated with pre-B acute
lymphoblastoid leukemia (8,33). Increased levels of Wnt13A
mRNA have been noted in human primary gastric cancer cell
lines (13). Among the leukemia cell lines tested, only the
unusual pattern of expression of the Wnt13A and -B isoforms
in U937 cells with high levels of Wnt13A mRNAs versus
Wnt13B mRNA levels (Fig. 1C) and their switch of expression
during the ATRA- and PMA-induced differentiation (Fig. 2A),
may suggest a possible involvement of Wnt13 in the U937-
transformed phenotype. The expression of Wnt13A/Wnt2B2
in hematopoietic stem cells was associated with an increase
of proliferation of erythroid and myeloid colonies and a
decrease of their differentiation (14). Similarly, the expression
of Wnt13A/Wnt2b during development of the eye in the
mouse and chicken was associated with activation of the ß-
catenin signaling pathway, proliferation and inhibition of retinal
progenitor cell differentiation (34-36). On the other hand, a
decrease of Wnt13B and -C mRNA expression may participate
in the resistance of leukemic cells to apoptosis (37,38). The
expression of the nuclear Wnt13B and -C forms have recently
been shown to increase the sensitivity of differentiated
endothelial cells to TNFα-induced apoptosis (11), suggesting
that the up-regulation of Wnt13B and -C mRNA during
differentiation may be involved in the increased susceptibility
to apoptosis of terminally differentiated cells (37,38).

However, the increased expression of Wnt13B and -C
mRNAs during the differentiation of U937 and K562 cells
was neither correlated with apoptosis (not shown) nor cell
cycle arrest per se (Fig. 2), but with the expression of the
transcription factor MAF-B as demonstrated by similar
kinetics and the amplitudes of variations (Figs. 2-3B) as
well as by unsupervised hierarchical clustering (Fig. 3A).
Notably, the de-regulation of mafB expression is associated
with 2% of the multiple myeloma via translocation of the
immunoglobulin locus (39,40). MAF-B is a bZIP transcription
factor belonging to the large MAF sub-class, which is able to
act either as a repressor or an activator depending on its
interacting partners in various differentiation processes.
MAF-B interaction with ets transcription factor appears to
be required for the down-regulation of erythroid genes such
as ß-globin (28) and the up-regulation of the CD41 marker
during the megakaryocytic differentiation (27). Moreover,
MAF-B is crucial for the differentiation of non-adherent
macrophages and expression of the macrophage marker
F4/80 (41) as well as for the control of the balance between
dendritic and monocytic differentiation (25,26,42). The fact
that the factors involved in a specific cellular process display
similar gene expression patterns reinforces the possibility
that the Wnt13 isoforms constitute additional players in the
differentiation process towards monocyte/macrophages.
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Figure 3. Wnt13B and -C mRNA expression correlates with MAF-B mRNA
expression. (A) The treatment-dependent expression profiles of Wnt13
isoforms and several transcription factors in U937 and K562 cells were
hierarchically clustered based on the Pearson correlation from 130 samples/
cell line. (B) The acute effects of PMA (10 nM) on the expression of MAF-
B and Wnt13 isoform mRNAs in U937 cells were determined by real-time
PCR. The results are shown as ΔΔCt using DMSO-treated cells at the same
time point as the control (mean ± SEM of two independent experiments).
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