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ABSTRACT A large fraction of pediatric pre-B acute
lymphoblastoid leukemias (ALL) consistently contain a
t(1;19) chromosomal translocation. The t(1;19) translocation
results in the production of a chimeric transcription factor
containing the N-terminal transactivation domain of E2A
fused to the C-terminal DNA-binding homeodomain of Pbx1.
Here, we show that the E2A-Pbx1 fusion protein activates the
expression of a novel WNT gene, WNT-16. WNT-16 normally
is expressed in peripheral lymphoid organs such as spleen,
appendix, and lymph nodes, but not in bone marrow. In
contrast, high levels of WNT-16 transcripts are present in
bone marrow and cell lines derived from pre-B ALL patients
carrying the E2A-Pbx1 hybrid gene. Inhibition of E2A-Pbx1
expression leads to a significant decrease in WNT-16 mRNA
levels, suggesting that WNT-16 is a downstream target of
E2A-Pbx1. Three putative WNT receptors, FZ-2, FZ-3, and
FZ-5, are expressed in cells of the B lineage, including pre-B
ALL cells aberrantly expressing WNT-16. We propose that a
WNT-16-mediated autocrine growth mechanism contributes
to the development of t(1;19) pre-B ALL.

Human acute leukemias frequently contain chromosomal
translocations that involve transcription factors (1). In many
cases, these transcription factors are homologs of evolution-
arily conserved proteins that have been shown to regulate the
expression or target specificity of the homeotic selector (Hox)
proteins. Further evidence for a role of Hox proteins in
hematopoiesis comes from studies in which mice were recon-
stituted with bone marrow stem cells programmed to overex-
press individual Hox proteins (2, 3). Each Hox protein showed
dramatically different, lineage-specific effects on the prolifer-
ation and differentiation of hematopoietic stem cells or com-
mitted progenitors (2, 3). Together, these findings indicate that
aberrant regulation of Hox genes may play a critical role in
many types of acute leukemia.

In pediatric acute lymphoblastoid leukemia (ALL) contain-
ing the t(1;19) chromosomal translocation, the N-terminal
transactivation domain of the basic helix–loop–helix transcrip-
tion factor E2A is fused to the homeodomain of Pbx-1 to create
a chimeric transcription factor, E2A-Pbx1 (4, 5). There are
three closely related Pbx genes in mammals: Pbx-1, Pbx-2, and
Pbx-3 (6). During lymphoid development Pbx-2 and Pbx-3 are
expressed at all stages. In contrast, Pbx-1 is not expressed in the
B and T cell lineages. The Pbx proteins belong to the TALE
(three-amino acid extension) family of homeodomain proteins,
which is characterized by a 3-aa insertion between helix 1 and
helix 2 of the homeodomain (7).

Pbx proteins have the ability to form complexes with Hox
proteins, thereby increasing their DNA-binding affinity and
specificity (8–11). Hox and Pbx proteins act in concert to

regulate common downstream target genes (12), as has been
shown for autoregulation of the Hoxb-1 gene in rhomobomere
4 of the mammalian hindbrain and activation of the soma-
tostatin gene in pancreatic islet cells by the orphan homeobox
protein STF-1 (12, 13).

Mutations in extradenticle (exd), the Drosophila homolog of
the Pbx family, result in homeotic transformations (14, 15).
Two target genes that are regulated by exd encode secreted
intercellular signaling proteins, winglessyDwnt-1 (wg) and
decapentaplegic (dpp), which belong to the Wnt and TGF-by
BMP gene families, respectively (16). The Wnt family has
grown to 21 vertebrate members, 13 of which have been
identified in humans (17). Wnt genes encode cysteine-rich
proteins with typical hydrophobic signal sequences at their
amino-terminal ends. It is likely that all Wnt proteins are
secreted and mediate interactions between cells. The first
member of this family, Wnt-1, originally was identified as a
common site of integration in mouse mammary tumor virus-
induced mouse mammary carcinomas (18). Intracellular com-
ponents of the Wnt-signaling pathway also have been impli-
cated in human cancers such as colon carcinoma and mela-
noma (19–22).

