
GENETIC VARIANTS ON CHR 5pl2 AND 10q26 AS MARKERS FOR
USE I N BREAST CANCER RISK ASSESSMENT, DIAGNOSIS,
PROGNOSIS AND TREATMENT BACKGROUND OF THE INVENTION
Breast cancer is by far the most common cancer in
women worldwide. Current global incidence is in excess
of 1,151,000 new cases diagnosed each year [Parkin, et
al., (2005), CA Cancer J Clin, 55, 74-108]. Breast
cancer incidence is highest in developed countries,
particularly amongst populations of Northern European
ethnic origin, and is increasing. I n the United
States the annual age-standardized incidence rate is
approximately 125 cases per 100,000 population, more
than three times the world average. Rates in Northern
European countries are similarly high. I n the year
2008 it is estimated that 184,450 new cases of
invasive breast cancer will be diagnosed in the U.S.A.
and 40,930 people will die from the disease [Jemal, et
al., (2008), CA Cancer J Clin, 58, 71-96]. To this
figure must be added a further 67,770 ductal and
lobular carcinoma in-situ diagnoses expected in 2008.
From an individual perspective, the lifetime
probability of developing breast cancer is 12.3% in
U.S. women (i.e., 1 in 8 women will develop breast
cancer during their lives). As with most cancers,
early detection and appropriate treatment are
important factors. Overall, the 5-year survival rate
for breast cancer is 89%. However, in individuals
presenting with regionally invasive or metastatic
disease, the rate declines to 84% and 27%,
respectively [Jemal, et al., (2008), CA Cancer J Clin,
58, 71-96]. Increasingly, emphasis is falling on the
identification individuals who are at high risk for
primary or recurrent breast cancer. Such individuals
can be managed by more intensive screening,
preventative chemotherapies, hormonal therapies and,
in cases of individuals at extremely high risk,
prophylactic surgery. Mass screening programs
constitute a huge economic burden on health services,
while preventative therapies have associated risks and
quality of life consequences. Genetic Predisposition
to Breast Cancer The two primary classes of known risk
factors for breast cancer are endocrine factors and
genetics. Regarding the latter, approximately 12% of
breast cancer patients have one or more first degree
relatives with breast cancer [(2001), Lancet, 358,
1389-99]. The well known, dominant breast cancer
predisposition genes BRCAl and BRCA2 confer greatly
increased breast cancer risk t o carriers, with
lifetime penetrance estimates ranging from 40-80%. The
presence of BRCAl and BRCA2 mutations ca.n account for
the majority of families with 6 or more cases ofbreast
cancer and for a large proportion of families
comprising breast and ovarian or male breast cancer.
However such families are very rare indeed. BRCAl and
BRCA2 mutations are found much less frequently in
families with fewer cases or in families characterized
by breast cancer cases only. Together, mutations in
BRCAl and BRCA2 can account for 15-20% of the risk for
familial breast cancer. In non-founder populations, if
all common BRCA mutations could be detected, between
2-3% of incident breast cancer patients would be
expected to harbor a mutation [Gorski, et al., (2005),
Breast Cancer Res Treat, 92, 19-24; (2000), Br J
Cancer, 83, 1301-8]. This low "chance to find"
statistic precludes the responsible use of BRCA
mutation testing outside families with an obvious
hereditary predisposition (Anon[(2003), J Clin Oncol,
21, 2397-406]). Rare, high penetrance mutations are
known to occur in the TP53 and PTEN genes, however,
these together account for no more than 5% of the
total genetic risk for breast cancer [Easton, (1999),
Breast Cancer Res, 1, 14-7]. Linkage studies have been
largely unsuccessful in identifying any more,
widespread mutations conferring high risk for breast
cancer[Smith, et al., (2006), Genes Chromosomes
Cancer, 45, 646-55]. Recent epidemiological studies
have indicated that the majority of breast cancer
cases arise in a predisposed, susceptible minority of
the population [Antoniou, et al., (2002), Br J Cancer,
86, 76-83; Pharoah, et al., (2002), Nat Genet, 31,
33-6]. Data from twin studies and observations of the
constant, high incidence of cancer in the
contralateral breast of patients surviving primary
breast cancer indicate that a substantial portion of
the uncharacterized risk for breast cancer is related
to endogenous factors, most probably genetic
[Lichtenstein, et al., (2000), N Engl J Med, 343,
78-85; Peto and Mack, (2000), Nat Genet, 26, 411-4].
