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The Wnt-1, Wnt-3, and Wnt-10b genes were identi-
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Secreted glycoprotein WNTs play important roles in
arcinogenesis and development. We have previously
eported molecular cloning of WNT-2B/WNT-13. Here,
e have isolated a novel WNT-2B isoform (WNT-2B2),

n addition to the original WNT-2B isoform (WNT-2B1).
NT-2B1 and WNT-2B2 are completely different in the

*-UTR and in the N-terminal part of the coding re-
ion. The N-terminal hydrophobic domain is con-
ained in WNT-2B1, but not in WNT-2B2. WNT-2B1 and
NT-2B2 share the WNT-core domain, and show 87.0%

mino-acid identity. We have determined the struc-
ure of the WNT-2B gene. The WNT-2B1 mRNA consists
f exons 1, 2, and 4–7, while the WNT-2B2 mRNA con-
ists of exons 3–7. WNT-2B2 was expressed in fetal
rain, fetal lung, fetal kidney, caudate nucleus, testis,
lioblastoma cell lines A172, SW1783, gastric cancer
ell lines MKN28, MKN74, and cervical cancer cell line
eLa S3. WNT-2B1 expression level was relatively
igher in fetal brain and fetal lung than in other tis-
ues or cell lines expressing WNT-2B2. These results
ndicate that the WNT-2B1 and WNT-2B2 mRNAs are
ranscribed due to alternative splicing with distinct
xpression profile. This is the first report on the WNT
soforms derived from the same gene due to alterna-
ive splicing. © 2000 Academic Press

Key Words: WNT; gastric cancer; glioblastoma; fetal
ung; caudate nucleus.

The WNT genes, encoding secreted glycoproteins
ith conserved 22 cysteine residues, are involved in

arcinogenesis and in fetal development (1, 2). WNTs
ind to seven-transmembrane receptors with the
-terminal cysteine-rich domain encoded by the Friz-

led (FZD) genes (3–9). The WNT signal is transduced
hrough FZD to the b-catenin–TCF pathway or to the
NK pathway (10, 11).

The nucleotide sequence data of WNT-2B1 and WNT-2B2 cDNAs
ill appear in the DDBJ/EMBL/GenBank databases under Acces-

ion Nos. AB045116 and AB045117, respectively.
1 To whom correspondence and reprint requests should be ad-

ressed. Fax: 181-3-3541-2685. E-mail: mkatoh@ncc.go.jp.
209
ed as proto-oncogenes activated by proviral insertion
n mouse mammary tumors (12–14). The WNT-16 gene
as identified as a proto-oncogene activated by the
2A-Pbx1 chimeric transcription factor caused by the

(1;19) translocation in pre-B acute lymphoblastoid
eukemia (15). The WNT-2 gene was isolated as a Wnt-
-related gene during isolation of the cystic fibrosis
ene located on human chromosome 7 (16). WNT-2B/
NT-13, Wnt-3a, Wnt-4, Wnt-5a, Wnt-5b, Wnt-6, Wnt-

a, Wnt-7b, and WNT-8B were isolated by PCR with
egenerate primers based on the homology among the
NT gene family (1, 17–20).
Human WNT-2B (1) and mouse Wnt-2b (21) are very

omologous; however, they are completely different in
he 59-UTR and in the N-terminal part of the coding
egion. In this manuscript, we have isolated two types
f the human WNT-2B cDNAs: WNT-2B1 (the original
uman WNT-2B type), and WNT-2B2 (the mouse
nt-2b type). By isolating the human WNT-2B

enomic clones, we have demonstrated that the WNT-
B1 and WNT-2B2 mRNAs are transcribed due to al-
ernative splicing. The differential expression pattern
f two WNT-2B isoforms in normal tissues as well as in
ancer cell lines will also be described. This is the first
eport on the WNT isoforms derived from the same
ene due to alternative splicing.

ATERIALS AND METHODS

Cell lines and poly (A)1 RNA extraction. Poly(A)1 RNAs were
xtracted from the following human cancer cell lines with the
astTrack 2.0 Kit (Invitrogen): DBTRG-05MG, T98G, U-373MG,
W1088, SW1783, A-172, and HS683 (brain tumor), HeLa S3 (cer-
ical cancer), MKN28, and MKN74 (gastric cancer).