E2A-Pbx1 exhibits multiple transforming properties. In NIH
3T3 cells, it has the ability to induce the formation of foci,
anchorage-independent growth, and tumor formation in nude
mice (23). In thymocytes and myeloid cells, aberrant expres-
sion of E2A-Pbx1 promotes the rapid development of T cell
lymphomas and myeloid leukemias (24, 25). Although Pbx1
has no detectable transactivating activity by itself, E2A-Pbx1
has strong transactivation potential (26, 27). This has led to the
proposal that the oncogenic activity of E2A-Pbx-1 is caused by
the inappropriate activation of genes normally regulated by
PbxyHox complexes (28).

Here, we have used representational difference analysis
(RDA) to identify genes up-regulated by E2A-Pbx1 in pre-B
ALL. One of these genes encodes a novel member of the WNT
family. We propose that the aberrant expression of WNT-16 in
pre-B cells is a key step toward the development of t(1;19)-
positive leukemia.

MATERIALS AND METHODS

Cell Culture. Human leukemic cell lines were grown in
Opti-MEM I (GIBCOyBRL) supplemented with 10% FBSy50
units/ml penicilliny50 mg/ml streptomyciny2 mM L-glu-
taminey50 mM 2-mercaptoethanol.
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RDA of cDNAs. Total RNA was isolated from 697, KOPN-
36, and Nalm-6 cells by using Trizol reagent (GIBCOyBRL).
Poly(A)-positive RNA was purified from total RNA by using
oligo(dT)-conjugated magnetic beads (Dynal). Double-
stranded cDNAs were synthesized by using the Superscript II
cDNA synthesis kit according to the manufacturer’s protocol
(GIBCOyBRL). First-strand cDNA synthesis was primed with
oligo(dT) by using 5 mg of poly(A)1 RNA. RDA of cDNAs
was performed as described by Hubank and Schatz (29). The
third difference products were isolated on a 2.5% agarose gel
and cloned into vector pGEM-T (Promega).

Synthesis of cDNA Probes. Double-stranded cDNA probes
were labeled with [a-32P]dCTP by using Klenow fragment and
random primers. The asymmetric PCR probe for human
WNT-16 was made by using an 848-bp fragment of the
WNT-16 cDNA (nucleotides 573-1421) as template and the
primer 59-GCACCTCTCTGGTTGCAATGC-39. The asym-
metric PCR probe for mouse WNT-16 was made by using a
647-bp fragment of mouse WNT-16 genomic DNA (corre-
sponding to the 59 end of exon 4) as template and the primer
59-GCAATCCTCTGGATCAGCTTGTG-39. The asymmetric
PCR probe for E2A-Pbx1 was made by using an 826-bp
fragment of the Pbx1 cDNA (GenBank accession no. M86546,
nucleotides 578-1404) as template and the primer 59-
ATCAGAGTGAACACTGCCAG-39. Asymmetric PCRs

contained 50 mM each of dATP, dGTP, and dTTP, 250 mCi
[a-32P]dCTP, 50 ng of DNA template, 1 mM primer, 2.5 units
of Taq DNA polymerase, and 13 PCR buffer (50 mM KCly10
mM TriszHCl, pH 8.3y1.5 mM MgCl2) in a volume of 25 ml.
PCR conditions were 1 cycle at 2 miny91°C, 30 cycles at 1
miny91°C, 1 miny58°C, 1.5 miny72°C, and 1 cycle at 10
miny72°C. Probes were purified over G-50 sephadex spin
columns.

Southern and Northern Blotting. PCR products were sep-
arated on 2.5% agarose gels and denatured. RNAs were
separated on denaturing formaldehyde-agarose gels. The PCR
products or RNAs were transferred to nylon membranes and
immobilized by UV crosslinking. Human and mouse Multiple
Tissue Northern blots were purchased from CLONTECH.
Hybridizations were done overnight at 42°C in 53 SSPE
buffer, 50% formamidey10% dextran sulfatey13 Denhardt’s
reagenty0.15% SDSy100 mg/ml denatured salmon sperm
DNA. Washes were done at 65°C in 0.23 SSPE buffery0.1%
SDS.

