
 
 

Pascel Gelebart 
Department of Lab Medicine & Pathology 

Supervisor: Dr. Raymond Lai 
 
My research interest is primarily focus on cancer research. I 
have been trained in the field of  hemathology during my PhD 
under the supervision of Dr. Bela Papp (biology of blood cell) 
in one of the most important center in hematology in France 
(Universite Paris VII-Centre Hayem-Hopital Saint-Louis Paris)  
and I have received  a extensive training in hematopietic 
cancer biology. During my PhD studies I have work on the role 
of  the Sarco Endoplamic Reticulm Calcium ATPase (SERCA)  
in  cancer due to the observation that SERCA inhibitor are 
known to be a tumor promoter. We have discover that 
SERCA3 is lost in colon and stomach cancer at a very early 
stage of the disease, and we have establish SERCA3 as a 
new biological marker for those cancer. To pursue in the field of hematology and cancer I have decide to joined 
the research laboratory of  Dr. Raymond Lai located at the University of Alberta to work on B-cell lymphoma for 
many reasons. First, the Dr. Lai laboratory is an internationaly well respected person in the field of  
hematopoeitic cancer research, especially in the field of mantle cell lymphoma research. His laboratory has 
charaterized and established the first mantle cell lymphoma EBV negative cell lines and has the only mouse 
model for this disease. Second, my expertise and interest fit very well with the research project ongoing in his 
laboratory. We are now working on the follow up this WNT pathway activation in mantle cell lymphoma, and we 
have also develop new  original project that may benefit soon to MCL patient. I’m also conducting research 
project in the field of anaplasic cell large lymphoma(ALCL) where I supervised student and postdoc. 
 
Mantle cell lymphoma (MCL) is a rare type and accounts for about  7 % of all cases of non-Hodgkin 
lymphomas. It's a cancer of the B-lymphocytes characterized by the chromosomal translocation 
t(11;14)(q13;q32), which is detectable in >95% of cases. As a result of this translocation, the cyclin D1 gene is 
brought under the influence of the enhancer of IgH . MCL can occur at any age from the late 30s to old age, 
but is more common in the over 50s. It is three times more common in men than in women. To date, there is 
no efficiente therapy and the median survival is 2-3 years after the diagnostic. The development of new 
therapy is needed for this kind of cancer. We have recently identified different ways to kill mantle cell 
lymphoma cells with physiological agents. In this work we have described the role of the WNT canonical 
pathway. Wnt proteins are secreted glycoproteins that activate cell surface receptor-mediated signal 
transduction pathways to regulate a variety of cellular activities. Upon binding of Wnt proteins to their 
receptors, the destruction complex falls apart, and GSK3β is inhibited. Consequently, β-catenin is allowed to 
accumulate and migrate to the nucleus, where it upregulates the expression of proteins such as cyclin D1. 
Since GSK3β also is known to directly regulate the protein stability and nuclear localization of cyclin D1, WCP 
is highly relevant to the biology of MCL. Using a Wnt pathway-specific oligonucleotide arrays, we found high 
expression levels of various Wnt members in MCL cell lines and tumors. We also found evidence of GSK3β 
inactivation in all 3 MCL cell lines examined and in approximately half of MCL tumors. In these cells with 
GSK3β inactivation, β-catenin is frequently transcriptionally active and localized to the nucleus. Those results 
have underlined that the WNT pathway is aberrantly activated in mantle cell lymphoma patient. This pathway is 
normaly tigly regulated in normal cells. Inhibition of this pathway by different technical approach, including 
siRNA or drugs, induce the cells death of mantle cell lymphoma cells lines and open new therapeutic approach 
for this deadly lymphoma. 
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Comment on Gelebart et al, page 5171

Wnt-erizing mantle cell lymphoma
----------------------------------------------------------------------------------------------------------------

Stephen M. Ansell MAYO CLINIC

In this issue of Blood, Gelebart and colleagues show that the Wnt canonical path-
way is constitutively active in mantle cell lymphoma cells and that selective inhibi-
tion of the pathway decreases malignant B-cell growth.

The Wnt signaling pathway is a highly con-
served system that has a key role in embry-

onic development and in the growth and main-
tenance of normal tissues.1 It has also been
shown to have important roles in lymphopoi-
esis and hematopoiesis.2 Dysregulated expres-
sion of components of the Wnt pathway can
induce transforming events and are known to
contribute to the pathogenesis of various
malignancies.

The Wnt family consists of secreted factors
that bind to frizzled receptors (a family of
transmembrane proteins) and low-density
lipoprotein receptor-related protein corecep-
tors (LRP5 or LRP6) in the plasma mem-
brane. In the absence of a Wnt ligand, �-
catenin is found in a cytoplasmic complex with
axin and adenomatous polyposis coli (APC)
proteins and is targeted for ubiquitin-
mediated degradation upon its phosphoryla-

tion by casein kinase 1� (CK1�) and glycogen
synthase kinase 3� (GSK3�). Consequently,
in the nonactivated state, cytoplasmic �-
catenin levels remain low and lymphocyte
enhancer binding factor (LEF) and T-cell
factor (TCF) in the nucleus interact with
Grouchos to repress Wnt-specific target
genes.

In contrast, when a Wnt protein binds to
the receptor complex, �-catenin is no longer
phosphorylated and targeted for degrada-
tion, resulting in accumulation of �-catenin
in the cytoplasm and its translocation to the
nucleus. In the nucleus, �-catenin regulates
gene expression in cooperation with mem-
bers of the TCF and LEF family of tran-
scription factors. This results in the activa-
tion of multiple target genes, including
cyclin D1 and c-MYC, that instruct the cell
to actively proliferate and remain in an un-
differentiated state.