Northern blot analyses. Two micrograms of poly(A)1 RNA ex-
racted from indicated sources were separated by 1.0% agarose gels
ontaining 17.9% formaldehyde in 1 3 MOPS buffer, and were trans-
erred onto nitrocellulose filters, and then were fixed by baking at
0°C for 2 h in a vacuum oven. Northern blot filters were hybridized
ith a [a-32P] dCTP-labeled probe at 68°C for 1 h in QuikHyb solu-

ion (Stratagene). Filters were washed in 2 3 SSC buffer and 0.1%
DS at room temperature for 15 min twice, in 0.1 3 SSC buffer and
.1% SDS at 60°C for 30 min, and then were exposed to XAR-5 film
Kodak).
0006-291X/00 $35.00
Copyright © 2000 by Academic Press
All rights of reproduction in any form reserved.



(
c
o
(
w
t
(
w

l
W
s
(

e
R
a
a
s
v
3
f
P
W
e
c
fi
v
M

R

E

l
W
v
N
d

a
c
c
m

m
h
s
W
g
1
c
c
r
a
h

i
b
m
c
c
a

W

g
W
t
h

(
p
c
w
o

TABLE 1

Vol. 275, No. 1, 2000 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
cDNA library screening. Human fetal lung cDNA library in lgt10
CLONTECH) was screened with the human WNT-2B/WNT-13
DNA fragment WTGC3 (1) as previously described (22). After sec-
ndary screening, phage DNAs were purified with Lambda Midi Kit
QIAGEN). The cDNA insert was excised from phage vector lgt10
ith EcoRI digestion, and was subcloned into pUC118 plasmid vec-

or (TaKaRa). Plasmid DNAs were purified by Plasmid Mini Kit
QIAGEN), and aliquots were used for nucleotide sequence analyses
ith ABI310 Sequencer (PE Applied Biosystems).

Genomic DNA library screening. Human placental genomic DNA
ibrary in EMBL3 SP6/T7 (CLONTECH) was screened with the

NT-2B1 cDNA as previously described (22). After secondary
creening, phage DNAs were purified with Lambda Midi Kit
QIAGEN) for sequence analyses.

cDNA-PCR. mRNA levels of WNT-2B isoforms in each tissue and
ach cancer cell line were compared by multiplex PCR with OneStep
T-PCR Kit (QIAGEN). Fifty nanograms of poly(A)1 RNAs was used as
template of one-step cDNA-PCR. After reverse-transcription reaction
t 50°C for 30 min with Omniscript Reverse Transcriptase and Sensi-
cript Reverse Transcriptase, HotStarTaq DNA Polymerase was acti-
ated by heating at 95°C for 15 min, and then cDNAs were amplified by
1 cycles of PCR (0.5 min at 94°C, 0.5 min at 60°C, and 2 min at 72°C),
ollowed by final extension at 72°C for 10 min. Nucleotide sequences of
CR primers are listed in Table 1. Multiplex RT-PCR with a pair of
NT-2B primers (1.0 mM each) and a pair of b-actin primers (67 nM

ach) amplified the WNT-2B cDNA fragment together with the b-actin
DNA fragment as an internal control. cDNA-PCR products were puri-
ed with QIAEX Kit (QIAGEN), and were ligated to the TA-cloning
ector pCR2.1 (Invitrogen). Plasmid DNAs were extracted with Plasmid
ini Kit (QIAGEN) for nucleotide sequencing analysis.

ESULTS

xistence of WNT-2B1 mRNA in Normal
Human Tissue

The original human WNT-2B (WNT-2B1) cDNA iso-
ated from gastric cancer mRNAs (1) and the mouse

nt-2b cDNA isolated from embryo mRNAs (21) are
ery homologous except for the 59-UTR and the
-terminal part of the coding region (Fig. 1A). This
ivergence might be due to (i) species specificity, (ii)

FIG. 1. Amino acid sequence and hydrophobicity analyses of
WNT-2B1, WNT-2B2, and mouse Wnt-2b. Amino acids are numb
WNT-2B2, and mouse Wnt-2b are indicated by asterisk below the ali
N-terminal hydrophobic domain corresponding to the typical signal
on WNT-2B2. WNT-2B2 lacks the N-terminal hydrophobic domain.