Reverse Transcription–PCR (RT-PCR). To analyze expres-
sion of WNT-16 in bone marrow samples, RT was performed
according to the manufacturer’s protocol in a 25-ml reaction
containing 50 ng of random hexamers, 3 mg of total RNA, and
200 units of Superscript II RNase H2 reverse transcriptase
(GIBCOyBRL). For WNT-16, the PCR was performed by
using forward primer 59-CAGGGACACAAGGCA-
GAGAATG-39 and reverse primer 59-GCTGGATGGAGT-
GGTTACTT-39. PCR conditions were 1 cycle at 5 miny94o, 18
cycles at 45 secy94o, 45 secy58o, 45 secy72o, and 1 cycle at 10
min at 72o. GAPDH primers for RT-PCR were purchased
from Stratagene, and PCR conditions were 1 cycle at 5
miny94o, 18 cycles at 45 secy94o, 45 secy60o, 90 secy72o, and
1 cycle at 10 miny72o.

Isolation of the WNT-16 cDNA. A cDNA library was pre-
pared in vector Uni-ZAP XR (Stratagene) by using poly(A)1

RNA isolated from 697 cells. The library was screened with a
400-bp DpnII fragment (nucleotides 1104–1504 of cDNA) of
WNT-16 cDNA as probe. Sixteen positive clones were isolated,
and one, a 3,129-bp, full-length cDNA, was sequenced on both
strands.

Isolation of Genomic Clones for Mouse WNT-16. A 129ySVJ
mouse BAC genomic library (Genome Systems, St. Louis) was
screened by hybridization with a 185-bp fragment of the human
WNT-16 cDNA (nucleotides 1165–1350). Two positive clones
were isolated. Restriction fragments that cross-hybridized with
the human WNT-16 cDNA on Southern blots were subcloned
into pBluescript SK (Stratagene) and sequenced to identify the
putative mouse WNT-16 exons.

Isolation of Frizzled (Fz) cDNA Clones and RNase Protec-
tion. Fz homologs expressed in the t(1;19) pre-B ALL cell line
697 were identified by degenerate PCR amplification as de-
scribed by Wang et al. (30). Briefly, degenerate oligonucleotide
primers corresponding to the conserved Fz amino acid se-
quences YPERPI and WFLAA were used to amplify cDNA
prepared from the cell line 697. The PCR products were cloned
into vector pGEM-T (Promega) and screened by sequencing.
Four Fz homologues were identified. Antisense riboprobes
were synthesized by transcribing the pGEM-T Fz constructs in
vitro with [a-32P]CTP and SP6 RNA polymerase. Antisense
RNA probe (2 3 105 cpm) was annealed to 10 mg of total RNA
from the indicated cell lines or to 10 mg of yeast tRNA as a
negative control. Unannealed RNA was removed by digestion
with RNase A and RNase T1. The protected fragments were
separated by electrophoresis on a 5% denaturing polyacryl-
amide gel and detected by autoradiography.

Antisense Oligonucleotides. The antisense oligonucleotides
used in this study are chimeric 29-methoxyethyl phosphoro-
thioate oligonucleotides in which the first six and last six
nucleosides are modified with 29-methoxyethyl substituents
and the eight, centered nucleosides contain 29-deoxy residues

FIG. 1. WNT-16 expression in pre-B cell lines and bone marrow
samples derived from leukemia patients. (A) Northern blot analysis of
WNT-16 expression in B cell lines. Each lane contains 2 mg of poly(A)1

