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A novel receptor, "LDL-receptor related protein-3" ("LRP-3"), is provided, along with encoding nucleic acid. The gene is associated
with type 1 diabetes (insulin dependent diabetes mellitus), and experimental evidence provides indication that it is the IDDM susceptibility
gene IDDM4. In various aspects the invention provides nucleic acid, including coding sequences, oligonucleotide primers and probes,
polypeptides, pharmaceutical compositions, methods of diagnosis or prognosis, and other methods relating to and based on the gene,
including methods of treatment of diseases in which the gene may be implicated, including autoimmune diseases, such as glomerulonephritis,
diseases and disorders involving disruption of endocytosis and/or antigen presentation, diseases and disorders involving cytokine clearance
and/or inflammation, viral infection, elevation of free fatty acids or hypercholesterolemia, osteoporosis, Alzheimer’s disease, and diabetes.
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NOVEL LDL-RECEPTOR

FIELD OF THE INVENTION

The present invention relates to nucleic acids,

S polypeptides, oligonucleotide probes and primers, methods of
diagnosis or prognosis, and other methods relating to and
based on the identification of a gene, which is characterised
as a member of the LDL-receptor family and for which there are
indications that some alleles are associated with

10 susceptibility to insulin-dependent diabetes mellitus
("IDDM"), also known as type 1 diabetes.

More particularly, the present invention is based on
cloning and characterisation of a gene which the present
inventors have termed “LDL-receptor related protein-5 (LRP5)“

IS (previously "LRP-3"), based on characteristics of the encoded
polypeptide which are revealed herein for the first time and
which identify it as a member of the LDL receptor family.
Furthermore, experimental evidence is included herein which
provides indication that LRP5 is the IDDM susceptibility gene

20 IDDM4 .

BACKGROUND OF THE INVENTION
Diabetes, the dysregulation of glucose homeostasis,
affects about 6% of the general population. The most serious
25 form, type 1 diabetes, which affects up to 0.4% of European-
derived population, is caused by autoimmune destruction of the
insulin producing B-cells of the pancreas, with a peak age of
onset of 12 years. The B-cell destruction is irreversible,
and despite insulin replacement by injection patients suffer
30 early mortality, kidney failure and blindness (Bach, 1994;
Tisch and McDevitt, 1996). The major aim, therefore, of
genetic research is to identify the genes predisposing to type
1 diabetes and to use this information to understand disease

mechanisms and to predict and prevent the total destruction
35 of B-cells and the disease.
The mode of inheritance of type 1 diabetes does not

follow a simple Mendelian pattern, and the concordance of
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susceptibility genotype and the occurrence of disease is much
less than 100%, as evidenced by the 30-70% concordance of
identical twins (Matsuda and Kuzuya, 1994; Kyvik et al, 1995).
Diabetes is caused by a number of genes or polygenes acting

5 together in concert, which makes it particularly difficult to
identify and isolate individual genes.

The main IDDM locus is encoded by the major histo-
compatibility complex (MHC) on chromosome 6p2l1 (IDDM1). The
degree of familial clustering at this locus, As = 2.5, where

10 A\s = P expected [sharing of zero alleles at the locus
identical-by-descent (IBD)]/P observed [sharing of zero
alleles IBD] (Risch 1987; Todd, 1994), with a second locus on
chromosome 11plS5, IDDM2, the insulin minisatellite As = 1.25
(Bell et al, 1984; Thomson et al, 1989; Owerbach et al, 1990;

15 Julier et al, 1991; Bain et al, 1992; Spielman et al, 1993;
Davies et al, 1994; Bennett et al, 1995). These loci were
initially detected by small case control association studies,
based on their status as functional candidates, which were
later confirmed by further case-control, association and

20 linkage studies.

These two loci, however, cannot account for all the
observed clustering of disease in families (As = 15), which is
estimated from the ratio of the risk for siblings of patients
and the population prevalence (6%/0.4%) (Risch, 1990). We

25 initiated a positional cloning strategy in the hope of
identifying the other loci causing susceptibility to type 1
diabetes, utilising the fact that markers linked to a disease
gene will show excess of alleles shared identical-by-descent
in affected sibpairs (Penrose, 1953; Risch, 1990; Holmans,

30 1993) .

The initial genome-wide scan for linkage utilising 289
microsatellite markers, in 96 UK sibpair families, revealed
evidence of linkage to an additional eighteen loci (Davies et
al, 1994). Confirmation of linkage to two of these loci was

35 achieved by analysis of two additional family sets (102 UK

-families and 84 USA families), IDDM4 on chromosome 11gql3 (MLS
1.3 , P = 0.003 at FGF3) and IDDM5 on chromosome 6q (MLS 1.8
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at ESR). At IDDM4 the most significant linkage was obtained
in the subset of families sharing 1 or 0 alleles IBRD at HLA -
(MLS = 2.8; P=0.001; As = 1.2) (Davies et al, 1994). This
linkage was also observed by Hashimoto et al (1994) using 251

Saffected sibpairs, obtaining P= 0.0008 in all sibpairs.
Combining these results, with 596 families, provides
substantial support for IDDM4 (P = 1.5X10-6) (Todd and
Farrall, 1996; Luo et al, 1996).

10 BRIEF DESCRIPTION OF THE INVENTION
The present inventors now disclose for the first time a
gene encoding a novel member of the LDL-receptor family, which
they term "LRP5" (previously "LRP-3") . Furthermore, evidence
indicates that the gene represents the IDDM susceptibility
15 locus IDDM4, the identification and isolation of which is a
major scientific breakthrough.

Over the last 10 years many genes for single gene or

monogenic diseases, which are relatively rare in the

20 population, have been positioned by linkage analysis in
families, and localised to a small enough region to allow
identification of the gene. The latter sublocalisation and
fine mapping can be carried out in single gene rare diseases
because recombinations within families define the boundaries

25 of the minimal interval beyond any doubt. 1In contrast, in
common diseases such as diabetes or asthma the presence of the
disease mutation does not always coincide with the development
of the disease: disease susceptibility mutations in common
disorders provide risk of developing of the disease, and this

30 risk is usually much less than 100%. Hence, susceptibility
genes in common diseases cannot be localised using
recombination events within families, unless tens of thousands
of families are available to fine map the locus. Because
collections of this size are impractical, investigators are

35 contemplating the use of association mapping, which relies on
historical recombination events during the history of the
population from which the families came from.
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Association mapping has been used in over a dozen
examples of rare single gene traits, and particularly in
geneticallylisolated populations such as Finland to fine map
disease mutations. Nevertheless, association mapping is

5 fundamentally different from straightforward linkage mapping
because even though the degree of association between two
markers or a marker and a disease mutation is proportional to
the physical distance along the chromosome this relationship
can be unpredictable because it is dependent on the allele

10 frequencies of the markers, the history of the population and
the age and number of mutations at the disease locus. For
rare, highly penetrant single gene diseases there is usually
one major founder chromosome in the population under study,
making it relatively feasible to locate an interval that is

15 smaller than one that can be defined by standard recombination
events within living families. The resolution of this method
in monogenic diseases in which there is one main founder
chromosome is certainly less than 2cM, and in certain examples
the resolution is down to 100 kb of DNA (Hastbacka et al.

20 (1994) Cell 78,1-20).

In common diseases like type 1 diabetes, which are caused
by a number of genes or polygenes acting together in concert
the population frequency of the disease allele may be very
high, perhaps exceeding 50%, and there are likely to be

25 several founder chromosomes, all of which impart risk, and not
a 100% certainty of disease development. Because association
mapping is dependent on unpredictable parameters, and because
founder chromosomes will be several and common in frequency in
the general population, the task of fine mapping polygenes is

30 currently one of some controversy, and many doubt the
feasibility at all of a systematic genetic approach using a
combination of linkage and association mapping. Recently,
Risch and Marakandis have provided some mathematical
background to the feasibility of association mapping in

35 complex diseases (Science 273 1516-1517, 1996) but they did
not take into account the effect of multiple founder

chromosomes.
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As a result of these uncertainties, extremely large
numbers of diabetic families are required for genotyping, with
a large number of markers across a specific region, giving a
linkage disequilibrium curve which may have several peaks.

5 The question is, which peak identifies the aetiological
mutation, and in what ways can we establish this? To our

_knowledge, the linkage disequilibrium curves and haplotype
association maps shown in Figures 3, 4, 19 and 20 are the
first of their kind for any complex polygenic disease for any

10 locus. Curves of this nature have not been published yet in
the literature, even for the well-established IDDM1/MHC locus.
In this respect the work described here is entirely novel and
at the cutting edge of research into the genetics of
polygenes.

15
BRIEF DESCRIPTION OF THE FIGURES

Figure 1 illustrates approximate localisation of IDDM4 on
chromosome 11gql3. Multipoint linkage map of maximum
likelihood IBD in a subgroup of HLA 1:0 sharers in 150

20 families. MLS of 2.3 at FGF3 and D1151883 (As = 1.19) were
obtained (Davies et al (1994) Nature 371: 130-136).

Figure 2 shows a physical map of the region D11S987 -
Galanin on chromosome 11ql3. The interval was cloned in pacs,
bacs and cosmids, and restriction mapped using a fange of

25 restriction enzymes to determine the physical distance between
each marker.

Figure 3 shows a single-point linkage disequilibrium
curve at the IDDM4 region. 1289 families were analysed by
TDT, with a peak at HO570POLYA,) P=0.001. x-axis: physical

30 distance in kb; y-axis: TDT x2 statistic (tdf).

Figure 4 shows a three-point rolling linkage
disequilibrium curve at IDDM4, with 1289 families, from four
different populations (UK, USA, Sardinia and Norway). 1In
order to minimise the effects of variation in allele frequency

35 at each polymorphism, the TDT data was obtained at three
consecutive markers, and expressed as an average of the three.
X-axis: physical distance in kb; y-axis: TDT x2 statistic.

Figure 5(a) shows DNA sequence of the LRP5 isoform 1
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cDNA.
Figure 5(b) shows the DNA sequence of the longest open
reading frame present in the LRP5 cDNA.
Figure 5(c) amino acid sequence translation (in standard
5single letter code) of the open reading frame in Figure 5 (b).
Figure 5(d) motifs of LRP5 isoform 1, encoded by the open
reading frame contained in Figure 5(b). Symbols: Underlined
residues 1-24 contain a signal for protein export and
cleavage, V¥ indicates the position of an intron/exon boundary,
10 * indicates a putative N-linked glycosylatlon site in the
proposed extracellular portion of the receptor. The EGF-
binding motifs are shaded light gray, LDL-receptor ligand
motifs are shaded a darker gray. The spacer regions are
indicated by the underlined four amino acids with high
15similarity to the YWTD motif. A putative transmembrane
spanning domain is underlined with a heavy line. Areas shaded
in the cytoplasmic domain (1409 to end) may be involved in
endocytosis.
Figure 5(e) amino acid sequence of the mature LRPS
20 protein. |
Figure 5(f) shows the comparison of the nucleotide
sequence of the first 432 nucleotides of the 5’ end of the
human isoforml cDNA sequence (Figure S(a)) on the upper line
with the first 493 nucleotides of the 5’ end of the mouse LrpS
25 cDNA sequence (Figure 16(a)) on the lower line. The
comparison was performed using the GCG algorithm GAP (Genetics
Computer Group, Madison, WI).
Figure 5(g) shows the comparison of the first 550 amino
acids of human LRPS isoform 1 with the first 533 amino acids
30 of mouse Lrp5S using the GCG algorithm GAP (Genetics Computer
Group, Madison, WI).
Figure 6(a) shows the amino acid sequence of LRP5 motifs.
A comparison was made using the program crossmatch (obtained
from Dr. Phil Green, University of Washington) between the
35motifs present in LRP1 and the LRPS amino acid sequence. The
best match for each LRP5 motif is shown. For each motif, the

top line is the LRP5 isoform 1 amino acid sequence, the
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middle line is amino acids that are identical in the two

motifs, the lower line is the amino acid sequence of the best

match LRP1 motif. Of particular note are the conserved

cysteine (C) residues that are the hallmark of both the EGF-
5 precursor and LDL-receptor ligand binding motifs.