List of PC

Primer Nucleotide sequ

PW2B1-01 AACTGAAGGATCCTTGAGG
PW2B1-02 CCCACTGAACGCATGATGT
PW2B2-01 CGGGAGTCTTCGGGGAGCT
PW2B2-02 TCAGGTCTGGTCCAGCCAC
PW2B2-03 CCCGCCTAGGTCTTGCCTG
PW2B2-04 CCCACTGAACGCATGATGT
BACT-02 GCGGATGTCCACGTCACAC
BACT-03 CCACTGGCATCGTGATGGA
210
lternative splicing, (iii) genetic alteration in gastric
ancer, or (iv) cloning artifact. At first, we tried to
onfirm the existence of the WNT-2B1 mRNA in nor-
al human tissue.
We have previously reported that the WNT-2B
RNA is expressed in human fetal lung (1). Thus, the

uman fetal lung cDNA library (CLONTECH) was
creened with the human WNT-2B cDNA fragment
TGC3, which was previously isolated from human

astric cancer mRNAs. One clone was isolated out of
.0 3 106 clones, and was designated the WNT-2B1
DNA. Nucleotide sequence analysis of the WNT-2B1
DNA revealed that the N-terminal part of the coding
egion was not homologous to the mouse Wnt-2b cDNA
t all, but was identical to the previously reported
uman WNT-2B cDNA.
This result indicates that the WNT-2B1 mRNA ex-

sts in normal human tissues, and that the divergence
etween the original human WNT-2B cDNA and the
ouse Wnt-2b cDNA in the N-terminal part of the

oding region is not due to genetic alteration in gastric
ancer or cloning artifact, but to species specificity or
lternative splicing.

NT-2B1 mRNA Consists of Six Exons

To obtain a clue for the further explanation of diver-
ence between the human WNT-2B1 and the mouse
nt-2b in the N-terminal part of the coding region, we

ried to determine the exon–intron boundaries of the
uman WNT-2B gene.
The human placental genomic DNA library

CLONTECH) was screened with the WNT-2B1 cDNA
robe, and 11 clones were isolated out of 7.0 3 105

lones. The WNT-2B genomic clones were sequenced
ith primers corresponding to the nucleotide sequence
f the WNT-2B1 cDNA (Table 2). Comparison between

T-2B1 and WNT-2B2. (A) Amino-acid comparison among human
d on the right. Conserved amino acids among human WNT-2B1,
ent. (B) Kyte & Doolittle hydrophobicity analysis on WNT-2B1. The

tide is indicated by SP. (C) Kyte & Doolittle hydrophobicity analysis

Primers

e Nucleotide position

G 174–195 of WNT-2B1
G 353–332 of WNT-2B1
GCTGAGACC 1–30 of WNT-2B2

1195–1175 of WNT-2B2
129–148 of WNT-2B2

G 309–288 of WNT-2B2
943–924 of b-actin
516–535 of b-actin
WN
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he nucleotide sequences of the WNT-2B1 cDNA and
he WNT-2B genomic clones revealed that the WNT-
B1 mRNA is split into six parts in the WNT-2B genomic
lones (Fig. 2A). The consensus sequences for splice donor
nd acceptor sites (23) were found around the exon–
ntron boundaries of the WNT-2B gene (Fig. 2C). These
esults indicate that the WNT-2B1 mRNA consists of
ix exons.

oincidence of Divergence Junction and
Splice Junction

Although the first and second exons corresponding to
he 59-UTR and the N-terminal part of the coding re-
ion of the WNT-2B1 mRNA were not homologous to
he mouse Wnt-2b mRNA at all, the exons that followed
ere highly homologous. Interestingly, the junction of
ivergence between the human WNT-2B1 mRNA and
he mouse Wnt-2b mRNA was consistent with the
plicing junction in the human WNT-2B1 mRNA.
hese results strongly suggest that the divergence in
he N-terminal part of the coding region would be due
o alternative splicing.