RNA. KOPN-36, KOPN-63, and 697 carry the E2A-Pbx1 fusion gene,
whereas Namalwa, Raji, Ramos, UOCB-1, and Nalm-6 lack the t(1;19)
chromosomal translocation. The probe was a human WNT-16 cDNA.
(B) RT-PCR analysis of WNT-16 expression in bone marrow samples
derived from patients. WNT-16-specific primers were used for PCR.
PCR products were analyzed by Southern blotting and hybridization by
using a WNT-16 cDNA as a probe. E2A-Pbx1-positive samples are
indicated. (Middle) Minus RT controls. (Bottom) Glyceraldehyde-3-
phosphate-dehydrogenase (GAPDH) controls.
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(31, 32). The centered 29-deoxy residues support RNase H
activity in cells, which serves as the terminating mechanism
for these molecules. Oligonucleotide sequences are as fol-
lows: ISIS16123, 59-ACCAGGCTGACAGCTGGAGG-39;
ISIS18070 (4 mismatches), 59-ACCTGGCAGTCAGCAG-
GAGG-39; ISIS16124, 59-CCTTCAGTGATATGAGAGAC-
39. 697 cells (8 3 106) were resuspended in 0.36 ml of culture
medium plus 40 ml of oligonucleotide (200 mM in PBS) and
electroporated in a 0.2-cm cuvette electrode at 1,125 Vycm and
500 mF. The cells were diluted into 10 ml of culture medium
and incubated at 37o. Twenty hours after electroporation total
RNA was isolated from the cells by using Trizol reagent
(GIBCOyBRL) and analyzed by Northern blotting.

RESULTS

Identification of Downstream Target Genes Induced by
E2A-Pbx1. To identify genes that are differentially expressed
in t(1;19)-positive pre-B ALL, mRNA was isolated from a
pre-B cell line containing the E2A-Pbx1 fusion protein and
Nalm-6, a pre-B cell line lacking E2A-Pbx1 expression. Dou-
ble-stranded cDNAs were prepared from the two cell popu-
lations, and RDA, a process of subtractive hybridization
coupled to PCR amplification, was performed on two pools of
cDNAs to isolate transcripts that were expressed in cells
containing E2AyPbx-1 but not in pre-B cells lacking this fusion
protein (28, 29). Two independent RDAs were performed by
using two different t(1;19) cell lines: 697 and KOPN-36. When
the Nalm-6 cDNA representation was used as driver and the
697 cDNA representation was used as tester in the RDA, the
third difference product consisted of a number of fragments

visible on an ethidium bromide-stained agarose gel. The
fragments were isolated, cloned, and analyzed by DNA se-
quencing. The sequences were compared with the National
Center for Biotechnology Information database by using the
BLAST algorithm (33). Forty-two distinct cDNA fragments
were identified. Comparison of the 697 and KOPN-36 differ-
ence products by sequence alignment revealed that six of the
42 fragments from 697 also were expressed in KOPN-36. To
verify that the six genes were true difference products, the
cDNA fragments were labeled with 32P and used to probe
Northern blots. As expected, each of the genes was detectable
in 697 and KOPN-36 but not in Nalm-6 (Fig. 1A and Table 1).

To examine whether the six genes are expressed consistently
in cells containing the E2A-Pbx1 fusion protein, mRNA was
isolated from additional cell lines containing E2A-Pbx1. These
include KOPN-54 and KOPN-63. Control lymphoid cell lines
lacking E2A-Pbx1 include Reh, Namalwa, Raji, Ramos,
UOCB-1, and Jurkat. This analysis showed that five of six
genes were expressed in all four t(1;19) cell lines, but not in B
cell lines lacking E2A-Pbx1 (Table 1, Fig. 1 A, and data not
shown). These included: RZR-b, a putative nuclear receptor
for the hormone melatonin (34); protein kinase C-z (PKC-z)
(35); FAT, a cadherin-related cell adhesion molecule (36);
EphA3, a receptor protein–tyrosine kinase (37); and a novel
WNT-related gene, which we have named WNT-16. One gene,
encoding a novel TALE homeobox gene related to the Dro-
sophila Iroquois complex (IrocyIrx) family (38), was expressed
in three of four t(1;19) cell lines (Table 1).