Figure 6(b) illustrates the motif organization of the
LDL-receptor and LRP5. The LDL-receptor ligand binding motif
are represented by the light gray boxes, the EGFlike motifs
are represented by the dark gray boxesi The YWTD spacer

10 motifs are indicated by the vertical lines. The putative
transmembrane domains are represented by the black box.

Figure 7 shows LRP5 gene structure. The DNA sequence of
contiguous pieces of genomic DNA is represented by the heavy
lines and are according to the indicated scale. The position

150f the markers D11S1917 (UT5620), HO0570POLYA, L3001CA,
D11S1337, and D11S970 are indicated. The exons are indicated
by the small black boxes with their numerical or alphabetical
name below, the size of the exons is not to scale.

Figure 8 illustrates different LRP5 gene isoforms.

20 Alternatively spliced 5’ ends of the LRP5 gene are indicated
with the isoform number for each alternatively spliced form.
The light gray arrow indicates the start of translation which
occurs in exon 6 in isoform 1, may occur upstream of exon 1 in
isoform 3 and occurs in exon B in isoforms 2, 4, 5. and 6.

25 The core 22 exons (A to V) are represented by the box.

Figure 9 is a SNP map of Contig 57. Polymorphisms were
identified by the comparison of the DNA sequence of BAC 14-1-
15 with cosmids EO 864 and BO 7185. Corresponding Table 6
indicates a PCR amplicon that includes the site of the

30 polymorphism, the nature of the single nucleotide polymorphis
(SNP), its location and the restriction site that is altered,
if any. The line represents the contiguous genomic DNA with
the relative location of the polymorphisms and the amplicons
used to detect them. The large thin triangles represent the

35 site of putative exons. The marker HO570POLYA 1is indicated.

Figure 10 is a SNP map of Contig 58. Polymorphisms were
identified by the comparison of the DNA sequence of BAC 14-1-
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15 with cosmid BO 7185. Corresponding Table 6 indicates a PCR
amplicon that includes the site of the polymorphism, the
nature of the single nucleotide polymorphism (SNP), ité
location and the restriction site that is altered, if any.

5 The line represents the contiguous genomic DNA with the
relative 1location of the polymorphisms and the amplicons used
to detect them. The large thin triangle at the very end of
the line represents exon A of LRP5.

Figure 11 (a) shows the DNA sequence of the isoform 2

10 cDNA. "

Figure 11 (b) shows the longest open reading frame of
isoform 2 (also isoform 4,5,6).

Figure 11 (c) shows the amino acid sequence of isoform 2
(also isoform 4,5,6), encoded by the open reading frame of

15 Figure 12 (b) .

Figure 12 (a) shows the DNA sequence of isoform 3 cDNA.

Figure 12 (b) shows sequence obtained by GRAIL and a
putative extension of isoform 3.

Figure 12 (c) shows a putative open reading frame for

20 isoform 3.

Figure 12(d) shows the amino acid sequence of isoform 3.

Figure 12 (e) shows the GRAIL predicted promoter sequence
for isoform 3. ‘

Figure 13 shows the DNA sequence of the isoform 4 cDNA,

25which contains an open reading frame encoding isoform 2
(Figure 11 (b)).

Figure 14 shows the DNA sequence of the present in cDNA
isoform 5, which contains an open reading frame encoding
isoform 2 (Figure 11 (b)).

30 Figure 15 shows the DNA sequence of isoform 6, which
contains an open reading frame encoding isoform 2( Figure 11
(b)) .

Figure 15(b) shows the GRAIL predicted promoter sequence
associated with isoformeé.

35 Figure 16 (a) shows the DNA sequence of a portion of the
mouse - Lrp5 cDNA.

Figure 16 (b) shows the DNA sequence of the 5’ extension
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of the mouse clone.

Figure 16 (c) shows the DNA sequence of a portion of the
open readiné frame of mouse Lrps.

Figure 16(d) show the amino acid sequence of the open

S reading frame encoding a portion of mouse LrpsS.

Figure 17 (a)shows DNA sequence of exons A to V.

Figure 17(b) shows the amino acid sequence encoded by an
open reading frame contained in Figure 17 (a).

Figure 18 (a) shows the nucleotide sequence of the full

10 length mouse Lrp5 cDNA. :

Figure 18 (b) shows the nucleotide sequence for the
longest open reading frame present in the mouse Lrp5 cDNA.

Figure 18 (c) shows the amino acid sequence translation
(in single letter code) of the open reading frame in Figure 18

15 (b) .

Figure 18 (d) shows an alignment of the amino acid
sequence of the human LRP5 protein and the mouse Lrp5 protein
program using the GCG algorithm GAP (Genetics Computer Group,
Madison, WI).

20 Figure 18 (e) shows an alignment of the amino acid
sequence of the mature human LRPS protein with the mature
mouse LRPS5 program using the GCG algorithm GAP (Genetics
Computer Group, Madison, WI).

Figure 19 shows a schematic representation of haplotypes

25 across the IDDM4 region. Three distinct haplotypes are shown.
Haplotype A is protective against IDDM whereas haplotypes B
and C are susceptible/non-protective for IDDM.

Figure 20 shows a schematic representation of single
nucleotide polymorphism (SNP) haplotypes across the IDDM4

30 region. Haplotype A is protective whereas haplotypes B, C, D,
and E are susceptible/non-protective. A minimal region of 25
kb which is Identical By Descent (IBD) for the four
susceptible haplotypes is indicated. The SNP designations,

e.g. 57-3, are as described in Table 6 and Figures 9 and 10.
35

LRP5 Gene Structure

The gene identified contains 22 exons, termed A-V, which
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encode most of the mature LRPS protein. The 22 exons account
for 4961 nucleotides of the LRP5 gene transcript (Figure 5 (a))
and are 1océted in an approximately 110 kb of genomic DNA.
The genomic DNA containing these exons begins downstream of

5 the genetic marker L3001CA and includes the genetic markers
D11S1337, 1l4lca5, and D11S970 (Figure 7). Several different
5’ ends of the LRP5 transcript have been identified. Of
particular interest is isoform 1 with a 5’ end encoding a
signal peptide sequence for protein export (secretory leader

10 peptide) across the plasma membrane. As discussed below the
LRP5 protein is likely to contain a large extracellular
domain, therefore it would be anticipated that this protein
would have a signal sequence. The exon encoding the signal
sequence, termed exon 6, lies near the genetic marker

15 HO570POLYA. This exon is 35 kb upstream of exon A and thus
extends the genomic DNA comprising the LRP5 gene to at least
160kb.

Several additional isoforms of the LRP5 gene that arise

from alternative splicing of the 5’ end have been identified

20 by PCR (Figure 8). The functional relevance of these
additional isoforms is not clear. Two of these LRP5
transcripts contain exon 1 which is located upstream of the
genetic marker D11S1917 (UT5620) and expands the LRP5 gene to
approximately 180 kb of genomic DNA. The transcript termed

25 isoform 3 consists of exon 1 spliced directly to exon A. The
reading frame is open at the 5’ end and thus there is the
potential for additional coding information present in exons
upstream of exon 1. Alternatively, centromeric extension of
exon 1 to include all of the open reading frame associated

30 with this region yields the open reading frame for isoform 3.

The second transcript that contains exon 1 also contains

exon 5, which is located near the genetic marker HO570POLYA.
The open reading frame for this isoform, isoform 2, begins in
exon B and thus encodes a truncated LRP5 protein which lacks

35 any predicted secretory leader peptide in the first 100 amino
acids. There are three additional transcripts each with an
open reading frame beginning in exon B and with 5’ ends near
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the genetic marker L3001CA.

Expression Profile of LRP5S
Northern blot analysis indicates that the major mRNA

S transcript for the LRP5 gene is approximately 5 to 5.5 kb and
is most highly expressed in liver, pancreas, prostate, and
placenta. Expression is also detected in skeletal muscle,
kidney, spleen, thymus, ovary, lung, small intestine, and
colon. Minor bands both larger and smaller than 5 kb are

10 detected and may represent alternativeﬂsplicing events or

related family members.

LRP5 is a Member of the LDL-receptor Family

The gene identified in the IDDM4 locus, lrp5, is a member

15 of the LDL-receptor family. This family of proteins has
several distinguishing characteristics, a large extracellular
domain containing cysteine rich motifs which are involved in
ligand binding, a single transmembrane spanning domain, and an
“NPXY” internalization motif (Krieger and Herz (1994) Ann.

20 Rev. Biochem. 63: 601-637). The functional role of the
members of this family is the clearance of their ligands by
the mechanism of receptor mediated endocytosis. This is
illustrated by the most highly characterized member of the
family, the LDL-receptor which is responsible for the

25 clearance of LDL cholesterol from plasma (Goldstein, et. al
(1985) Ann. Rev. Cell Biol. 1: 1-39).

LRPS is most closely related to the LDL-receptor related
protein (LRP) which is also know as the alpha2-macroglobulin
receptor. Translation of the open reading frame (ORF) of

30 isoform 1 yields the LRPS protein. Comparison of the LRPS
protein to human LRP1 using the algorithm GAP (Genetics
Computer Group, Madison, WI) reveals an overall amino acid
similarity of 55% and 34% identity to the region of the human
LRP1 protein from amino acids 1236 to 2934. The DNA of this

350RF is 45% identical to LRP1 encoding DNA as indicated by GAP.
A slightly lower but significant level of similarity is seen
with the megalin receptor also termed LRP2 and gp330 (Saito,
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et .al.. (1994) Proc. Natl. Acad. Sci. 91: 9725-9729), as well
as the Drosophilla vitellogenin receptor (Schonboum et. al.
(1995) Proc. Natl. Acad. Sci. 92: 1485-1489). Similarity is

also observed with other members of the LDL-receptor family

5 including the LDL-receptor (Suedhof et. al. (1985) Science
228: 815-822) and the VLDL receptor (Oka et. al. (1994)
Genomics 20: 298-300). Due to the presence of EGF-like motifs
in LRP5 similarity is also observed with the EGF precursor and
nidogen precursor which are not members of the LDL-receptor

10 family.

Properties and Motifs of LRP5
The N-terminal portion of LRP5 likely has the potential
for a signal sequence cleavage site. Signal sequences are
15 frequently found in proteins that are exported across the
plasma membrane (von Heijne (1994) Ann. Rev. Biophys. Biomol.
Struc. 23: 167-192). In addition, other members of the LDL-
receptor family contain a signal sequence for protein export.
The presence of a signal sequence cleavage site was
20 initially identified by a comparison of the human LRP5 with a
mouse cDNA sequence that we obtained. The initial mouse
partial cDNA sequence that we obtained, 1711 nucleotides
(Figure 16 (a)), is 87% identical over an approximately 1500
nucleotide portion to the human LRP5 cDNA and thus is likely
25to be the mouse ortholog (Lrp5) of the human LRP5. The cloned
portion of the mouse cDNA contains an open reading frame
(Figure 16 (c)) encoding 533 amino acids. The initiating codon
has consensus nucleotides for efficient translation at both
the -3 (purine) and +4 (G nucleotide) positions (Kozak, M.
301996, Mamalian Genome 7:563-574). A 500 amino acid of the
portion of the mouse Lrp5 (Figure 5(g) and Figure 16(d)) is
96% identical to human LRP5, further supporting the proposal
that this is the mouse ortholog of LRPS5.
Significantly, the first 200 nucleotides of the mouse
35 cDNA have very little similarity to the 5’ extensions present
in isoforms 2-6 discussed below. By contrast this sequence is
75% identical with the human sequence for exon 6 that |
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comprises the 5’ end of isoform 1. Thus isoform 1 which
encodes a signal peptide for protein export likely represents
the most biélogically relevant form of LRPS.
Importantly, both the human LRP5 and mouse Lrp5 open

5 reading frames encodes a peptide with the potential to act as
a eukaryotic signal sequence for protein export (von Heijne,
1994, Ann. Rev. Biophys. Biomol. Struc. 23:167-192). The
highest score for the signal sequence as determined by using
the SigCleave program in the GCG analysis package (Genetics

10 Computer Group, Madison WI) generates a mature peptide
beginning at residue 25 of human LRP5 and residue 29 of mouse
Lrp5 (Figure 5(d and g)). Additional sites that may be
utilized produce mature peptides in the human LRP5 beginning
at amino acid residues 22, 23, 23, 26, 27, 28, 30 or .32.

