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(57) ABSTRACT 

The present invention provides the nucleotide and amino 
acid sequence of a previously unidenti?ed erbB receptor 
target. The nucleotide and amino acid sequence is set out in 
the ?gure. 

CGGATGAGGGTCAGGGC'I'GCGCGGACCCCTATCCCGCCTGCGTCCTCCCGGCAAGCCCAGCGGGAGCGCC 
ubbluouuuuuluuoubu.1LuAbuuouubbbbbbLGCCCAGAuLwbubmbAuuulubuuubuuuul 
GCCCACCTGAGGAGGCGGCGGTCCCGGCCTCGCGTCCCGGATGGGACGGCGCGGGAGCAATGCCAGTGGC 
CCCGAGCGCCCCGGGCCACGCGCGGGGCCGGCCAGCCGCTCTCGCGCCCTCCCCGCCCCCTCCGCGCCTT 
GCCTCGCCGCCCGCGCGCCCCACGCACCGGCCGCTCCTCCCCTCTCCCCACCCTCCTCCTCCGCCCCCTC 
CCCTGCCCCGCCGCCTCGCAGATAGCTCGGCCGCGCGTCTCAGCCGCCGGGGCCCCGAGCGCAGGCGGCG 
AGGCCACCACACCTGGAGAGGGCTCGuhu1bu.iAGGCGGCALumucuuuuuuLbbubAAAu-um u, 
TCCCCACCCGGCGAGTCTCGCATGACGCGCGAGCCCCCCGGCCGGCGACAATGACCACTTCCCTGCAAGA 

M ‘r T s L Q D 
TGGGCAGALcuuuuLuAGCAbuuLobuiubwbbGAl ibubbu.lbbbu'bLbAGGTGTGTGGCGCTGCC 

G Q S A A 5 R A A A R D S P L A A V C G A A 
CAGGGGAGGGGCGACGCCCACGACCTGGCGCCGGCCCCCTGGCTGCACGCGCGAGCGCTCCTGCCCCTTC 

G R G D A H D L A P A P W L H A R A L L I’ L 
CGGACGGGACCCGCGGCTGTGCTGCAGACAGGAGAAAAAAGAAAGATCTTGATGTTCCGGAAATGCCATC 
P D G T R G C A A D R R K K K D L D V P E M P S 
TATTCCAAACCCTTTTCCTGAGCTATGCTGTTCTCCAATTACATCTGTGTTGTCAGCAGACCTATTTCCC 

I P N P F P E L C C S P I T 5 V L S A D L F P 
AAAGCAAATTCAAGGAAAAAACAGGTGAT'I‘AAAGTATACAGTGAAGATGAAACGAGCAGGGCTTTAGATG 
K A N S R K K Q V I K V Y S E D E 'l‘ S R A L D 

TACCCAGTGACATAACGGCTCGAGATG'l"I'TG’I'CAGCTGTTGATCCTGAAGAATCATTACATTGATGACCA 
V P S D I T A R D V C L L I L K N H Y I D D H 
CAGCTGGACCC‘I'T'l‘TTGAGCACCTGCCTCACATAGGTGTAGAAAGAACAATAGAAGACCACGAACTGGTG 

S W T L F E H L P H I G V E R T I E D H E L V 
ATTGAAGTGCTATCCAACTGGGGGATAGAAGAAGAAAACAAACTATACTTTAGAAAAAATTATGCCAAAT 
I E V L S N W G I E E E N K L Y F R K N Y A K 

ATGAGTTCTTTAAAAACCCAATGTATTTTTTTCGAGAGCATATGGTATCTTTTGCAACTGAAACCAATGG 
Y E F F K N P M Y F F P E H M V S F A T E T N G 
TGAAA'I'ATCCCCCACACAGATTTTGCAGATGT'I'TCTGAGTTCAAGCACATATCCTGAAATTCATGGTTTC 
E I S P T Q I L M F L 5 S S T Y 2 E I H G F 