Knowledge of the genetic factors that underpin this
widespread risk is very limited. Segregation analyses
predict that the uncharacterized genetic risk for
breast cancer is most likely to be polygenic in
nature, with risk alleles that confer low to moderate
risk and which may interact with each other and with
hormonal risk factors. Nevertheless, these studies
predict as much as 40-fold differences in relative
risk between the highest and lowest quintiles of a
distribution that could be defined by genetic
profiling that captures these low to moderate risk
alleles [Antoniou, et al., (2002), Br J 



Cancer, 86, 76-83; Pharoah, et al., (2002), Nat Genet,
31, 33-6]. 88% of all breast cancer cases are expected
to arise amongst a predisposed 50% of the population
and the 12% of the population at highest risk accounts
for 50% of all breast cancer cases [Pharoah, et al.,
(2002), Nat Genet, 31, 33-6; Pharoah, (2003), Recent
Results Cancer Res, 163, 7-18; discussion 264- 6].
Much focus is therefore directed towards the
identification of such genetically predisposed
individuals and developing personalized medical
management strategies for them. We and others have
shown that there is a significant familial risk of
breast cancer in Iceland which extends to at least 5th
degree relatives [Amundadottir, et al., (2004), PLoS
Med, 1, e65; Tulinius, et al., (2002), J Med Genet,
39, 457-62]. The contribution of BRCAl mutations to
familial risk in Iceland is thought to be minimal
[Arason, et al., (1998), J Med Genet, 35, 446-9;
Bergthorsson, et al., (1998), Hum Mutat, Suppl 1,
S195-7]. A single founder mutation in the BRCA2 gene
(999del5) is present at a carrier frequency of
0.6-0.8% in the general Icelandicpopulation and
7.7-8.6% in female breast cancer patients [Thorlacius,
et al., (1997), Am J Hum Genet, 60, 1079-84;
Gudmundsson, et al., (1996), Am J Hum Genet, 58,
749-56]. This single mutation is estimated to account
for approximately 40% of the inherited breast cancer
risk to first through third degree relatives
[Tulinius, et al., (2002), J Med Genet, 39, 457-62].
Although this estimate is higher than the 15-25% of
familial risk attributed to all BRCA 1 and 2 mutations
combined in non-founder populations, there is still
some 60% of Icelandic familial breast cancer risk to
be explained. First degree relatives of patients who
test negative for BRCA2 999del5 remain at a 1.72 fold
the population risk for breast cancer (95% CI
1.49-1.96) [Tulinius, et al., (2002), J Med Genet, 39,
457-62]. Genetic risk is conferred by subtle
differences in the genome among individuals within a
population. Genes differ between individuals most
frequently due to single nucleotide polymorphisms
(SNP), although other variations are also important.