15Additional cleavage sites in the mouse Lrp5 result in mature
peptides beginning at amino acid residue 31, 32, 33, or 38
(Figure 5(g)). The mature human LRP5 protein is show in Figure
5(e).

The other alternative isoforms of LRP5 lack a signal

20 sequence near the N-terminus of the encoded protein. The
functional relevance of these additional isoforms is not
known, however there are several exported proteins which lack
a signal sequence and are transported by a signal peptide
independent mechanism (Higgins, C.F. (1992) Ann. Rev. Cell

25Biol. 8: 67-113). Thus it is possible that the putative
extracellular domain of these isoforms is translocated across
the plasma membrane.

The extracellular domain of members of the LDL receptor

family contains multiple motifs containing six cysteine

30 residues within an approximately 40 amino acid region.
(Krieger and Herz (1994) Ann. Rev. Biochem. 63: 601-637).
Several classes of these cysteine rich motifs have been
defined based on the spacing of the cysteine residues and the
nature of other conserved amino acids within the motif. The

35 LDL-receptor ligand binding (class A) motif is distinguished
by a cluster of acidic residues in the C-terminal portion of
the motif which includes a highly conserved SDE sequence. The
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importance of this acidic region in ligand binding has been
demonstrated by mutagenesis studies (Russell et. al. (1989) J.
Biol. Chem. 264: 21682-21688). Three LDL-receptor ligand
binding motifs are found in the LRP5 protein (Figure 6(a)).

5 The EGF-like (class B) motif lacks the cluster of acidic
residues present in the LDL-receptor ligand binding motif. 1In
addition, the spacing of the cysteine residues differs in the
EGF-like motifs relative to the LDL-receptor ligand bindiﬁg
motif. The LRPS5 protein contains 4 EGF-precursor (B.2)

10 motifs,which have the property of an NéGCS motif between the
first and second cysteine residue (Figure 6(a)).

The size of the members of the LDL receptor family and
the number of the cysteine-rich repeats in the extracellular
domain varies greatly. LRP1 is a large protein of 4544 amino

15 acids and contains 31 LDL-receptor ligand binding motifs
(class A) and 22 EGF-like motifs (class B) (Herz et. al.,
(1988) EMBO 7: 4119-4127). Similarly the megalin receptor,
LRP2, is a protein of 4660 amino acids and éonsists of 36 LDL-
receptor ligand binding motifs and 17 EGF-like motifs (Saito

20et. al. (1994) PNAS 91: 9725-9729). In contrast, the LDL
receptor is a relatively small protein of 879 amino acids
which contains 7 LDL-ligand binding motifs and 3 EGF-like
motifs. The predicted size of the mature LRP5 protein, 1591
amino acids, is intermediate between LRP1 and the LDL

25 receptor. As indicated above the LRP5 protein contains four
EGF-like motifs and three LDL-ligand binding motifs. It has
been postulated that the multiple motif units, particularly
evident in LRP1 and LRP2, account for the ability of these
proteins to bind multiple lipoprotein and protein ligands

30 (Krieger and Herz (1994) Ann. Rev. Biochem. 63: 601-637).

The arrangement of the LDL-receptor ligand binding and
EGF-like motifs relative to each other is similar in both the
LDL receptor, LRP1l, and LRP2. 1In each of these proteins
multiple LDL-ligand binding motifs are grouped together and

35 followed by at least one EGF-like motif (Herz et. al., (1988)
EMBO 7: 4119-4127, 1988). By contrast, in the LRP5 protein an
EGF-1like motif precedes the group of three LDL-ligand binding
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motifs (Figure 6(b)). An additional property unique to LRPS

is that the LDL-ligand binding motifs in LRPS5 are followed by

the putative transmembrane domain. The different arrangement

of the motifs may define LRPS5 as a member of a new subfamily
5within the LDL-receptor related protein family.

LRP5 has a signal peptide for protein export at the N-
terminus of the protein. Signal peptide cleavage yields a
mature LRP5 protein which begins with an EGF precursor spacer

10 domain from amino acids 31-297 (amino acid residue numbers are
based upon the LRPS5 precursor). The EGF precursor spacer
domain is composed of five approximately 50 amino acid repeats
that each contain the characteristic sequence motif Tyr-Trp-
Thr-Asp (YWTD). There are three additional spacer domains

15 from amino acids 339-602, 643-903, and 944-1214. Each spacer
domain is followed by an EGF repeat from amino acids 297-338
(egfl), 603-642 (egf2), 904-943 (egf3), and 1215-1255 (egf4).
The EGF repeats contain six conserved cysteine residues and
are of the B.2 class which has an Asn-Gly-Gly-Cys (NGGC) motif

20as a feature (Herz et al. 1988, EMBO J 7:4119-27) (Figure
6(a)). A single unit defined as an EGF precursor spacer
domain and an EGF repeat, is repeated four times in LRP5. The
last EGF repeat is adjacent to three consecutive LDLR repeats
from amino acids 1257-1295(1dlrl), 1296-1333 (ldlr2), and

251334-1372 (1dlr3). The LDLR repeats have the conserved
cysteine residues, as well as, the motif Ser-Asp-Glu (SDE) as
a characteristic feature (Figure 6(a)). There are thirteen
amino acids separating the LDLR repeats from the putative
transmembrane spanning domain of 23 amino acids from 1386-

30 1408. The putative extracellular domain of LRP5 has six
potential sites for N-linked glycosylation at amino acid
residues 93, 138, 446, 499, 705, and 878 (Figure 5(d)).

The intracellular domain of LRPS5 is comprised of 207
35amino acids which is longer than most members of the family
but similar in size to LRP2 (Saito et. al. (1994) PNAS
91:9725-9729). It does not exhibit similarity to the LDL-
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receptor family, nor is it similar to any other known

proteins. The cytoplasmic domain of LRPS is comprised of 16%
proline andlls% serine residues (Figure 5(d)). Most members
of the LDL-receptor family contain a conserved NPXY motif in

5 the cytoplasmic domain which has been implicated in
endocytosis by coated pits (Chen et. al. (1990) J. Biol. Chem.
265: 3116-3123). Mutagenesis studies have indicated that the
critical residue for recognition by components of the
endocytotic process is the tyrosine residue (Davis, et al.

10 (1987) Cell 45: 15-24). Replacement of the tyrosine residue
by phenylalanine or tryptophan is tolerated, thus the minimal
requirement for this residue appears to be that it is aromatic
amino acid (Davis, et al. (1987) Cell 45: 15-24). Structural
studies have indicated that the critical function of the NP

15 residues is to provide a beta-turn that presents the aromatic
residue (Bansal and Gierasch (1991) Cell 67: 1195-1201).

Although the cytoplasmic domain of LRP5 does not contain
an NPXY motif, there are several aromatic residues in the LRPS
cytoplasmic domain that lie in putative turn regions (Figure

205(d)) and thus may be involved in facilitating endocytosis.

In particular tyrosine 1473 which occurs in the sequence VPLY
motif has the proline and tyrosine in the correct position,
relative to the consensus motif. Although the NPXY motif has
been implicated in endocytosis in several proteins it is not

25 an absolute requirement as there are proteins that lack the
NPXY motif, e.g. the transferrin receptor, that undergo
endocytosis by coated pits (Chen, et. al. (1990) J. Biol.
Chem. 265: 3116-3123). In any event, we anticipate that the
primary function of this protein will be receptor mediated

30 endocytosis of its ligand.

Potential Roles of LRP5
The ability of members of the LDL-receptor family to bind
multiple ligands suggests that LRP5 may function to bind one
350or more ligands. Moreover, in a fashion analogous to other
members of the family, once bound the LRP5 receptor ligand
complex would endocytose resulting in clearance of the ligand
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from the extracellular milieu. The nature of the LRP5 ligand
may be a lipid, a protein, a protein complex, or a lipoprotein
and may poséess a variety of functions. Although the
physiological function of the most closely related member of

5 the LDL-receptor family, LRP1, is uncertain, it does possess a
number of biochemical activities. LRP1 binds to alpha-2
macroglobulin. Alpha-2 macroglobulin is a plasma complex that
contains a “bait” ligand for a variety of proteinases e.g.
trypsin, chymotrypsin, pancreatic elastase and plasma

10 kallikrein (Jensen (1989) J. Biol. Chem. 20:11539-11542).
Once the proteinase binds and enzymatically cleaves the “bait”
alpha-2 macroglobulin undergoes a conformational change and
“traps” the proteinase. The proteinase:alpha-2 macroglobulin
complex is rapidly cleared by LRP. This mechanism scavenges

1S proteinases that have the potential to mediate a variety of
biological functions e.g. antigen processing and proteinase
secretion (Strickland et. al. (1990) J. Biol. Chem. 265:
17401-17404). The importance of this function is evidenced by
the prenatal death of Lrpl knockout mice (Zee et. al. (1994)

20 Genomics 23: 256-259).

Antigen presentation is a critical component in the
development of IDDM as is evidenced by the pivotal role of MHC
haplotypes in conferring disease susceptibility (Tisch and
McDivitt (1996) Cell 85: 291-297). By analogy with LRP1, LRPS

25may play a role in antigen presentation in which case
polymorphisms within this gene could affect the development of
autoimmunity in the type 1 diabetic patient.

The alpha-2 macroglobulin complex also binds cytokines
and growth factors such as interleukin-1 beta, interleukin 2,

30 interleukin 6, transforming growth factor-beta, and fibroblast
growth factor (Moéstrup and Gliemann (1991) J. Biol. Chem.
266: 14011-14017). Thus the alpha-2 macroglobulin receptor
has the potential to play a role in the clearance of cytokines
and growth factors. The role of cytokines in mediating immune

35 and inflammatory responses is well established. For example,
the interleukin-2 gene is a strong candidate gene for the Idd3

locus in the non-obese diabetic mouse, an animal model for
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type 1 diabetes -(Denny et. al. (1977) Diabetes 46:695-700 ).
If LRP5 binds alpha-2 macroglobulin or related complexes then
it may play(a role in the immune response by mediating |
cytokine clearance. For example, the LRP5 which is expressed
5in pancreas, the target tissue of IDDM, may play a role in
clearing cytokines from the inflammatory infiltrate
(insulitis) that is ongoing in the disease. A polymorphism in
LRP5 that reduces the ability of LRP5 to clear cytokines may
increase an individuals susceptibility to developing IDDM.

10 Furthermore an individual with a polyﬁorphism that increases
the ability of LRP5 to clear cytokines may be protected from
developing IDDM. Conversely, certain cytokines counteract
other cytokines and thus removal of certain beneficial
cytokines by LRP5 may confer disease susceptibility and thus a

15 polymorphism that reduces LRP5 activity may confer protection
from developing the disease.

Increases of free fatty acids (FFA) have been shown to
reduce insulin secretion in animals (Boden et. al. (1997)
Diabetes 46: 3-10). In addition, ApoE which is a ligand for

20 the LDL-receptor, has been associated with an antioxidant
activity (Miyata and Smith (1996) Nature Genet. 14: 55-61) and
oxidative damage is a central pathogenic mechanism in
pancreatic (B-cell destruction in type 1 diabetes (Bac (1994)
Endocrin. Rev. 15: 516-542). Thus alterations in the ability

250f LRP5 to bind ApoE and related lipoproteins may influence
the susceptibility to oxidative damage in pancreatic f-cells.
Transfection of forms of LRP5 into B-cells may facilitate
resistance of B cells to damage by the immune system in
autoimmunity and in transplantation.