Mantle cell lymphoma is a well defined
subtype of B-cell non-Hodgkin lymphoma
and is characterized by dysregulated cyclin D1
gene expression.3 This dysregulation is sec-
ondary to the t(11;14)(q13;q32) translocation
that juxtaposes the proto-oncogene CCND1 at
chromosome 11q13, which encodes cyclin D1,
to the immunoglobulin heavy chain gene at
chromosome 14q32. Cyclin D1, which is not
expressed in normal B cells, becomes constitu-
tively overexpressed, resulting in deregulation
of the cell cycle, alterations in DNA damage
response pathways, and activation of cell sur-
vival mechanisms. However, overexpression
of cyclin D1 alone is not sufficient for tumor
formation, suggesting that dysregulation of
additional signaling pathways may be critical
for development of mantle cell lymphoma.4

Gelebart and colleagues have now shown
that the Wnt canonical pathway is constitu-
tively activated in a subset of patients with
mantle cell lymphoma and that activation of
the Wnt pathway appears to promote tumori-
genesis. They found that Wnt3 and Wnt10 are
highly expressed in mantle cell lymphoma and
that �-catenin is localized to the nucleus and

Overview of the Wnt signaling pathway. (A) In the absence of a Wnt signal, �-catenin is captured within a
destruction complex and phosphorylated. This results in ubiquitinylation and proteasomal degradation of
�-catenin, ensuring repression of its target genes. (B) In the presence of a Wnt ligand, the destruction
complex is inactivated and �-catenin translocates to the nucleus. In the nucleus, �-catenin becomes part
of a transcriptionally active complex, ensuring efficient activation of its target genes. Professional
illustration by Debra T. Dartez.
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transcriptionally active in mantle cell lym-
phoma cell lines. Fifty percent of biopsy speci-
mens from mantle cell lymphoma patients
showed nuclear localization of �-catenin, and
this correlated with an increase in the inactive
form of GSK3�. The functional relevance of
the Wnt canonical pathway in mantle cell lym-
phoma was further confirmed by selective in-
hibition of �-catenin resulting in decreased
growth of the malignant B cells. These find-
ings are supported by previous gene expres-
sion profiling studies that showed that several
genes from the Wnt signaling pathway were
up-regulated in mantle cell lymphoma cells.5

These results suggest that the Wnt path-
way promotes malignant cell growth in mantle
cell lymphoma and the Wnt pathway may
therefore be a target for therapeutic interven-
tion. Small molecule inhibitors and monoclo-
nal antibodies targeting this pathway are being

developed and may be beneficial in treating
mantle cell lymphoma in the future.

Conflict-of-interest disclosure: The author
declares no competing financial interests. ■
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UV-C irradiation gives platelets a sunburn
----------------------------------------------------------------------------------------------------------------

Joel S. Bennett UNIVERSITY OF PENNSYLVANIA

In this issue of Blood, Verhaar and colleagues report that, although UV-C irradia-
tion is an attractive method to minimize microbial contamination of platelet con-
centrates, it directly activates platelet �IIb�3 by reducing critical extracellular di-
sulfide bonds, resulting in the aggregation of stored platelets.

W ith the largely successful advent of viral
testing, bacterial contamination has

become the major infectious complication of
transfusion. This is particularly relevant for
platelets that must be stored at 20°C to 24°C to
preserve platelet function, unfortunately re-
sulting in a permissive environment for
growth of bacterial contaminants. In fact, mi-
crobiologic testing of platelet products has
revealed contamination rates of between 1 in
2000 and 1 in 40001 as well as a risk of clinical
sepsis from apheresis platelets that can be as
high as 1 in 15 000 infusions.2 Accordingly,
platelet storage has been limited to 5 days to
minimize the extent of bacterial growth.

Bacterial contamination of blood products
can result from inadequate skin cleansing,
from a small core of skin that sometimes enters
the phlebotomy needle, and from contami-
nated blood collection packs.3 Thus, obvious
ways to reduce contamination are to improve
skin disinfection, to discard the first 15 to

30 mL of collected blood, and to culture or
otherwise screen platelet products for the
presence of bacteria.3 Another approach is to
inactivate the contaminating bacteria.

Photodynamic and photochemical meth-
ods using ultraviolet (UV) light have been
developed to inactivate bacteria in platelet
products by damaging their DNA and RNA.
Thus, irradiating platelet concentrates con-
taining psoralen derivatives with UV-A light
(wave length 315-400 nm) induces pyrimidine
crosslinks in bacterial DNA and RNA, pre-
venting subsequent replication and transcrip-
tion. In the SPRINT trial, transfused platelets
that had been irradiated with UV-A in the
presence of the psoralen amotosalen were as
hemostatically effective as control platelets.
However, the photochemical treatment re-
sulted in lower platelet increments and shorter
intervals between transfusions, suggesting that
it had caused mild platelet injury.4 Although
UV-B irradiation (wave length 280-315 nm)

has been used primarily to prevent HLA sensi-
tization and platelet refractoriness, it has been
combined with the dye thionine and yellow
light in a 2-step procedure to inactivate bacte-
ria in platelet concentrates.5 Enthusiasm for
UV-B as a decontaminant, however, must be
tempered by the report by van Marwijk Kooy
et al, which found that UV-B irradiation
causes platelet aggregation via oxygen radical-
induced activation of protein kinase C.6

In contrast to UV-A and UV-B, UV-C
irradiation (wave length 100-280 nm) reduces
bacterial growth in platelet concentrates with-
out the need for photosensitizing additives.
However, Terpstra et al observed that when
platelets suspended in 10% plasma were irra-
diated with UV-C light, there was dose-
dependent LDH release, P-selectin expres-
sion, and phosphotidylserine exposure that
was mitigated to some extent by increasing the
plasma concentration to 30%.7 In the work
reported in this issue of Blood, the same group
of investigators has studied the mechanism
responsible for the decrease in platelet count
that occurs during storage of UV-C–treated
platelets. They found that relatively high-dose
UV-C irradiation (1500 J/m2) caused immedi-
ate, �IIb�3-dependent, platelet aggregation,
implying that aggregate formation was the
cause for the decreased platelet counts. Inter-
estingly, UV-C–induced platelet aggregation
was independent of platelet signal transduc-
tion. For example, it was unaffected by in-
creasing platelet cAMP with forskolin, but it
was associated with a marked increase in free
thiol groups on the platelet surface, including
free thiols in �IIb�3. Incubating platelets with
the reducing agent dithiothreitol has been
known for decades to induce platelet aggrega-
tion, presumably by reducing critical but, as
yet, unidentified disulfide bonds in �IIb�3.8

Thus, the authors speculate that disulfide
bond photolysis induced by UV-C irradiation
was responsible for the platelet aggregation
they observed.

The bacteriocidal properties of UV-C ra-
diation would make it seem an ideal solution
for the infectious complications of platelet
transfusion. But the chemistry responsible for
its bactericidal properties also has unexpected
but unavoidable novel consequences on plate-
let function. It’s not easy to mess with Mother
Nature.