dentification of a Novel Exon in the Human
WNT-2B Gene

By sequencing analysis of the WNT-2B genomic
lones with a primer corresponding to the mouse
nt-2b cDNA, we next searched for a novel exon of the
ouse Wnt-2b type within the human WNT-2B gene.
he amino-acid sequence encoded by the putative

FIG. 2. Alternative splicing of the human WNT-2B gene. (A) Sch
re indicated by boxes and bars, respectively. The coding region is i
lones are shown by bars below the scheme of the WNT-2B gene. WN
xons 3–7. (B) Partial nucleotide sequence of exon 3 and intron 3. P
rimers W13G-13 and W13G-14, which were used for the identificatio
equence around the exon-intron boundaries in the WNT-2B gene. N
etters, while that in intron is indicated by small letters.

List of Sequence Primers

Primer Nucleotide sequence Nucleotide position

W13G-01 ACATGTTGGATGGCCTTG 119–136 of WNT-2B1
W13G-02 TGAACGCTGACTGTGTAG 229–212 of WNT-2B1
W13G-03 TGAAGGATCCTTGAGGAC 177–195 of WNT-2B1
W13G-04 AACGCTGGCACAGCTG 328–313 of WNT-2B1
W13G-05 GTACATTGGGGCACTG 246–261 of WNT-2B1
W13G-06 TGGATGTTGTCACTGCAG 641–624 of WNT-2B1
W13G-07 AGCCAGGGTGAACTGAGT 538–555 of WNT-2B1
W13G-08 CACGGCGATAGCCTTG 943–928 of WNT-2B1
W13G-09 AAGTGCCATGGCGTGAG 775–791 of WNT-2B1
W13G-10 ATTCCTTGCACCGTACAG 1171–1154 of WNT-2B1
W13G-11 TGTCTGCAGCAAGACATC 1032–1049 of WNT-2B1
W13G-13 GACACGTCCTGGTGGT DTSWW 1 gt
W13G-14 TCCCGTGAGCAGCCAGTC Intron 3
212
DEAAQLAPRRARVPVPRPTAPDVSPSSARLGLA-
LLLLLLLTLPARVDTSWW. The sequence primer
W13G-13 (59-GACACGTCCTGGTGgt-39) was synthe-
ized depending on the nucleotide sequence corre-
ponding to DTSWW 1 gt (the consensus sequence of
plice donor site). Sequencing of the W13G-11 genomic
lone with the PW13G-13 primer showed the nucleo-
ide sequence of the following intron in the human
NT-2B gene (Fig. 2B).
Primer PW13G-14 (59-TCCCGTGAGCAGCCAGTC-

9) was synthesized depending on the nucleotide se-
uence of the intron identified above (Fig. 2B). Se-
uencing of the W13G-11 genomic clone with the
W13G-14 primer showed the existence of a novel
xon, which apparently contains the 59-UTR and the
-terminal part of the coding region homologous to the
ouse Wnt-2b mRNA (Fig. 2B). Deduced amino-acid

equence of the novel exon in the human WNT-2B gene
nd that of the corresponding region in the mouse
nt-2b polypeptide showed 74% amino-acid identity.

lternative Splicing of the WNT-2B Gene

Existence of the WNT-2B2 mRNA containing the novel
xon was confirmed by cDNA-PCR with the PW2B2-01
rimer corresponding to the novel exon and the
W2B2-02 primer corresponding to the last exon. cDNA-
CR with the PW2B2-01 and the PW2B2-02 primers
mplified a PCR product of 1195-bp in length, which was
esignated the WNT-2B2 cDNA. Sequence analyses in-
icated that the WNT-2B2 cDNA consists of the novel
xon identified above, and the exons that follow and are
onserved between WNT-2B1 and WNT-2B2 (Fig. 2).