SNP are located on average every 1000 base pairs in
the human genome. Accordingly, a typical human gene
containing 250,000 base pairs may contain 250
different SNP. Only a minor number of SNPs are located
in exons and alter the amino acid sequence of the
protein encoded by the gene. Most SNPs may have little
or no effect on gene function, while others may alter
transcription, splicing, translation, or stability of
the mRNA encoded by the gene. Additional genetic
polymorphism in the human genome is caused by
insertion, deletion, translocation, or inversion of
either short or long stretches of DNA. Genetic
polymorphisms conferring disease risk may therefore
directly alter the amino acid sequence of proteins,
may increase the amount of protein produced from the
gene, or may decrease the amount of protein produced
by the gene. As genetic polymorphisms conferring risk
of common disease are uncovered, genetic testing for
such risk factors becomes important for clinical
medicine. Recent examples are apolipoprotein E testing
to identify genetic carriers of the apoE4 polymorphism
in dementia patients for the differential diagnosis of
Alzheimer's disease, and of Factor V Leiden testing
for predisposition to deep venous thrombosis. More
importantly, in the treatment of cancer, diagnosis of
genetic variants in tumor cells is used for the
selection of the most appropriate treatment regime for
the individual patient. I n breast cancer, genetic
variation in estrogen receptor expression or heregulin
type 2 (Her2) receptor tyrosine kinase expression
determine if anti-estrogenic drugs (tamoxifen) or
anti-Her2 antibody (Herceptin) will be incorporated
into the treatment plan. I n chronic myeloid leukemia
(CML) diagnosis of the Philadelphia chromosome genetic
translocation fusing the genes encoding the Bcr and
AbI receptor tyrosine kinases indicates that Gleevec
(STI571), a specific inhibitor of the Bcr-Abl kinase
should be used for treatment of the cancer. For CML
patients with such a genetic alteration, inhibition of
the Bcr-Abl kinase leads to rapid elimination of the
tumor cells and remission from leukemia.Understanding
of the genetic factors contributing to the residual
genetic risk for breast cancer is limited. Variants in
two genes have been rigorously confirmed as low
penetrance breast cancer risk genes; CHEK2 and ATM
[Renwick, et al., (2006), Nat Genet, 38, 873-5;
(2004), Am J Hum Genet, 74, 1175-82]. Furthermore, a
recent report establishes a link between variants on
chromosomes 2q35 and 16ql2 and increased risk of
estrogen receptor positive breast cancer (Simon, SN.
et al. Nat Genet 39:865-9 (2007)). Many other genes
have been implicated however their contribution to
breast cancer risk has not been confirmed in analyses
employing very large sample sets [Breast Cancer
Association, (2006), J Natl Cancer Inst, 98, 1382-96].
No universally successful method for the prevention or
treatment of breast cancer is currently available.
Management of breast cancer currently relies on a
combination of primary prevention, early diagnosis,
appropriate treatments and secondary prevention. There
are clear clinical imperatives for integrating genetic
testing into all aspects of these management areas.
Identification of cancer susceptibility genes may also
reveal key molecular pathways that may be 



manipulated (e.g., using small or large molecular
weight drugs) and may lead to more effective
treatments. SUMMARY OF THE INVENTION The present
invention relates to methods of assessing a
susceptibility to breast cancer. The invention
includes methods of diagnosing an increased
susceptibility to breast cancer, as well as methods of
diagnosing a decreased susceptibility to breast cancer
or diagnosing a protection against cancer, by
evaluating certain markers or haplotypes that have
been found to be associated with increased or
decreased susceptibility of breast cancer. The
invention also relates to methods of assessing
prognosis of individuals diagnosed with breast cancer,
methods of assessing the probability of response to a
breast cancer therapeutic agent or breast cancer
therapy, as well as methods of monitoring progress of
treatment of an individual diagnosed with breast
cancer. I n one aspect, the present invention relates
to a method of diagnosing a susceptibility to breast
cancer in a human individual, the method comprising
determining the presence or absence of at least one
allele of at least one polymorphic marker on
chromosome 5pl2 or on chromosome 10q26 in a nucleic
acid sample obtained from the individual, wherein the
presence of the at least one allele is indicative of a
susceptibility to breast cancer. The invention also
relates to a method of determining a susceptibility to
breast cancer, by determining the presence or absence
of at least one allele of at least one polymorphic
marker on chromosome 5pl2 or on chromosome 10q26 in a
nucleic acid sample from the individual, wherein the
determination of the presence of the at least one
allele is indicative of a susceptibility to breast
cancer.I n another aspect, the invention relates to a
method of determining a susceptibility to breast
cancer in a human individual, comprising determining
whether at least one at-risk allele in at least one
polymorphic marker is present in a genotype dataset
derived from the individual, wherein the at least one
polymorphic marker is selected from markers within
chromosome 5pl2, and wherein determination of the
presence of the at least one at-risk allele is
indicative of increased susceptibility to breast
cancer in the individual. The invention furthermore
relates to a method for determining a susceptibility
to breast cancer in a human individual, comprising
determining whether at least one allele of at least
one polymorphic marker is present in a nucleic acid
sample obtained from the individual or in a genotype
dataset derived from the individual, wherein the at
least one polymorphic marker is selected from
rslO941679 (SEQ ID NO:236), rs4415084 (SEQ ID NO:235),
and rsl219648 (SEQ ID NO:237), and markers in linkage
disequilibrium therewith, and wherein the presence of
the at least one allele is indicative of a
susceptibility to breast cancer for the individual.
