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ABSTRACT 

Diagnostics and therapeutics for osteoporosis, Which are 
based on the identi?cation of the subject’s IL-1 haplotype 
pattern are described. 
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DIAGNOSTICS AND THERAPEUTICS FOR 
OSTEOPOROSIS 

1. BACKGROUND OF THE INVENTION 

[0001] Osteoporosis 
[0002] In 1993, osteoporosis Was identi?ed as “one of the 
leading diseases of Women” by Bernadine Healy, MD, then 
director of the National Institutes of Health. Complications 
following osteoporosis fractures are the fourth leading cause 
of death for Women over the age of 65, folloWing heart 
disease, cancer and stroke. It is the leading cause of disabil 
ity in the United States and the most common cause of hip 
fracture. 

[0003] TWenty-?ve million Americans suffer from 
osteoporosis, of Which 85% are Women. Type 1 osteoporo 
sis, Which is postmenopausal osteoporosis stemming from 
loss of estrogen, affects more than half of all Women over 65 
and has been detected in as many as 90 percent of Women 
over age 75. Type II or senile osteoporosis Which is strictly 
age related, affects both men and Women usually over the 
age of seventy. Type III, the neWest classi?cation affecting 
both seXes, is drug-induced, for eXample, by long-term 
steroid therapy, knoWn to accelerate bone loss. Patient 
groups that receive long term steroid therapy include asth 
matics (7 million over the age of 18 in the United States) as 
Well a patients With rheumatoid arthritis or other autoim 
mune diseases. Type IV is caused by an underlying disease 
such as rheumatoid arthritis (prevalence of 1-2% in the 
population). 
[0004] Osteoporosis is responsible for a majority of the 
1.5 million bone fractures each year leading to disabilities 
costing 10 billion dollars in medical, social and nursing 
home costs. Even in the best hands, 40% of patients 65 years 
of age or older Will not survive tWo years folloWing a hip 
fracture. 

[0005] In 1991, one in three American Women Were 50 
years or older. The baby boom generation Will begin to enter 
this age group in 1996. Because the average Woman lives 
some thirty years after menopause, With present trends, 
osteoporosis threatens to be one of the biggest health threats 
of modern times. 

[0006] Lifestyle can be a factor in onset of osteoporosis 
and in particular can be an important factor in building and 
maintaining healthy bone mass to prevent osteoporosis. 
Currently, persons under 65 are more likely than their 
parents to have had a sedentary lifestyle, bad eating habits, 
increased alcohol and caffeine intake, and a history of 
greater medication associated With bone loss. It is also clear 
that there is a genetic predisposition to the development of 
osteoporosis (see WO 94/03633 for a discussion of genetic 
factors in osteoporosis, Which is herein incorporated by 
reference). 
[0007] It Would therefore be useful to be able to identify 
early those individuals at greatest risk for developing 
osteoporosis so that the individual can be counseled to make 
appropriate life style changes or institute other therapeutic 
interventions. For eXample, calcium supplements and exer 
cise have been shoWn to be valuable preventive factors if 
used during a critical early age WindoW. Hormone replace 
ment therapy (HRT) has also been used successfully to 
combat osteoporosis occurring after menopause. HRT may 
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be of greatest bene?t if used early in the disease process 
before major bone loss has occurred. Since HRT has poten 
tially serious side-effects, it Would be useful for Women to 
knoWn their personal risk level for osteoporosis When mak 
ing decisions about the use of HRT versus other interven 
tions aimed at reducing the risk of developing osteoporosis. 

[0008] The folloWing published patent applications 
describe a variety of methods for diagnosing, monitoring 
and/or treating osteoporosis: WO 94/20615, WO 95/01995, 
WO 94/14844, EP93113604, WO/8809457, WO93/11149 
and WO/9403633. The folloWing references describe the 
association of various IL-1 gene polymorphisms in 
osteoporosis: US. Pat. No. 5,698,399; Eastell, R. et al., 
(1998) Bone 23 (5S): S375; Eastell, R. et al. and Keen, R W 
et al., (1998) Bone 23: 367-371. 

[0009] Genetics of the IL-1 Gene Cluster 

[0010] The IL-1 gene cluster is on the long arm of chro 
mosome 2 (2q13) and contains at least the genes for IL-lO. 
(IL-1A), IL-1[3 (IL-1B), and the IL-1 receptor antagonist 
(IL-1RN), Within a region of 430 Kb (Nicklin, et al. (1994) 
Genomics, 19: 382-4). The agonist molecules, IL-1[3 and 
IL-1[3, have potent pro-in?ammatory activity and are at the 
head of many in?ammatory cascades. Their actions, often 
via the induction of other cytokines such as IL-6 and IL-8, 
lead to activation and recruitment of leukocytes into dam 
aged tissue, local production of vasoactive agents, fever 
response in the brain and hepatic acute phase response. All 
three IL-1 molecules bind to type I and to type II IL-1 
receptors, but only the type I receptor transduces a signal to 
the interior of the cell. In contrast, the type II receptor is shed 
from the cell membrane and acts as a decoy receptor. The 
receptor antagonist and the type II receptor, therefore, are 
both anti-in?ammatory in their actions. 

[0011] Inappropriate production of IL-1 plays a central 
role in the pathology of many autoimmune and in?amma 
tory diseases, including rheumatoid arthritis, in?ammatory 
boWel disorder, psoriasis, and the like. In addition, there are 
stable inter-individual differences in the rates of production 
of IL-1, and some of this variation may be accounted for by 
genetic differences at IL-1 gene loci. Thus, the IL-1 genes 
are reasonable candidates for determining part of the genetic 
susceptibility to in?ammatory diseases, most of Which have 
a multifactorial etiology With a polygenic component. 

[0012] Certain alleles from the IL-1 gene cluster are 
knoWn to be associated With particular disease states. For 
eXample, IL-1RN (VNTR) allele 2 (US. Pat. No. 5,698,399) 
and IL-1RN (VNTR) allele 1 (Keen R W et al., (1998) Bone 
23:367-371) have been reported to be associated With 
osteoporosis. Further IL-1RN (VNTR) allele 2 has been 
reported to be associated With nephropathy in diabetes 
mellitus (Blakemore, et al. (1996) Hum. Genet. 97(3): 
369-74), alopecia areata (Cork, et al., (1995) J. Invest. 
Dermatol. 104(5 Supp.): 15S-16S; Cork et al. (1996) Der 
matol Clin 14: 671-8), Graves disease (Blakemore, et al. 
(1995) J. Clin. Endocrinol. 80(1): 111-5), systemic lupus 
erythematosus (Blakemore, et al. (1994) Arthritis Rheum. 
37: 1380-85), lichen sclerosis (Clay, et al. (1994) Hum. 
Genet. 94: 407-10), and ulcerative colitis (Mans?eld, et al. 
(1994) Gastoenterol. 106(3): 637-42)). 
[0013] In addition, the IL-1A allele 2 from marker —889 
and IL-1B (TaqI) allele 2 from marker +3954 have been 
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found to be associated With periodontal disease (US. Pat. 
No. 5,686,246; Komman and diGiovine (1998) Ann Peri 
odont 3: 327-38; Hart and Komman (1997) Periodontol 
2000 14: 202-15; Newman (1997) Compend Contin Educ 
Dent 18: 881-4; Kornman et al. (1997) J. Clin Periodontol 
24: 72-77). The IL-1A allele 2 from marker-889 has also 
been found to be associated With juvenile chronic arthritis, 
particularly chronic iridocyclitis (McDoWell, et al. (1995) 
Arthritis Rheum. 38: 221-28 The IL-1B (TaqI) allele 2 
from marker +3954 of IL-1B has also been found to be 
associated With psoriasis and insulin dependent diabetes in 
DR3/4 patients (di Giovine, et al. (1995) Cytokine 7: 606; 
Pociot, et al. (1992) Eur J. Clin. Invest. 22: 396-402). 
Additionally, the IL-1RN (VNTR) allele 1 has been found to 
be associated With diabetic retinopathy (see US. Ser. No. 
09/037472, and PCT/GB97/02790). Furthermore allele 2 of 
IL-1RN (VNTR) has been found to be associated With 
ulcerative colitis in Caucasian populations from North 
America and Europe (Mans?eld, J. et al., (1994) Gastroen 
terology 106: 637-42). Interestingly, this association is par 
ticularly strong Within populations of ethnically related 
AshkenaZi JeWs (PCT WO97/25445). 

[0014] Genotype Screening 

[0015] Traditional methods for the screening of heritable 
diseases have depended on either the identi?cation of abnor 
mal gene products (e.g., sickle cell anemia) or an abnormal 
phenotype (e.g., mental retardation). These methods are of 
limited utility for heritable diseases With late onset and no 
easily identi?able phenotypes such as, for example, vascular 
disease. With the development of simple and inexpensive 
genetic screening methodology, it is noW possible to identify 
polymorphisms that indicate a propensity to develop dis 
ease, even When the disease is of polygenic origin. The 
number of diseases that can be screened by molecular 
biological methods continues to groW With increased under 
standing of the genetic basis of multifactorial disorders. 

[0016] Genetic screening (also called genotyping or 
molecular screening), can be broadly de?ned as testing to 
determine if a patient has mutations (alleles or polymor 
phisms) that either cause a disease state or are “linked” to the 
mutation causing a disease state. Linkage refers to the 
phenomenon th DNA sequences Which are close together in 
the genome have a tendency to be inherited together. TWo 
sequences may be linked because of some selective advan 
tage of co-inheritance. More typically, hoWever, tWo poly 
morphic sequences are co-inherited because of the relative 
infrequency With Which meiotic recombination events occur 
Within the region betWeen the tWo polymorphisms. The 
co-inherited polymorphic alleles are said to be in linkage 
disequilibrium With one another because, in a given human 
population, they tend to either both occur together or else not 
occur at all in any particular member of the population. 
Indeed, Where multiple polymorphisms in a given chromo 
somal region are found to be in linkage disequilibrium With 
one another, they de?ne a quasi-stable genetic “haplotype.” 
In contrast, recombination events occurring betWeen tWo 
polymorphic loci cause them to become separated onto 
distinct homologous chromosomes. If meiotic recombina 
tion betWeen tWo physically linked polymorphisms occurs 
frequently enough, the tWo polymorphisms Will appear to 
segregate independently and are said to be in linkage equi 
librium. 
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[0017] While the frequency of meiotic recombination 
betWeen tWo markers is generally proportional to the physi 
cal distance betWeen them on the chromosome, the occur 
rence of “hot spots” as Well as regions of repressed chro 
mosomal recombination can result in discrepancies betWeen 
the physical and recombinational distance betWeen tWo 
markers. Thus, in certain chromosomal regions, multiple 
polymorphic loci spanning a broad chromosomal domain 
may be in linkage disequilibrium With one another, and 
thereby de?ne a broad-spanning genetic haplotype. Further 
more, Where a disease-causing mutation is found Within or 
in linkage With this haplotype, one or more polymorphic 
alleles of the haplotype can be used as a diagnostic or 
prognostic indicator of the likelihood of developing the 
disease. This association betWeen otherWise benign poly 
morphisms and a disease-causing polymorphism occurs if 
the disease mutation arose in the recent past, so that suf? 
cient time has not elapsed for equilibrium to be achieved 
through recombination events. Therefore identi?cation of a 
human haplotype Which spans or is linked to a disease 
causing mutational change, serves as a predictive measure of 
an individual’s likelihood of having inherited that disease 
causing mutation. Importantly, such prognostic or diagnostic 
procedures can be utiliZed Without necessitating the identi 
?cation and isolation of the actual disease-causing lesion. 
This is signi?cant because the precise determination of the 
molecular defect involved in a disease process can be 
dif?cult and laborious, especially in the case of multifacto 
rial diseases such as in?ammatory disorders. 