To analyze the expression patterns of these six genes in primary
tumors, RNA was isolated from bone marrow with abnormal
cytogenetics, including t(1;19) pre-B ALL, non-t(1;19) pre-B

Table 1. Summary of gene expression profiles in t(1;19) vs. non-t(1;19) human leukemias

RNA Type of leukemia

Gene function

WNT-16 RZR-b PKC-j FAT EphA3 IRX-related

Intercellular
signaling
molecule

Nuclear receptor
for melatonin

Serineythreonine
protein kinase

Cadherin-related
cell adhesion
molecule

Receptor protein
tyrosine kinase

TALE homeo
domain protein

697 t(1;19) pre-B-ALL 1 1 1 1 1 1

KOPN-36 t(1:19) pre-B-ALL 1 1 1 1 1 1

KOPN-54 t(1;19) pre-B-ALL 1 1 1 1 1 2

KOPN-63 t(1;10) pre-B-ALL 1 1 1 1 1 1

Reh Non-t(1;19) pre-B-ALL 2 2 2 2 2 2

Nalm-6 Non-t(1;19) pre-B-ALL 2 2 2 2 2 2

Namalwa Burkitt’s lymphoma 2 2 2 2 2 2

Raji Burkitt’s lymphoma 2 2 2 2 2 2

Ramos Burkitt’s lymphoma 2 2 2 2 2 2

UOCB-1 t(17;19) Pro-B-ALL 2 2 2 2 2 2

Jurkat T-ALL 2 1 2 2 1 2

BM 1 t(1;19) pre-B-ALL 11 1 6 11 2 2

BM 2 t(1;19) pre-B-ALL 1 1 11 11 1 1

BM 3 t(1;19) pre-B-ALL 11 1 6 1 2 1

BM 4 t(1;19) pre-B-ALL 11 1 11 11 2 2

BM 5 t(1;19) pre-B-ALL 11 1 11 11 11 2

BM 6 Non-t(1;19) pre-B-ALL 2 2 6 6 2 1

BM 7 Non-t(1;19) pre-B-ALL 6 6 6 1 2 1

BM 8 Non-t(1;19) pre-B-ALL 6 2 6 2 2 2

BM 9 Non-t(1;19) pre-B-ALL 6 2 6 6 2 2

BM 10 Non-t(1;19) pre-B-ALL 6 2 6 2 2 1

BM 11 t(9;22) CML 2 2 6 2 2 2

BM 12 t(9,22) CML 2 2 6 2 2 2

BM 13 t(12;21) pro-B-ALL 2 2 6 2 2 2

BM 14 t(12;21) pro-B-ALL 2 2 6 2 2 2

BM 15 Hyperdiploid 2 2 6 6 2 1

BM 16 Normal cytogenetics 2 2 6 2 2 2

Gene expression was detected in leukemic cell lines by Northern blot analysis of poly(A)1 RNa and in patient bone marrow (BM) samples by
RT-PCR analysis. Low levels of expression detectable by PCR but not by Northern or RNAse protection are indicated by 6. High levels of expression
detected by PCR are indicated by 1 (10- to 20-fold above background) or 11 (20- to 100-fold above background).
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ALL, t(9;22) CML, and t(12;21) pro-B ALL as well as from bone
marrow derived from a healthy patient (Table 1). The mRNA was
analyzed by RT-PCR. Interestingly, the cDNAs encoding
WNT-16 and RZR-b both were expressed consistently in pre-B
ALL containing the t(1;19) translocation (Table 1 and Fig. 1B).
We note that very low levels of WNT-16 could be detected by

RT-PCR in some non-t(1;19) pre-B cell leukemias (Fig. 1B).
Taken together, the data indicate that RZR-b and a novel WNT
gene are aberrantly expressed in pre-B cells that contain the
E2A-Pbx1 fusion protein.

Molecular Cloning and Analysis of the WNT-16 Gene. A
full-length WNT-16 cDNA was isolated from a cDNA library

FIG. 2. Amino acid alignment of human WNT-16, mouse WNT-16, human WNT-1, mouse WNT-7b, and mouse WNT-4.