30 A pharmacological entity termed the lipolysis-stimulated
receptor (LSR) which binds and endocytoses chylomicron
remnants in the presence of FFA has been described (Mann et.
al.. (1995) Biochemistry 34: 10421-10431. One possible role
for the LRP5 gene product is that it is responsible for this

35activity. '

Another member of the LRP family is LRP2, also known as

megalin and gp330, this protein has been implicated in
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Heymann’s nephritis, an autoimmune disease of the kidney in
rats (Saito et. al. (1994) PNAS 91: 9725-9729). Heymann's-"
nephritis ié a model of glomerularnephritis and is
characterized by the development of autoantibodies to the

5 alpha-2 macroglobulin receptor associated protein, also known
as the Heymann nephritis antigen. The Heymann nephritis
antigen binds to LRP2 (Strickland et. al. (1991) J. Biol.
Chem. 266: 13364-13369). LRP2 may play a role in this disease
by clearance of this pathogenic protein. In an analogous

10 manner the function of LRP5 may be to bind and clear proteins
in the pancreas to which the IDDM patient has generated
autoantibodies. Alternatively LRP5 itself may be an
autoantigen in the IDDM patient.

LRP1 has been identified as the receptor for certain

15 bacterial toxins (Krieger and Herz (1994) Ann. Rev. Biochem.
63: 601-637) and the human rhinovirus (Hofer et. al. (1994)
Proc. Natl. Acad. Sci. 91: 1839-42). It is possible that a
viral infection alters an individuals susceptibility to IDDM
(Epstein (1994) N. Eng. J. Med. 331: 1428-1436). If certain

20 viruses utilize LRP5 as a mode of entry into the cell then
polymorphisms in LRP5 may alter the individuals susceptibility
to type 1 diabetes.
Alterations in LRPS5 may participate in the pathogenesis
of other diseases. LRP1l binds lipoproteins such as apoE and
25 C-apolipoproteins. The clearance of lipoproteins such as apoE
and apoB by the LDL receptor is its primary role, mutations in
the LDL receptor lead to hypercholesterolemia (Chen et. al.
(1990) J. Biol. Chem. 265: 3116-3123). Therefore mutations in
LRPS that decrease the ability of the protein to scavenge

30 lipoproteins may cause an elevation in cholesterol.
Variations in LRPS5 could predispose to the development of
macrovascular complications in diabetics, the major cause of
death. 1In type 2 diabetics, pancreatic pathology is
characterised by the deposition of amyloid. Amyloid

35 deposition may decrease pancreatic B-cell function. LRPS
could -function in the metabolism of islet amyloid and
influence susceptibility to type 2 diabetes as well as type 1
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diabetes. The role of ApoE in Alzheimer’s disease indicates
that proteins such as LRP1 and possibly LRP5 have the
potential to contribute to the pathogenesis of this diséase.
Polymorphism in genes involved in the development of

5 osteoporosis-pseudoglioma syndrome have been mapped to a 3-cM
region of chromosome 11 which includes the gene encoding LRPS
(Gong et. al. (1996) Am. J. Hum. Genet. 59: 146-151). The
pathogenic mechanism of this disease is unknown but is
believed to involve a regulatory role, patients with have

10 aberrant vascular growth in the vitero-retina. The potential
role of LRP5 in the clearance of fibroblast growth factor, a
mediator of angiogenesis, and the chromosomal location of the
gene suggests that it may play a role in this disease. This
proposed function could also be connected with the development

150f retinopathy in diabetes.

Polymorphisms in the LRP5 Gene
The exons of the LRP5 gene are being scanned for

polymorphisms. There are several polymorphisms that change an

20 amino acid in LRP5 that have been identified in IDDM patients
(Table 5). Of particular interest is a C to T transition,
which changes an Ala codon to Val, in one of the three
conserved LDL receptor ligand binding motifs. In addition to
this polymorphism described above, a C to T transition was

25 identified in the codon for Asn’%® (with no effect on the.
encoded amino acid), and three polymorphisms were identified
in intronic sequences flanking the exons. An additional set
of polymorphisms has been identified by comparing
experimentally derived cDNA sequences with the genomic DNA

30 sequence (Table 5). Some of these polymorphism will be
analyzed in a large number of IDDM patients and control
individuals to determine their association with IDDM.

A number of (approximately 30) single nucleotide

polymorphisms (SNPs) were identified in the genomic DNA

35 sequences of overlapping BAC and cosmid clones surrounding the
genetic marker poly A. The contiguous genomic sequences
containing these polymorphism have been termed contig 57
(Figure 9), which contains exons 1 and 5 along with the
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genetic markers poly A and D11S1917 (UT5620), and contig 58
(Figure 10) which contains the genetic marker L300lca and part
of exon A.

5 Additional Experimental Evidence

A region of identity-by-descent associated with type 1
diabetes has been identified in the 5’ portion of the LRP5
gene. By combining data from SNPs and microsatellite markers
we have identified a region identical-by-descent in

10 susceptible haplotypes, the minimal region consists of 25 kb
which contains the putative regulatory regions of LRP5 and the
first exon. This strengthens the genetic evidence for LRP5
being a diabetes risk gene. Therefore therapies that affect
LRP5 may be useful in the prevention and treatment of type 1

15 diabetes.

Overexpression of LRP5 in mice provides evidence for LRP5
affecting lipoprotein metabolism. Statistically significant
evidence for modulation of triglycerides by LRP5 has been
obtained. Thus therapies that affect LRP5 may be useful in

20 the treatment of cardiovascular disease and conditions where
serum triglycerides are elevated.

Suggestive evidence was obtained for LRPS5 reducing serum
cholesterol when it is above normal. There is also evidence
for the ability of LRPS5 to interact with very low-density

25 lipoprotein particles and reduce their levels in serum.
Therefore therapies that affect LRP-5 may be useful in the
treatment of cardiovascular disease and conditions where serum
cholesterol levels are elevated.

Biochemical studies indicate that LRP5 has the capacity

30 to function in the uptake of low-density lipoprotein (LDL)
particles. Thus therapies that affect LRP5 may be useful in
the treatment of cardiovascular disease where LDL levels are
elevated.

Overexpression of LRP5 in mice provided statistically

35 significant evidence for a reduction in serum alkaline
phosphatase. A reduction in serum alkaline phosphatase is
consistent with LRP5 playing a role in modulation of the
immune response. This provides evidence for LRP5
participating in the pathogenesis of type 1 diabetes.
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Therefore therapies that affect LRPS5 may be useful in the
treatment of autoimmune diseases.

Cellular localization of LRP5 indicates that it is
expressed in a particular subtype, the phagocytic macrophages,

5 of mature tissue macrophages. Evidence from the literature
indicates that this class of macrophages is involved in
autoimmune disease, supporting a role for LRP5 in autoimmune
disease and type 1 diabetes. Therefore therapies that affect
LRP5 may be useful in the treatment of autoimmune diseases.

10 Full length cDNAs for both human and mouse LRP5 have been
obtained. Antibodies directed against LRP5 have been
developed. These reagents provide tools to further analyze
the biological function of LRPS.

15 Irrespective of LRP5’'s actual mode of action and
involvement in IDDM and other diseases, the experimental work
described herein establishes and supports the practical
applications which are disclosed as aspects and embodiments of
the present invention.

20

According to one aspect of the present invention there is
provided a nucleic acid molecule which has a nucleotide
sequence encoding a polypeptide which includes the amino acid
sequence shown in Figure 5(c), Figure 5(d) or Figure 5(e).

25 The amino acid sequence of Figure 5 (c) includes that of Figure
S(e) and a signal sequence.

The coding sequence may be that shown included in Figure
S(a) or Figure 5(b) or it may be a mutant, variant, derivative
or allele of the sequence shown. The sequence may differ

30 from that shown by a change which is one or more of addition,
insertion, deletion and substitution of one or more
nucleotides of the sequence shown. Changes to a nucleotide
sequence may result in an amino acid change at the protein
level, or not, as determined by the genetic code.

35 Thus, nucleic acid according to the present invention may
include a sequence different from the sequence shown in Figure
5(a) or Figure S5(b) yet encode a polypeptide with the same
amino acid sequence. The amino acid sequence shown in Figure
5(c) consists of 1615 residues.




WO 98/46743 PCT/GB98/01102
23

On the other hand the encoded polypeptide may comprise an
amino acid sequence which differs by one or more amino acid-
residues from the amino acid sequence shown in Figure 5(c).
Nucleic acid encoding a polypeptide which is an amino acid

5 sequence mutant, variant, derivative or allele of the sequence
shown in Figure 5(c) is further provided by the present
invention. Such polypeptides are discussed below. Nucleic
acid encoding such a polypeptide may show at the nucleotide
sequence and/or encoded amino acid level greater than about

10 60% homology with the coding sequence shown in Figure 5 (a)
and/or the amino acid sequence shown in Figure 5(c), greater
than about 70% homology, greater than about 80% homology,
greater than about 90% homology or greater than about 95%
homology. For amino acid "homology", this may be understood

15to be similarity (according to the established principles of
amino acid similarity, e.g. as determined using the algorithm
GAP (Genetics Computer Group, Madison, WI) or identity. GAP
uses the Needleman and Wunsch algorithm to align two complete
sequencés that maximizes the number of matches and minimizes

20 the number of gaps. Generally, the default parameters are
used, with a gap creation penalty = 12 and gap extension
penalty = 4. Use of either of the terms "homology" and
"homologous" herein does not imply any necessary evolutionary
relationship between compared sequences, in keeping for

25 example with standard use of terms such as "homologous
recombination" which merely requires that two nucleotide
sequences are sufficiently similar to recombine under the
appropriate conditions. Further discussion of polypeptides
according to the present invention, which may be encoded by

30 nucleic acid according to the present invention, is found
below.

The present invention extends to nucleic acid that
hybridizes with any one or more of the specific sequences
disclosed herein under stringent conditions. Suitable

35 conditions include, e.g. for detection of sequences that are
about 80-90% identical such as detection of mouse LRP5 with a
human :probe or vice versa, hybridization overnight at 42°C in
0.25M Na,HPO,, pH 7.2, 6.5% SDS, 10% dextran sulfate and a
final wash at 55°C in 0.1X SSC, 0.1% SDS. For detection of
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sequences that are greater than about 90% identical, suitable
conditions include hybridization overnight at 65°C in 0.25M
Na,HPO,, pH‘7.2, 6.5% SDS, 10% dextran sulfate and a final wash
at 60°C in 0.1X SSC, 0.1% SDS.

The coding sequence may be included within a nucleic acid
molecule which has the sequence shown in Figure 5(a) (isoform
1) or Figure 5(b) and encode the full polypeptide of isoform 1
(Figure 5(c)). Mutants, variants, derivatives and alleles of
these sequences are included within the scope of the present

10 invention in terms analogous to those set out in the preceding

15

20

25

30

35

paragraph and in the following disclosure.

Also provided by the present invention in various aspects
and embodiments is a nucleic acid molecule encoding a
polypeptide which includes the amino acid sequence shown in
Figure 17 (b) This sequence forms a substantial part of the
amino acid sequence shown in Figure 5(e). Nucleic acid
encoding a polypeptide which includes the amino acid sequence
shown in Figure 17 (b) may include the coding sequence shown in
Figure 17 (b), or an allele, variant, mutant or derivative in
similar terms to those discussed above and below for other
aspects and embodiments of the present invention.

According to various aspects of the present invention
there are also provided various isoforms of the LRP5
polypeptide and gene. The gene of Figure 5 is known as
isoform 1. included within the present invention is a nucleic
acid molecule which has a nucleotide sequence encoding a
polypeptide which includes the amino acid sequence of a
polypeptide shown in Figure 11 (c) (isoform 2). The coding
sequence may be as shown in Figure 11(b) (which may be
included within a molecule which has the sequence shown in
Figure 11(a) (isoform 2) or the sequence shown in Figure
12(a) (isoform 3)), Figure 13 (isoform 4), Figure 14 (isoform
5) and Figure 15 (isoform 6). Mutants, derivatives, variants
and alleles of these sequences are also provided by the
present invention, as disclosed.