[0018] Indeed, the statistical correlation betWeen an 
in?ammatory disorder and an IL-1 polymorphism does not 
necessarily indicate that the polymorphism directly causes 
the disorder. Rather the correlated polymorphism may be a 
benign allelic variant Which is linked to (ie in linkage 
disequilibrium With) a disorder-causing mutation Which has 
occurred in the recent human evolutionary past, so that 
suf?cient time has not elapsed for equilibrium to be achieved 
through recombination events in the intervening chromo 
somal segment. Thus, for the purposes of diagnostic and 
prognostic assays for a particular disease, detection of a 
polymorphic allele associated With that disease can be 
utiliZed Without consideration of Whether the polymorphism 
is directly involved in the etiology of the disease. Further 
more, Where a given benign polymorphic locus is in linkage 
disequilibrium With an apparent disease-causing polymor 
phic locus, still other polymorphic loci Which are in linkage 
disequilibrium With the benign polymorphic locus are also 
likely to be in linkage disequilibrium With the disease 
causing polymorphic locus. Thus these other polymorphic 
loci Will also be prognostic or diagnostic of the likelihood of 
having inherited the disease-causing polymorphic locus. 
Indeed, a broad-spanning human haplotype (describing the 
typical pattern of co-inheritance of alleles of a set of linked 
polymorphic markers) can be targeted for diagnostic pur 
poses once an association has been draWn betWeen a par 
ticular disease or condition and a corresponding human 
haplotype. Thus, the determination of an individual’s like 
lihood for developing a particular disease of condition can 
be made by characteriZing one or more disease-associated 
polymorphic alleles (or even one or more disease-associated 
haplotypes) Without necessarily determining or characteriZ 
ing the causative genetic variation. 
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2. SUMMARY OF THE INVENTION 

[0019] In one aspect, the present invention provides novel 
methods and kits for determining Whether a female subject 
is predisposed to developing osteoporosis, comprising iden 
tifying the IL-1 haplotype pattern of the female, Wherein the 
presence of haplotype pattern 1 indicates that the female is 
susceptible to larger bone loss and/or increased risk of 
fracture during the early menopausal years and the presence 
of haplotype pattern 2 indicates that the female is susceptible 
to larger bone loss and/or increased risk of fracture during 
post-menopause. 

[0020] IL-l haplotype patterns can be identi?ed by detect 
ing any of the component alleles using any of a variety of 
available techniques, including: 1) performing a hybridiZa 
tion reaction betWeen a nucleic acid sample and a probe that 
is capable of hybridiZing to the allele; 2) sequencing at least 
a portion of the allele; or 3) determining the electrophoretic 
mobility of the allele or fragments thereof (e.g., fragments 
generated by endonuclease digestion). The allele can option 
ally be subjected to an ampli?cation step prior to perfor 
mance of the detection step. Preferred ampli?cation methods 
are selected from the group consisting of: the polymerase 
chain reaction (PCR), the ligase chain reaction (LCR), 
strand displacement ampli?cation (SDA), cloning, and 
variations of the above (eg RT-PCR and allele speci?c 
ampli?cation). Oligonucleotides necessary for ampli?cation 
may be selected, for eXample, from Within the IL-1 gene 
loci, either ?anking the marker of interest (as required for 
PCR ampli?cation) or directly overlapping the marker (as in 
ASO hybridiZation). In a particularly preferred embodiment, 
the sample is hybridiZed With a set of primers, Which 
hybridiZe 5‘ and 3‘ in a sense or antisense sequence to the 
vascular disease associated allele, and is subjected to a PCR 
ampli?cation. 
[0021] An allele may also be detected indirectly, eg by 
analyZing the protein product encoded by the DNA. For 
eXample, Where the marker in question results in the trans 
lation of a mutant protein, the protein can be detected by any 
of a variety of protein detection methods. Such methods 
include immunodetection and biochemical tests, such as siZe 
fractionation, Where the protein has a change in apparent 
molecular Weight either through truncation, elongation, 
altered folding or altered post-translational modi?cations. 

[0022] In another aspect, the invention features kits for 
performing the above-described assays. The kit can include 
a nucleic acid sample collection means and a means for 
determining Whether a subject carries at least one allele 
comprising an IL-l haplotype. The kit may also contain a 
control sample either positive or negative or a standard 
and/or an algorithmic device for assessing the results and 
additional reagents and components including: DNA ampli 
?cation reagents, DNA polymerase, nucleic acid ampli?ca 
tion reagents, restrictive enZymes, buffers, a nucleic acid 
sampling device, DNA puri?cation device, deoXynucle 
otides, oligonucleotides (e.g. probes and primers) etc. 

[0023] As described above, the control may be a positive 
or negative control. Further, the control sample may contain 
the positive (or negative) products of the allele detection 
technique employed. For eXample, Where the allele detection 
technique is PCR ampli?cation, folloWed by siZe fraction 
ation, the control sample may comprise DNA fragments of 
the appropriate siZe. LikeWise, Where the allele detection 
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technique involves detection of a mutated protein, the con 
trol sample may comprise a sample of mutated protein. 
HoWever, it is preferred that the control sample comprises 
the material to be tested. For eXample, the controls may be 
a sample of genomic DNA or a cloned portion of the IL-1 
gene cluster. Preferably, hoWever, the control sample is a 
highly puri?ed sample of genomic DNA Where the sample 
to be tested is genomic DNA. 

[0024] The oligonucleotides present in said kit may be 
used for ampli?cation of the region of interest or for direct 
allele speci?c oligonucleotide (ASO) hybridiZation to the 
markers in question. Thus, the oligonucleotides may either 
?ank the marker of interest (as required for PCR ampli? 
cation) or directly overlap the marker (as in ASO hybrid 
iZation). 
[0025] Information obtained using the assays and kits 
described herein (alone or in conjunction With information 
on another genetic defect or environmental factor, Which 
contributes to osteoporosis) is useful for determining 
Whether a non-symptomatic subject has or is likely to 
develop the particular disease or condition. In addition, the 
information can alloW a more customiZed approach to 
preventing the onset or progression of the disease or con 
dition. For example, this information can enable a clinician 
to more effectively prescribe a therapy that Will address the 
molecular basis of the disease or condition. 

[0026] In yet a further aspect, the invention features meth 
ods for treating or preventing osteoporosis in a subject by 
administering to the subject an appropriate therapeutic of the 
invention. In still another aspect, the invention provides in 
vitro or in vivo assays for screening test compounds to 
identify therapeutics for treating or preventing the develop 
ment of osteoporosis. In one embodiment, the assay com 
prises contacting a cell transfected With a causative mutation 
that is operably linked to an appropriate promoter With a test 
compound and determining the level of expression of a 
protein in the cell in the presence and in the absence of the 
test compound. In a preferred embodiment, the causative 
mutation results in decreased production of IL-1 receptor 
antagonist, and increased production of the IL-1 receptor 
antagonist in the presence of the test compound indicates 
that the compound is an agonist of IL-1 receptor antagonist 
activity. In another preferred embodiment, the causative 
mutation results in increased production of IL-lO. a or IL-1[3, 
and decreased production of IL-lO. or IL-1[3, in the presence 
of the test compound indicates that the compound is an 
antagonist of IL-lO. or IL-1[3 activity. In another embodi 
ment, the invention features transgenic non-human animals 
and their use in identifying antagonists of IL-lO. or IL-1[3 
activity or agonists of IL-lRa activity. 

[0027] Other embodiments and advantages of the inven 
tion are set forth in the folloWing detailed description and 
claims. 

3. BRIEF DESCRIPTION OF THE FIGURES 

[0028] FIG. 1 shoWs tWo different genetic haplotype pat 
terns. 

[0029] FIG. 2 is a graph shoWing the risk of osteoporotic 
non-spine fractures. 

[0030] FIG. 3 is a graph shoWing the risk of osteoporotic 
hip fractures 
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[0031] FIG. 4 is a graph showing the risk of osteoporotic 
Wrist fractures 

[0032] FIG. 5 is a graph showing the risk of non-spine 
fractures 

4. DETAILED DESCRIPTION OF THE 
INVENTION 

[0033] 4.1 De?nitions 

[0034] For convenience, the meaning of certain terms and 
phrases employed in the speci?cation, examples, and 
appended claims is provided beloW. 

[0035] The term “allele” refers to the different sequence 
variants found at different polymorphic regions. For 
eXample, IL-lRN (VNTR) has at least ?ve different alleles. 
The sequence variants may be single or multiple base 
changes, including Without limitation insertions, deletions, 
or substitutions, or may be a variable number of sequence 
repeats. 

[0036] The term “allelic pattern” refers to the identity of 
an allele or alleles at one or more polymorphic regions. For 
eXample, an allelic pattern may consist of a single allele at 
a polymorphic site, as for IL-lRN (VNTR) allele 1, Which 
is an allelic pattern having at least one copy of IL-1 RN 
allele 1 at the VNTR of the IL-lRN gene loci. Alternatively, 
an allelic pattern may consist of either a homoZygous or 
heteroZygous state at a single polymorphic site. For 
eXample, IL-l-RN (VNTR) allele 2,2 is an allelic pattern in 
Which there are tWo copies of the second allele at the VNTR 
marker of IL-lRN that corresponds to the homoZygous 
IL-RN (VNTR) allele 2 state. Alternatively, an allelic pattern 
may consist of the identity of alleles at more than one 
polymorphic site. 

[0037] The term “antibody” as used herein is intended to 
refer to a binding agent including a Whole antibody or a 
binding fragment thereof Which is speci?cally reactive With 
an IL-l polypeptide. Antibodies can be fragmented using 
conventional techniques and the fragments screened for 
utility in the same manner as described above for Whole 
antibodies. For eXample, F(ab)2 fragments can be generated 
by treating an antibody With pepsin. The resulting F(ab)2 
fragment can be treated to reduce disul?de bridges to 
produce Fab fragments. The antibody of the present inven 
tion is further intended to include bispeci?c, single-chain, 
and chimeric and humaniZed molecules having af?nity for 
an IL-l B polypeptide conferred by at least one CDR region 
of the antibody. 

[0038] “Biological activity” or “bioactivity” or “activity” 
or “biological function”, Which are used interchangeably, for 
the purposes herein means an effector or antigenic function 
that is directly or indirectly performed by an IL-l polypep 
tide (Whether in its native or denatured conformation), or by 
any subsequence thereof. Biological activities include bind 
ing to a target peptide, e.g., an IL-1 receptor. An IL-l 
bioactivity can be modulated by directly affecting an IL-l 
polypeptide. Alternatively, an IL-l bioactivity can be modu 
lated by modulating the level of an IL-l polypeptide, such 
as by modulating eXpression of an IL-l gene. 

[0039] As used herein the term “bioactive fragment of an 
IL-l polypeptide” refers to a fragment of a full-length IL-l 
polypeptide, Wherein the fragment speci?cally mimics or 
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antagoniZes the activity of a Wild-type IL-l polypeptide. The 
bioactive fragment preferably is a fragment capable of 
interacting With an interleukin receptor. 

[0040] The term “an aberrant activity”, as applied to an 
activity of a polypeptide such as IL-1, refers to an activity 
Which differs from the activity of the Wild-type or native 
polypeptide or Which differs from the activity of the 
polypeptide in a healthy subject. An activity of a polypeptide 
can be aberrant because it is stronger than the activity of its 
native counterpart. Alternatively, an activity can be aberrant 
because it is Weaker or absent relative to the activity of its 
native counterpart. An aberrant activity can also be a change 
in an activity. For eXample an aberrant polypeptide can 
interact With a different target peptide. A cell can have an 
aberrant IL-1 activity due to overeXpression or undereXpres 
sion of an IL-l locus gene encoding an IL-l locus polypep 
tide. 