FIG. 3. Northern blot analysis of WNT-16 expression in human tissues and during mouse embryonic development. Northern blots were
purchased from CLONTECH. Transcripts were detected with antisense asymmetric PCR probes. Molecular weight markers are indicated on the
left.
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derived from 697. The sequence contained a 1,095-bp ORF
that would encode a 365-aa protein (Fig. 2). A putative mouse
homolog of WNT-16 also was identified by screening a mouse
genomic DNA library with the human cDNA (Fig. 2).

The deduced amino acid sequence of human and mouse
WNT-16 was compared with the sequences of other mamma-
lian WNT proteins (Fig. 2). The WNT-16 sequence is 42–48%
identical to those of mouse WNT-7b, mouse WNT-4, and
human WNT-13. Twenty-three cysteine residues in WNT-16
are particularly well conserved, in nearly identical positions,
when compared with other members of the WNT protein
family.

The predicted sequence of WNT-16 shows many of the
characteristics of a secreted protein: a hydrophobic signal
peptide, the lack of an obvious transmembrane domain, and
abundant and highly conserved cysteine residues located
throughout the protein. We note that upon ectopic expression
in Drosophila S2 cells, WNT-16 secretion is detected, as has
been reported for other WNT proteins (39). However, we have
not been able to demonstrate secreted WNT-16 protein in
supernatants of pre-B ALL cells (J.R.M., unpublished obser-
vations). To determine the expression pattern of WNT-16 in
human tissues, a Northern blot, containing mRNA derived
from various tissues, was probed by using a radiolabeled
WNT-16 probe (Fig. 3). A 3.2-kb transcript was detectable in
brain and placenta (Fig. 3). Additionally, two distinct mRNAs
of 3 and 3.5 kb were present in mRNA derived from peripheral
lymphoid organs, including spleen, lymph node, and appendix.
No expression was detectable in bone marrow, thymus, fetal
liver, or peripheral blood leukocytes.

To determine whether the WNT-16 gene was expressed
during embryonic development, a mouse WNT-16 probe was
hybridized to a Northern blot of poly(A)1 RNA isolated from
mouse embryos at several stages (Fig. 3). No expression was
detectable at embryonic day 7. However, a 3.5-kb transcript
was present at days 11, 15, and 17. Taken together, these data
indicate that WNT-16 is normally expressed in peripheral
lymphoid organs but not in thymus, bone marrow, or fetal liver.
In contrast, high levels of WNT-16 transcripts are present in
pre-B ALL cells containing E2A-Pbx1.

Expression of WNT Receptors in B Lineage Cells and in
pre-B ALL Containing E2A-Pbx1. Recently, a number of
genetic and biochemical studies have provided evidence that
members of the Fz family function as receptors for WNT
proteins (40, 41). Fz proteins are seven-transmembrane-
receptor-related proteins with cysteine-rich extracellular do-
mains (40). Fz homologs expressed in the t(1;19) pre-B ALL

FIG. 4. Expression of Frizzled genes in human B cell lines. RNA
was derived from human pre-B cells carrying the t(1;19) translocation
(697, KOPN-36, KOPN-63), pro-B cells (UOCB-1), pre-B cells
(Nalm-6, Reh), mature B cells (Namalwa and Ramos), and a T lineage
cell (Jurkat). Yeast tRNA is included as a control. RNA was analyzed
by RNase protection by using antisense transcripts of FZ-2, FZ-3,
FZ-5, and FZ-6 as probes. P, labeled probe; PF, protected fragment.