Further nucleic acid molecules according to the present
invention include the nucleotide sequence of any of Figure
5(a), Figure 12(b), Figure 12(e), Figure 15(b), Figure 16 (a)
and Figure 16 (b) and nucleic acid encoding the amino acid
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sequences encoded by Figure 5(a), Figure 11(b), Figure 12 (c)
or Figure 16 (c), along with mutants, alleles, variants and
derivatives of these sequences. Further included are nﬁcleic
acid molecules encoding the amino acid sequence of Figure

518 (c), particularly including the coding sequence shown in
Figure 18 (b) .

Particular alleles according to the present invention
have sequences have a variation indicated in Table 5 or Table
6. One or more of these may be associated with susceptibility

10 to IDDM or other disease. Alterations ‘in a sequence according
to the present invention which are associated with IDDM or
other disease may be preferred in accordance with embodiments
of the present invention. Implications for screening, e.g.
for diagnostic or prognostic purposes, are discussed below.

15

Generally, nucleic acid according to the present
invention is provided as an isolate, in isolated and/or
purified form, or free or substantially free of material with
which it is naturally associated, such as free or

20 substantially free of nucleic acid flanking the gene in the
human genome, except possibly one or more regulatory
sequence (s) for expression. Nucleic acid may be wholly or
partially synthetic and may include genomic DNA, cDNA or RNA.
The coding sequence shown herein is a DNA sequence. Where

25 nucleic acid according to the invention includes RNA,
reference to the sequence shown should be construed as
encompassing reference to the RNA equivalent, with U
substituted for T.

Nucleic acid may be provided as part of a replicable

30 vector, and also provided by the present invention are a
vector including nucleic acid as set out above, particularly
any expression vector from which the encoded polypeptide can
be expressed under appropriate conditions, and a host cell
containing any such vector or nucleic acid. An expression

35 vector in this context is a nucleic acid molecule including
nucleic acid encoding a polypeptide of interest and
appropriate regulatory sequences for expression of the
polypeptide, in an in vitro expression system, e.g.
reticulocyte lysate, or in vivo, e.g. in eukaryotic cells such
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as COS or CHO cells or in prokaryotic cells such as E. coli.
This is discussed further below.

The nucleic acid sequence provided in accordance with the

S present invention is useful for identifying nucleic acid of
interest (and which may be according to the present invention)
in a test sample. The present invention provides a method of
obtaining nucleic acid of interest, the method including
hybridisation of a probe having the sequence shown in any of

10 Figures 5(a), 11l(a), 11(b), 12(a), 12(b), 12(c), 12(e), 13,
14, 15, 15(b) 16(a), 16(b), and 16(c), or a complementary
sequence, to target nucleic acid. Hybridisation is generally
followed by identification of successful hybridisation and
isolation of nucleic acid which has hybridised to the probe,

15which may involve one or more steps of PCR. It will not
usually be necessary to use a probe with the complete sequence
shown in any of these figures. Shorter fragments,
particularly fragments with a sequence encoding the conserved
motifs (Figure 5(c,d), and Figure 6(a)) may be used.

20 Nucleic acid according to the present invention is
obtainable using one or more oligonucleotide probes or primers
designed to hybridise with one or more fragments of the
nucleic acid sequence shown in any of the figures,
particularly fragments of relatively rare sequence, based on

25 codon usage or statistical analysis. A primer deéigned to
hybridise with a fragment of the nucleic acid sequence shown
in any of the figures may be used in conjunction with one or
more oligonucleotides designed to hybridise to a sequence in a
cloning vector within which target nucleic acid has been

30 cloned, or in so-called "RACE" (rapid amplification of cDNA
ends) in which cDNA’s in a library are ligated to an
oligonucleotide linker and PCR is performed using a primer
which hybridises with a sequence shown and a primer which
hybridises to the oligonucleotide linker.

35 Such oligonucleotide probés or primers, as well as the
full-length sequence (and mutants, alleles, variants and
derivatives) are also useful in screening a test sample
containing nucleic acid for the presence of alleles, mutants
and variants, with diagnostic and/or prognostic implications
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as discussed in more detail below.

Nucleic acid isolated and/or purified from one or more -
cells (e.g. human) or a nucleic acid library derived from
nucleic acid isolated and/or purified from cells (e.g. a cDNA

5library derived from mRNA isolated from the cells), may be
probed under conditions for selective hybridisation and/or
subjected to a specific nucleic acid amplification reaction
such as the polymerase chain reaction (PCR) (reviewed for
instance in "PCR protocols; A Guide to Methods and

10 Applications", Eds. Innis et al, 1990, ‘Academic Press, New
York, Mullis et al, Cold Spring Harbor Symp. Quant. Biol.,
51:263, (1987), Ehrlich (ed), PCR technology, Stockton Press,
NY, 1989, and Ehrlich et al, Science, 252:1643-1650, (1991)).
PCR comprises steps of denaturation of template nucleic acid

15 (if double-stranded), annealing of primer to target, and
polymerisation. The nucleic acid probed or used as template
in the amplification reaction may be genomic DNA, cDNA or RNA.
Other specific nucleic acid amplification techniques include
strand displacement activation, the QB replicase system, the

20 repair chain reaction, the ligase chain reaction and ligation
activated transcription. For convenience, and because it is
generally preferred, the term PCR is used herein in contexts
where other nucleic acid amplification techniques may be
applied by those skilled in the art. Unless the context

25 requires otherwise, reference to PCR should be taken to cover
use of any suitable nucleic amplification reaction available
in the art.
In the context of cloning, it may be necessary for one or
more gene fragments to be ligated to generate a full-length
30 coding sequence. Also, where a full-length encoding nucleic
acid molecule has not been obtained, a smaller molecule
representing part of the full molecule, may be used to obtain
full-length clones. Inserts may be prepared from partial cDNA
clones and used to screen cDNA libraries. The full-length

35 clones isolated may be subcloned into expression vectors and
activity assayed by transfection into suitable host cells,
e.g. with a reporter plasmid.

A method may include hybridisation of one or more (e.g.
two) probes or primers to target nucleic acid. Where the
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nucleic acid is double-stranded DNA, hybridisation will
generally be preceded by denaturation to produce single-
stranded DNA. The hybridisation may be as part of a PCR
procedure, or as part of a probing procedure not involving

S PCR. An example procedure would be a combination of PCR and
low stringency hybridisation. A screening procedure, chosen
from the many available to those skilled in the art, is used
to identify successful hybridisation events and isolated
hybridised nucleic acid.

10 Binding of a probe to target nucleic acid (e.g. DNA) may
be measured using any of a variety of techniques at the
disposal of those skilled in the art. For instance, probes
may be radioactively, fluorescently or enzymatically labelled.
Other methods not employing labelling of probe include

15 examination of restriction fragment length polymorphisms,
amplification using PCR, RN'’ase cleavage and allele épecific
oligonucleotide probing. Probing may employ the standard
Southern blotting technique. For instance DNA may be
extracted from cells and digested with different restriction

20 enzymes. Restriction fragments may then be separated by
electrophoresis on an agarose gel, before denaturation and
transfer to a nitrocellulose filter. Labelled probe may be
hybridised to the DNA fragments on the filter and binding
determined. DNA for probing may be prepared from RNA

25 preparations from cells.

Preliminary experiments may be performed by hybridising
under low stringency conditions various probes to Southern
blots of DNA digested with restriction enzymes. Suitable
conditions would be achieved when a large number of

30 hybridising fragments were obtained while the background
hybridisation was low. Using these conditions nucleic acid
libraries, e.g. cDNA libraries representative of expressed
sequences, may be searched. Those skilled in the art are well
able to employ suitable conditions of the desired stringency

35 for selective hybridisation, taking into account factors such
as oligonucleotide length and base composition, temperature
and so on. On the basis of amino acid sequence information,
oligonucleotide probes or primers may be designed, taking into
account the degeneracy of the genetic code, and, where
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appropriate, codon usage of the organism from the candidate
nucleic acid is derived. An oligonucleotide for use in
nucleic acia amplification may have about 10 or fewer codons
(e.g. 6, 7 or 8), i.e. be about 30 or fewer nucleotides in
Slength (e.g. 18, 21 or 24). Generally specific primers are
upwards of 14 nucleotides in length, but need not be than 18-
20. Those skilled in the art are well versed in the design of
primers for use processes such as PCR. Various techniques for
synthesizing oligonucleotide primers are well known in the

10 art, including phosphotriester and phosphodiester synthesis
methods.

Preferred amino acid sequences suitable for use in the
design'of probes or PCR primers may include sequences
conserved (completely, substantially or partly) encoding the

15motifs present in LRPS5 (Figure 5(d) .

A further aspect of the present invention provides an
oligonucleotide or polynucleotide fragment of the nucleotide
sequence shown in any of the figures herein providing nucleic
acid according to the present invention, or a complementary

20 sequence, in particular for use in a method of obtaining
and/or screening nucleic acid. Some preferred
oligonucleotides have a sequence shown in Table 2, Table 4,
Table 7, Table 8 or Table 9, or a sequence which differs from
any of the sequences shown by addition, substitution,

25 insertion or deletion of one or more nucleotides, but
preferably without abolition of ability to hybridise
selectively with nucleic acid in accordance with the present
invention, that is wherein the degree of similarity of the
oligonucleotide or polynucleotide with one of the sequences

30 given is sufficiently high.

In some preferred embodiments, oligonucleotides according
to the present invention that are fragments of any of the
sequences shown, or any allele associated with IDDM or other
disease susceptibility, are at least about 10 nucleotides in

35 length, more preferably at least about 15 nucleotides in
length, more preferably at least about 20 nucleotides in
length. Such fragments themselves individually represent
aspects of the present invention. Fragments and other
oligonucleotides may be used as primers or probes as discussed
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but may also be generated (e.g. by PCR) in methods concerned
with determining the presence in a test sample of a sequence
indicative of IDDM or other disease susceptibility.

Methods involving use of nucleic acid in diagnostic

5and/or prognostic contexts, for instance in determining
susceptibility to IDDM or other disease, and other methods
concerned with determining the presence of sequences
indicative of IDDM or other disease susceptibility are
discussed below.

10 ,

Further embodiments of oligonucleotides according to the
present invention are anti-sense oligonucleotide sequences
based on the nucleic acid sequences described herein. Anti-
sense oligonucleotides may be designed to hybridise to the

15 complementary sequence of nucleic acid, pre-mRNA or mature
mRNA, interfering with the production of polypeptide encoded
by a given DNA sequence (e.g. either native polypeptide or a
mutant form thereof), so that its expression is reduce or
prevented altogether. Anti-sense techniques may be used to

20 target a coding sequence, a control sequence of a gene, e.g.
in the 5’ flanking sequence, whereby the antisense
oligonucleotides can interfere with control sequences. Anti-
sense oligonucleotides may be DNA or RNA and may be of around
14-23 nucleotides, particularly around 15-18 nucleotides, in

25 length. The construction of antisense sequences and their use
is described in Peyman and Ulman, Chemical Reviews, 90:543-
584, (1990), and Crooke, Ann. Rev. Pharmacol. Toxicol.,
32:329-376, (1992).

Nucleic acid according to the present invention may be

30 used in methods of gene therapy, for instance in treatment of
individuals with the aim of preventing or curing (wholly or
partially) IDDM or other disease. This may ease one or more
symptoms of the disease. This is discussed below.

Nucleic acid according to the present invention, such as

35a full-length coding sequence or oligonucleotide probe or
primer, may be provided as part of a kit, e.g. in a suitable
container such as a vial in which the contents are protected
from the external environment. The kit may include
instructions for use of the nucleic acid, e.g. in PCR and/or a
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method for determining the presence of nucleic acid of
interest in a test sample. A kit wherein the nucleic acid is
intended for use in PCR may include one or more other reagents
required for the reaction, such as polymerase, nucleosides,

5 buffer solution etc. The nucleic acid may be labelled. A kit
for use in determining the presence or absence of nucleic acid
of interest may include one or more articles and/or reagents
for performance of the method, such as means for providing the
test sample itself, e.g. a swab for removing cells from the

10 buccal cavity or a syringe for removing a blood sample (such
components generally being sterile).