TTACATGCGAAAGAACAGGGAAAGAAGTCTTGGAAAAAAA'ITTACTTTTTTCTAAGAAGATCTGGTTTAT 
L H A K E O G K K S W K K I Y F F L R K 5 G L 
ATTTTTCTACTAAAGGAACATCAAAGGAACCGCGGCATTTGCAGTTT'l‘TCAGCGAATTTGGCAATAGTGA 
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TATTTATGTGTCACTGGCAGGCAAAAAAAAACATGGAGCACCGACTAACTATGGA'I'TCTGCTTTAAGCCT 
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AACAAAGCGGGAGGGCCCCGAGAC-CTGAAAATGCTCTGTGCAGAAGAAGAGCAGAGTAGGACGTGCTGGG 
N K A G G P R D L K L L C A E E E 0 S R T C W 
TGACCGCGATTAGAT'I'GCTTAAGTATGGCATGCAGCTGTACCAGAATTATATGCATCCATATCAAGGTAG 
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AAGTGGCTGGAGTTCACAGAGCATATCACCTATGAGAAGTATATCAGAGAATTCCCTGGTAGCAATGGAC 

S G C S S S I S P M R S I S E N S L V A M D 

TTCTCAGGCCAGAAAAGCAGAGTTA’I'AGAAAATCCCACTGAAGCCCTTTGAGTTGCGGTTGAAGAAGGAC 
F S G Q K S R V I E N F T E A L S V A V E E G 
TCGDTTGGAGGAAAAAAGGATGT'l'TACGCCTGGGCACTCACGGTAGCCCCACTGCCTCTTCACAGAGCTC 
L A W R K K G C L R L G I‘ H G S P T A S S Q S S 
TGCCACAAACATGGCTATCCACCGGTCCCAGCCATGGTTTCACCACAAAATTTCTAGAGATGAGGCTCAG 
A T N M A I H R S Q P W F B H K I S R D E A Q 

CGATTGATTATTCAGCAAGGACTTGTGGATGGAGTTTTCTTGGTACGGGATAGTCAGAGTAACCCCAAAA 
R L I I G L V D G V F L V R D S Q S N P K 
C'l'TTCGTACTGTCAATGAGTCA'I'GGAGAAAAAATAAAGCACTTTCAAATTATACCAGTAGAAGATGACGG 
T F V L S M S H G K I K H F I I P V E D D G 
TGAAATGTTCCACACACTGGATGATGGCCACACAAGATTTACAGATCTAATACAGCTGGTGGAGTTCTAT 
E H F H T L D D G H '1' R P '1' D L I Q L V E F Y 

CAACTCAATAAGGGCGTTCTTCCTTGCAAGTTGAAACATTATTGTGCTAGGATTGCTCTCTAGACAAGCC 
Q L N K G V L P C K L K H Y C A R I A L * 
AGAAGTGACTTATTAAACTATTGAAGGAAAAGGACTCAAGAAAAATAATAAAAGACCATAAATAAGGGCG 
AAAACATTATCATGTGAAAAGAATGTATTTCACCTGCAAGTTACAAAAAAATAGTTTGTGCATTGCAAAT 
AAGCAAAGACTTGGATTGACTTTACATTCATCATTTAAAATTCATTAGTTAAAATTAAACCTTAGGAAAA 
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GDU, A NOVEL SIGNALLING PROTEIN 

[0001] The present invention relates to a previously uni 
denti?ed erbB receptor target designated GDU. The present 
invention relates to a polynucleotide encoding GDU and to 
methods of detecting the presence of GDU. 