Conflict-of-interest disclosure: The author
declares no competing financial interests. ■
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Constitutive activation of the Wnt canonical pathway in mantle cell lymphoma
Pascal Gelebart,1 Mona Anand,1 Hanan Armanious,1 Anthea C. Peters,1 Jennifer Dien Bard,1 Hesham M. Amin,2 and
Raymond Lai1

1Department of Laboratory Medicine and Pathology, Cross Cancer Institute and University of Alberta, Edmonton, AB; and 2Department of Hematopathology,
University of Texas M. D. Anderson Cancer Center, Houston

Aberrations of the Wnt canonical pathway
(WCP) are known to contribute to the patho-
genesis of various types of cancer. We hy-
pothesize that these defects may exist in
mantle cell lymphoma (MCL). Both the up-
stream and downstream aspects of WCP
were examined in MCL cell lines and tu-
mors. Using WCP-specific oligonucleotide
arrays,we foundthatMCLhighlyandconsis-
tently expressed Wnt3 and Wnt10. �-
catenin, a transcriptional factor that is a

downstream target of WCP, is localized to
the nucleus and transcriptionally active in
all 3 MCLcell linesexamined.By immunohis-
tochemistry, 33 (52%) of 64 MCL tumors
showed nuclear localization of �-catenin,
which significantly correlated with the ex-
pressionof thephosphorylated/inactive form
of GSK3� (p-GSK3�; P � .011, Fisher).
GSK3� inactivation is directly linked to WCP
stimulation, since addition of recombinant
sFRP proteins (a naturally occurring decoy

for the Wnt receptors) resulted in a signifi-
cant decrease in p-GSK3�. Down-regulation
of DvL-2 (an upstream signaling protein in
WCP) by siRNA or selective inhibition of
�-catenin using quercetin significantly de-
creased cell growth in MCL cell lines. To
conclude, WCP is constitutively activated in
a subset of MCL and it appears to promote
tumorigenesis in MCL. (Blood. 2008;112:
5171-5179)

Introduction

Mantle cell lymphoma (MCL) is a specific type of non-Hodgkin B-cell
lymphoma recognized by the World Health Organization (WHO)
Classification Scheme.1 The genetic hallmark of this disease is the
recurrent chromosomal abnormality, the t(11;14)(q13;q32), which brings
the cyclin D1 gene under the influence of the enhancer of the
immunoglobulin heavy chain (IgH) gene, leading to cyclin D1 overex-
pression.2 Although cyclin D1 overexpression is likely to be pathogeneti-
cally important in MCL, evidence suggests that additional biochemical
defects are necessary for lymphomagenesis. For instance, using E�-
cyclin D1 transgenic mice, 2 research groups have previously shown
that enforced cyclin D1 expression in B cells is not sufficient to induce
tumor formation.3,4 Furthermore, large-scale cDNA microarray studies
using frozen MCL tumors have revealed a relatively large number of
biochemical abnormalities in MCL, with these defects frequently
implicated in the regulation of apoptosis, cell cycle progression, and
DNArepair.5-10 Examination of specific cellular signaling pathways also
provided additional insights into the biology of these tumors. For
instance, a relatively recent study reported constitutive activation of the
phosphatidylinositol 3-kinase (PI3K)/Akt signaling pathway in a subset
of MCL tumors, particularly those with a blastoid morphology.11

The Wnt canonical pathway (WCP) is important for normal cell
growth and development.12,13 Defects of this pathway have been shown
to play roles in the pathogenesis of a variety of human cancers,
particularly those of epithelial type.14 Normally, WCP is activated via
ligation of the Wnt proteins, which are secreted glycoproteins, to their
respective dimeric cell surface receptors composed of the frizzled
proteins and the low-density lipoprotein-receptor–related proteins
(LRPs).15 The binding of the Wnt proteins to their receptors is negatively
regulated by the Wnt inhibitory factor and the sFRP proteins (sFRP1-5).
Upon ligation to their receptors, the disheveled proteins (DvLs), a family

of the upstream WCP signaling proteins, are phosphorylated.16,17 In
WCP,Wnt stimulation results in inactivation/phosphorylation of GSK3�,
as well as the dissociation of the “destruction complex.” The normal
function of the destruction complex, composed of several proteins
including axin, adenomatous polyposis coli, and GSK3�, has been
recognized as a crucial regulator of a wide range of cellular functions
including apoptosis and cell proliferation. One of the known biologic
functions of this complex is to inhibit �-catenin, by sequestration and
promotion of its proteasome degradation.12 With GSK3� inactivation
and dissociation of the destruction complex, �-catenin is released and
allowed to accumulate in the cell and translocate to the nucleus, where it
up-regulates the transcription of multiple genes including cyclin D1.
WCP is particularly interesting in the context of MCL, in view of its
regulatory role on cyclin D1 expression.

The status of WCP has not been comprehensively studied in
MCL. Specifically, the expression profile of various Wnt proteins
and their receptors, as well as the activation/phosphorylation status
of GSK3� and the DvL protein, are not known. In light of the
biologic significance of WCP in normal and cancer cells, we
attempted to determine whether defects in WCP may exist in MCL,
and whether these defects may contribute to the pathogenesis of
these tumors.

Methods

MCL cell lines and primary tumors

The characteristics of the 3 MCL cell lines, Jeko-1, Mino, and SP53, have
been previously described.18 Briefly, these 3 cell lines have the mature
B-cell immunophenotype, carry the t(11;14)(q13;q32), and express cyclin
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D1. All 3 cell lines are negative for the Epstein-Barr virus (EBV) nuclear
antigen. All MCL primary tumors were diagnosed at the Cross Cancer
Institute and the diagnostic criteria were based on those described in the
WHO Classification Scheme.1 Five of the 64 MCL tumors used in this study
were of the blastoid variant. All cases were confirmed to express cyclin D1
by immunohistochemistry. The use of these tissues has been approved by
University of Alberta Cancer Board Institutional Ethics Committee.

Reagents

Quercetin, a �-catenin inhibitor, was purchased from Sigma-Aldrich (St
Louis, MO). Stock solutions were prepared by dissolving in dimethyl
sulfoxide (DMSO; Sigma-Aldrich) following the manufacturer’s instruc-
tion. Addition of DMSO without quercetin served as the negative controls.

Subcellular protein fractionation, Western blots, and antibodies

For subcellular protein fractionation, we used a kit purchased from Active
Motif (Carlsbad, CA) and followed the manufacturer’s instructions.