According to a further aspect, the present invention
provides a nucleic acid molecule including a LRP5 gene
promoter.

15 In another aspect, the present invention provides a
nucleic acid molecule including a promoter, the promoter
including the sequence of nucleotides shown in Figure 12 (e) or
Figure 15(b). The promoter may comprise one or more fragments
of the séquence shown in Figure 12 (e) or Figure 15 (b),

20 sufficient to promote gene expression. The promoter may
comprise or consist essentially of a sequence of nucleotides
5’ to the LRP5 gene in the human chromosome, or an equivalent
sequence in another species, such as the mouse.

Any of the sequences disclosed in the figures herein may

'25be used to construct a probe for use in identification and
isolation of a promoter from a genomic library containing a
genomic LRP5 gene. Techniques and conditions for such probing
are well known in the art and are discussed elsewhere herein.
To find minimal elements or motifs responsible for tissue

30 and/or developmental regulation, restriction enzyme or
nucleases may be used to digest a nucleic acid molecule,
followed by an appropriate assay (for example using a reporter
gene such as luciferase) to determine the sequence required.

A preferred embodiment of the present invention provides a

35nucleic acid isolate with the minimal nucleotide sequence
shown in Figure 12(e) or Figure 15(b) required for promoter
activity.

As noted, the promoter may comprise one or more sequence
motifs or elements conferring developmental and/or tissue-



WO 98/46743 PCT/GB98/01102

32

specific regulatory control of expression. Other regulatory
sequences may be included, for instance as identified by
mutation or digest assay in an appropriate expression system
or by sequence comparison with available information, e.g.

Susing a computer to search on-line databases.

By "promoter" is meant a sequence of nucleotides from
which transcription may be initiated of DNA operably linked
downstream (i.e. in the 3’ direction on the sense strand of
double-stranded DNA) .

10 "Operably linked" means joined as ‘part of the same
nucleic acid molecule, suitably positioned and oriented for
transcription to be initiated from the promoter. DNA operably
linked to a promoter is "under transcriptional initiation
regulation" of the promoter.

15 The present invention extends to a promoter which has a
nucleotide sequence which is allele, mutant, variant or
derivative, by way of nucleotide addition, insertion,
substitution or deletion of a promoter sequence as provided
herein. Preferred levels of sequence homology with a provided

20 sequence may be analogous to those set out above for encoding
nucleic acid and polypeptides according to the present
invention. Systematic or random mutagenesis of nucleic acid
to make an alteration to the nucleotide sequence may be
performed using any technique known to those skilled in the

25art. One or more alterations to a promoter sequence according
to the present invention may increase or decrease promoter
activity, or increase or decrease the magnitude of the effect
of a substance able to modulate the promoter activity.

"Promoter activity" is used to refer to ability to

30 initiate transcription. The level of promoter activity is
quantifiable for instance by assessment of the amount of mRNA
produced by transcription from the promoter or by assessment
of the amount of protein product produced by translation of
mRNA produced by transcription from the promoter. The amount

350f a specific mRNA present in an expression system may be
determined for example using specific oligonucleotides which
are able to hybridise with the mRNA and which are labelled or
may be used in a specific amplification reaction such as the
polymerase chain reaction. Use of a reporter gene facilitates
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determination of promoter activity by reference to protein
production. '

Further provided by the present invention is a nucleic
acid construct comprising a LRP5 promoter region or a

s fragment, mutant, allele, derivative or variant thereof able
to promoter transcription, operably linked to a heterologous
gene, e.g. a coding sequence. A "heterologous" or "exogenous"
gene is generally not a modified form of LRP5. Generally, the
gene may be transcribed into mRNA which may be translated into

10a peptide or polypeptide product which ‘may be detected and
preferably quantitated following expression. A gene whose
encoded product may be assayed following expression is termed
a "reporter gene", i.e. a gene which "reports" on promoter
activity.

15 The reporter gene preferably encodes an enzyme which
catalyses a reaction which produces a detectable signal,
preferably a visually detectable signal, such as a coloured
product. Many examples are known, including B-galactosidase
and luciferase. f- galactosidase activity may be assayed by

20 production of blue colour on substrate, the assay being by eye
or by use of a spectro-photometer to measure absorbance.
Fluorescence, for example that produced as a result of
luciferase activity, may be quantitated using a
spectrophotometer. Radioactive assays may be used, for

25 instance using chloramphenicol acetyltransferase, which may
also be used in non-radioactive assays. The presence and/or
amount of gene product resulting from expression from the
reporter gene may be determined using a molecule able to bind
the product, such as an antibody or fragment thereof. The

30 binding molecule may be labelled directly or indirectly using
any standard technique.

Those skilled in the art are well aware of a multitude of
possible reporter genes and assay techniques which may be used
to determine gene activity. Any suitable reporter/assay may

35be used and it should be appreciated that no particular choice
is essential to or a limitation of the present invention.

Nucleic acid constructs comprising a promoter (as
disclosed herein) and a heterologous gene (reporter) may be
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employed in screening for a substance able to modulate

activity of the promoter. For therapeutic purposes, e.g. for |,
treatment of IDDM or other disease, a substance able to‘up—
regulate expression of the promoter may be sought. A method

5 of screening for ability of a substance to modulate activity
of a promoter may comprise contacting an expression system,
such as a host cell, containing a nucleic acid construct as
herein disclosed with a test or candidate substance and
determining expression of the heterologous gene.

10 The level of expression in the presence of the test
substance may be compared with the level of expression in the
absence of the test substance. A difference in expression in
the presence of the test substance indicates ability of the
substance to modulate gene expression. An increase in

15 expression of the heterologous gene compared with expression
of another gene not linked to a promoter as disclosed herein
indicates specificity of the substance for modulation of the
promoter.

A promoter construct may be introduced into a cell line

20 using any technique previously described to produce a stable
cell line containing the reporter construct integrated into
the genome. The cells may be grown and incubated with test
compounds for varying times. The cells may be grown in 96
well plates to facilitate the analysis of large numbers of

25 compounds. The cells may then be washed and the reporter gene
expression analysed. For some reporters, such as luciferase
the cells will be lysed then analysed.

Following identification of a substance which modulates
or affects promoter activity, the substance may be

30 investigated further. Furthermore, it may be manufactured
and/or used in preparation, i.e. manufacture or formulation,
of a composition such as a medicament, pharmaceutical
composition or drug. These may be administered to
individuals.

35 Thus, the present invention extends in various aspects
not only to a substance identified using a nucleic acid
molecule as a modulator of promoter activity, in accordance
with what is disclosed herein, but also a pharmaceutical
composition, medicament, drug or other composition comprising
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such a substance, a method comprising administration of such a
composition to a patient, e.g. for increasing LRP5 expression
for instance in treatment (which may include preventati?e
treatment) of IDDM or other disease, use of such a substance
in manufacture of a composition for administration, e.g. for
increasing LRP5 expression for instance in treatment of IDDM
or other disease, and a method of making a pharmaceutical
composition comprising admixing such a substance with a
pharmaceutically acceptable excipient, vehicle or carrier, and
optionally other ingredients.

A further aspect of the present invention provides a
polypeptide which has the amino acid sequence shown in Figure
S(c), which may be in isolated and/or purified form, free or
substantially free of material with which it is naturally
associated, such as other polypeptides or such as human
polypeptides other than that for which the amino acid sequence
is shown in Figure 5(c), or (for example if produced by
expression in a prokaryotic cell) lacking in native
glycosylation, e.g. unglycosylated. Further polypeptides
according to the present invention have an amino acid
sequence selected from that shown in the polypeptide shown in
Figure 11(c), that shown in 12(d), and the partial polypeptide
shown in Figure 16(d). _ '

Polypeptides which are amino acid sequence variants,
alleles, derivatives or mutants are also provided by the
present invention. A polypeptide which is a variant, allele,
derivative or mutant may have an amino acid sequence which
differs from that given in a figure herein by one or more of

30 addition, substitution, deletion and insertion of one or more

amino acids. Preferred such polypeptides have LRP5 function,
that is to say have one or more of the following properties:
immunological cross-reactivity with an antibody reactive the
polypeptide for which the sequence is given in a figure

35 herein; sharing an epitope with the polypeptide for which the

amino acid sequence is shown in a figure herein (as determined
for example by immunological cross-reactivity between the two
polypeptides; a biological activity which is inhibited by an
antibody raised against the polypeptide whose sequence is
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shown in a figure herein; ability to reduce serum
triglyceride; ability to reduce serum cholesterol; ability to
interact with and/or reduce serum levels of very low—dehsity
lipoprotein particles; ability to affect serum alkaline

5 phosphatase levels. Alteration of sequence may change the
nature and/or level of activity and/or stability of the LRPS

protein.

A polypeptide which is an amino acid sequence variant,

10 allele, derivative or mutant of the amino acid sequence shown
in a figure herein may comprise an amino acid sequence which
shares greater than about 35% sequence identity with the
sequence shown, greater than about 40%, greater than about
50%, greater than about 60%, greater than about 70%, greater

15 than about 80%, greater than about 90% or greater than about
95%. The sequence may share greater than about 60%
similarity, greater than about 70% similarity, greater than
about 80% similarity or greater than about 90% similarity with
the amino acid sequence shown in the relevant figure. Amino

20 acid similarity is generally defined with reference to the
algorithm GAP (Genetics Computer Group, Madison, WI) as noted
above, or the TBLASTN program, of Altschul et al. (1990) J.
Mol. Biol. 215: 403-10. Similarity allows for "conservative
variation", i.e. substitution of one hydrophobic residue such

25 as isoleucine, valine, leucine or methionine for another, or
the substitution of one polar residue for another, such as
arginine for lysine, glutamic for aspartic acid, or glutamine
for asparagine. Particular amino acid sequence variants may
differ from that shown in a figure herein by insertion,

30 addition, substitution or deletion of 1 amino acid, 2, 3, 4,
5-10, 10-20 20-30, 30-50, 50-100, 100-150, or more than 150
amino acids.

Sequence comparison may be made over the full-length of
the relevant sequence shown herein, or may more preferably be

35 over a contiguous sequence of about or greater than about 20,
25, 30, 33, 40, 50, 67, 133, 167, 200, 233, 267, 300, 333,
400, 450, 500, 600, 700, 800, 900, 1000, 1100, 1200, 1300,
1400, 1500, 1600, or more amino acids or nucleotide triplets,
compared with the relevant amino acid sequence or nucleotide
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sequence as the case may be.

The present invention also includes active portions,

fragments, derivatives and functional mimetics of the
polypeptides of the invention. An "active portion" of a

5 polypeptide means a peptide which is less than said full

length polypeptide, but which retains a biological activity,
such as a biological activity selected from binding to ligand,

" involvement in endocytosis. Thus an active portion of the

LRPS5 polypeptide may, in one embodiment, include the

10 transmembrane domain and the portion of the cytoplasmic tail

involved in endocytosis. Such an active fragment may be
included as part of a fusion protein, e.g. including a binding
portion for a different ligand. In different embodiments,
combinations of LDL and EGF motifs may be included in a

15molecule to confer on the molecule different binding

specificities.

A "fragment" of a polypeptide generally means a stretch

of amino acid residues of at least about five contiguous amino
acids, often at least about seven contiguous amino acids,

20 typically at least about nine contiguous amino acids, more

preferably at least about 13 contiguous amino acids, and, more
preferably, at least about 20 to 30 or more contiguous amino
acids. Fragments of the LRP5 polypeptide sequence may include
antigenic determinants or epitopes useful for raising

25 antibodies to a portion of the amino acid sequence. Alanine

30

35

scans are commonly used to find and refine peptide motifs
within polypeptides, this involving the systematic replacement
of each residue in turn with the amino acid alanine, followed
by an assessment of biological activity.