The genotype dataset comprises in one embodiment
information about marker identity, and the allelic
status of the individual, i.e. information about the
identity of the two alleles carried by the individual
for the marker. The genotype dataset may comprise
allelic information about one or more marker,
including two or more markers, three or more markers,
five or more markers, one hundred or more markers,
etc. I n some embodiments, the genotype dataset
comprises genotype information from a whole-genome
assessment of the individual, that may include
hundreds of thousands of markers, or even one million
or more markers. I n certain embodiments, the at least
one polymorphic marker is associated with the FGFlO
gene, the HCNl gene, the MRPS30 gene, and/or the FGFR2
gene. In certain such embodiments, the at least one
polymorphic marker is in linkage disequilibrium with
the FGFlO gene, the HCNl gene, the MRPS30 gene, and/or
the FGFR2 gene. I n certain other embodiments, the at
least one polymorphic marker is selected from the
group of markers located within the chromosomal
segment spanning position 44,666,047 and 44,976,797,
in NCBI Build 34, and markers in linkage
disequilibrium therewith. I n another embodiment, the
at least one polymorphic marker is selected from the
group consisting of the polymorphic markers listed in
Table 1 and Table 3, and markers in linkage
disequilibrium therewith. I n certain embodiments, the
at least one polymorphic marker is selected from the
markers set forth in Table 12, Table 13 and Table 14.
I n one embodiment, the at least one polymorphic
marker is selected from the markers as set forth in
SEQ ID NO: 1-237. I n one embodiment, the markers in
linkage disequilibrium with marker rs4415084 are
selected from the markers set forth in Table 12. I n
another embodiment, the markers in linkage
disequilibrium with marker rslO941679 are selected
from the markers set forth in Table 13. I n another
embodiment, themarkers in linkage disequilibrium with
marker rsl219648 are selected from the markers set
forth in Table 14. In certain embodiments, a further
step of assessing the frequency of at least one
haplotype in the indiviudal is performed. I n such
embodiments, two or more markers, including three,
four, 



five, six, seven, eight, nine or ten or more markers
can be included in the haplotype. I n one embodiment,
the haplotype comprises markers in the chromosome 5pl2
region. I n another embodiment, the haplotype
comprises markers in the chromosome 10q26 region. In
certain embodiments, the haplotype comprises markers
in linkage disequilibrium with rs4415084. I n certain
other embodiments, the haplotype comprises markers in
linkage disequilibrium with rslO941679. I n certain
other embodiments, the haplotype comprises markers in
linkage disequilibrium with rsl219648. The markers
conferring risk of breast cancer, as described herein,
can be combined with other genetic markers for breast
cancer. Thus, in certain embodiments, a further step
is included, comprising determining whether at least
one at-risk allele of at least one at-risk variant for
breast cancer not in linkage disequilibrium with any
one of the markers set forth in Table 12, Table 13 and
Table 14 is present in a sample comprising genomic DNA
from a human individual or a genotype dataset derived
from a human individual. I n other words, genetic
markers in other locations in the genome can be useful
in combination with the markers of the present
invention, so as to determine overall risk of breast
cancer based on multiple genetic factors. Selection of
markers that are not in linkage disequilibrium (not in
LD) can be based on a suitable measure for linkage
disequilibrium, as described further herein. I n
certain embodiments, markers that are not in linkage
disequilibrium have values for the LD measure r2
between the markers of less than 0.2. I n certain
other embodiments, markers that are not in LD have
values for r2 between the markers of less than 0.15,
including less than 0.10, less than 0.05, less than
0.02 and less than 0.01. Other suitable cutoff values
for establishing that markers are not in LD are
contemplated, including values bridging any of these
values. I n certain embodiments, multiple markers as
described herein are determined to determine overall
risk of breast cancer. Thus, in certain embodiments,
an additional step is included, the step comprising