Preparation of cell lysates for Western blots is described as follows:
cells were washed with phosphate-buffered saline (PBS), and cellular
proteins were precipitated with ice-cold 5% trichloroacetic acid (TCA)
overnight at 4°C and centrifuged twice for 15 minutes at 15 000g at 4°C.
Subsequently, the TCA-precipitated protein pellets were dissolved in the
modified Laemmli buffer containing 90 mM Tris-HCl (pH 7.9), 2%
SDS, 10% glycerol, 5 mM EDTA, 125 mg/mL urea, 0.1 M dithiothrei-
tol, 0.02% bromophenol blue, which was supplemented with 40.0 �g/
mL leupeptin, 1 �M pepstatin, 1 mM 4-(2-aminoethyl)-benzenesulfonyl
fluoride, and 0.1 mM phenylmethylsulfonyl-fluoride. The protein concen-
tration of the samples was determined by the modified Lowry method.
Cell lysates were then electrophoresed on 8% or 10% SDS-polyacryl-
amide gels and transferred onto nitrocellulose membranes (Bio-Rad,
Richmond, CA). After the membranes were blocked with 5% milk in
TBS buffer (20 mM Tris-HCL, pH 7.6, 150 mM NaCl), primary
antibodies were added to the membranes. After washings with PBS,
secondary antibody conjugated with the horseradish peroxidase (Jack-
son Immunoresearch Laboratories, West Grove, PA) was added to the
membrane. After washings with PBS, proteins were detected using the
enhanced chemiluminescence detection kit (Amersham Life Sciences,
Arlington Heights, IL). Antibodies used in this study included anti–
cyclin D1, anti–Bcl-2, anti–Bcl-XL, anti–�-tubulin (all of which were
purchased from Santa Cruz Biotechnology, Santa Cruz, CA), anti–
p-GSK3�, anti-pAktser473, anti-pAktthr308, anti-PARP, anti–caspase-3,
anti–caspase-7, anti–caspase-8, anti–caspase-9, anti–cleaved caspase-3,
anti–cleaved caspase-7, anti–cleaved caspase-8, anti–cleaved caspase-9,
anti–DvL-3 (all of which were purchased from Cell Signaling, Danvers,
MA), anti–DvL-1, anti–DvL-2 (both of which were purchased from
BIOMOL, Plymouth Meeting, PA), anti–�-catenin, and anti–�-actin
(both of which were from Sigma-Aldrich). A dilution of 1:1000 was used
for all antibodies with the exception of anti–�-actin, for which a 1:2000
dilution was used. Western blot results were analyzed using the Scion
Image software (Scion, Frederick, MD).

Immunofluorescence and confocal microscopy

Cells were grown on coverslip previously treated with poly-L-lysine
(Sigma-Aldrich) in a 6-well plate and fixed with 3% paraformaldehyde in
PBS (pH 7.4). Cell were rinsed 3 times with PBS, permeabilized with
Triton, washed again with PBS, and incubated with 200 �L anti–�-catenin
(1:50; Sigma-Aldrich) overnight at room temperature in a humidified
chamber, followed by rinsing 3 times with PBS. After incubation with
200 �L Alexa Fluor 488 secondary antibody (1:250; Invitrogen, Burling-
ton, CA) for 1 hour at room temperature, cells were rinsed with PBS and the
procedure was completed with a mounting media (Dako, Mississauga, ON)
added to the slides. Cells were visualized with a Zeiss LSM510 confocal
microscope (40�/1.3 NA oil; Carl Zeiss, Heidelberg, Germany) at the Core
Cell Imaging Facility, Cross Cancer Institute.

�-catenin transcriptional activity assessed by luciferase
reporter assay

To assess the transcriptional activity of �-catenin in MCL, we used the
TOP/FOP system. This method has been previously described in detail.19

MCL cells were transiently transfected with �-catenin responsive firefly
luciferase reporter plasmids TopFlash (Millipore, Billerica, MA) and the
negative control FopFlash (Millipore) using the Amaxa nucleofector
system (Amaxa, Cologne, Germany). After 48 hours, cells were harvested
and cell extracts were prepared using a lysis buffer containing 100 mM Tris
(pH 7.8), 0.5% NP-40, and freshly added 1 mM DTT. Cells extracts were
collected and stored at �80°C until further use. Luciferase activity was
assessed using 10 �L cell lysate and 100 �L luciferase assay reagent
containing 20 mM Tricine, 1.07 mM MgCO3, 2.67 mM MgSO4, 0.1 mM
EDTA, 33.3 mM DTT, 270 �M coenzyme A, 530 �M ATP, and 470 �M
luciferin. The luciferase activity measured was normalized against the
�-galactosidase activity, which was measured by incubating 20 �L cell
lysates in a covered microtiter plate with 100 �L o-nitrophenyl-�-D-
galactopyranoside solution (0.8 mg/mL) measured at 420 nm at 37°C. Data
are reported as means plus or minus standard deviations of 3 separate
experiments, each of which was performed in triplicates.

Gene expression array analysis of the Wnt pathway

We used the reverse transcription (RT2) Profiler polymerase chain reaction
(PCR) Array Human Wnt Signaling Pathway array purchased from
SuperArray Bioscience (Frederick, MD). The complete gene list is avail-
able on http://www.superarray.com. Total RNA from MCL cell lines and
frozen tumors was isolated using the TRIZOL Reagent (Invitrogen) and
measured using the DU1640 Beckman spectrophotometer (Beckman Coulter,
Mississauga, ON). First-strand cDNA synthesis reaction was performed as
follows: 2 �g of extracted RNA was mixed with 10 �L of the SuperArray
RT cocktail mix. The products were then incubated at 37°C for 1 hour and
heated at 95°C for 5 minutes. Real-time–based SYBR green PCR was
performed using an ABI 7900HT instrument (Applied Biosystems, Streets-
ville, ON) and the following thermal cycling condition was used: 95°C for
10 minutes, followed by 40 cycles of 95°C for 15 seconds and 60°C for
60 seconds. Data analysis and the cycle threshold (CT) values, which were
defined as the fractional cycle number at which the fluorescence passes an
arbitrarily set threshold, were analyzed using the SDS (version 2.2.2)
program (Applied Biosystems). The CT value of each gene was normalized
to that of GAPDH, which is included in this commercially available kit.

MTS assay and cell viability

MCL cells lines in RPMI 1640 were seeded at 20 000 cells/well in a 96-well
plate and the assay was conducted following the manufacturer’s instruc-
tions (Promega, Nepean, ON). The measurements were obtained at a
wavelength of 450 nM using a Bio-Rad Microplate Reader. The absorbance
values were normalized to the untreated cells using the microplate Manager
5.2.1 software (Bio-Rad). All experiments were performed in triplicates.
Cell viability was determined by the trypan blue exclusion test.

Immunohistochemistry

Immunohistochemistry was performed using standard techniques as previ-
ously described.20 Briefly, formalin-fixed, paraffin-embedded tissue sec-
tions of 4-�M thickness were deparaffinized and hydrated. Heat-induced
epitope retrieval was performed using citrate buffer (pH � 6) and a
microwave histoprocessor (RHS; Milestone, Bergamo, Italy). Tissue sec-
tions were then incubated with anti–p-GSK3� (1:500) or anti–�-catenin
(1:1200) overnight in a humidified chamber at 4°C. All of these primary
antibodies were the same as those used for Western blots. After 3 washes
with PBS, tissue sections were incubated with anti–rabbit IgG (EnVision;
Dako) for 30 minutes at room temperature. Tissue sections were incubated
with 3,3�-diaminobenzidine/H2O2 (Dako) for color development and coun-
terstained with hematoxylin. For p-GSK3� staining, tumors showing
staining in 30% or more of the cells were categorized as positive cases. For
�-catenin staining, tumors with more than 50% of the cells showing
definitive nuclear staining were regarded as positive cases. These arbitrary
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cutoffs were used to achieve the highest statistical significance. Pictures
were taken on a Zeiss Axioscope 2 microscope (Carl Zeiss) with Axiovision
software version 0.63 on a 40�/1.3 NA oil objective.