The W13G-11 genomic clone contains both the sec-
nd exon for the WNT-2B1 and the novel exon specific
o the WNT-2B2 mRNA, while the W13G-07 genomic
lone contains both the novel exon specific to the WNT-
B2 mRNA and the exons that follow and are con-
erved between WNT-2B1 and WNT-2B2 (Fig. 2A).
hese results indicate that the novel exon specific to
he WNT-2B2 mRNA locates between the second and
hird exons for the WNT-2B1 mRNA gene. Thus, the
ovel exon specific to the WNT-2B2 mRNA was desig-
ated exon 3 of the WNT-2B.
The WNT-2B1 mRNA consists of exons 1, 2, and 4–7,
hile the WNT-2B2 mRNA consists of exons 3–7. The
NT-2B1 mRNA and the WNT-2B2 mRNA are tran-

cribed due to alternative splicing (Fig. 2A).

atic representation of the human WNT-2B gene. Exons and introns
cated by closed box, while UTR by open box. The WNT-2B genomic
2B1 mRNA consists of exons 1, 2, 4–7. WNT-2B2 mRNA consists of
icted amino-acid sequence is shown below the nucleotide sequence.
f exon 3 in the WNT-2B genomic clone are also shown. (C) Nucleotide
eotide sequence of the WNT-2B gene in exon is indicated by capital
em
ndi
T-

red
n o
ucl
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FIG. 3. Comparison among the members of the human WNT family in the WNT-core domain. Partial amino-acid identity with WNT-2B1
n the WNT-core domain is shown in the parentheses after the amino-acid sequence. Conserved amino-acid sequence among the human WNT
amily is shown below the alignment.
214
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mino-Acid Sequence of WNT-2B1 and WNT-2B2

Although WNT-2B1 and WNT-2B2 are identical in
he WNT-core domain, WNT-2B1 and WNT-2B2 are
ompletely divergent in the N-terminal region. Total
mino-acid identity between WNT-2B1 and WNT-2B2
s 87.0%. Partial amino-acid identity between WNT-
B1 and WNT-2B2 in the N-terminal region is 16%.
WNT-2B1 is a polypeptide of 372 amino-acid resi-

ues with the N-terminal hydrophobic domain, while
NT-2B2 is a polypeptide of 391 amino-acid residues

acking the N-terminal hydrophobic domain (Fig. 1).
WNT-2B1 and WNT-2B2 share the WNT-core do-
ain with conserved 22 cysteine residues. In the WNT-

ore domain, WNT-2B isoforms are most homologous to
NT-2 (72.5% amino-acid identity) among members of

he human WNT family (Fig. 3).

ifferential Expression of WNT2B1 and
WNT2B2 mRNAs

We have previously reported mRNA expression of
NT-2B in normal human tissues including caudate

ucleus, testis, fetal brain, fetal lung, and fetal kidney,
nd also in human cancer cell lines including HeLa S3
cervical cancer), MKN28 and MKN74 (gastric cancer)
y Northern blot analyses (1). In this study, we have
nvestigated the WNT-2B mRNA expression among
uman cell lines derived from brain tumor by Northern
lot analysis, and detected a large amount of the
NT-2B mRNA in A-172 (glioblastoma), and a very

mall amount in SW1783 (glioblastoma) (Fig. 4).
Differential expression of the WNT-2B1 and WNT-2B2
RNAs in the above mentioned normal tissues and can-

FIG. 4. Expression of WNT-2B mRNA among cell lines derived
rom human brain tumor. Northern blot filters containing 2 mg of
oly(A)1 RNA extracted from brain tumor cell lines were hybridized
ith the WNT-2B cDNA probe as described previously (1). The
NT-2B mRNA of 2.5-kb in size is indicated with arrow.
215
T-PCR: (i) with a pair of WNT-2B1 primers and a pair of
-actin primers, or (ii) with a pair of WNT-2B2 primers
nd a pair of b-actin primers (Fig. 5). WNT-2B2 was
xpressed in fetal brain, fetal lung, fetal kidney, caudate
ucleus, testis, glioblastoma cell lines A172, SW1783,
astric cancer cell lines MKN28, MKN74, and cervical
ancer cell line HeLa S3. WNT-2B1 expression level was
elatively higher in fetal brain and fetal lung than in
ther tissues or cell lines expressing WNT-2B2 (Fig. 5).
hese results indicate that the WNT-2B1 and WNT-2B2
RNAs are transcribed due to alternative splicing with

istinct expression profile.