[0041] “Cells”, “host cells” or “recombinant host cells” 
are terms used interchangeably herein to refer not only to the 
particular subject cell, but to the progeny or potential 
progeny of such a cell. Because certain modi?cations may 
occur in succeeding generations due to either mutation or 
environmental in?uences, such progeny may not, in fact be 
identical to the parent cell, but are still included Within the 
scope of the term as used herein. 

[0042] A “chimera,”“mosaic,”“chimeric mammal” and 
the like, refers to a transgenic mammal With a knock-out or 
knock-in construct in at least some of its genome-containing 
cells. 

[0043] The terms “control” or “control sample” refer to 
any sample appropriate to the detection technique employed. 
The control sample may contain the products of the allele 
detection technique employed or the material to be tested. 
Further, the controls may be positive or negative controls. 
By Way of eXample, Where the allele detection technique is 
PCR ampli?cation, folloWed by siZe fractionation, the con 
trol sample may comprise DNA fragments of an appropriate 
siZe. LikeWise, Where the allele detection technique involves 
detection of a mutated protein, the control sample may 
comprise a sample of a mutant protein. HoWever, it is 
preferred that the control sample comprises the material to 
be tested. For eXample, the controls may be a sample of 
genomic DNA or a cloned portion of the IL-1 gene cluster. 
HoWever, Where the sample to be tested is genomic DNA, 
the control sample is preferably a highly puri?ed sample of 
genomic DNA. 

[0044] The phrases “disruption of the gene” and “targeted 
disruption” or any similar phrase refers to the site speci?c 
interruption of a native DNA sequence so as to prevent 
expression of that gene in the cell as compared to the 
Wild-type copy of the gene. The interruption may be caused 
by deletions, insertions or modi?cations to the gene, or any 
combination thereof. 

[0045] The term “haplotype” as used herein is intended to 
refer to a set of alleles that are inherited together as a group 
(are in linkage disequilibrium) at statistically signi?cant 
levels (Pcon <0.05). As used herein, the phrase “an IL-l 
haplotype” refers to a haplotype in the IL-1 loci. An IL-l 
in?ammatory or proin?ammatory haplotype refers to a hap 
lotype that is indicative of increased agonist and/or 
decreased antagonist activities. 
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[0046] The terms “IL-1 gene cluster” and “IL-1 loci” as 
used herein include all the nucleic acid at or near the 2q13 
region of chromosome 2, including at least the IL- 1A, IL-1B 
and IL-1RN genes and any other linked sequences. (Nicklin 
et al., Genomics 19: 382-84, 1994). The terms “IL-1A”, 
“IL-1B”, and “IL-1RN” as used herein refer to the genes 
coding for IL-1 , IL-1, and IL-1 receptor antagonist, respec 
tively. The gene accession number for IL-1A, IL-1B, and 
IL-1RN are X03833, X04500, and X64532, respectively. 

[0047] “IL-1 functional mutation” refers to a mutation 
Within the IL-1 gene cluster that results in an altered 
phenotype (i.e. effects the function of an IL-1 gene or 
protein). Examples include: IL-1A(+4845) allele 2, IL-1B 
(+3954) allele 2, IL-1B (+6912) allele 2 and IL-1RN 
(+2018) allele 2. 

[0048] “IL-1 X (Z) allele Y” refers to a particular allelic 
form, designated Y, occurring at an IL-1 locus polymorphic 
site in gene X, Wherein X is IL-1 A, B, or RN and positioned 
at or near nucleotide Z, Wherein nucleotide Z is numbered 
relative to the major transcriptional start site, Which is 
nucleotide +1, of the particular IL-1 gene X. As further used 
herein, the term “IL-1 X allele (Z)” refers to all alleles of an 
IL-1 polymorphic site in gene X positioned at or near 
nucleotide Z. For eXample, the term “IL-1RN (+2018) 
allele” refers to alternative forms of the IL-1RN gene at 
marker +2018. “IL-1RN (+2018) allele 1” refers to a form of 
the IL-1RN gene Which contains a cytosine (C) at position 
+2018 of the sense strand. Clay et al., Hum. Genet. 97:723 
26, 1996. “IL-1RN (+2018) allele 2” refers to a form of the 
IL-1 RN gene Which contains a thymine (T) at position 
+2018 of the plus strand. When a subject has tWo identical 
IL-1RN alleles, the subject is said to be homoZygous, or to 
have the homoZygous state. When a subject has tWo different 
IL-1RN alleles, the subject is said to be heteroZygous, or to 
have the heteroZygous state. The term “IL-1RN (+2018) 
allele 2,2” refers to the homoZygous IL-1RN (+2018) allele 
2 state. Conversely, the term “IL-1RN (+2018) allele 1,1” 
refers to the homoZygous IL-1RN (+2018) allele 1 state. The 
term “IL-1RN (+2018) allele 1,2” refers to the heteroZygous 
allele 1 and 2 state. 

[0049] “IL-1 related” as used herein is meant to include all 
genes related to the human IL-1 locus genes on human 
chromosome 2 (2q 12-14). These include IL-1 genes of the 
human IL-1 gene cluster located at chromosome 2 (2q 
13-14) Which include: the IL-1 A gene Which encodes 
interleukin-lot, the IL-1B gene Which encodes interleukin 
1[3, and the IL-1RN (or IL-1ra) gene Which encodes the 
interleukin-1 receptor antagonist. Furthermore these IL-1 
related genes include the type I and type II human IL-1 
receptor genes located on human chromosome 2 (2q12) and 
their mouse homologs located on mouse chromosome 1 at 

position 19.5 cM. Interleukin-lot, interleukin-1B, and inter 
leukin-1RN are related in so much as they all bind to IL-1 
type I receptors, hoWever only interleukin-lot and interleu 
kin-1B are agonist ligands Which activate IL-1 type I recep 
tors, While interleukin-1RN is a naturally occurring antago 
nist ligand. Where the term “IL-1” is used in reference to a 
gene product or polypeptide, it is meant to refer to all gene 
products encoded by the interleukin-1 locus on human 
chromosome 2 (2q 12-14) and their corresponding homologs 
from other species or functional variants thereof. The term 
IL-1 thus includes secreted polypeptides Which promote an 
in?ammatory response, such as IL-lO. and IL-1[3, as Well as 
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a secreted polypeptide Which antagoniZe in?ammatory 
responses, such as IL-1 receptor antagonist and the IL-1 type 
II (decoy) receptor. 

[0050] An “IL-1 receptor” or “IL-1 R” refers to various 
cell membrane bound protein receptors capable of binding to 
and/or transducing a signal from an IL-1 locus-encoded 
ligand. The term applies to any of the proteins Which are 
capable of binding interleukin-1 (IL-1) molecules and, in 
their native con?guration as mammalian plasma membrane 
proteins, presumably play a role in transducing the signal 
provided by IL-1 to a cell. As used herein, the term includes 
analogs of native proteins With IL-1 -binding or signal 
transducing activity. Examples include the human and 
murine IL-1 receptors described in US. Pat. No. 4,968,607. 
The term “IL-1 nucleic acid” refers to a nucleic acid 
encoding an IL-1 protein. 

[0051] An “IL-1 polypeptide” and “IL-1 protein” are 
intended to encompass polypeptides comprising the amino 
acid sequence encoded by the IL-1 genomic DNA sequences 
shoWn in FIGS. 1, 2, and 3, or fragments thereof, and 
homologs thereof and include agonist and antagonist 
polypeptides. 
[0052] “Increased risk” refers to a statistically higher 
frequency of occurrence of the disease or condition in an 
individual carrying a particular polymorphic allele in com 
parison to the frequency of occurrence of the disease or 
condition in a member of a population that does not carry the 
particular polymorphic allele. 
[0053] The term “interact” as used herein is meant to 
include detectable relationships or associations (e.g. bio 
chemical interactions) betWeen molecules, such as interac 
tions betWeen protein-protein, protein-nucleic acid, nucleic 
acid-nucleic acid and protein-small molecule or nucleic 
acid-small molecule in nature. 

[0054] The term “isolated” as used herein With respect to 
nucleic acids, such as DNA or RNA, refers to molecules 
separated from other DNAs, or RNAs, respectively, that are 
present in the natural source of the macromolecule. For 
eXample, an isolated nucleic acid encoding one of the 
subject IL-1 polypeptides preferably includes no more than 
10 kilobases (kb) of nucleic acid sequence Which naturally 
immediately ?anks the IL-1 gene in genomic DNA, more 
preferably no more than 5 kb of such naturally occurring 
?anking sequences, and most preferably less than 1.5 kb of 
such naturally occurring ?anking sequence. The term iso 
lated as used herein also refers to a nucleic acid or peptide 
that is substantially free of cellular material, viral material, 
or culture medium When produced by recombinant DNA 
techniques, or chemical precursors or other chemicals When 
chemically synthesiZed. Moreover, an “isolated nucleic 
acid” is meant to include nucleic acid fragments Which are 
not naturally occurring as fragments and Would not be found 
in the natural state. The term “isolated” is also used herein 
to refer to polypeptides Which are isolated from other 
cellular proteins and is meant to encompass both puri?ed 
and recombinant polypeptides. 

[0055] A“knock-in” transgenic animal refers to an animal 
that has had a modi?ed gene introduced into its genome and 
the modi?ed gene can be of eXogenous or endogenous 
origin. 
[0056] A “knock-out” transgenic animal refers to an ani 
mal in Which there is partial or complete suppression of the 
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expression of an endogenous gene (e.g, based on deletion of 
at least a portion of the gene, replacement of at least a 
portion of the gene With a second sequence, introduction of 
stop codons, the mutation of bases encoding critical amino 
acids, or the removal of an intron junction, etc.). 

[0057] A “knock-out construct” refers to a nucleic acid 
sequence that can be used to decrease or suppress expression 
of a protein encoded by endogenous DNA sequences in a 
cell. In a simple example, the knock-out construct is com 
prised of a gene, such as the IL-1RN gene, With a deletion 
in a critical portion of the gene, so that active protein cannot 
be expressed therefrom. Alternatively, a number of termi 
nation codons can be added to the native gene to cause early 
termination of the protein or an intron junction can be 
inactivated. In a typical knock-out construct, some portion 
of the gene is replaced With a selectable marker (such as the 
neo gene) so that the gene can be represented as folloWs: 
IL-1RN 5‘/neo/IL-1RN 3‘, Where IL-1RN5‘ and IL-1RN 3‘, 
refer to genomic or cDNA sequences Which are, respec 
tively, upstream and doWnstream relative to a portion of the 
IL-1RN gene and Where neo refers to a neomycin resistance 
gene. In another knock-out construct, a second selectable 
marker is added in a ?anking position so that the gene can 
be represented as: IL-1RN/neo/IL-1RN/T K, Where TK is a 
thymidine kinase gene Which can be added to either the 
IL-1RN5‘ or the IL-1RN3‘ sequence of the preceding con 
struct and Which further can be selected against (i.e. is a 
negative selectable marker) in appropriate media. This tWo 
marker construct allows the selection of homologous recom 
bination events, Which removes the ?anking TK marker, 
from non-homologous recombination events Which typically 
retain the TK sequences. The gene deletion and/or replace 
ment can be from the exons, introns, especially intron 
junctions, and/or the regulatory regions such as promoters. 