FIG. 5. Treatment of t(1;19)-positive pre-B acute lymphoblastoid cell lines with antisense 29-methoxyethyl phosphorothioate oligonucleotides
to E2A-Pbx1 reveals that WNT-16 transcript levels are dependent on the presence of E2A-Pbx1. 697 cells were electroporated with antisense
oligonucleotides with specificity for E2A-Pbx1. Twenty hours later, total RNA was derived from the cells and analyzed by Northern blotting by
using asymmetric PCR probes for E2A-Pbx1 and WNT-16 and a random primer-labeled cDNA probe for GAPDH. (A) Northern blots. Nalm-6
(N-6) RNA was included as a control. (B) Graphical representation of Northern blot results. Relative mRNA levels detected on Northern blots
were quantitated by using a PhosphorImager. Bar 5 mean 6 SD from three independent experiments.
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cell line 697 were identified by degenerate PCR amplification
as described by Wang et al. (30). Four Fz homologues were
found (data not shown). One is identical to human Fz-5, and
the other three appear to be the human homologues of the rat
Fz-2, mouse Fz-3, and mouse Fz-6 previously identified by
Wang et al.(30). To determine the expression pattern of the
various Fz genes, mRNA was isolated from a wide variety of
B lineage cells and analyzed by RNase protection (Fig. 4).
Interestingly, Fz-2, Fz-3, and Fz-5 were expressed in most B
lineage cells including pre-B cells containing the t(1;19) chro-
mosomal translocation (Fig. 4 A–C). Fz-6 expression, using
RNase protection, was detectable only in Nalm-6, Namalwa,
Ramos, and Jurkat cells (Fig. 4D).

These data raise the possibility that WNT-16 may function
in an autocrine mechanism to promote the growth of pre-B
ALL cells by activating WNT-signaling pathways through Fz
receptors.

The Presence of E2A-Pbx1 Is Required for Aberrant Ex-
pression of WNT-16. The data described above demonstrate
the aberrant expression of WNT-16 in pre-B ALL containing
the E2A-Pbx1 fusion protein. To determine whether E2A-
Pbx1 is required for WNT-16 transcription, antisense oligo-
nucleotides were designed with specificity for the E2A-Pbx1
fusion gene. Two antisense oligonucleotides, 16123 and 16124,
were shown to inhibit both E2A-Pbx1 and WNT-16 mRNA
expression upon electroporation into 697 cells (Fig. 5). A
mismatch oligonucleotide, 18070, did not significantly affect
E2A-Pbx1 or WNT-16 expression (Fig. 5). These data suggest
that E2A-Pbx1 regulates the expression of WNT-16 in pre-B
ALL cells.

DISCUSSION

Our findings indicate that the E2A-Pbx1 fusion protein con-
sistently activates transcription of a novel WNT gene in pre-B
ALL. This raises the possibility that WNT signaling may
contribute to the initiation or progression of this disease. It is
also striking that Pbxyexd has been shown to be required for
regulation of the wgyDwnt-1 gene in Drosophila, suggesting
that Pbxyexd proteins control similar downstream targets in
both flies and mammals (15, 16).

What is the potential role of WNT-16 in pre-B ALL and in
normal lymphocyte development? We show that WNT recep-
tors belonging to the Fz family are expressed in B lineage cells.
Their presence is not limited to pre-B cells carrying the
E2A-Pbx1 fusion gene, but also can be detected in pro-B,
pre-B, and mature B cell lines. Additionally, WNT-5a and
WNT-10b gene expression has been detected in early hema-
topoietic progenitors and stromal cells of the yolk sac, fetal
liver, and fetal bone marrow, and WNT-16 is expressed in
peripheral lymphoid organs (refs. 42 and 43; Fig. 3). WNT
proteins also have been shown to promote expansion of early
hematopoietic progenitors in vitro (42, 43). These data are
strongly suggestive of a role for WNT signaling during hema-
topoiesis. Thus, it is conceivable that the presence of WNT
proteins is required at certain stages of normal development
for proper expansion, survival, andyor differentiation of early
hematopoietic cells, including those of the B cell lineage. Pre-B
cells harboring the E2A-Pbx1 fusion protein would constitu-
tively express WNT-16, perhaps promoting aberrant prolifer-
ation andyor survival of B lineage cells.

In conclusion, we would like to propose that members of the
Pbx family normally repress WNT-16 transcription in pre-B
lymphocytes. Upon a t(1;19) chromosomal translocation,
Pbx-1 is converted into a transcriptional activator, promoting
the aberrant activation of downstream target genes, including
WNT-16. WNT-16 then would act in an autocrine fashion to
perturb the normal development, expansion, or death of pre-B

lineage cells, ultimately leading to the development of an acute
leukemia.
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