determining whether at least one allele in each of at
least two polymorphic markers is present in a sample
comprising genomic DNA from a human individual or a
genotype dataset derived from a human individual,
wherein the presence of the at least one allele in the
at least two polymorphic markers is indicative of an
increased susceptibility to breast cancer. In one
embodiment, the markers are selected from rs4415084
(SEQ ID NO:235), rslO941679 (SEQ ID NO:236) and
rsl219648 (SEQ ID NO:237), and markers in linkage
disequilibrium therewith. Risk assessment based on the
markers of the present invention can also be combined
with assessment for the presence of absence of at
least one high penetrant genetic factor for breast
cancer in a nucleic acid sample obtained from the
individual or in a genotype dataset derivedfrom the
individual. The high penetrant genetic factor for
breast cancer can for example be a BRCAl mutation, a
BRCA2 mutation, a TP53 mutation or a PTEN mutation.
Together, mutations in BRCAl and BRCA2 can account for
15-20% of the risk for familial breast cancer, and
these can account for between 2-3% of incident breast
cancer patients [Gorski, et al., (2005), Breast Cancer
Res Treat, 92, 19-24; (2000), Br J Cancer, 83,
1301-8]. Known mutations in the TP53 and PTEN genes
account for about 5% of the total genetic risk for
breast cancer [Easton, (1999), Breast Cancer Res, 1,
14-7]. I n one embodiment, the high penetrant genetic
factor is BRCA2 999del5. The genetic markers of the
invention can also be combined with non-genetic
information to establish overall risk for an
individual. Thus, in certain embodiments, a further
step is included, comprising analyzing non-genetic
information to make risk assessment, diagnosis, or
prognosis of the individual. The non-genetic
information can be any information pertaining to the
disease status of the indiviudal or other information
that can influence the estimate of overall risk of
breast cancer for the individual. I n one embodiment,
the non-genetic information is selected from age,
gender, ethnicity, socioeconomic status, previous
disease diagnosis, medical history of subject, family
history of breast cancer, biochemical measurements,
and clinical measurements. In another aspect, the
invention relates to a method of assessing risk of
developing at least a second primary tumor in an
individual previously diagnosed with breast cancer,
the method comprising determining the presence or
absence of at least one allele of at least one
polymorphic marker in a nucleic acid sample obtained
from the individual, wherein the at least one
polymorphic marker is selected from the group
consisting of the polymorphic markers listed in Tables
12, 13 and 14, and markers in linkage disequilibrium
therewith, wherein the presence of the at least one
allele is indicative of risk of developing at least a
second primary tumor. Alternatively, the invention
relates to a method of determining risk of developing
at least a second primary tumor in an individual
previously diagnosed with breast cancer, the method
comprising determining whether at least one allele of
at least one polymorphic marker is present 



in a nucleic acid sample obtained from the individual,
or in a genotype dataset derived from the individual,
wherein the at least one polymorphic marker is
selected from rslO941679 (SEQ ID NO:236), rs4415084
(SEQ ID NO:235), and rsl219648 (SEQ ID NO:237, and
markers in linkage disequilibrium therewith, and
wherein the presence of the at least one allele is
indicative of risk of developing at least a second
primary tumor. I n one such embodiment, the at least
one polymorphic marker is selected from the markers
set forth in Table 12, Table 13 and Table 14. The
invention also relates to an apparatus for determining
a genetic indicator for breast cancer in a human
individual, comprising: a computer readable memory;
and a routine stored on the computer readable memory;
wherein the routine is adapted to be executed on a
processor to analyze marker and/or haplotype
information for at least one human individual with
respect to at least one polymorphic marker selected
from rslO941679 (SEQ ID NO: 236), rs4415084 (SEQ ID
NO:235), and rsl219648 (SEQ I D NO:237, and markers in
linkage disequilibrium therewith, andgenerate an
output based on the marker or haplotype information,
wherein the output comprises an individual risk