[0058] “Linkage disequilibrium” refers to co-inheritance 
of tWo alleles at frequencies greater than Would be expected 
from the separate frequencies of occurrence of each allele in 
a given control population. The expected frequency of 
occurrence of tWo alleles that are inherited independently is 
the frequency of the ?rst allele multiplied by the frequency 
of the second allele. Alleles that co-occur at expected 
frequencies are said to be in “linkage disequilibrium”. The 
cause of linkage disequilibrium is often unclear. It can be 
due to selection for certain allele combinations or to recent 
admixture of genetically heterogeneous populations. In 
addition, in the case of markers that are very tightly linked 
to a disease gene, an association of an allele (or group of 
linked alleles) With the disease gene is expected if the 
disease mutation occurred in the recent past, so that suf? 
cient time has not elapsed for equilibrium to be achieved 
through recombination events in the speci?c chromosomal 
region. When referring to allelic patterns that are comprised 
of more than one allele, a ?rst allelic pattern is in linkage 
disequilibrium With a second allelic pattern if all the alleles 
that comprise the ?rst allelic pattern are in linkage disequi 
librium With at least one of the alleles of the second allelic 
pattern. An example of linkage disequilibrium is that Which 
occurs betWeen the alleles at the IL-1RN (+2018) and 
IL-1RN (VNTR) polymorphic sites. The tWo alleles at 
IL-1RN (+2018) are 100% in linkage disequilibrium With 
the tWo most frequent alleles of IL-1RN (VNTR), Which are 
allele 1 and allele 2. 
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[0059] The term “marker” refers to a sequence in the 
genome that is knoWn to vary among individuals. For 
example, the IL-1RN gene has a marker that consists of a 
variable number of tandem repeats (VNTR). 

[0060] A “mutated gene” or “mutation” or “functional 
mutation” refers to an allelic form of a gene, Which is 
capable of altering the phenotype of a subject having the 
mutated gene relative to a subject Which does not have the 
mutated gene. The altered phenotype caused by a mutation 
can be corrected or compensated for by certain agents. If a 
subject must be homoZygous for this mutation to have an 
altered phenotype, the mutation is said to be recessive. If one 
copy of the mutated gene is suf?cient to alter the phenotype 
of the subject, the mutation is said to be dominant. If a 
subject has one copy of the mutated gene and has a pheno 
type that is intermediate betWeen that of a homoZygous and 
that of a heteroZygous subject (for that gene), the mutation 
is said to be co-dominant. 

[0061] A “non-human animal” of the invention includes 
mammals such as rodents, non-human primates, sheep, 
dogs, coWs, goats, etc. amphibians, such a s members of the 
Xenopus genus, and transgenic avians (e.g. chickens, birds, 
etc.). The term “chimeric animal” is used herein to refer to 
animals in Which the recombinant gene is found, or in Which 
the recombinant gene is expressed in some but not all cells 
of the animal. The term “tissue-speci?c chimeric animal” 
indicates that one of the recombinant IL-1 genes is present 
and/or expressed or disrupted in some tissues but not others. 
The term “non-human mammal” refers to any member of the 
class Mammalia, except for humans. 

[0062] As used herein, the term “nucleic acid” refers to 
polynucleotides or oligonucleotides such as deoxyribo 
nucleic acid (DNA), and, Where appropriate, ribonucleic 
acid (RNA). The term should also be understood to include, 
as equivalents, analogs of either RNA or DNA made from 
nucleotide analogs (e.g. peptide nucleic acids) and as appli 
cable to the embodiment being described, single (sense or 
antisense) and double-stranded polynucleotides. 

[0063] The term “osteoporosis” is de?ned by the World 
Health OrganiZation as “. . a systemic skeletal disease 
characteriZed by loW bone mass and micro-architectural 
deterioration of bone tissue, With a consequent increase in 
bone fragility and susceptibility to fracture” (WHO Con 
sensus Development Conference 1993). The clinical de?ni 
tion of osteoporosis is a condition in Which the bone mineral 
density (BMD) or bone mineral concentration (BMC) is 
greater than about 2.5 standard deviations (SD) beloW the 
mean of young healthy Women. Severe osteoporosis is 
de?ned as having a BMD or BMC greater than about 2.5 SD 
beloW the mean of young healthy Women and the presence 
of one or more fragility fractures. Since bone loss is not 
strictly con?ned to speci?c sites, osteoporosis can manifest 
itself in various Ways including alveolar, femoral, radial, 
vertebral or Wrist bone loss or fracture incidence, postmeno 
pausal bone loss, severely reduced bone mass, fracture 
incidence or rate of bone loss. 

[0064] The term “polymorphism” refers to the coexistence 
of more than one form of a gene or portion (e.g., allelic 
variant) thereof. A portion of a gene of Which there are at 
least tWo different forms, i.e., tWo different nucleotide 
sequences, is referred to as a “polymorphic region of a 
gene”. A speci?c genetic sequence at a polymorphic region 
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of a gene is an allele. A polymorphic region can be a single 
nucleotide, the identity of Which differs in different alleles. 
A polymorphic region can also be several nucleotides long. 

[0065] The term “propensity to disease,” also “predispo 
sition” or “susceptibility” to disease or any similar phrase, 
means that certain alleles are hereby discovered to be 
associated With or predictive of a subject’s incidence of 
developing a particular disease (eg a vascular disease). The 
alleles are thus over-represented in frequency in individuals 
With disease as compared to healthy individuals. Thus, these 
alleles can be used to predict disease even in pre-symptom 
atic or pre-diseased individuals. 

[0066] “Small molecule” as used herein, is meant to refer 
to a composition, Which has a molecular Weight of less than 
about 5 kD and most preferably less than about 4 kD. Small 
molecules can be nucleic acids, peptides, peptidomimetics, 
carbohydrates, lipids or other organic or inorganic mol 
ecules. 

[0067] As used herein, the term “speci?cally hybridiZes” 
or “speci?cally detects” refers to the ability of a nucleic acid 
molecule to hybridiZe to at least approximately 6 consecu 
tive nucleotides of a sample nucleic acid. 

[0068] “Transcriptional regulatory sequence” is a generic 
term used throughout the speci?cation to refer to DNA 
sequences, such as initiation signals, enhancers, and pro 
moters, Which induce or control transcription of protein 
coding sequences With Which they are operably linked. 

[0069] As used herein, the term “transgene” means a 
nucleic acid sequence (encoding, e.g., one of the IL-1 
polypeptides, or an antisense transcript thereto) Which has 
been introduced into a cell. A transgene could be partly or 
entirely heterologous, i.e., foreign, to the transgenic animal 
or cell into Which it is introduced, or, is homologous to an 
endogenous gene of the transgenic animal or cell into Which 
it is introduced, but Which is designed to be inserted, or is 
inserted, into the animal’s genome in such a Way as to alter 
the genome of the cell into Which it is inserted (e.g., it is 
inserted at a location Which differs from that of the natural 
gene or its insertion results in a knockout). A transgene can 
also be present in a cell in the form of an episome. A 
transgene can include one or more transcriptional regulatory 
sequences and any other nucleic acid, such as introns, that 
may be necessary for optimal expression of a selected 
nucleic acid. 

[0070] A “transgenic animal” refers to any animal, pref 
erably a non-human mammal, bird or an amphibian, in 
Which one or more of the cells of the animal contain 
heterologous nucleic acid introduced by Way of human 
intervention, such as by transgenic techniques Well knoWn in 
the art. The nucleic acid is introduced into the cell, directly 
or indirectly by introduction into a precursor of the cell, by 
Way of deliberate genetic manipulation, such as by micro 
injection or by infection With a recombinant virus. The term 
genetic manipulation does not include classical cross-breed 
ing, or in vitro fertiliZation, but rather is directed to the 
introduction of a recombinant DNA molecule. This mol 
ecule may be integrated Within a chromosome, or it may be 
extrachromosomally replicating DNA. In the typical trans 
genic animals described herein, the transgene causes cells to 
express a recombinant form of one of an IL-1 polypeptide, 
e.g. either agonistic or antagonistic forms. HoWever, trans 
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genic animals in Which the recombinant gene is silent are 
also contemplated, as for example, the FLP or CRE recom 
binase dependent constructs described beloW. Moreover, 
“transgenic animal” also includes those recombinant ani 
mals in Which gene disruption of one or more genes is 
caused by human intervention, including both recombina 
tion and antisense techniques. The term is intended to 
include all progeny generations. Thus, the founder animal 
and all F1, F2, F3, and so on, progeny thereof are included. 

[0071] The term “treating” as used herein is intended to 
encompass curing as Well as ameliorating at least one 
symptom of a condition or disease. 

[0072] The term “vector” refers to a nucleic acid molecule, 
Which is capable of transporting another nucleic acid to 
Which it has been linked. One type of preferred vector is an 
episome, i.e., a nucleic acid capable of extra-chromosomal 
replication. Preferred vectors are those capable of autono 
mous replication and/or expression of nucleic acids to Which 
they are linked. Vectors capable of directing the expression 
of genes to Which they are operatively linked are referred to 
herein as “expression vectors”. In general, expression vec 
tors of utility in recombinant DNA techniques are often in 
the form of “plasmids” Which refer generally to circular 
double stranded DNA loops Which, in their vector form are 
not bound to the chromosome. In the present speci?cation, 
“plasmid” and “vector” are used interchangeably as the 
plasmid is the most commonly used form of vector. HoW 
ever, the invention is intended to include such other forms of 
expression vectors Which serve equivalent functions and 
Which become knoWn in the art subsequently hereto. 

[0073] The term “Wild-type allele” refers to an allele of a 
gene Which, When present in tWo copies in a subject results 
in a Wild-type phenotype. There can be several different 
Wild-type alleles of a speci?c gene, since certain nucleotide 
changes in a gene may not affect the phenotype of a subject 
having tWo copies of the gene With the nucleotide changes. 

[0074] 4.2 Predictive Medicine 

[0075] 4.2.1. Identifying IL-2 Alleles and Haplotypes 

[0076] The present invention is based at least in part, on 
the identi?cation of certain alleles that have been determined 
to be association (to a statistically signi?cant extent) to bone 
loss, fracture risk or other indicators of osteoporosis. There 
fore, detection of the alleles can indicate that the subject has 
or is predisposed to the development of osteoporosis. HoW 
ever, because these alleles are in linkage disequilibrium With 
other alleles, the detection of such other linked alleles can 
also indicate that the subject has or is predisposed to the 
development of a particular disease or condition. For 
example, the 44112332 haplotype comprises the folloWing 
genotype: 

allele 4 of the 222/223 marker of IL-1A 
allele 4 of the gz5/gz6 marker of IL-1A 
allele 1 of the —889 marker of IL-1A 
allele 1 of the +3954 marker of IL-1B 
allele 2 of the —511 marker of IL-1B 
allele 3 of the gaat.p33330 marker 
allele 3 of the Y31 marker 
allele 2 of +2018 of IL-1RN 
allele 2 of the VNTR marker of IL-1R 

[0077] Three other polymorphisms in an IL-1RN alterna 
tive exon (Exon lic, Which produces an intracellular form of 
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the gene product) are also in linkage disequilibrium With 
allele 2 of IL-1RN (VNTR) (Clay et al., (1996) Hum Genet 
97:723-26). These include: IL-1RN eXon lic (1812) (Gen 
BankzX77090 at 1812); the IL-1RN eXon lic (1868) poly 
morphism (GenBankzX77090 at 1868); and the IL-1RN 
eXon lic (1887) polymorphism (GenBankzX77090 at 1887). 
Furthermore yet another polymorphism in the promoter for 
the alternatively spliced intracellular form of the gene, the 
Pic (1731) polymorphism (GenBankzX77090 at 1731), is 
also in linkage disequilibrium With allele 2 of the IL-1RN 
(VNTR) polymorphic locus. For each of these polymorphic 
loci, the allele 2 sequence variant has been determined to be 
in linkage disequilibrium With allele 2 of the IL-1RN 
(VNTR) locus (Clay et al., (1996) Hum Genet 97:723-26). 
[0078] The 33221461 haplotype comprises the folloWing 
genotype: 

allele 3 of the 222/223 marker of IL-1A 
allele 3 of the gz5/gz6 marker of IL-1A 
allele 2 of the —889 marker of IL-1A 
allele 2 of the +3954 marker of IL-1B 
allele 1 of the —511 marker of IL-1B 
allele 4 of the gaat.p33330 marker 
allele 6 of the Y31 marker 
allele 1 of +2018 of IL-1RN 
allele 1 of the VNTR marker of IL-1RN 

[0079] Individuals With the 44112332 haplotype are typi 
cally overproducers of both IL-lO. and IL-1[3 proteins, upon 
stimulation. In contrast, individuals With the 33221461 
haplotype are typically underproducers of IL-1ra. Each 
haplotype results in a net proin?ammatory response. Each 
allele Within a haplotype may have an effect, as Well as a 
composite genotype effect. In addition, particular diseases 
may be associated With both haplotype patterns. 