Preferred fragments of LRP5 include those with any of the
following amino acid sequences:

SYFHLFPPPPSPCTDSS

VDGRQNIKRAKDDGT

EVLFTTGLIRPVALVVDN

IQGHLDFVMDILVFHS,
which may be used for instance in raising or isolating
antibodies. Variant and derivative peptides, peptides which
have an amino acid sequence which differs from one of these
sequences by way of addition, insertion, deletion or
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substitution of one or more amino acids are also provided by
the present invention, generally with the proviso that the
variant or derivative peptide is bound by an antibody or other
specific binding member which binds one of the peptides whose
5 sequence is shown. A peptide which is a variant or
derivative of one of the shown peptides may compete with the
shown peptide for binding to a specific binding member, such
as an antibody or antigen-binding fragment thereof.

A "derivative" of a polypeptide or a fragment thereof may

10 include a polypeptide modified by varying the amino acid
sequence of the protein, e.g. by manipulation of the nucleic
acid encoding the protein or by altering the protein itself.
Such derivatives of the natural amino acid sequence may
involve one or more of insertion, addition, deletion or

15 substitution of one or more amino acids, which may be without
fundamentally altering the qualitative nature of biological
activity of the wild type polypeptide. Also encompassed
within the scope of the present invention are functional
mimetics of active fragments of the LRP5 polypeptides provided

20 (including alleles, mutants, derivatives and variants). The
term "functional mimetic" means a substance which may not
contain an active portion of the relevant amino acid sequence,
and probably is not a peptide at all, but which retains in
qualitative terms biological activity of natural LRP5

25 polypeptide. The design and screening of candidate mimetics
is described in detail below.

Sequences of amino acid sequence variants representative
of preferred embodiments of the present invention are shown in
Table 5 and Table 6. Screening for the presence of one or

30 more of these in a test sample has a diagnostic and/or
prognostic use, for instance in determining IDDM or other
disease susceptibility, as discussed below.

Other fragments of the polypeptides for which sequence
35 information is provided herein are provided as aspects of the
present invention, for instance corresponding to functional
domains. One such functional domain is the putative
extracellular domain, such that a polypeptide fragment
according to the present invention may include the
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extracellular domain of the polypeptide of which the amino
acid sequence is shown in Figure S5(e) or Figure 5(c). This-
runs to amino acid 1385 of the precursor sequence of Figure
5(c) . Another useful LRP5 domain is the cytoplasmic domain,
5207 amino acids shown in Figure 5(d) . This may be used in
targeting proteins to move through the endocytotic pathway.

A polypeptide according to the present invention may be
isolated and/or purified (e.g. using an antibody) for instance

10 after production by expression from encoding nucleic acid (for
which see below). Thus, a polypeptide may be provided free or
substantially free from contaminants with which it is
naturally associated (if it is a naturally-occurring
polypeptide). A polypeptide may be provided free or

15 substantially free of other polypeptides. Polypeptides
according to the present invention may be generated wholly or
partly by chemical synthesis. The isolated and/or purified
polypeptide may be used in formulation of a composition, which
‘may include at least one additional component, for example a

20 pharmaceutical composition including a pharmaceutically
acceptable excipient, vehicle or carrier. A composition
including a polypeptide according to the invention may be used
in prophylactic and/or therapeutic treatment as discussed
below. '

25 A polypeptide, peptide fragmént, allele, mutant,
derivative or variant according to the present invention may
be used as an immunogen or otherwise in obtaining specific
antibodies. Antibodies are useful in purification and other
manipulation of polypeptides and peptides, diagnostic

30 screening and therapeutic contexts. This is discussed further

below.

A polypeptide according to the present invention may be
used in screening for molecules which affect or modulate its
35activity or function, e.g. binding to ligand, involvement in
endocytosis, movement from an intracellular compartment to the
cell surface, movement from the cell surface to an
intracellular compartment. Such molecules may interact with
the ligand bihding portion of LRP5, the cytoplasmic portion of
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LRP5, or with one or more accessory molecules e.g. involved in
movement of vesicles containing LRP5 to and from the cell
surface, and may be useful in a therapeutic (possibly
including prophylactic) context.

5 It is well known that pharmaceutical research leading to
the identification of a new drug may involve the screening of
very large numbers of candidate substances, both before and

“even after a lead compound has been found. This is one factor
which makes pharmaceutical research very expensive and time-

10 consuming. Means for assisting in the 'screening process can
have considerable commercial importance and utility. Such
means for screening for substances potentially useful in
treating or preventing IDDM or other disease is provided by
polypeptides according to the present invention. Substances

15 identified as modulators of the polypeptide represent an
advance in the fight against IDDM and other diseases since
they provide basis for design and investigation of
therapeutics for in vivo use. Furthermore, they may be useful
in any of a number of conditions, including autoimmune

20 diseases, such as glomerulonephritis, diseases and disorders
involving disruption of endocytosis and/or antigen
presentation, diseases and disorders involving cytokine
clearance and/or inflammation, viral infection, pathogenic
bacterial toxin contamination, elevation of free fatty acids

25 or hypercholesterolemia, type 2 diabetes, osteoporosis, and
Alzheimer’s disease, given the functional indications for"
LRP5, discussed elsewhere herein. As noted elsewhere, LRPS5,
fragments thereof, and nucleic acid according to the invention
may also be useful in combatting any of these diseases and

30 disorders.

A method of screening for a substance which modulates
activity of a polypeptide may include contacting one or more
test substances with the polypeptide in a suitable reaction

35 medium, testing the activity of the treated polypeptide and
comparing that activity with the activity of the polypeptide
in comparable reaction medium untreated with the test
substance or substances. A difference in activity between the
treated and untreated polypeptides is indicative of a
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modulating effect of the relevant test substance or
substances.
Combinatorial library technology (Schultz, JS (1996)
Biotechnol. Prog. 12:729-743) provides an efficient way of
S testing a potentially vast number of different substances for
ability to modulate activity of a polypeptide. Prior to or as
well as being screened for modulation of activity, test
substances may be screened for ability to interact with the
polypeptide, e.g. in a yeast two-hybrid system (which requires
10 that both the polypeptide and the test ‘substance can be
expressed in yeast from encoding nucleic acid). This may be
used as a coarse screen prior to testing a substance for
actual ability to modulate activity of the polypeptide.

15 Following identification of a substance which modulates
or affects polypeptide activity, the substance may be
investigated further. Furthermore, it may be manufactured
and/or used in preparation, i.e. manufacture or formulation,
of a composition such as a medicament, pharmaceutical

20 composition or drug. These may be administered to
individuals. |

Thus, the present invention extends in various aspects
not only to a substance identified as a modulator of
polypeptide activity, in accordance with what is disclosed

25 herein, but also a pharmaceutical composition, medicament,
drug or other composition comprising such a substance, a
method comprising administration of such a composition to a
patient, e.g. for treatment (which may include preventative
treatment) of IDDM or other disease, use of such a substance

30 in manufacture of a composition for administration, e.g. for
treatment of IDDM or other disease, and a method of making a
pharmaceutical composition comprising admixing such a
substance with a pharmaceutically acceptable excipient,
vehicle or carrier, and optionally other ingredients.

35

A substance identified using as a modulator of
polypeptide or promoter function may be peptide or non-peptide
in nature. Non-peptide "small molecules" are often pfeferred
for many in vivo pharmaceutical uses. Accordingly, a mimetic
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or mimick of the substance (particularly if a peptide) may be
designed for pharmaceutical use. The designing of mimetics to
a known phafmaceutically active compound is a known appfoach
to the development of pharmaceuticals based on a "lead"

5 compound. This might be desirable where the active compound
is difficult or expensive to synthesise or where it is
unsuitable for a particular method of administration, e.g.
peptides are not well suited as active agents for oral
compositions as they tend to be quickly degraded by proteases

10 in the alimentary canal. Mimetic design, synthesis and
testing may be used to avoid randomly screening large number
of molecules for a target property.

There are several steps commonly taken in the design of
a mimetic from a compound having a given target property.

15 Firstly, the particular parts of the compound that are
critical and/or important in determining the target property
are determined. In the case of a peptide, this can be done by
systematically varying the amino acid residues in the peptide,
e.g. by substituting each residue in turn. These parts or

20 residues constituting the active region of the compound are
known as its "pharmacophore".

Once the pharmacophore has been found, its structure is
modelled to according its physical properties, e.g.
stereochemistry, bonding, size and/or charge, using data from

25 a range of sources, e.g. spectroscopic techniques, X-ray
diffraction data and NMR. Computational analysis, similarity
mapping (which models the charge and/or volume of a
pharmacophore, rather than the bonding between atoms) and
other techniques can be used in this modelling process.

30 In a variant of this approach, the three-dimensional
structure of the ligand and its binding partner are modelled.
This can be especially useful where the ligand and/or binding
partner change conformation on binding, allowing the model to
take account of this the design of the mimetic.

35 A template molecule is then selected onto which chemical
groups which mimic the pharmacophore can be grafted. The
template molecule and the chemical groups grafted on to it can
conveniently be selected so that the mimetic is easy to
synthesise, is likely to be pharmacologically acceptable, and
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does not degrade in vivo, while retaining the biological
activity of the lead compound. The mimetic or mimetics found
by this appfoach can then be screened to see whether they have
the target property, or to what extent they exhibit it.

5 Further optimisation or modification can then be carried out
to arrive at one or more final mimetics for in vivo or
clinical testing.

Mimetics of substances identified as having ability to
modulate LRP5 polypeptide or promoter activity using a

10 screening method as disclosed herein are included within the
scope of the present invention. A polypeptide, peptide or
substance able to modulate activity of a polypeptide according
to the present invention may be provided in a kit, e.g. sealed
in a suitable container which protects its contents from the

15 external environment. Such a kit may include instructions for

use.

A convenient way of producing a polypeptide according to
the present invention is to express nucleic acid encoding it,

20 by use of the nucleic acid in an expression system.
Accordingly, the present invention also encompasses a method
of making a polypeptide (as disclosed), the method including
expression from nucleic acid encoding the polypeptide
(generally nucleic acid according to the invention). This

25may conveniently be achieved by growing a host cell in
culture, containing such a vector, under appropriate
conditions which cause or allow expression of the polypeptide.
Polypeptides may also be expressed in in vitro systems, such
as reticulocyte lysate.

30 Systems for cloning and expression of a polypeptide in a
variety of different host cells are well known. Suitable host
cells include bacteria, eukaryotic cells such as mammalian and
yeast, and baculovirus systems. Mammalian cell lines
available in the art for expression of a heterologous

35 polypeptide include Chinese hamster ovary cells, HeLa cells,
baby hamster kidney cells, COS cells and many others. A
common, preferred bacterial host is E. coli. Suitable vectors
can be chosen or constructed, containing appropriate

regulatory sequences, including promoter sequences, terminator
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fragments, polyadenylation sequences, enhancer sequences,
marker genes and other sequences as appropriate. Vectors may
be plasmids; viral e.g. ‘phage, or phagemid, as appropriate.
For further details see, for example, Molecular Cloning: a
Laboratory Manual: 2nd edition, Sambrook et al., 1989, Cold
Spring Harbor Laboratory Press. Many known techniques and
protocols for manipulation of nucleic acid, for example in
preparation of nucleic acid constructs, mutagenesis,
sequencing, introduction of DNA into cells and gene
expression, and analysis of proteins, are described in detail
in Current Protocols in Molecular Biology, Ausubel et al.
eds., John Wiley & Sons, 1992.

Thus, a further aspect of the present invention provides
a host cell containing nucleic acid as disclosed herein. The
nucleic acid of the invention may be integrated into the
genome (e.g. chromosome) of the host cell. Integration may be
promoted by inclusion of sequences which promote recombination
with the genome, in accordance with standard techniques. The
nucleic acid may be on an extra-chromosomal vector within the
cell.