measure of the at least one marker or haplotype as a
genetic indicator of breast cancer for the human
individual. In one embodiment, the at least one
polymorphic marker is selected from the markers set
forth in Table 12, Table 13 and Table 14. I n one
embodiment, the routine further comprises a risk
measure for breast cancer associated with the at least
one marker allele and/or haplotype, wherein the risk
measure is based on a comparison of the frequency of
at least one allele of at least one polymorphic marker
and/or haplotype in a plurality of individuals
diagnosed with breast cancer and an indicator of the
frequency of the at least one allele of at least one
polymorphic marker and/or haplotype in a plurality of
reference individuals, and wherein the individual risk
for the human individual is based on a comparison of
the carrier status of the individual for the at least
one marker allele and/or haplotype and the risk
measure for the at least one marker allele and/or
haplotype. For example, the risk measure may in
certain embodiments be a measure of risk conferred by
each copy of an at-risk variant for breast cancer in a
population of individuals with breast cancer, compared
with controls. Based on such reference data, risk for
a particular individual can be estimated, by
determining his/her genotype status at the particular
marker and calculate a risk for the individual based
thereupon. If the individual carries one copy of the
genetic risk variant in his/her genome, the calculated
risk can be based on the risk conferred by a single
copy of the risk variant. I f the individual carries
two copies of the genetic risk variants, i.e. the
individual is homozygous for the at-risk variant, then
the risk estimate for the individual can be based on
the risk based on a group of individuals, compared
with controls. Normally, risk for homozygous carriers
will be the risk for a single copy of the variant
squared. Other methods for reporting or estimating
risk for the indiviudal based on genotype status at
particular markers are also possible, and within the
scope of the present invention. I n another aspect,
the invention relates to a method of identification of
a marker for use in assessing susceptibility to breast
cancer, the method comprising: identifying at least
one polymorphic marker in linkage disequilibrium with
at least one of rslO941679 (SEQ ID NO:236), rs4415084
(SEQ ID NO:235), and rsl219648 (SEQ ID NO:237);
determining the genotype status of a sample of
individuals diagnosed with, or having a susceptibility
to, breast cancer; and determining the genotype status
of a sample of control individuals; wherein a
significant difference in frequency of at least one
allele in at least one polymorphism in individuals
diagnosed with, or having a susceptibility to, breast
cancer, as compared with the frequency of the at least
one allele in the control sample is indicative of the
at least one polymorphism being useful for assessing
susceptibility to breast cancer. Significant
difference can be estimated on statistical analysis of
allelic counts at certain polymorphic markers in
breast cancer patients and controls. In one
embodiment, a significant difference is based on a
calcuated P-value between breast cancer patients and
controls of less than 0.05. I n one embodiment, an
increase in frequency of the at least one allele in
the at least one polymorphism in individuals diagnosed
with, or having a susceptibility to, breast cancer, as
compared with the frequency of the at least one allele
in the control sample is indicative of the at least
one polymorphism being useful forassessing increased
susceptibility to breast cancer. I n another
embodiment, a decrease in frequency of the at least
one allele in the at least one polymorphism in
individuals diagnosed with, or having a susceptibility
to, breast cancer, as compared with the frequency of
the at least one allele in the control sample is
indicative of the at least one polymorphism being
useful for assessing decreased susceptibility to, or
protection against, breast cancer. The invention also
relates to a method of genotyping a nucleic acid
sample obtained from a human individual comprising
determining whether at least one allele of at least
one polymorphic marker is present in a nucleic acid
sample from the individual sample, wherein the at
least one 



marker is selected from rslO941679 (SEQ ID NO:236),