[0080] In addition to the allelic patterns described above, 
as described herein, one of skill in the art can readily identify 
other alleles (including polymorphisms and mutations) that 
are in linkage disequilibrium With an allele associated With 
osteoporosis. For example, a nucleic acid sample from a ?rst 
group of subjects Without osteoporosis can be collected, as 
Well as DNA from a second group of subjects With the 
disorder. The nucleic acid sample can then be compared to 
identify those alleles that are over-represented in the second 
group as compared With the ?rst group, Wherein such alleles 
are presumably associated With osteoporosis. Alternatively, 
alleles that are in linkage disequilibrium With an allele that 
is associated With osteoporosis can be identi?ed, for 
eXample, by genotyping a large population and performing 
statistical analysis to determine Which alleles appear more 
commonly together than eXpected. Preferably the group is 
chosen to be comprised of genetically related and perform 
ing statistical analysis to determine Which alleles appear 
more commonly together than eXpected. Preferably the 
group is chosen to be comprised of genetically related 
individuals. Genetically related individuals include indi 
viduals from the same race, the same ethnic group, or even 
the same family. As the degree of genetic relatedness 
betWeen a control group and a test group increases, so does 
the predictive value of polymorphic alleles Which are ever 
more distantly linked to a disease-causing allele. This is 
because less evolutionary time has passed to alloW poly 
morphisms Which are linked along a chromosome in a 
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founder population to redistribute through genetic cross 
over events. Thus race-speci?c, ethnic-speci?c, and even 
family-speci?c diagnostic genotyping assays can be devel 
oped to alloW for the detection of disease alleles Which arose 
at ever more recent times in human evolution, e.g., after 
divergence of the major human races, after the separation of 
human populations into distinct ethnic groups, and even 
Within the recent history of a particular family line. 

[0081] Linkage disequilibrium betWeen tWo polymorphic 
markers or betWeen one polymorphic marker and a disease 
causing mutation is a meta-stable state. Absent selective 
pressure or the sporadic linked reoccurrence of the under 
lying mutational events, the polymorphisms Will eventually 
become disassociated by chromosomal recombination 
events and Will thereby reach linkage equilibrium through 
the course of human evolution. Thus, the likelihood of 
?nding a polymorphic allele in linkage disequilibrium With 
a disease or condition may increase With changes in at least 
tWo factors: decreasing physical distance betWeen the poly 
morphic marker and the disease-causing mutation, and 
decreasing number of meiotic generations available for the 
dissociation of the linked pair. Consideration of the latter 
factor suggests that, the more closely related tWo individuals 
are, the more likely they Will share a common parental 
chromosome or chromosomal region containing the linked 
polymorphisms and the less likely that this linked pair Will 
have become unlinked through meiotic cross-over events 
occurring each generation. As a result, the more closely 
related tWo individuals are, the more likely it is that Widely 
spaced polymorphisms may be co-inherited. Thus, for indi 
viduals related by common race, ethnicity or family, the 
reliability of ever more distantly spaced polymorphic loci 
can be relied upon as an indicator of inheritance of a linked 
disease-causing mutation. 

[0082] Appropriate probes may be designed to hybridiZe 
to a speci?c gene of the IL-1 locus, such as IL-1A, IL-1B or 
IL-1RN or a related gene. These genomic DNA sequences 
are shoWn in FIGS. 3, 4 and 5, respectively, and further 
correspond to SEQ ID Nos. 1, 2 and 3, respectively. Alter 
natively, these probes may incorporate other regions of the 
relevant genomic locus, including intergenic sequences. 
Indeed the IL-1 region of human chromosome 2 spans some 
400,000 base pairs and, assuming an average of one single 
nucleotide polymorphism every 1,000 base pairs, includes 
some 400 SNPs loci alone. Yet other polymorphisms avail 
able for use With the immediate invention are obtainable 
from various public sources. For eXample, the human 
genome database collects intragenic SNPs, is searchable by 
sequence and currently contains approximately 2,700 entries 
(http://hgbase.interactiva.de). Also available is a human 
polymorphism database maintained by the Massachusetts 
Institute of Technology (MIT SNP database (http://WWW 
.genome.Wi.mit.edu/SNP/human/indeX.html)). From such 
sources SNPs as Well as other human polymorphisms may 
be found. 

[0083] For eXample, examination of the IL-1 region of the 
human genome in any one of these databases reveals that the 
IL-1 locus genes are ?anked by a centromere proximal 
polymorphic marker designated microsatellite marker 
AF M220Ze3 at 127.4 cM (centiMorgans) (see GenBank 
Acc. No. Z17008) and a distal polymorphic marker desig 
nated microsatellite anchor marker AF M087Xa1 at 127.9 cM 
(see GenBank Acc. No. Z16545). These human polymorphic 
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loci are both CA dinucleotide repeat microsatellite polymor 
phisms, and, as such, show a high degree of heteroZygosity 
in human populations. For example, one allele of 
AFM220Ze3 generates a 211 bp PCR ampli?cation product 
With a 5‘ primer of the sequence TGTACCTAAGCCCAC 
CCTTTAGAGC (SEQ ID No. 4) and a 3‘ primer of the 
sequence TGGCCTCCAGAAACCTCCAA (SEQ ID No. 
5). Furthermore, one allele of AFM087xa1 generates a 177 
bp PCR ampli?cation product With a 5‘ primer of the 
sequence GCTGATATTCTGGTGGGAAA (SEQ ID No. 6) 
and a 3‘ primer of the sequence GGCAAGAG 
CAAAACTCTGTC (SEQ ID No. 7). Equivalent primers 
corresponding to unique sequences occurring 5‘ and 3‘ to 
these human chromosome 2 CA dinucleotide repeat poly 
morphisms Will be apparent to one of skill in the art. 
Reasonable equivalent primers include those Which hybrid 
iZe Within about 1 kb of the designated primer, and Which 
further are anyWhere from about 17 bp to about 27 bp in 
length. A general guideline for designing primers for ampli 
?cation of unique human chromosomal genomic sequences 
is that they possess a melting temperature of at least about 
50° C., Wherein an approximate melting temperature can be 
estimated using the formula Tme1t=[2><(# of A or T)+4><(# of 
G or 

[0084] A number of other human polymorphic loci occur 
betWeen these tWo CA dinucleotide repeat polymorphisms 
and provide additional targets for determination of a prog 
nostic allele in a family or other group of genetically related 
individuals. For example, the National Center for Biotech 
nology Information Web site (WWW.ncbi.nlm.nih.gov/gen 
emap/) lists a number of polymorphism markers in the 
region of the IL-1 locus and provides guidance in designing 
appropriate primers for ampli?cation and analysis of these 
markers. 

[0085] Accordingly, the nucleotide segments of the inven 
tion may be used for their ability to selectively form duplex 
molecules With complementary stretches of human chromo 
some 2 q 12-13 or cDNAs from that region or to provide 
primers for ampli?cation of DNA or cDNA from this region. 
The design of appropriate probes for this purpose requires 
consideration of a number of factors. For example, frag 
ments having a length of betWeen 10, 15, or 18 nucleotides 
to about 20, or to about 30 nucleotides, Will ?nd particular 
utility. Longer sequences, e.g., 40, 50, 80, 90, 100, even up 
to full length, are even more preferred for certain embodi 
ments. Lengths of oligonucleotides of at least about 18 to 20 
nucleotides are Well accepted by those of skill in the art as 
sufficient to alloW suf?ciently speci?c hybridiZation so as to 
be useful as a molecular probe. Furthermore, depending on 
the application envisioned, one Will desire to employ vary 
ing conditions of hybridiZation to achieve varying degrees of 
selectivity of probe toWards target sequence. For applica 
tions requiring high selectivity, one Will typically desire to 
employ relatively stringent conditions to form the hybrids. 
For example, relatively loW salt and/or high temperature 
conditions, such as provided by 0.02 M-0.15M NaCl at 
temperatures of about 50° C. to about 70° C. Such selective 
conditions may tolerate little, if any, mismatch betWeen the 
probe and the template or target strand. 

[0086] Other alleles or other indicia of a disorder can be 
detected or monitored in a subject in conjunction With 
detection of the alleles described above, for example, iden 
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tifying vessel Wall thickness (eg as measured by ultra 
sound), or Whether the subject smokes, drinks is overWeight, 
is under stress or exercises. 

[0087] 4.2.2 Detection of Alleles 

[0088] Many methods are available for detecting speci?c 
alleles at human polymorphic loci. The preferred method for 
detecting a speci?c polymorphic allele Will depend, in part, 
upon the molecular nature of the polymorphism. For 
example, the various allelic forms of the polymorphic locus 
may differ by a single base-pair of the DNA. Such single 
nucleotide polymorphisms (or SNPs) are major contributors 
to genetic variation, comprising some 80% of all knoWn 
polymorphisms, and their density in the human genome is 
estimated to be on average 1 per 1,000 base pairs. SNPs are 
most frequently biallelic-occurring in only tWo different 
forms (although up to four different forms of an SNP, 
corresponding to the four different nucleotide bases occur 
ring in DNA, are theoretically possible). Nevertheless, SNPs 
are mutationally more stable than other polymorphisms, 
making them suitable for association studies in Which link 
age disequilibrium betWeen markers and an unknoWn vari 
ant is used to map disease-causing mutations. In addition, 
because SNPs typically have only tWo alleles, they can be 
genotyped by a simple plus/minus assay rather than a length 
measurement, making them more amenable to automation. 

[0089] Avariety of methods are available for detecting the 
presence of a particular single nucleotide polymorphic allele 
in an individual. Advancements in this ?eld have provided 
accurate, easy, and inexpensive large-scale SNP genotyping. 
Most recently, for example, several neW techniques have 
been described including dynamic allele-speci?c hybridiZa 
tion (DASH), microplate array diagonal gel electrophoresis 
(MADGE), pyrosequencing, oligonucleotide-speci?c liga 
tion, the TaqMan system as Well as various DNA “chip” 
technologies such as the Affymetrix SNP chips. These 
methods require ampli?cation of the target genetic region, 
typically by PCR. Still other neWly developed methods, 
based on the generation of small signal molecules by inva 
sive cleavage folloWed by mass spectrometry or immobi 
liZed padlock probes and rolling-circle ampli?cation, might 
eventually eliminate the need for PCR. Several of the 
methods knoWn in the art for detecting speci?c single 
nucleotide polymorphisms are summariZed beloW. The 
method of the present invention is understood to include all 
available methods. 