Short interfering RNA

Short interfering RNA (siRNA) reagents were purchased from Invitrogen.
The sequences of DvL-2 siRNA were as follows: 5�-GGUUCCUCCUC-
CAUGAGCACCAUUA-3� and 5�-UAAUGGUGCUCAUGGAGGAG-
GAACC-3�. Transient transfections of Jeko-1 and SP53 cells were per-
formed using the Amaxa Nucleofector system according to the
manufacturer’s protocol. Cells were harvested at 24 hours after transfec-
tion. The DvL-2 protein level detected by Western blot analysis was used to
assess the efficiency of DvL-2 inhibition.

Recombinant sFRP

Human sFRP1 and sFRP4 were purchased from R&D Systems (Minneapo-
lis, MN). Human recombinant sFRP2 and sFRP3 are not commercially
available. Jeko-1 and SP53 cells were treated with or without sFRPs
proteins in a serum-free medium. After 3 hours of treatment, the cells were
lysed and analyzed by Western blot.

Assessment of cyclin D1 expression using quantitative RT-PCR

The expression of cyclin D1 in MCL cells treated with quercetin was
assessed using an quantitative RT-PCR (qRT-PCR) assay adapted from a
previously published method.21 The assay was performed using the Applied
Biosystems 7900 HT, and the EXPRESS SYBR GreenER qPCR Super-
Mixes and a 2-step qRT-PCR kit from Invitrogen were used. Triplicate

experiments were performed and the statistical significance of the differ-
ences was assessed using the Student t test.

Cell-cycle analysis by flow cytometry

Cells were synchronized by serum starvation for 24 hours. Subsequently,
cells at a concentration of 106 cells/mL were resuspended in DMEM with
10% FBS. To prepare cells for cell-cycle analysis, cells were washed twice
with PBS and fixed with 70% cold ethanol for 2 hours. After washes with
PBS, cells were treated with RNase (1 mg/mL) at 37°C for 30 minutes.
Cells were then washed 3 times with PBS and staining was achieved by
incubating cells with 100 �g/mL propidium iodide containing 0.1% Triton
X-100. Cells were analyzed on a FACSCalibur (Becton Dickinson,
San Jose, CA).

Statistical analysis

Data are expressed as mean plus or minus standard derivation. Statistical
significance was tested using the Student t test and was achieved when the
P value was less than .05.

Results

Nuclear localization and transcriptional activity of �-catenin in
MCL cells

We first assessed the activity of �-catenin, the downstream
effectors of WCP, in 3 EBV-negative MCL cell lines. Since

Figure 1. Localization and in vitro activity of �-
catenin in MCL cell lines. (A) Subcellular fractionation
using the cell lysates of 3 MCL cell lines revealed that
�-catenin was localized to the nucleus (N). The expres-
sion of �-tubulin in the cytoplasm (C) served as a control
for the efficiency of subcellular fractionation. (B) Confocal
microscopy revealed the nuclear accentuation of the
�-catenin staining in MCL cells (bottom panel). The use
of secondary antibody served only as negative controls
(top panel). (C) The use of the TOP/FOP system con-
firmed that �-catenin is transcriptionally active in SP53
and Mino cells. Luciferase activity is expressed as
arbitrary units (AU). Error bars indicate SD. Experiments
were performed in triplicates and the differences are
statistically significant (P � .05, Student t test).

Wnt CANONICAL PATHWAY IN MANTLE CELL LYMPHOMA 5173BLOOD, 15 DECEMBER 2008 � VOLUME 112, NUMBER 13

 For personal use only. at UNIVERSITY OF ALBERTA LIBRARY on August 6, 2009. www.bloodjournal.orgFrom 

http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl


�-catenin is a transcriptional factor that migrates to the nucleus
in response to WCP activation, we assessed its nuclear localiza-
tion. Using subcellular protein fractionation and Western blots,
�-catenin was found in both the cytoplasmic and nuclear
fractions in all 3 MCL cell lines (Figure 1A). �-Tubulin, a
protein that is normally confined to the cytoplasm, was used as a
control for the efficiency of the subcellular protein fractionation.
Of note, the cytoplasmic portion of �-catenin in Mino cells, and
to a lesser extent in the other 2 MCL cell lines, contained a
slower-migrating �-catenin band that was present only in the
cytoplasmic portion. This band has been described to represent
the phosphorylated form of �-catenin that is destined for
proteosome degradation.22 This finding suggests that the nega-
tive regulatory mechanism for �-catenin, which is known to
promote its proteosome degradation, is at least partially func-
tional in these cells.

The nuclear translocation of �-catenin was further demon-
strated by immunofluorescence staining and confocal microscopy.
As shown in Figure 1B, staining with the Alexa Fluor 488–
conjugated secondary antibody showed no detectable signals in all
3 MCL cell lines (top panel). In contrast, inclusion of the
anti–�-catenin primary antibody showed nuclear accentuation of
the staining in the majority of the cells. To verify that �-catenin is
indeed transcriptionally active in these cells, we used the TOP/FOP
system, as described in “�-catenin transcriptional activity assessed
by luciferase reporter assay.” As illustrated in Figure 1C, SP53 and
Mino cells transfected with the TOP 	 gal vectors had higher
luciferase activities compared with cells transfected with FOP 	 gal.
This result demonstrates that �-catenin is transcriptionally active
in MCL cells.

Expression of nuclear �-catenin and p-GSK3� in MCL tumors

Using an anti–�-catenin antibody and immunohistochemistry, we
surveyed the expression of nuclear �-catenin in a cohort of
formalin-fixed, paraffin-embedded MCL tumors (n � 64). Nuclear
�-catenin was detected in 33 (52%) cases. Similarly, we surveyed
the expression of p-GSK3� using a monoclonal antibody and
immunohistochemistry. p-GSK3� was detectable in 36 (56%)
cases. Importantly, the expression of these 2 markers significantly
correlated with one another (P � .011, Fisher exact test). The
staining results are illustrated in Figure 2. In the positive cases,
�-catenin staining was mostly nuclear, although a weak cytoplas-
mic staining was often detectable. In �-catenin–negative cases, we
were able to consistently identify relatively weak cytoplasmic
staining. The staining for pGSK-3� was cytoplasmic in the positive
cases. Tonsils were included as the negative controls; both nuclear
�-catenin and p-GSK3� were not detectable using our immunohis-
tochemical methods.