FIG. 5. Differential expression of WNT-2B1 and WNT-2B2. (A)
ormal tissues. (B) Cancer cell lines. Each tissue or cell line was
nalyzed by two sets of multiplex RT-PCR (Lane 1 and Lane 2). Lane
, multiplex RT-PCR with 1.0 mM each of WNT-2B1 primers
PW2B1-01, PW2B1-02) and 67 nM each of b-actin primers (BACT-
2, BACT-03) amplifies the WNT-2B1 cDNA fragment (180 bp) to-
ether with the b-actin cDNA fragment (428 bp). Lane 2, multiplex
T-PCR with 1.0 mM each of WNT-2B2 primers (PW2B1-03, PW2B1-
4) and 67 nM each of b-actin primers (BACT-02, BACT-03) ampli-
es the WNT-2B2 cDNA fragment (181 bp) together with the b-actin
DNA fragment (428 bp).



DISCUSSION

(
m
f
m
m
m
m
l

e
C
W
v
a
e
t
d

t
i
t
v
n
d
W
c
W
t
(
h
s
d
g
b

(
W
1
(
f
c
h
c
W
h
e
r
h
i
o
t
s

ACKNOWLEDGMENT

E
P

R

1

1

1
1

1

1

1

1
1

1

2

2

2

2

2

2

Vol. 275, No. 1, 2000 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
Two types of the human WNT-2B cDNA, WNT-2B1
the original human WNT-2B type), and WNT-2B2 (the

ouse Wnt-2b type), were isolated from the human
etal lung cDNA library and human caudate nucleus
RNA, respectively. WNT-2B1 and WNT-2B2 are al-
ost identical except for a completely distinct N-ter-
inal region (Fig. 1A). WNT-2B1 contains the N-ter-
inal hydrophobic domain (Fig. 1B), while WNT-2B2

acks the N-terminal hydrophobic domain (Fig. 1C).
The human WNT-2B genomic clones were isolated to

lucidate how the WNT-2B isoforms are transcribed.
omparison between the nucleotide sequences of the
NT-2B cDNAs and the WNT-2B genomic clones re-

ealed that the WNT-2B1 mRNA consists of exons 1, 2,
nd 4–7, and also that the WNT-2B2 mRNA consists of
xons 3–7 (Fig. 2A). These results clearly indicate that
he WNT-2B1 and WNT-2B2 mRNAs are transcribed
ue to alternative splicing.
Among human cancer cell lines derived from brain

umor, WNT-2B mRNA of 2.5-kb in size was detected
n A-172 and SW1783 cell lines derived from glioblas-
oma by Northern blot analysis (Fig. 4). We have pre-
iously demonstrated WNT-2B mRNA expression in
ormal tissues as well as in cancer cell lines (1). The
ifferential expression pattern of the WNT-2B1 and
NT-2B2 mRNAs in five normal tissues and five can-

er cell lines was investigated by multiplex RT-PCR.
NT-2B2 was predominantly expressed in five normal

issues and five cancer cell lines examined in this study
Fig. 5). WNT-2B1 expression level was relatively
igher in fetal brain and fetal lung than in other tis-
ues or cell lines expressing WNT-2B2 (Fig. 5). The
istinct expression pattern of WNT-2B isoforms sug-
ests that the WNT-2B1 and WNT-2B2 mRNAs might
e transcribed by using alternative promoter.
The amino-acid sequence of WNT-2B1, WNT-2B2

this study), WNT-1, WNT-2, WNT-5A, WNT-7A,
NT-8B, WNT-10B, WNT-11, and WNT-16 (12, 15, 16,

9, 20, 24–26) was aligned in the WNT-core domain
Fig. 3). WNT-2 is more homologous to WNT-2B iso-
orms than other WNTs, and WNT-2B and WNT-2
onstitute a subfamily among the WNT family (1). We
ave previously mapped the WNT-2B gene to human
hromosome 1p13, and another group mapped the
NT-2 gene to human chromosome 7 (16). Although

ighly related WNT genes (e.g., WNT-2B and WNT-2)
xist in the human genome, each WNT gene has been
eported to encode a single isoform. In this report, we
ave demonstrated that the WNT-2B gene encodes two

soforms, completely divergent in the N-terminal part
f the coding region, due to alternative splicing. This is
he first report on the WNT isoforms derived from the
ame gene due to alternative splicing.
216
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