[0090] Several methods have been developed to facilitate 
analysis of single nucleotide polymorphisms. In one 
embodiment, the single base polymorphism can be detected 
by using a specialiZed exonuclease-resistant nucleotide, as 
disclosed, e.g., in Mundy, C. R. (US. Pat. No. 4,656,127). 
According to the method, a primer complementary to the 
allelic sequence immediately 3‘ to the polymorphic site is 
permitted to hybridiZe to a target molecule obtained from a 
particular animal or human. If the polymorphic site on the 
target molecule contains a nucleotide that is complementary 
to the particular exonuclease-resistant nucleotide derivative 
present, then that derivative Will be incorporated onto the 
end of the hybridiZed primer. Such incorporation renders the 
primer resistant to exonuclease, and thereby permits its 
detection. Since the identity of the exonuclease-resistant 
derivative of the sample is knoWn, a ?nding that the primer 
has become resistant to exonucleases reveals that the nucle 



US 2004/0110168 A1 

otide present in the polymorphic site of the target molecule 
Was complementary to that of the nucleotide derivative used 
in the reaction. This method has the advantage that it does 
not require the determination of large amounts of extraneous 
sequence data. 

[0091] In another embodiment of the invention, a solution 
based method is used for determining the identity of the 
nucleotide of a polymorphic site. Cohen, D. et al. (French 
Patent 2,650,840; PCT Appln. No. WO91/02087). As in the 
Mundy method of US. Pat. No. 4,656,127, a primer is 
employed that is complementary to allelic sequences imme 
diately 3‘ to a polymorphic site. The method determines the 
identity of the nucleotide of that site using labeled dideoxy 
nucleotide derivatives, Which, if complementary to the 
nucleotide of the polymorphic site Will become incorporated 
onto the terminus of the primer. 

[0092] An alternative method, knoWn as Genetic Bit 
Analysis or GBATM is described by Goelet, P. et al. (PCT 
Appln. No. 92/15712). The method of Goelet, P. et al. uses 
mixtures of labeled terminators and a primer that is comple 
mentary to the sequence 3‘ to a polymorphic site. The 
labeled terminator that is incorporated is thus determined by, 
and complementary to, the nucleotide present in the poly 
morphic site of the target molecule being evaluated. In 
contrast to the method of Cohen et al. (French Patent 
2,650,840; PCT Appln. No. WO91/02087) the method of 
Goelet, P. et al. is preferably a heterogeneous phase assay, in 
Which the primer or the target molecule is immobiliZed to a 
solid phase. 

[0093] Recently, several primer-guided nucleotide incor 
poration procedures for assaying polymorphic sites in DNA 
have been described (Komher, J. S. et al., Nucl. Acids. Res. 
17:7779-7784 (1989); Sokolov, B. P., Nucl. Acids Res. 
18:3671 (1990); Syvanen, A. -C., et al., Genomics 8:684 
692 (1990); KuppusWamy, M. N. et al., Proc. Natl. Acad. 
Sci. (U.S.A.) 88:1143-1147 (1991); PreZant, T. R. et al., 
Hum. Mutat. 1:159-164 (1992); UgoZZoli, L. et al., GATA 
9:107-112 (1992); Nyren, P. et al., Anal. Biochem. 2081171 
175 (1993)). These methods differ from GBATM in that they 
all rely on the incorporation of labeled deoxynucleotides to 
discriminate betWeen bases at a polymorphic site. In such a 
format, since the signal is proportional to the number of 
deoxynucleotides incorporated, polymorphisms that occur 
in runs of the same nucleotide can result in signals that are 
proportional to the length of the run (Syvanen, A. -C., et al., 
Amer. J. Hum. Genet. 52:46-59 (1993)). 

[0094] For mutations that produce premature termination 
of protein translation, the protein truncation test (PTT) offers 
an ef?cient diagnostic approach (Roest, et. al., (1993) Hum. 
M01. Genet. 2:1719-21; van der Luijt, et. al., (1994) Genom 
ics 20:1-4). For PTT, RNA is initially isolated from available 
tissue and reverse-transcribed, and the segment of interest is 
ampli?ed by PCR. The products of reverse transcription 
PCR are then used as a template for nested PCR ampli?ca 
tion With a primer that contains an RNA polymerase pro 
moter and a sequence for initiating eukaryotic translation. 
After ampli?cation of the region of interest, the unique 
motifs incorporated into the primer permit sequential in vitro 
transcription and translation of the PCR products. Upon 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
of translation products, the appearance of truncated polypep 
tides signals the presence of a mutation that causes prema 
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ture termination of translation. In a variation of this tech 
nique, DNA (as opposed to RNA) is used as a PCR template 
When the target region of interest is derived from a single 
exon. 

[0095] Any cell type or tissue may be utiliZed to obtain 
nucleic acid samples for use in the diagnostics described 
herein. In a preferred embodiment, the DNA sample is 
obtained from a bodily ?uid, e.g, blood, obtained by knoWn 
techniques (eg venipuncture) or saliva. Alternatively, 
nucleic acid tests can be performed on dry samples (e.g. hair 
or skin). When using RNA or protein, the cells or tissues that 
may be utiliZed must express an IL-1 gene. 

[0096] Diagnostic procedures may also be performed in 
situ directly upon tissue sections (?xed and/or froZen) of 
patient tissue obtained from biopsies or resections, such that 
no nucleic acid puri?cation is necessary. Nucleic acid 
reagents may be used as probes and/or primers for such in 
situ procedures (see, for example, Nuovo, G. J ., 1992, PCR 
in situ hybridiZation: protocols and applications, Raven 
Press, 

[0097] In addition to methods Which focus primarily on 
the detection of one nucleic acid sequence, pro?les may also 
be assessed in such detection schemes. Fingerprint pro?les 
may be generated, for example, by utiliZing a differential 
display procedure, Northern analysis and/or RT-PCR. 

[0098] A preferred detection method is allele speci?c 
hybridiZation using probes overlapping a region of at least 
one allele of an IL-1 proin?ammatory haplotype and having 
about 5, 10, 20, 25, or 30 nucleotides around the mutation or 
polymorphic region. In a preferred embodiment of the 
invention, several probes capable of hybridiZing speci?cally 
to other allelic variants involved in a restenosis are attached 
to a solid phase support, e.g., a “chip” (Which can hold up 
to about 250,000 oligonucleotides). Oligonucleotides can be 
bound to a solid support by a variety of processes, including 
lithography. Mutation detection analysis using these chips 
comprising oligonucleotides, also termed “DNA probe 
arrays” is described e.g., in Cronin et al. (1996) Human 
Mutation 7:244. In one embodiment, a chip comprises all the 
allelic variants of at least one polymorphic region of a gene. 
The solid phase support is then contacted With a test nucleic 
acid and hybridiZation to the speci?c probes is detected. 
Accordingly, the identity of numerous allelic variants of one 
or more genes can be identi?ed in a simple hybridiZation 
experiment. 

[0099] These techniques may also comprise the step of 
amplifying the nucleic acid before analysis. Ampli?cation 
techniques are knoWn to those of skill in the art and include, 
but are not limited to cloning, polymerase chain reaction 
(PCR), polymerase chain reaction of speci?c alleles (ASA), 
ligase chain reaction (LCR), nested polymerase chain reac 
tion, self sustained sequence replication (Guatelli, J. C. et 
al., 1990, Proc. Natl. Acad. Sci. USA 87:1874-1878), tran 
scriptional ampli?cation system (KWoh, D. Y. et al., 1989, 
Proc. Natl. Acad. Sci. USA 86:1173-1177), and Q-Beta 
Replicase (LiZardi, P. M. et al., 1988, Bio/Technology 
611197). 
[0100] Ampli?cation products may be assayed in a variety 
of Ways, including siZe analysis, restriction digestion fol 
loWed by siZe analysis, detecting speci?c tagged oligonucle 
otide primers in the reaction products, allele-speci?c oligo 
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nucleotide (ASO) hybridization, allele speci?c 5‘ 
exonuclease detection, sequencing, hybridization, and the 
like. 

[0101] PCR based detection means can include multiplex 
ampli?cation of a plurality of markers simultaneously. For 
example, it is Well knoWn in the art to select PCR primers 
to generate PCR products that do not overlap in siZe and can 
be analyZed simultaneously. Alternatively, it is possible to 
amplify different markers With primers that are differentially 
labeled and thus can each be differentially detected. Of 
course, hybridiZation based detection means alloW the dif 
ferential detection of multiple PCR products in a sample. 
Other techniques are knoWn in the art to alloW multiplex 
analyses of a plurality of markers. 

[0102] In a merely illustrative embodiment, the method 
includes the steps of collecting a sample of cells from a 
patient, (ii) isolating nucleic acid (e.g., genomic, mRNA or 
both) from the cells of the sample, (iii) contacting the 
nucleic acid sample With one or more primers Which spe 
ci?cally hybridiZe 5‘ and 3‘ to at least one allele of an IL-1 
proin?ammatory haplotype under conditions such that 
hybridiZation and ampli?cation of the allele occurs, and (iv) 
detecting the ampli?cation product. These detection 
schemes are especially useful for the detection of nucleic 
acid molecules if such molecules are present in very loW 
numbers. 

[0103] In a preferred embodiment of the subject assay, the 
allele of an IL-1 proin?ammatory haplotype is identi?ed by 
alterations in restriction enZyme cleavage patterns. For 
example, sample and control DNA is isolated, ampli?ed 
(optionally), digested With one or more restriction endonu 
cleases, and fragment length siZes are determined by gel 
electrophoresis. 

[0104] In yet another embodiment, any of a variety of 
sequencing reactions knoWn in the art can be used to directly 
sequence the allele. Exemplary sequencing reactions include 
those based on techniques developed by Maxim and Gilbert 
((1977) Proc. Natl Acad Sci USA 741560) or Sanger (Sanger 
et al (1977) Proc. Nat. Acad. Sci USA 7415463). It is also 
contemplated that any of a variety of automated sequencing 
procedures may be utiliZed When performing the subject 
assays (see, for example Biotechniques (1995) 191448), 
including sequencing by mass spectrometry (see, for 
example PCT publication WO 94/16101; Cohen et al. (1996) 
Adv Chromatogr 361127-162; and Grif?n et al. (1993) Appl 
Biochem Biotechnol 381147-159). It Will be evident to one 
of skill in the art that, for certain embodiments, the occur 
rence of only one, tWo or three of the nucleic acid bases need 
be determined in the sequencing reaction. For instance, 
A-track or the like, e.g., Where only one nucleic acid is 
detected, can be carried out. 

[0105] In a further embodiment, protection from cleavage 
agents (such as a nuclease, hydroxylamine or osmium 
tetroxide and With piperidine) can be used to detect mis 
matched bases in RNA/RNA or RNA/DNA or DNA/DNA 
heteroduplexes (Myers, et al. (1985) Science 23011242). In 
general, the art technique of “mismatch cleavage” starts by 
providing heteroduplexes formed by hybridiZing (labeled) 
RNA or DNA containing the Wild-type allele With the 
sample. The double-stranded duplexes are treated With an 
agent Which cleaves single-stranded regions of the duplex 
such as Which Will exist due to base pair mismatches 
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betWeen the control and sample strands. For instance, RNA/ 
DNA duplexes can be treated With RNase and DNA/DNA 
hybrids treated With SI nuclease to enZymatically digest the 
mismatched regions. In other embodiments, either DNA/ 
DNA or RNA/DNA duplexes can be treated With hydroxy 
lamine or osmium tetroxide and With piperidine in order to 
digest mismatched regions. After digestion of the mis 
matched regions, the resulting material is then separated by 
siZe on denaturing polyacrylamide gels to determine the site 
of mutation. See, for example, Cotton et al (1988) Proc. Natl 
Acad Sci USA 8514397; and Saleeba et al (1992) Methods 
EnZymol. 2171286-295. In a preferred embodiment, the 
control DNA or RNA can be labeled for detection. 