Status of the upstream WCP in MCL cells

We comprehensively surveyed the expression of various Wnt-
related genes using Wnt pathway–specific oligonucleotide arrays.
All of the results were normalized to the housekeeping genes
included in this assay kit. As summarized in Table 1, of all the Wnt
members detected in the 3 MCL cell lines and 3 frozen primary
MCL tumors, Wnt3 and Wnt10A were consistently and most highly
expressed Wnt members in these samples. The median CT values
of these 2 Wnt members (ie, 23.26 and 24.15) were close to that of
cyclin D1 (ie, 21.40), which is known to be highly expressed in
MCL. In contrast, the CT values of Wnt1 and Wnt6 (ie, 34.01 and
34.07) were substantially lower. We also detected relatively high

expression levels of several frizzled receptor members as well as
LRP5 in these MCL cell lines and tumors, indicating that functional
receptors for Wnt are expressed on MCL cells.

To further evaluate whether Wnt stimulation indeed occurs in
MCL, we assessed the phosphorylation status of the DvL proteins
as a surrogate marker. In the 3 MCL cell lines and 5 frozen MCL
tumors used to assess the expression of p-GSK3� in this study, we
clearly identified the presence of the slow migrating/phosphory-
lated species of DvL-2 (Figure 3). Mouse stem cell lysates, which
are known to contain the phosphorylated forms of DvL-2, were
used as a positive control.17,23 Interestingly, the expression level of
DvL-2 correlated with that of p-GSK3� expression, as tumor P2
and P3 (with no or weak expression of p-GSK3�) had relatively
low levels of DvL-2 (Figure 3B). Results for DvL-3 followed the
same pattern as those for DvL-2. DvL-1 was not detectable in all
MCL cell lines and tumors examined.

Blockade of the upstream WCP led to decreased p-GSK3�

To determine whether GSK3� phosphorylation/inactivation is
directly linked to Wnt activation, we added soluble recombinant

Figure 2. Expression of �-catenin in MCL tumors. (A) Immunohistochemistry
using paraffin-embedded MCL tumors showed nuclear staining of �-catenin in a
positive case (left panel). Only weak cytoplasmic staining was found in the tumor cells
in a negative case, although endothelial cells showed intense cytoplasmic staining
(right panel). (B) Immunohistochemistry using paraffin-embedded MCL tumors
showed intense cytoplasmic staining of p-GSK3� in a positive case (left panel), but
no appreciable staining in a negative case (right panel).

5174 GELEBART et al BLOOD, 15 DECEMBER 2008 � VOLUME 112, NUMBER 13

 For personal use only. at UNIVERSITY OF ALBERTA LIBRARY on August 6, 2009. www.bloodjournal.orgFrom 

http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl


sFRP1 or sFRP4 (naturally occurring decoys of the Wnt
receptors)24 to the 3 MCL cell lines. Using quantitative RT-PCR,
we have previously determined that these 2 factors were not

produced or were produced at a low level in these 3 MCL cell
lines (P.G., unpublished data, September 2006). As shown in
Figure 4A, sFRP1 induced a statistically significant and dose-
dependent decrease in the p-GSK3� levels for both Jeko-1 and
SP53 cells. The decrease in p-GSK3� in both cell lines was
approximately 50%. Significant differences were also observed
when sFRP4 was used, with approximately 60% reduction in the
level of pGSK-3� in both cell lines. These findings support the
concept that phos-phorylation and inactivation of GSK3� can be
directly attributed to WCP.

Blockade of WCP resulted in a significant reduction in
cell growth

To test whether activation of WCP is biologically significant in
MCL, we assessed whether cell growth is altered after the WCP is
blocked either by siRNA knockdown of DvL-2 or using quercetin,
a pharmacologic agent reported to be relatively specific for
�-catenin.25,26 The choice of DvL-2 (instead of DvL-3) is based on
our finding that the phosphorylated form of DvL-2 is more strongly
expressed than that of DvL-3. As shown in Figure 5A, transfection
of siRNA results in a concentration-dependent reduction in the
expression of DvL-2 detectable by Western blots. Correlating with
the down-regulation of DvL-2, there was a significant reduction in
proliferation at 48 hours, as assessed by the MTS assay (Figure
5B). A substantial degree of cell proliferation was evident even
after treatment with DvL-2 siRNA, and we believe this is due to
that fact that the DvL-2 inhibition was far from being complete, and
that other mechanisms (such as the Akt signaling pathway) likely
continue to promote cell growth. With the same experimental
conditions, we detected the occurrence of apoptosis, as evidenced
by the dose-dependent increase in cleaved caspase-3 in the treated
cells but not the negative control cells (Figure 5C). Similarly, as

Table 1. Oligonucleotide microarray studies to examine the expression of various genes involved in the Wnt canonical pathway in 3 MCL
cell lines and 3 primary tumors

Gene name Mino Jeko-1 SP53 MCL-tumor 1 MCL-tumor 2 MCL-tumor 3 Median CT

WNT3 23.92 23.73 22.78 23.73 20.92 20.95 23.26

WNT10A 21.61 23.84 24.87 25.42 20.62 24.43 24.15

WNT16 25.28 24.86 28.00 24.21 24.97 27.87 25.14

WNT5B 25.31 27.79 27.70 29.65 23.61 28.59 27.75

WNT8A ND 29.31 29.58 29.26 28.32 29.24 29.29

WNT3A 30.44 28.44 30.15 28.49 28.98 30.20 29.57

WNT9A ND 27.82 37.36 29.79 27.22 29.74 29.77

WNT5A 31.67 26.34 34.82 31.30 29.67 28.37 30.49

WNT2 30.57 30.56 33.00 33.36 28.32 31.52 31.05

WNT7B 33.62 30.65 29.77 31.43 29.22 31.54 31.04

WNT11 36.95 28.85 31.16 29.92 32.27 31.98 31.57

WNT4 33.92 29.84 31.35 32.80 ND 32.31 32.56

WNT1 36.23 32.38 33.56 34.38 33.64 36.44 34.01

WNT6 31.56 32.63 35.50 37.10 32.33 36.32 34.07

WNT2B ND ND 33.80 29.70 29.38 28.90 31.75

WNT7A ND ND ND 32.39 ND 31.65 ND

FZD3 20.86 22.58 22.85 27.21 22.23 23.92 22.72

FZD2 21.95 24.61 23.44 27.23 26.20 24.96 24.79

FZD6 21.54 27.21 24.71 25.63 22.92 25.54 25.13

FZD7 25.22 24.14 26.25 25.43 25.00 25.44 25.33

FZD8 29.00 28.77 27.53 27.27 27.57 27.32 27.55

FZD4 32.21 31.23 29.70 26.46 24.39 27.14 28.42

FZD1 33.27 34.77 35.34 34.95 37.10 34.51 34.86

LRP5 21.16 22.49 23.39 24.68 26.28 24.53 23.96

LEF1 19.92 21.81 24.59 24.78 19.85 24.3 25.54

TCF7 26.38 27.46 28.31 28.28 26.54 27.69 27.44

CCND1 18.86 20.61 18.93 22.54 25.25 22.18 21.40

Data are expressed in CT values normalized against GAPDH.
ND indicates not detectable.