A still further aspect provides a method which includes
introducing the nucleic acid into a host. cell. The
introduction, which may (particularly for in vitro
introduction) be generally referred to without limitation as
"transformation", may employ any available technique. For
eukaryotic cells, suitable techniques may include calcium
phosphate transfection, DEAE-Dextran, electroporation,
liposome-mediated transfection and transduction using
retrovirus or other virus, e.g. vaccinia or, for insect cells,

30 baculovirus. For bacterial cells, suitable techniques may

include calcium chloride transformation, electroporation and
transfection using bacteriophage.

Marker genes such as antibiotic resistance or sensitivity
genes may be used in identifying clones containing nucleic

35acid of interest, as is well known in the art.

The introduction may be followed by causing or allowing
expression from the nucleic acid, e.g. by culturing host cells
(which may include cells actually transformed although more
likely the cells will be descendants of the transformed
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cells) under conditions for expression of the gene, so that
the encoded polypeptide is produced. If the polypeptide is -
expressed cbupled to an appropriate signal leader peptide it
may be secreted from the cell into the culture medium.

S Following production by expression, a polypeptide may be
isolated and/or purified from the host cell and/or culture
medium, as the case may be, and subsequently used as desired,
e.g. in the formulation of a composition which may include one
or more additional components, such as a pharmaceutical

10 composition which includes one or more ‘pharmaceutically
acceptable excipients, vehicles or carriers (e.g. see below).

Introduction of nucleic acid may take place in vivo by
way of gene therapy, as discussed below. A host cell
containing nucleic acid according to the present invention,

15e.g. as a result of introduction of the nucleic acid into the
cell or into an ancestor of the cell and/or genetic alteration
of the sequence endogenous to the cell or ancestor (which
introduction or alteration may take place in vivo or ex vivo),
may be comprised (e.g. in the soma) within an organism which

'20is an animal, particularly a mammal, which may be human or
non-human, such as rabbit, guinea pig, rat, mouse or other
rodent, cat, dog, pig, sheep, goat, cattle or horse, or which
is a bird, such as a chicken. Genetically modified or
transgenic animals or birds comprising such a cell are also

25 provided as further aspects of the present invention.

Thus, in various further aspects, the present invention
provides a non-human animal with a human LRP5 transgene
within its genome. The transgené may have the sequence of any
of the isoforms identified herein or a mutant, derivative,

30 allele or variant thereof as disclosed. 1In one preferred
embodiment, the heterologous human LRP5 sequence replaces the
endogenous animal sequence. In other preferred embodiments,
one or more copies of the human LRP5 sequence are added to

the animal genome.

35 Preferably the animal is a rodent, and most preferably
mouse or rat.
This may have a therapeutic aim. (Gene therapy is
discussed below.) The presence of a mutant, allele or variant

sequence within cells of an organism, particularly when in
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place of a homologous endogenous sequence, may allow the
organism to be used as a model in testing and/or studying the
role of the LRP5 gene or substances which modulate activity
of the encoded polypeptide and/or promoter in vitro or are

5 otherwise indicated to be of therapeutic potential.

An animal model for LRP5 deficiency may be constructed
using standard techniques for introducing mutations into an
animal germ-line. In one example of this approach, using a
mouse, a vector carrying an insertional mutation within the

10 LRP5 gene may be transfected into embryonic stem cells. A
selectable marker, for example an antibiotic resistance gene
such as neoR, may be included to facilitate selection of
clones in which the mutant gene has replaced the endogenous
wild type homologue. Such clones may be also be identified or

15 further investigated by Southern blot hybridisation. The
clones may then be expanded and cells injected into mouse
blastocyst stage embryos. Mice in which the injected cells
have contributed to the development of the mouse may be
identified by Southern blotting. These chimeric mice may then

20 be bred to produce mice which carry one copy of the mutation
in the germ line. These heterozygous mutant animals may then
be bred to produce mice carrying mutations in the gene
homozygously. The mice having a heterozygous mutation in the
LRP5 gene may be a suitable model for human individuals having

25 one copy of the gene mutated in the germ line who are at risk
of developing IDDM or other disease. '

Animal models may also be useful for any of the various
diseases discussed elsewhere herein.

30 Instead of or as well as being used for the production of
a polypeptide encoded by a transgene, host cells may be used
as a nucleic acid factory to replicate the nucleic acid of
interest in order to generate large amounts of it. Multiple
copies of nucleic acid of interest may be made within a cell

35 when coupled to an amplifiable gene such as dihyrofolate
reductase (DHFR), as is well known. Host cells transformed
with nucleic acid of interest, or which are descended from
host cells into which nucleic acid was introduced, may be
cultured under suitable conditions, e.g. in a fermentor, taken
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from the culture and subjected to processing to purifiy the
nucleic acid. Following purification, the nucleic acid or one
or more fraéments thereof may be used as desired, for instance
in a diagnostic or prognostic assay as discussed elsewhere

herein.

The provision of the novel LRP-5 polypeptide isoforms and
mutants, alleles, variants and derivatives enables for the
first time the production of antibodies able to bind these
molecules specifically. .

Accordingly, a further aspect of the present invention
provides an antibody able to bind specifically to the
polypeptide whose sequence is given in a figure herein. Such
an antibody may be specific in the sense of being able to
distinguish between the polypeptide it is able to bind and
other human polypeptides for which it has no or substantially
no binding affinity (e.g. a binding affinity of about 1000x
less). Specific antibodies bind an epitope on the molecule
which is either not present or is not accessible on other
molecules. Antibodies according to the present invention may
be specific for the wild-type polypeptide. Antibodies
according to the invention may be specific for a particular
mutant, variant, allele or derivative polypeptide as between
that molecule and the wild-type polypeptide, so as to be
useful in diagnostic and prognostic methods as discussed
below. Antibodies are also useful in purifying the
polypeptide or polypeptides to which they bind, e.g. following
production by recombinant expression from encoding nucleic
acid.

Preferred antibodies according to the invention are
isolated, in the sense of being free from contaminants such as
antibodies able to bind other polypeptides and/or free of
serum components. Monoclonal antibodies are preferred for
some purposes, though polyclonal antibodies are within the
scope of the present invention.

Antibodies may be obtained using techniques which are
standard in the art. Methods of producing antibodies include
immunising a mammal (e.g. mouse, rat, rabbit, horse, goat,
sheep or monkey) with the protein or a fragment thereof.
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Antibodies may be obtained from immunised animals using any of
a variety of techniques known in the art, and screened,
preferably ﬁsing binding of antibody to antigen of interest.
For instance, Western blotting techniques or

S immunoprecipitation may be used (Armitage et al., 1992,

Nature 357: 80-82). Isolation of antibodies and/or antibody-
producing cells from an animal may be accompanied by a step of
sacrificing the animal.

As an alternative or supplement to immunising a mammal

10 with a peptide, an antibody specific for a protein may be
obtained from a recombinantly produced library of expressed
immunoglobulin variable domains, e.g. using lambda
bacteriophage or filamentous bacteriophage which display
functional immunoglobulin binding domains on their surfaces;

15 for instance see W092/01047. The library may be naive, that
is constructed from sequences obtained from an orgénism which
has not been immunised with any of the proteins (or
fragments), or may be one constructed using sequences obtained
from an organism which has been exposed to the antigen of

20 interest.

Suitable peptides for use in immunising an animal and/or
isolating anti-LRPS antibody include any of the following
amino acid sequences:

SYFHLFPPPPSPCTDSS

25 VDGRONIKRAKDDGT

EVLFTTGLIRPVALVVDN

IQGHLDFVMDILVFHS.

Antibodies according to the present invention may be
30modified in a number of ways. Indeed the term "antibody"
should be construed as covering any binding substance having a
binding domain with the required specificity. Thus the
invention covers antibody fragments, derivatives, functional
equivalents and homologues of antibodies, including synthetic
35molecules and molecules whose shape mimicks that of an
antibody enabling it to bind an antigen or epitope.
Example antibody fragments, capable of binding an antigen
or other binding partner are the Fab fragment consisting of
the VL, VH, Cl and CH1l domains; the Fd fragment consisting of
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the VH and CH1l domains; the Fv fragment consisting of the VL
and VH domains of a single arm of an antibody; the dab
fragment wHich consists of a VH domain; isolated CDR regions
and F(ab’)2 fragments, a bivalent fragment including two Fab

5 fragments linked by a disulphide bridge at the hinge region.
Single chain Fv fragments are also included.

A hybridoma producing a monoclonal antibody according to
the present invention may be subject to genetic mutation or
other changes. It will further be understood by those skilled

10in the art that a monoclonal antibody can be subjected to the
techniques of recombinant DNA technology to produce other
antibodies or chimeric molecules which retain the specificity
of the original antibody. Such techniques may involve
introducing DNA encoding the immunoglobulin variable region,

150r the complementarity determining regions (CDRs), of an
antibody to the constant regions, or constant regions plus
framework regions, of a different immunoglobulin. See, for
instance, EP184187A, GB 2188638A or EP-A-0239400. Cloning and
expression of chimeric antibodies are described in EP-A-

20 0120694 and EP-A-0125023.

Hybridomas capabie of producing antibody with desired
binding characteristics are within the scope of the present
invention, as are host cells, eukaryotic or prokaryotic,
containing nucleic acid encoding antibodies (including

25 antibody fragments) and capable of their expression. The
invention also provides methods of production of the
antibodies including growing a cell capable of producing the
antibody under conditions in which the antibody is produced,
and preferably secreted.

30 The reactivities of antibodies on a sample may be
determined by any appropriate means. Tagging with individual
reporter molecules is one possibility. The reporter molecules
may directly or indirectly generate detectable, and preferably
measurable, signals. The linkage of reporter molecules may be

35directly or indirectly, covalently, e.g. via a peptide bond or
non-covalently. Linkage via a peptide bond may be as a result
of recombinant expression of a gene fusion encoding antibody
and reporter molecule.

One favoured mode is by covalent linkage of each antibody
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with an individual fluorochrome, phosphor or laser dye with

spectrally isolated absorption or emission characteristics. -

Suitable fluorochromes include fluorescein, rhodamine,

phycoerythrin and Texas Red. Suitable chromogenic dyes
5include diaminobenzidine.

Other reporters include macromolecular colloidal
particles or particulate material such as latex beads that are
coloured, magnetic or paramagnetic, and biologically or
chemically active agents that can directly or indirectly cause

10 detectable signals to be visually observed, electronically
detected or otherwise recorded. These molecules may be
enzymes which catalyse reactions that develop or change
colours or cause changes in electrical properties, for
example. They may be molecularly excitable, such that

15 electronic transitions between energy states result in
characteristic spectral absorptions or emissions. They may
include chemical entities used in conjunction with
biosensors. Biotin/avidin or biotin/streptavidin and alkaline
phosphatase detection systems may be employed.

20 The mode of determining binding is not a feature of the
present invention and those skilled in the art are able to
choose a suitable mode according to their preference and
general knowledge. Particular embodiments of antibodies
according to the present invention include antibodies able to

25bind and/or which bind specifically, e.g. with an affinity of
at least 10"’ M, to one of the following peptides:

SYFHLFPPPPSPCTDSS

VDGRONIKRAKDDGT

EVLFTTGLIRPVALVVDN

30 IQGHLDFVMDILVFHS.

Antibodies according to the present invention may be used
in screening for the presence of a polypeptide, for example in
a test sample containing cells or cell lysate as discussed,
and may be used in purifying and/or isolating a polypeptide

35 according to the present invention, for instance following
production of the polypeptide by expression from encoding
nucleic acid therefor. Antibodies may modulate the activity
of the polypeptide to which they bind and so, if that
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polypeptide has a deleterious effect in an individual, may be
useful in a therapeutic context (which may include ~
prophylaxis) .

An antibody may be provided in a kit, which may include

5 instructions for use of the antibody, e.g. in determining the
presence of a particular substance in a test sample. One or
more other reagents may be included, such as labelling
molecules, buffer solutions, elutants and so on. Reagents may
be provided within containers which protect them from the

10 external environment, such as a sealed ‘vial.

The identification of the LRP5 gene and indications of
its association with IDDM and other diseases paves the way for
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