[0106] In still another embodiment, the mismatch cleav 
age reaction employs one or more proteins that recogniZe 
mismatched base pairs in double-stranded DNA (so called 
“DNA mismatch repair” enZymes). For example, the mutY 
enZyme of E. coli cleaves A at G/A mismatches and the 
thymidine DNA glycosylase from HeLa cells cleaves T at 
G/T mismatches (Hsu et al. (1994) Carcinogenesis 1511657 
1662). According to an exemplary embodiment, a probe 
based on an allele of an IL-1 locus haplotype is hybridiZed 
to a cDNA or other DNA product from a test cell(s). The 
duplex is treated With a DNA mismatch repair enZyme, and 
the cleavage products, if any, can be detected from electro 
phoresis protocols or the like. See, for example, US. Pat. 
No. 5,459,039. 

[0107] In other embodiments, alterations in electro 
phoretic mobility Will be used to identify an IL-1 locus 
allele. For example, single strand conformation polymor 
phism (SSCP) may be used to detect differences in electro 
phoretic mobility betWeen mutant and Wild type nucleic 
acids (Orita et al. (1989) Proc Natl. Acad. Sci USA 8612766, 
see also Cotton (1993) Mutat Res 2851125-144; and Hayashi 
(1992) Genet Anal Tech Appl 9173-79). Single-stranded 
DNA fragments of sample and control IL-1 locus alleles are 
denatured and alloWed to renature. The secondary structure 
of single-stranded nucleic acids varies according to 
sequence, the resulting alteration in electrophoretic mobility 
enables the detection of even a single base change. The DNA 
fragments may be labeled or detected With labeled probes. 
The sensitivity of the assay may be enhanced by using RNA 
(rather than DNA), in Which the secondary structure is more 
sensitive to a change in sequence. In a preferred embodi 
ment, the subject method utiliZes heteroduplex analysis to 
separate double stranded heteroduplex molecules on the 
basis of changes in electrophoretic mobility (Keen et al. 
(1991) Trends Genet 715). 

[0108] In yet another embodiment, the movement of alle 
les in polyacrylamide gels containing a gradient of denatur 
ant is assayed using denaturing gradient gel electrophoresis 
(DGGE) (Myers et al. (1985) Nature 3131495). When 
DGGE is used as the method of analysis, DNA Will be 
modi?ed to insure that it does not completely denature, for 
example by adding a GC clamp of approximately 40 bp of 
high-melting GC-rich DNA by PCR. In a further embodi 
ment, a temperature gradient is used in place of a denaturing 
agent gradient to identify differences in the mobility of 
control and sample DNA (Rosenbaum and Reissner (1987) 
Biophys Chem 265112753). 

[0109] Examples of other techniques for detecting alleles 
include, but are not limited to, selective oligonucleotide 
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hybridization, selective ampli?cation, or selective primer 
extension. For example, oligonucleotide primers may be 
prepared in Which the known mutation or nucleotide differ 
ence (e.g., in allelic variants) is placed centrally and then 
hybridized to target DNA under conditions Which permit 
hybridization only if a perfect match is found (Saiki et al. 
(1986) Nature 324:163); Saiki et al (1989) Proc. Natl Acad. 
Sci USA 86:6230). Such allele speci?c oligonucleotide 
hybridization techniques may be used to test one mutation or 
polymorphic region per reaction When oligonucleotides are 
hybridized to PCR ampli?ed target DNA or a number of 
different mutations or polymorphic regions When the oligo 
nucleotides are attached to the hybridizing membrane and 
hybridized With labelled target DNA. 

[0110] Alternatively, allele speci?c ampli?cation technol 
ogy Which depends on selective PCR ampli?cation may be 
used in conjunction With the instant invention. Oligonucle 
otides used as primers for speci?c ampli?cation may carry 
the mutation or polymorphic region of interest in the center 
of the molecule (so that ampli?cation depends on differential 
hybridization) (Gibbs et al (1989) Nucleic Acids Res. 
17:2437-2448) or at the extreme 3‘ end of one primer Where, 
under appropriate conditions, mismatch can prevent, or 
reduce polymerase extension (Prossner (1993) Tibtech 
11:238. In addition it may be desirable to introduce a novel 
restriction site in the region of the mutation to create 
cleavage-based detection (Gasparini et al (1992) Mol. Cell 
Probes 6:1). It is anticipated that in certain embodiments 
ampli?cation may also be performed using Taq ligase for 
ampli?cation (Barany (1991) Proc. Natl. Acad. Sci USA 
88:189). In such cases, ligation Will occur only if there is a 
perfect match at the 3‘ end of the 5‘ sequence making it 
possible to detect the presence of a knoWn mutation at a 
speci?c site by looking for the presence or absence of 
ampli?cation. 

[0111] In another embodiment, identi?cation of the allelic 
variant is carried out using an oligonucleotide ligation assay 
(OLA), as described, e.g., in US. Pat. No. 4,998,617 and in 
Landegren, U. et al. ((1988) Science 241:1077-1080). The 
OLA protocol uses tWo oligonucleotides Which are designed 
to be capable of hybridizing to abutting sequences of a single 
strand of a target. One of the oligonucleotides is linked to a 
separation marker, e.g,. biotinylated, and the other is detect 
ably labeled. If the precise complementary sequence is 
found in a target molecule, the oligonucleotides Will hybrid 
ize such that their termini abut, and create a ligation sub 
strate. Ligation then permits the labeled oligonucleotide to 
be recovered using avidin, or another biotin ligand. Nick 
erson, D. A. et al. have described a nucleic acid detection 
assay that combines attributes of PCR and OLA (Nickerson, 
D. A. et al. (1990) Proc. Natl. Acad. Sci. USA 87:8923-27). 
In this method, PCR is used to achieve the exponential 
ampli?cation of target DNA, Which is then detected using 
OLA. 

[0112] Several techniques based on this OLA method have 
been developed and can be used to detect alleles of an IL-1 
locus haplotype. For example, US. Pat. No. 5,593,826 
discloses an OLA using an oligonucleotide having 3‘-amino 
group and a 5‘-phosphorylated oligonucleotide to form a 
conjugate having a phosphoramidate linkage. In another 
variation of OLA described in Tobe et al. ((1996) Nucleic 
Acids Res 24: 3728), OLA combined With PCR permits 
typing of tWo alleles in a single microtiter Well. By marking 
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each of the allele-speci?c primers With a unique hapten, i.e. 
digoxigenin and ?uorescein, each OLA reaction can be 
detected by using hapten speci?c antibodies that are labeled 
With different enzyme reporters, alkaline phosphatase or 
horseradish peroxidase. This system permits the detection of 
the tWo alleles using a high throughput format that leads to 
the production of tWo different colors. 

[0113] Another embodiment of the invention is directed to 
kits for detecting a predisposition for developing a resteno 
sis. This kit may contain one or more oligonucleotides, 
including 5‘ and 3‘ oligonucleotides that hybridize 5‘ and 3‘ 
to at least one allele of an IL-1 locus haplotype. PCR 
ampli?cation oligonucleotides should hybridize betWeen 25 
and 2500 base pairs apart, preferably betWeen about 100 and 
about 500 bases apart, in order to produce a PCR product of 
convenient size for subsequent analysis. 

[0114] Particularly preferred primers for use in the diag 
nostic method of the invention include SEQ ID Nos. 1-6 

[0115] The design of additional oligonucleotides for use in 
the ampli?cation and detection of IL-1 polymorphic alleles 
by the method of the invention is facilitated by the avail 
ability of both updated sequence information from human 
chromosome 2q13—Which contains the human IL-1 locus, 
and updated human polymorphism information available for 
this locus. For example, the DNA sequence for the IL-1A, 
IL-1B and IL-1RN is shoWn in FIGS. 1 (GenBank Accession 
No. X03833), 2 (GenBank Accession No. X04500) and 3 
(GenBank Accession No. X64532) respectively. Suitable 
primers for the detection of a human polymorphism in these 
genes can be readily designed using this sequence informa 
tion and standard techniques knoWn in the art for the design 
and optimization of primers sequences. Optimal design of 
such primer sequences can be achieved, for example, by the 
use of commercially available primer selection programs 
such as Primer 2.1, Primer 3 or GeneFisher (See also, 
Nicklin M. H. J ., Weith A. Duff G. W., “A Physical Map of 
the Region Encompassing the Human Interleukin-lot, inter 
leukin-1[3, and Interleukin-1 Receptor Antagonist Genes” 
Genomics 19: 382 (1995); NothWang H. G., et al. “Molecu 
lar Cloning of the Interleukin-1 gene Cluster: Construction 
of an Integrated YAC/PAC Contig and a partial transcrip 
tional Map in the Region of Chromosome 2q13” Genomics 
41: 370 (1997); Clark, et al. (1986) Nucl. Acids. Res., 
14:7897-7914 [published erratum appears in Nucleic Acids 
Res., 15:868 (1987) and the Genome Database (GDB) 
project at the URL http://WWW.gdb.org). 

[0116] For use in a kit, oligonucleotides may be any of a 
variety of natural and/or synthetic compositions such as 
synthetic oligonucleotides, restriction fragments, cDNAs, 
synthetic peptide nucleic acids (PNAs), and the like. The 
assay kit and method may also employ labeled oligonucle 
otides to alloW ease of identi?cation in the assays. Examples 
of labels Which may be employed include radio-labels, 
enzymes, ?uorescent compounds, streptavidin, avidin, 
biotin, magnetic moieties, metal binding moieties, antigen or 
antibody moieties, and the like. 

[0117] The kit may, optionally, also include DNA sam 
pling means. DNA sampling means are Well knoWn to one 
of skill in the art and can include, but not be limited to 
substrates, such as ?lter papers, the AmpliCardTM (Univer 
sity of Sheffield, Shef?eld, England S 10 2JF; TarloW, J W, 
et al., J. oflnvest. Dermatol. 103:387-389 (1994)) and the 
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like; DNA puri?cation reagents such as NucleonTM kits, lysis 
buffers, proteinase solutions and the like; PCR reagents, 
such as 10>< reaction buffers, thermostable polymerase, 
dNTPs, and the like; and allele detection means such as the 
HinfI restriction enZyme, allele speci?c oligonucleotides, 
degenerate oligonucleotide primers for nested PCR from 
dried blood. 