Figure 3. Activation status of the WNT pathway in MCL. (A) Western blot studies
revealed the strong expression of p-GSK3� in all 3 MCL cell lines. In addition, DvL-2
was highly expressed. Importantly, the slowly migrating/phosphorylated forms of
DvL-2 were detected in all 3 cell lines. Mouse stem cell lysates were used as positive
controls for the phosphorylated forms of DvL proteins. P indicates the phosphorylated
form of DvL-2 and UnP indicates the unphosphorylated form of DvL-2. (B) Western
blot studies revealed the expression pattern of p-GSK3� in 5 MCL primary tumors.
P1, P3, and P5 had a relatively high level of p-GSK3�, which was associated with
relatively a high level of DvL-2 and the presence of its slowly migrating forms. In
contrast, P2 and P3 had weak or undetectable p-GSK3�, which correlated with a
weak DvL-2 expression.
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illustrated in Figure 6A, in vitro treatment with quercetin showed a
significant and dose-dependent reduction in the number of viable
cells at 48 hours, as assessed by the MTS assay (left panel) and
trypan blue exclusion test (right panel). We also have performed
similar experiments using sFRPs. No significant difference was
found, probably because the continuous production of Wnts by
MCL cells overwhelmed the sFRPs added in vitro. As illustrated in
Figure 6B, cell-cycle analysis by flow cytometry showed that MCL
cells treated by quercetin induced G0/G1 cell-cycle arrest as well as
an increased proportion of the sub-G0 fraction.

In view of the importance of cyclin D1 in MCL and its link to
the GSK3�, we investigated if the expression of cyclin D1 is
altered with inhibition of WCP. Western blot analysis was per-
formed using lysates from MCL cell lines treated with quercetin at
24 hours. As shown in Figure 6C, we observed a significant
decrease in cyclin D1 in all 3 MCL cell lines examined. We also
determined if this down-regulation of cyclin D1 was due to a
reduction at the transcriptional level. Thus, we performed qRT-
PCR to assess the expression of cyclin D1 mRNA. Jeko-1 cells
treated with quercetin at 20 �M for 24 hours showed a 3.6-fold
decrease in cyclin D1 (P � .05, Student t test). At 40 �M quercetin,
a 10.2-fold decrease in cyclin D1 was noted (P � .05). These
results correlate well with the cyclin D1 protein levels illustrated in
Figure 6C and support that the mechanism underlying the quercetin-
induced decrease in cyclin D1 is transcriptional.

To further characterize the apoptosis induced by WCP inhibi-
tion, we assessed the expression of 2 antiapoptotic proteins
including Bcl-XL and Bcl-2. As shown in Figure 6D, these
2 antiapoptotic proteins were down-regulated in MCL cells treated
with quercetin. As shown in Figure 6E, the occurrence of apoptosis
induced by quercetin involved cleavages of PARP, caspase-3,
caspase-7, and caspase-9. The occurrence of apoptosis in quercetin-
treated MCL cells was also further supported by morphologic
examination (not shown).

Since quercetin was also reported to be an inhibitor of the
PI3K/Akt pathway, which is also a known regulator of GSK3�, we
assessed if the quercetin effects on MCL are mediated via
PI3K/Akt or directly on �-catenin. As shown in Figure 7, no
detectable change was seen in the expression levels of p-GSK3�.
Thus, these findings support that the observed biologic effects are
directly mediated upon �-catenin.

Discussion

WCP is involved in the transduction of various extracellular stimuli
that regulate a wide range of fundamental cellular processes
including cell proliferation and apoptosis.14 The oncogenic poten-
tial of WCP has been illustrated in several human cancers, most
notably epithelial cancers.14 The importance of WCP in hematopoi-
etic malignancies is not as extensively studied. More recently,
�-catenin activation, coupled with GSK3� inactivation, has been
demonstrated in chronic myeloid leukemia in blast crisis and
precursor B-cell acute lymphoblastic leukemia.27

Figure 4. Effect of WNT pathway inhibition on GSF3� phosphorylation status.
SP53 and Jeko-1 cells were treated with different concentrations of natural Wnt
inhibitor: sFRP1 (A) or sFRP4 (B). Treatments with either of these 2 sFRP proteins
led to a significant decrease in p-GSK3�. The bottom graph on each figure
represents densitometry measurement of the p-GSK3� expression levels. Error bars
indicate SD.

Figure 5. Biologic effect of WNT pathway inhibition by DvL-2 targeting.
(A) Treatment of Jeko-1 cells with siRNA for DvL-2 for 24 hours showed a dramatic
decrease in the protein expression of DvL-2. (B) Wnt pathway inhibition by DvL-2
induced a significant decrease in Jeko-1 cell growth as measured by MTS assay.
Error bars indicate SD. (C) Treatments of Jeko-1 cells for 48 hours with DvL-2 siRNA
demonstrate a dose-dependent cleavage of caspase-3.
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For the first time, we have provided evidence of WCP activation
in MCL cell lines and tumors. To support this conclusion, we have
demonstrated that �-catenin is localized to the nucleus and
transcriptionally active in all 3 MCL cell lines examined. The
finding of nuclear staining of �-catenin in approximately half of the
MCL tumors supports that activation of �-catenin is a relatively
frequent aberration in MCL. As discussed in the Introduction,
�-catenin is regulated by the destruction complex in which GSK3�
is one of the key components. When GSK3� is inactivated,
�-catenin is released from the destruction complex and allowed to
accumulate in the cytoplasm and migrate to the nucleus. In keeping
with this concept, we found strong expression p-GSK3� in all
MCL cell lines examined and approximately half of the MCL
tumors. Importantly, expression of nuclear �-catenin significantly
correlates with that of p-GSK3� in the 64 MCL tumors examined,
strongly suggesting a functional link between GSK3� inactivation
and the expression of nuclear �-catenin in vivo.