[0002] Many intracellular targets for receptor tyrosine 
kinases (RTKs) contain one or more src homology (SH)2 
domains. These are conserved, non-catalytic domains of 
approximately 100 amino acids Which bind to short peptide 
sequences containing phosphotyrosine (Cohen et al, Cell 80, 
237-248, 1995). Since receptor autophosphorylation on spe 
ci?c tyrosine residues folloWs RTK activation, SH2 domains 
mediate receptor-substrate, as Well as other protein-protein 
interactions, during signal transduction. SH2 domains con 
tain not only a pocket lined With basic residues Which binds 
the phosphotyrosine but also an additional binding pocket or 
groove Which interacts With amino acids C-terminal to this 
residue, this determining the speci?city of the interaction. 
The particular autophosphorylation sites present on a given 
RTK therefore de?ne the SH2 domain-containing signalling 
proteins that it can recruit and hence, to a large extent, the 
signalling speci?city of the receptor. SH2 domains are often 
accompanied in signalling proteins by tWo other conserved 
protein modules; SH3 domains, Which bind to proline-rich 
peptide ligands, and pleckstrin-homology (PH) domains. 
The function of the latter remains ill-de?ned, and both 
protein and phospholipid ligands have been described. 
[0003] SH2 domain-containing proteins can be divided 
into tWo classes (Schlessinger and Ullrich Neuron, 9,383 
301 1992); Class I, Which also possess a catalytic function 
eg phospholipase C-y1 (PLC-yl) and the GTPase activating 
protein for Ras (Ras-GAP), and Class II, Which contain only 
non-catalytic protein modules and are thought to function as 
adaptors, linking separate catalytic subunits to receptors or 
other signalling proteins e.g. Grb2. The tissue expression of 
particular SH2 domain-containing proteins varies from 
ubiquitous, e.g. Grb2, Which performs a fundamental role in 
linking tyrosine kinases to Ras signalling, to relatively 
restricted e.g. Grb7, Which is mainly expressed in the liver 
and kidney (Margolis et al Proc. Natl. Acad. Sci. USA, 89, 
8894-8898, 1992). Presumably the latter protein performs 
relatively specialised signalling functions. The CORT (clon 
ing of receptor targets) technique, in Which cDNA expres 
sion libraries are screened With the tyrosine phosphorylated 
C-terminus of the EGF receptor represents a poWerful 
methodology for the identi?cation and characterisation of 
novel, SH2 domain-containing, receptor substrates (Skolnik 
et al Cell 65, 83-90, 1991). 
[0004] Members of the erbB family of RTKs and their 
ligands are implicated both in normal mammary gland 
development and the groWth and progression of human 
breast cancer. Furthermore, marked alterations in the expres 
sion or activity of several SH2 domain-containing proteins 
have been observed in human breast cancers or breast 
cancer-derived cell lines, suggesting that this represents an 
additional level at Which RTK signalling may be modulated 
in this disease (Daly, Breast Cancer Res Treat, 34, 85-92, 
1995). We therefore chose normal human mammary epithe 
lial cells as a basis for a CORT screening program and hence 
identi?cation of novel, and relatively tissue speci?c, erbB 
receptor targets. 
[0005] Screening of a HMEC 184 )LEXlOX cDNA library 
isolated 1 Ras-GAP, 2 Grb2 cDNAs and a cDNA encoding 
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a novel SH2 domain-containing protein. This protein, des 
ignated GDU or Grb14 (the designations “GDU” and 
“Grb14” are used interchangeably herein), is related both in 
molecular architecture and sequence homology to Grb7 and 
Grb10, previously identi?ed erbB receptor targets. These 
three proteins also share signi?cant sequence homology, 
over an approximately 300 amino acid region encompassing 
the PH domain, With the C. elegans gene F10E9.6. The latter 
gene has recently been shoWn to encode a protein (mig 10) 
critical for longitudinal neuronal migration in C. elegans; 
members of the Grb7 gene family, including GDU, may 
therefore be involved in the regulation of cell migration in 
higher organisms. 
[0006] Analysis of GDU gene expression in normal breast 
epithelial cells and a large series of human breast cancer cell 
lines revealed that expression Was limited predominantly to 
normal breast cells and the more highly differentiated, 
estrogen receptor positive, breast cancer cell lines. Also, 
GDU mRNA Was overexpressed in the DU-145 prostate 
carcinoma cell line relative to the normal prostate and tWo 
other prostate cancer cell lines. GDU may therefore serve as 
a prognostic indicator and/or a tumour marker in both breast 
and prostate cancer. Furthermore, since altered expression of 
GDU may contribute to the abnormal proliferation, invasion 
and/or migration of cancer cells, GDU signal transduction 
may provide a novel therapeutic target in human cancer. 
Finally, since GDU is involved in doWnstream signalling 
initiated by the platelet derived groWth factor receptor 
(PDGFR), it may provide a target in diseases or conditions 
in Which PDGF plays a regulatory role e.g. Wound healing, 
?brotic conditions, atherosclerosis. 

[0007] In a ?rst aspect the present invention consists in a 
polynucleotide encoding GDU, the polynucleotide having a 
sequence Which encodes a polypeptide having an amino acid 
sequence as shoWn in FIG. 2 or a sequence Which hybridises 
thereto. 