[0118] 4.2.3. Pharmacogenomics 

[0119] Knowledge of the particular alleles associated With 
a susceptibility to developing osteoporosis, alone or in 
conjunction With information on other genetic defects con 
tributing to the same condition alloWs a customiZation of the 
prevention or treatment in accordance With the individual’s 
genetic pro?le, the goal of “pharmacogenomics”. Thus, 
comparison of an individual’s IL-l pro?le to the population 
pro?le for osteoporosis, permits the selection or design of 
drugs or other therapeutic regimens that are expected to be 
safe and ef?cacious for a particular patient or patient popu 
lation (i.e., a group of patients having the same genetic 
alteration). 
[0120] In addition, the ability to target populations 
expected to shoW the highest clinical bene?t, based on 
genetic pro?le can enable: 1) the repositioning of already 
marketed drugs; 2) the rescue of drug candidates Whose 
clinical development has been discontinued as a result of 
safety or efficacy limitations, Which are patient subgroup 
speci?c; and 3) an accelerated and less costly development 
for candidate therapeutics and more optimal drug labeling 
(e.g. since measuring the effect of various doses of an agent 
on the causative mutation is useful for optimiZing effective 

dose). 
[0121] The treatment of an individual With a particular 
therapeutic can be monitored by determining protein (e.g. 
IL-lot, IL-1[3, or IL-lRa), mRNA and/or transcriptional 
level. Depending on the level detected, the therapeutic 
regimen can then be maintained or adjusted (increased or 
decreased in dose). In a preferred embodiment, the effec 
tiveness of treating a subject With an agent comprises the 
steps of: obtaining a preadministration sample from a 
subject prior to administration of the agent; (ii) detecting the 
level or amount of a protein, mRNA or genomic DNA in the 
preadministration sample; (iii) obtaining one or more post 
administration samples from the subject; (iv) detecting the 
level of expression or activity of the protein, mRNA or 
genomic DNA in the post-administration sample; (v) com 
paring the level of expression or activity of the protein, 
mRNA or genomic DNA in the preadministration sample 
With the corresponding protein, mRNA or genomic DNA in 
the postadministration sample, respectively; and (vi) altering 
the administration of the agent to the subject accordingly. 

[0122] Cells of a subject may also be obtained before and 
after administration of a therapeutic to detect the level of 
expression of genes other than an IL-l gene to verify that the 
therapeutic does not increase or decrease the expression of 
genes Which could be deleterious. This can be done, e.g., by 
using the method of transcriptional pro?ling. Thus, mRNA 
from cells exposed in vivo to a therapeutic and mRNA from 
the same type of cells that Were not exposed to the thera 
peutic could be reverse transcribed and hybridiZed to a chip 
containing DNA from numerous genes, to thereby compare 
the expression of genes in cells treated and not treated With 
the therapeutic. 
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[0123] 4.3 Osteoporosis Therapeutics 

[0124] Osteoporosis therapeutics refers to any agent or 
therapeutic regimen (including pharmaceuticals, nutraceuti 
cals and surgical means) that prevents or postpones the 
development of or alleviates the symptoms of osteoporosis 
in the subject. The therapeutic can be a polypeptide, pepti 
domimetic, nucleic acid or other inorganic or organic mol 
ecule, preferably a “small molecule” including vitamins, 
minerals and other nutrients. Preferably the therapeutic can 
modulate at least one activity of an IL-l polypeptide, e.g., 
interaction With a receptor, by mimicking or potentiating 
(agoniZing) or inhibiting (antagoniZing) the effects of a 
naturally-occurring polypeptide. An agonist can be a Wild 
type protein or derivative thereof having at least one bioac 
tivity of the Wild-type, e.g., receptor binding activity. An 
agonist can also be a compound that upregulates expression 
of a gene or Which increases at least one bioactivity of a 
protein. An agonist can also be a compound Which increases 
the interaction of a polypeptide With another molecule, e.g., 
a receptor. An antagonist can be a compound Which inhibits 
or decreases the interaction betWeen a protein and another 
molecule, e.g., a receptor or an agent that blocks signal 
transduction or post-translation processing (e.g., IL-l con 
verting enZyme (ICE) inhibitor). Accordingly, a preferred 
antagonist is a compound Which inhibits or decreases bind 
ing to a receptor and thereby blocks subsequent activation of 
the receptor. An antagonist can also be a compound that 
doWnregulates expression of a gene or Which reduces the 
amount of a protein present. The antagonist can be a 
dominant negative form of a polypeptide, e.g., a form of a 
polypeptide Which is capable of interacting With a target 
peptide, e.g., a receptor, but Which does not promote the 
activation of the receptor. The antagonist can also be a 
nucleic acid encoding a dominant negative form of a 
polypeptide, an antisense nucleic acid, or a riboZyme 
capable of interacting speci?cally With an RNA. Yet other 
antagonists are molecules Which bind to a polypeptide and 
inhibit its action. Such molecules include peptides, e.g., 
forms of target peptides Which do not have biological 
activity, and Which inhibit binding to receptors. Thus, such 
peptides Will bind to the active site of a protein and prevent 
it from interacting With target peptides. Yet other antagonists 
include antibodies that speci?cally interact With an epitope 
of a molecule, such that binding interferes With the biologi 
cal function of the polypeptide. In yet another preferred 
embodiment, the antagonist is a small molecule, such as a 
molecule capable of inhibiting the interaction betWeen a 
polypeptide and a target receptor. Alternatively, the small 
molecule can function as an antagonist by interacting With 
sites other than the receptor binding site. 

[0125] Modulators of IL-1 (e.g. IL-lot, IL-1[3 or IL-1 
receptor antagonist) or a protein encoded by a gene that is in 
linkage disequilibrium With an IL-l gene can comprise any 
type of compound, including a protein, peptide, peptidomi 
metic, small molecule, or nucleic acid. Preferred agonists 
include nucleic acids (eg encoding an IL-l protein or a 
gene that is up- or doWn-regulated by an IL-l protein), 
proteins (e.g. IL-l proteins or a protein that is up- or 
doWn-regulated thereby) or a small molecule (eg that 
regulates expression or binding of an IL-l protein). Pre 
ferred antagonists, Which can be identi?ed, for example, 
using the assays described herein, include nucleic acids (eg 
single (antisense) or double stranded (triplex) DNA or PNA 
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and riboZymes), protein (e.g. antibodies) and small mol 
ecules that act to suppress or inhibit IL-l transcription 
and/or protein activity. 

[0126] 4.3.1. Effective Dose 

[0127] Toxicity and therapeutic efficacy of such com 
pounds can be determined by standard pharmaceutical pro 
cedures in cell cultures or experimental animals, e.g., for 
determining The LD5O (the dose lethal to 50% of the 
population) and the Ed5O (the dose therapeutically effective 
in 50% of the population). The dose ratio betWeen toxic and 
therapeutic effects is the therapeutic index and it can be 
expressed as the ratio LDSO/EDSO. Compounds Which 
exhibit large therapeutic indices are preferred. While com 
pounds that exhibit toxic side effects may be used, care 
should be taken to design a delivery system that targets such 
compounds to the site of affected tissues in order to mini 
miZe potential damage to uninfected cells and, thereby, 
reduce side effects. 

[0128] The data obtained from the cell culture assays and 
animal studies can be used in formulating a range of dosage 
for use in humans. The dosage of such compounds lies 
preferably Within a range of circulating concentrations that 
include the ED5O With little or no toxicity. The dosage may 
vary Within this range depending upon the dosage form 
employed and the route of administration utiliZed. For any 
compound used in the method of the invention, the thera 
peutically effective dose can be estimated initially from cell 
culture assays. A dose may be formulated in animal models 
to achieve a circulating plasma concentration range that 
includes the IC5O (i.e., the concentration of the test com 
pound Which achieves a half-maximal inhibition of symp 
toms) as determined in cell culture. Such information can be 
used to more accurately determine useful doses in humans. 
Levels in plasma may be measured, for example, by high 
performance liquid chromatography. 
[0129] 4.3.2. Formulation and Use 

[0130] Compositions for use in accordance With the 
present invention may be formulated in a conventional 
manner using one or more physiologically acceptable car 
riers or excipients. Thus, the compounds and their physi 
ologically acceptable salts and solvates may be formulated 
for administration by, for example, injection, inhalation or 
insuf?ation (either through the mouth or the nose) or oral, 
buccal, parenteral or rectal administration. 

[0131] For such therapy, the compounds of the invention 
can be formulated for a variety of loads of administration, 
including systemic and topical or localiZed administration. 
Techniques and formulations generally may be found in 
Remmington’s Pharmaceutical Sciences, Meade Publishing 
Co., Easton, Pa. For systemic administration, injection is 
preferred, including intramuscular, intravenous, intraperito 
neal, and subcutaneous. For injection, the compounds of the 
invention can be formulated in liquid solutions, preferably in 
physiologically compatible buffers such as Hank’s solution 
or Ringer’s solution. In addition, the compounds may be 
formulated in solid form and redissolved or suspended 
immediately prior to use. LyophiliZed forms are also 
included. 

[0132] For oral administration, the compositions may take 
the form of, for example, tablets or capsules prepared by 
conventional means With pharmaceutically acceptable 
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excipients such as binding agents (e.g., pregelatinised maiZe 
starch, polyvinylpyrrolidone or hydroxypropyl methylcellu 
lose); ?llers (e.g., lactose, microcrystalline cellulose or 
calcium hydrogen phosphate); lubricants (e.g., magnesium 
stearate, talc or silica); disintegrants (e.g., potato starch or 
sodium starch glycolate); or Wetting agents (e.g., sodium 
lauryl sulfate). The tablets may be coated by methods Well 
knoWn in the art. Liquid preparations for oral administration 
may take the form of, for example, solutions, syrups or 
suspensions, or they may be presented as a dry product for 
constitution With Water or other suitable vehicle before use. 
Such liquid preparations may be prepared by conventional 
means With pharmaceutically acceptable additives such as 
suspending agents (e.g., sorbitol syrup, cellulose derivatives 
or hydrogenated edible fats); emulsifying agents (e.g., leci 
thin or acacia); non-aqueous vehicles (e.g., ationd oil, oily 
esters, ethyl alcohol or fractionated vegetable oils); and 
preservatives (e. g., methyl or propyl-p-hydroxybenZoates or 
sorbic acid). The preparations may also contain buffer salts, 
?avoring, coloring and sWeetening agents as appropriate. 

[0133] Preparations for oral administration may be suit 
ably formulated to give controlled release of the active 
compound. For buccal administration the compositions may 
take the form of tablets or loZenges formulated in conven 
tional manner. For administration by inhalation, the com 
pounds for use according to the present invention are 
conveniently delivered in the form of an aerosol spray 
presentation from pressuriZed packs or a nebuliser, With the 
use of a suitable propellant, e.g., dichlorodi?uoromethane, 
trichloro?uoromethane, dichlorotetra?uoroethane, carbon 
dioxide or other suitable gas. In the case of a pressuriZed 
aerosol the dosage unit may be determined by providing a 
valve to deliver a metered amount. Capsules and cartridges 
of e.g., gelatin for use in an inhaler or insuf?ator may be 
formulated containing a poWder mix of the compound and a 
suitable poWder base such as lactose or starch. 

[0134] The compounds may be formulated for parenteral 
administration by injection, e.g., by bolus injection or con 
tinuous infusion. Formulations for injection may be pre 
sented in unit dosage form, e.g., in ampoules or in multi 
dose containers, With an added preservative. The 
compositions may take such forms as suspensions, solutions 
or emulsions in oily or aqueous vehicles, and may contain 
formulating agents such as suspending, stabiliZing and/or 
dispersing agents. Alternatively, the active ingredient may 
be in poWder form for constitution With a suitable vehicle, 
e.g., sterile pyrogen-free Water, before use. 

[0135] The compounds may also be formulated in rectal 
compositions such as suppositories or retention enemas, e. g., 
containing conventional suppository bases such as cocoa 
butter or other glycerides. 

[0136] In addition to the formulations described previ 
ously, the compounds may also be formulated as a depot 
preparation. Such long acting formulations may be admin 
istered by implantation (for example subcutaneously or 
intramuscularly) or by intramuscular injection. Thus, for 
example, the compounds may be formulated With suitable 
polymeric or hydrophobic materials (for example as an 
emulsion in an acceptable oil) or ion exchange resins, or as 
sparingly soluble derivatives, for example, as a sparingly 
soluble salt. Other suitable delivery systems include micro 
spheres Which offer the possibility of local noninvasive 




