The fact that we identified evidence of WCP activation in all
3 MCL cell lines examined but only half of MCL tumors is
likely related to the use of different techniques. For the cell

lines, we used Western blots and TOP/FOP, both of which are
more sensitive than immunohistochemistry that was used to
assess the paraffin-embedded MCL tumors. Nevertheless, we
also have considered the possibility that a subset of MCL tumors
is truly negative for WCP activation. Of note, virtually all MCL
cell lines were established from the blastoid variant, which may
have a higher frequency of WCP activation compared with the
classical variant seen in the vast majority of our archival MCL
cases. Further studies including a higher number of blastoid
MCL cases will be needed to explore this issue.

With regard to the mechanism of GSK3� inactivation and
phosphorylation, it has been recently suggested that the PI3K/
Akt signaling pathway may play a role. Multiple publications
have reported Akt activation in MCL, particularly those of the
blastoid variant.11 In one study, GSK3� was examined in
3 typical MCL cases; 2 of these 3 cases are strongly positive,
even in the absence of detectable pAkt.11 These findings support
the concept that Akt is likely not the only means by which
GSK3� is inactivated in MCL. Our results from this study
suggest that WCP may well be the alterative mechanism by
which GSK3� is inactivated. Correlating with this concept,
WCP has been reported to induce phosphorylation of GSK3�
independent of PI3K/Akt in other cell types.28-32

To support that WCP stimulation directly contributes to GSK3�
inactivation in MCL, we assessed the effects on GSK3� after WCP
is inhibited using sFRPs (naturally occurring decoys for the Wnt
receptors). The use of sFRPs and their inhibitory effects on the
phosphorylation/activation status of GSK3� has been previously
described in other biologic systems.24,28,33-35 In MCL, blockade of
WCP by sFRP1 or sFPR4 resulted in a significant decrease in
p-GSK3�. This observation is consistent with some of the pub-
lished results generated in different cell types and experimental

Figure 6. Quercetin induce apoptosis in MCL. (A) MTS assay (left panel) and trypan blue exclusion test (right panel) were performed to assess the biologic effects of
quercetin on MCL cell lines. All 3 cell lines showed a dose-dependent decrease in cell growth with quercetin treatment. Negative controls in all experiments were treated with
the highest volume of DMSO used in the treated group. Results from the treated group are normalized to those of the negative controls. (B) Cell-cycle analysis by flow
cytometry was performed using Mino cells with or without quercetin treatment. M1 represents the Go/G1 phase; M2, the S phase; M3/4, the G2/M phase; and M5, the subG0

apoptotic cell population. Compared with cells with quercetin treatment, treated cells showed a decrease in the proportion of cells in the S phase as well as the G2/M phase. In
addition, there was a dramatic increase in the size of the subG0 cell population, in keeping with the occurrence of apoptosis. (C) All 3 MCL cell lines showed dose-dependent
down-regulation of cyclin D1 after quercetin treatment at 24 hours. Negative controls were treated with DMSO in the same volumes used in the treatment group. (D) All 3 MCL
cell lines showed dose-dependent down-regulation of Bcl-2 and Bcl-XL after quercetin treatment at 24 hours. Negative controls were treated with DMSO in the same volumes
used in the treatment group. (E) All 3 MCL cell lines showed expression of cleaved caspases-3, -7, and -9, as well as PARP, after quercetin treatment at 24 hours. Negative
controls were treated with DMSO in the same volumes used in the treatment group. Error bars indicate SD.

Figure 7. Treatment of Jeko-1 cells with quercetin had no detectable effect on
the GSK3� phosphorylation status. Jeko-1 cells were treated with different
concentrations of quercetin. Treatment with the diluent served only as the negative
control.
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systems.34-36 These findings strongly support that the phosphoryla-
tion/inactivation of GSK3� is directly attributed to WCP stimula-
tion. Our studies using siRNA to inhibit DvL-2 revealed results that
are consistent with this concept. Specifically, down-regulation of
DvL-2 triggered apoptosis and led to a significant reduction in cell
proliferation (Figure 5).

Our oligonucleotide microarray data generated using 3 MCL
cell lines and 3 tumor samples revealed that several Wnt members
are consistently expressed. Since our main purpose is to obtain the
expression profile of various genes in WCP in MCL, we did not
include any normal lymphoid tissues for comparison. Based on the
CT values, we have observed that the most abundantly expressed
Wnt members in MCL are Wnt3 and Wnt10A, both of which have
been implicated in oncogenesis in other cell types.37-41 Further-
more, MCL cells expressed several frizzled receptors as well as
LRP5, and thus, functional Wnt receptors are likely expressed.
Lastly, we also detected consistent expression of TCF/LEF, a
protein complex required for the full transcriptional functions of
�-catenin (Table 1).

In this study, we have provided the first evidence that �-catenin
is biologically significant in MCL, as blockade of WCP using
quercetin or siRNA knockdown of DvL-2 decreased cell growth.
Our results are consistent with those described in other experimen-
tal models; degradation of DvL-2 has been shown to block WCP.42

In the quercetin experiments, apoptosis was triggered, with involve-
ment of activation of caspases-3, -7, and -9. Quercetin has been
reported to be a potent inhibitor of �-catenin that is independent of
GSK3�.25,26 Nevertheless, it has also been reported to be an
inhibitor of the PI3K/Akt pathway.43 The lack of detectable change
in the levels of p-GSK3� or pAkt after quercetin treatment supports
the concept that the quercetin effects in MCL cells were not
dependent on PI3K/Akt or GSK3�. Instead, we believe that the
quercetin effects are via direct �-catenin inactivation, as previously
described in other models.26 In keeping with this concept, we found
that addition of quercetin to MCL cell lines dramatically decreased
cyclin D1 expression, a known downstream target of �-catenin.44

After the submission of this current paper, we completed a
comprehensive clinicopathologic study with a focus on correlating
p-GSK3� with various clinical parameters including survival. We

found that p-GSK3� significantly correlated with a worse clinical
outcome in a cohort of 83 MCL patients. Using this larger cohort,
we also have confirmed the positive correlation between p-GSK3�
and nuclear �-catenin (Randy Chung, A.C.P., M.A., H.A., Sunita
Ghosh, P.G., and R.L., Biological and clinical significance of
GSK3� inactivation in mantle cell lymphoma, manuscript
submitted).

In conclusion, for the first time, we demonstrate that WCP is
constitutively active in approximately half of MCL tumors, and we
have provided evidence that these aberrations promote cell growth
in MCL. Our findings suggest that WCP may be a potentially useful
therapeutic target for these tumors.
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