[0008] In a preferred embodiment of the present invention 
the polynucleotide has a sequence as shoWn in FIG. 2. 

[0009] In a second aspect the present invention consists in 
a polypeptide, the polypeptide having an amino acid 
sequence as shoWn in FIG. 2. 

[0010] In a third aspect the present invention consists in an 
antibody Which binds to the polypeptide of the second aspect 
of the present invention. 

[0011] The antibody may be monoclonal or polyclonal, 
hoWever, it is presently preferred that the antibody is a 
monoclonal antibody. 

[0012] In a fourth aspect, the present invention consists in 
an oligonucleotide probe of at least 12 nucleotides, the 
oligonucleotide probe having a sequence such that the probe 
selectively hybridises to the polynucleotide of the ?rst 
aspect of the present invention under stringent conditions. 

[0013] In a preferred embodiment of this aspect of the 
present invention the oligonucleotide is labelled. In a further 
preferred embodiment of the present invention the oligo 
nucleotide is of at least 18 nucleotides. 

[0014] In a ?fth aspect the present invention consists in 
method of detecting the presence of GDU in a sample, the 
method comprising reacting the sample With an antibody of 
the second aspect of the present invention or a oligonucle 
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otide probe of the fourth aspect of the present invention and 
detecting the binding of the antibody or the probe. 

[0015] In order that the nature of the present invention 
may be more clearly understood preferred forms thereof Will 
noW be described With reference to the following examples 
and Figures in Which: 

[0016] FIG. 1 shoWs a schematic representation of Grb14 
structure With a restriction map for the Grb14 cDNA and the 
cDNA clones used to derive the Grb14 sequence aligned 
underneath. The initial clone isolated by CORT screening 
Was designated clone 1. TWo other clones (1-1 and 1-2) Were 
isolated from the 184 cell line library by screening using 
clone 1 as a probe. The Grb14 cDNA sequence Was com 
pleted using tWo clones L5 and L6, isolated from a human 
liver cDNA library. Abbreviations are as folloWs: A; Apa I; 
Av; Avr II, X; Xho I; E; Eco RI. The numbers refer to 
distance in bp. 

[0017] FIG. 2 shoWs the nucleotide and amino acid 
sequence of Grb14. The PH domain is underlined and the 
SH2 domain indicated by bold type. The translation termi 
nation codon is shoWn by an asterisk in the amino acid 
sequence. Numbers refer to distances in bp. 

[0018] FIG. 3 shoWs the sequence homology betWeen 
Grb14, Grb7, Grb10 and F10E9.6. As alignment of the 
amino acid sequences of Grb14, mouse Grb7, mouse Grb10 
and C. elegans F10E9.6 Was obtained using the computer 
programs Clustal W and SeqVu. Identical residues are 
boxed. Ahighly conserved proline-rich motif is indicated by 
the dotted underline, the PH domain by the broken underline 
and the SH2 domain by the bold underline. Only the central 
region of F10E9.6 exhibiting homology With the Grb7 
family is shoWn. Amino acid residues for each protein are 
numbered (from the initiation methionine) on the right. 

[0019] Screening of a Normal Breast Epithelial Cell 
cDNA Library by the CORT Technique 

[0020] CORT screening of tWo cDNA libraries prepared 
from normal breast epithelial cells led to the isolation of 
recombinants Which exhibited differential binding to the 
phosphorylated EGFR C-terminus. Upon excision of the 
corresponding pEXlox plasmids and sequencing of the DNA 
inserts, tWo recombinants Which bound very strongly Were 
identi?ed as Grb2 cDNA clones (LoWenstein et al 1992, Cell 
70, 431-442, 1992), and a clone exhibiting moderate binding 
corresponded to ras-GAP (Trahey et al. Science 242, 1696 
1700, 1988 The ?nal clone, designated GDU, bound only 
Weakly to the EGFR. Adatabase search With the correspond 
ing cDNA sequence did not detect an exact match but 
revealed signi?cant sequence homology With the SH2 
domain-containing protein Grb7 (Margolis et al PNAS 89, 
8894-8898,1992). The cDNA (GDU Clone 1 in FIG. 1) 
encoded a short stretch of amino acids folloWed by a 
C-terminal SH2 domain; homology to Grb7 Was apparent 
over this entire open reading frame. 

[0021] Characterisation of GDU 

[0022] In order to obtain the full length cDNA sequence 
for GDU; tWo cDNA library screens Were performed. In the 
?rst, the cDNA insert from Clone 1 Was used to screen the 
breast cDNA library. Screening of 5><105 recombinants iso 
lated 2 cDNAs, designated 1-1 and 1-2, of 1.6 and 1.4 kb, 
respectively (FIG. 1). In the second, a 213 bp EcoRI-Xho I 

Mar. 6, 2003 

restriction fragment derived from 1-1 (FIG. 1) Was used to 
screen a human liver cDNA library. Screening of 1><106 
recombinants isolated 2 cDNAs, designated L5 and L6, of 
1.3 and 1.7 kb, respectively (FIG. 1). Clones 1-1, 1-2, L5 
and L6 Were sequenced in their entirety on both strands to 
obtain the cDNA sequence shoWn in FIG. 2. The 2.4 kb of 
DNA sequence derived from these overlapping clones cor 
responds closely to the siZe of the three most abundant 
mRNA species detected upon Northern blot analysis. 

[0023] Analysis of the cDNA sequence identi?ed an open 
reading frame of 540 amino acids. The initiation codon is 
preceded by an in-frame termination codon and is sur 
rounded by a consensus sequence for strong translational 
initiation. The encoded protein is similar both in molecular 
architecture and amino acid sequence to Grb7 (Margolis et 
al, Proc. Natl. Acad. Sci. USA 89, 8894-8898, 1992) and the 
recently identi?ed Grb10 (Ooi et al, Oncogene 10, 1621 
1630, 1995), consisting of a N-terminal region containing at 
least one proline-rich motif, a central region Which exhibits 
signi?cant homology to the putative C. elegans protein 
F10E9.6 (Stein et al EMBO J, 13, 1331-1340, 1994) and 
Which also encompasses a PH domain, and a C-terminal 
SH2 domain. An alignment of the amino acid sequences of 
GDU, Grb7, Grb10 and F10E9.6 is shoWn in FIG. 3. 

[0024] GDU is similar in siZe to Grb7, Grb10 possessing 
a more extended N-terminus. The N-terminal region exhibits 
loW sequence homology betWeen GDU, Grb7 and Grb10 
apart from a highly conserved amino acid motif PS/AIPN 
PFPEL. Also of note is the presence of tWo clusters of basic 
residues Which ?ank this motif. Overall the N-terminal 
region of GDU displays a loWer proline content than that of 
Grb7 and Grb10 (GDU amino acids 1-110; 11% proline, 
Grb10 amino acids 1-113; 15%, Grb7 amino acids 1-103; 
23%). 
[0025] GDU, Grb7 and Grb10 share a central, conserved 
region of approximately 320 amino acids Which exhibits 
signi?cant homology to a domain found in the C. elegans 
protein F10E9.6. Over this region, GDU bears 48, 55 and 
28% amino acid identify respectively With Grb7, Grb10 and 
F10E9.6 (FIG. 3). The core of this region is provided by a 
PH domain (FIGS. 1, 2 and 3), over Which GDU exhibits 56, 
61 and 35% amino acid identity, respectively, With Grb7, 
Grb10 and F10E9.6. HoWever, as noted by Ooi et al, 
(Oncogene 10, 1621-1630, 1995) another region of particu 
larly marked homology spanning approximately 100 amino 
acids exists amino-terminal to the PH domain (FIG. 3). 

[0026] The most highly conserved region amongst Grb7 
family members is the SH2 domain (FIG. 3). The GDU SH2 
domain displays 67 and 74% amino acid identity, respec 
tively, With the corresponding domain in Grb7 and Grb10. 

[0027] Northern Blot Analysis of GDU Gene Expression 

[0028] The tissue speci?city of GDU gene expression Was 
investigated by hybridiZing Northern blots of poly A+ RNA 
isolated from a variety of human tissues to a GDU speci?c 
cDNAprobe. GDU gene expression Was highest in the testis, 
ovary, heart, liver, skeletal muscle, kidney and pancreas. 
Moderate expression Was detected in the small intestine, 
colon, peripheral blood leukocytes, brain and placenta, 
Whilst expression in the spleen, thymus, prostate and lung 
Was loW or undetectable. Several mRNA transcripts Were 
detected Which displayed tissue-speci?c variation in their 
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relative abundance. The three most prominent transcripts 
Were approximately 2.3, 2.4 and 2.5 kb. Often co-expressed 
With one or tWo of these transcripts Was a transcript of 
approximately 9.5 kb. In the ovary a still larger transcript of 
undetermined siZe Was also expressed. 

[0029] Since the Grb14 cDNA Was originally isolated 
from a cDNA library prepared from normal human breast 
epithelial cells, We Were interested in determining the 
expression pro?le of Grb14 mRNA in a panel of human 
breast cancer cell lines. Upon Northern blot analysis of total 
RNA isolated from 3 normal human breast epithelial cell 
strains and 19 human breast cancer cell lines, Grb14 gene 
expression could be detected in HMEC 184 and HMEC 
219-4 cells, 6/7 ER+ human breast cancer cell lines and 2/12 
ER- cell lines (Table 1). Thus Grb14 gene expression 
appears largely restricted to normal breast epithelial and 
ER+ breast cancer cells. Differential expression of Grb14 
Was also observed amongst human prostate cancer cell lines. 
Although Grb14 mRNA expression Was undetectable in the 
normal prostate, loW expression could be detected in the 
PC3 and LnCaP prostate cancer cell lines and high expres 
sion in the DU145 line (Table 1). 

TABLE 1 

Expression of Grb14 mRNA in different human cell lines. Total 
cellular RNA Was extracted from the indicated cell lines and subjected to 
Northern blot analysis using a Grb14 cDNA probe. The relative expression 
levels of Grb14 mRNA Were then scored on a scale from + (loW) to ++++ 

(high). —' undetectable expression. 

Origin Cell Line Expression 

Normal human breast epithelial HMEC 184 +++ 
HMEC-219-4 + 

HMEC-1001-7 — 

T-47D +++ 

ZR-75-1 ++ 

MCF-7 
BT-483 
MDA-MB-134 
MDA-MB-361 
BT-474 
MDA-MB-33O 
MDA-MB-468 
BT-2O 
SK-BR-3 
BT-549 
H3578T 
DU-4475 
MDA-MB-157 
MDA-MB-175 
MDA-MB-231 
MDA-MB-436 
MDA-MB-453 — 

Human prostate cancer PC3 + 
LnCaP + 

DU-145 ++++ 

Human epidermoid carcinoma A431 — 

Human embryonic kidney HEK 293 ++++ 

Human breast cancer, ER+ 

Human breast cancer, ER lllllllll++|++++ 
[0030] Expression of Grb14 Protein 

[0031] In order to characteriZe the Grb14 protein a poly 
clonal antiserum Was raised against a GST-Grb14 SH2 
domain fusion protein. FolloWing af?nity puri?cation, this 
antiserum Was used to Western blot cell lysates derived from 
cell lines in Which Grb14 mRNA Was either expressed at 
high levels (DU145 and HEK 293) or Was undetectable 
(A431 and SK-BR-3) (Table 1). The antiserum recogniZed a 
protein of approximately 58 kDa in DU145 cells, Whilst in 
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HEK 293 cells a tight doublet of this mobility Was detected. 
These bands Were not observed upon Western blotting With 
pre-immune serum or in the cell lines Which do not express 
Grb14 mRNA. This estimated siZe of Grb14 upon SDS 
PAGE is in accordance With the predicted siZe of the 
translation product of the Grb14 cDNA (60 kDa). 

[0032] Since DU145 cells overexpress Grb14 mRNA rela 
tive to the tWo other prostate carcinoma cell lines examined 
(Table 1), We investigated Whether this Was accompanied by 
an upregulation of Grb14 protein expression. Upon Western 
blot analysis, Grb14 Was clearly detectable in DU145, but 
not PC3 or LnCaP, cell lysates, indicating that Grb14 protein 
is overexpressed in this cell line. 

[0033] Phosphorylation of Grb14 

[0034] In order to characteriZe further the role of Grb14 in 
receptor tyrosine kinase signalling, the phosphorylation state 
of Grb14 Was investigated before and after groWth factor 
stimulation. Since the anti-Grb14 antiserum 264 did not 
immunoprecipitate Grb14 under either native or denaturing 
conditions, We utiliZed an expression construct (pRcCMV 
Flag) Which tagged Grb14 With the 8 amino acid Flag epitope 
at the C-terminus. This construct Was stably transfected into 
HEK 293 cells, leading to the isolation of stable clones of 
cells expressing an epitope-tagged Grb14 Which could be 
immunoprecipitated With the M2 anti-Flag monoclonal anti 
body and Western blotted With either this antibody or 
anti-Grb14 antiserum 264. Immunoprecipitation of Grb14 
from serum starved cells Which Were metabolically labelled 
With 32P-orthophosphate demonstrated that Grb14 Was 
phosphorylated in this basal state. Phosphoamino acid 
analysis of the isolated protein demonstrated that phospho 
rylation Was on serine residues. 

[0035] Treatment of the cells With EGF did not signi? 
cantly increase this level of phosphorylation, although acti 
vation of native EGFRs could be demonstrated by anti 
phosphotyrosine blotting of the cell lysates. HoWever, 
stimulation With PGDF BB resulted in an approximately 1.5 
fold increase Within 5 min of administration, and transient 
transfection of a cDNA encoding [3-PDGFRs into the cells 
further ampli?ed this response to approximately 2-fold. The 
small increase in phosphorylation Which occurred When this 
construct Was present in the absence of PGDF BB Was 
presumably due to the constitutive activation of RTKs often 
observed With this system. Phosphoamino acid analysis 
demonstrated that the PDGF-induced increases in Grb14 
phosphorylation also occurred on serine residues. 

[0036] As Will be recognised by persons skilled in this 
?eld the present inventors have identi?ed a novel signalling 
molecule Which they have designated GDU or Grb14. GDU 
has the potential to be used as a prognostic indicator/tumour 
marker in both breast and prostate cancer. In addition, as 
GDU may in?uence invasive/ metastatic behaviour it may 
also serve as a marker of invasive/metastatic disease in these 
and other cancers. Finally, the involvement of GDU in 
signalling by the PDGFR suggests that it may represent a 
therapeutic target in diseases or conditions in Which PDGF 
plays a regulatory role. 

[0037] Signalling via GDU could be targeted by competi 
tive peptides or dominant negative mutants, or restored by 
gene therapy. The information provided herein Will clearly 
assist in the rational design of a GDU antagonist. 
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[0038] It Will be appreciated by persons skilled in the art 
that numerous variations and/or modi?cations may be made 
to the invention as shoWn in the speci?c embodiments 
Without departing from the spirit or scope of the invention as 
broadly described. The present embodiments are, therefore, 
to be considered in all respects as illustrative and not 
restrictive. 

1. A polynucleotide encoding GDU, the polynucleotide 
having a sequence Which encodes a polypeptide having an 
amino acid sequence as shoWn in FIG. 2 or a sequence 
Which hybridises thereto. 

2. A polynucleotide as claimed in claim 1 in Which the 
polynucleotide has a sequence as shoWn in FIG. 2. 

3. A GDU polypeptide, the polypeptide having an amino 
acid sequence as shoWn in FIG. 2. 

4. An antibody Which binds to the polypeptide as claimed 
in claim 3. 
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5. An antibody as claimed in claim 4 in Which the 
antibody is a monoclonal antibody. 

6. An oligonucleotide probe of at least 12 nucleotides, the 
oligonucleotide probe having a sequence such that the probe 
selectively hybridises to the polynucleotide as claimed in 
claim 1 under stringent conditions. 

7. An oligonucleotide probe as claimed in claim 6 in 
Which the oligonucleotide probe is labelled. 

8. An oligonucleotide probe as claimed in claim 6 or claim 
7 in Which the oligonucleotide is of at least 18 nucleotides. 

9. A method of detecting the presence of GDU in a 
sample, the method comprising reacting the sample With an 
antibody as claimed in claim 4 or claim 5 or an oligonucle 
otide probe as claimed in any one of claims 6 to 8 and 
detecting the binding of the antibody or the probe. 

* * * * * 