rs4415084 (SEQ ID NO:235), and rsl219648 (SEQ ID
NO:237, and markers in linkage disequilibrium
therewith, and wherein determination of the presence
of the at least one allele in the sample is indicative
of a susceptibility to breast cancer in the
individual. I n one embodiment, determination of the
presence of allele T in rs4415084 (SEQ ID NO:235),
allele G in rslO941679 (SEQ ID NO:236) and/or allele G
in rsl219648 (SEQ ID NO:237) is indicative of
increased suscepbtibility of breast cancer in the
individual. I n one embodiment, genotyping comprises
amplifying a segment of a nucleic acid that comprises
the at least one polymorphic marker by Polymerase
Chain Reaction (PCR), using a nucleotide primer pair
flanking the at least one polymorphic marker. In
another embodiment, genotyping is performed using a
process selected from allele-specific probe
hybridization, allele-specific primer extension,
allele-specific amplification, nucleic acid
sequencing, 5'-exonuclease digestion, molecular beacon
assay, oligonucleotide ligation assay, size analysis,
single-stranded conformation analysis and microarray
technology. I n one embodiment, the microarray
technology is Molecular Inversion Probe array
technology or BeadArray Technologies. In one
embodiment, the process comprises allele-specific
probe hybridization. I n another embodiment, th,e
process comprises microrray technology. One preferred
embodiment comprises the steps of (1) contacting
copies of the nucleic acid with a detection
oligonucleotide probe and an enhancer oligonucleotide
probe under conditions for specific hybridization of
the oligonucleotide probe with the nucleic acid;
wherein (a) the detection oligonucleotide probe is
from 5-100 nucleotides in length and specifically
hybridizes to a first segment of a nucleic acid whose
nucleotide sequence is given by any one of SEQ ID NO:
1-237; (b) the detection oligonucleotide probe
comprises a detectable label at its 3' terminus and a
quenching moiety at its 5' terminus; (c) the enhancer
oligonucleotide is from 5-100 nucleotides in length
and is complementary to a second segment of the
nucleotide sequence that is 5' relative to the
oligonucleotide probe, such that the enhancer
oligonucleotide is located 3' relative to the
detection oligonucleotide probe when both
oligonucleotides are hybridized to the nucleic acid;
and (d) a single base gap exists between the first
segment and the second segment, such that when the
oligonucleotide probe and the enhancer oligonucleotide
probe are both hybridized to the nucleic acid, a
single base gap exists between the oligonucleotides;
(2) treating the nucleic acid with an endonuclease
that will cleave the detectable label from the 3'
terminus of the detection probe to release free
detectable label when the detection probe is
hybridized to the nucleic acid; and (3) measuring free
detectable label, wherein the presence of the
freedetectable label indicates that the detection
probe specifically hybridizes to the first segment of
the nucleic acid, and indicates the sequence of the
polymorphic site as the complement of the detection
probe. A further aspect of the invention pertains to a
method of assessing an individual for probability of
response to a breast cancer therapeutic agent,
comprising: determining whether at least one allele of
at least one polymorphic marker is present in a
nucleic acid sample obtained from the individual, or
in a genotype dataset derived from the individual,
wherein the at least one polymorphic marker is
selected from rslO941679 (SEQ ID NO:236), rs4415084
(SEQ ID NO: 235), and rsl219648 (SEQ ID NO: 237, and
markers in linkage disequilibrium therewith, wherein
the presence of the at least one allele of the at
least one marker is indicative of a probability of a
positive response to the therapeutic agent The
invention in another aspect relates to a method of
predicting prognosis of an individual diagnosed with
breast cancer, the method comprising determining
whether at least one allele of at least one
polymorphic marker is present in a nucleic acid sample
obtained from the individual, or in a genotype dataset
derived from the individual, wherein the at least one
polymorphic marker is selected from rslO941679 (SEQ ID
NO:236), rs4415084 (SEQ ID NO:235), and rsl219648 (SEQ
ID NO:237, and markers in linkage disequilibrium
therewith, wherein the presence of the at least one
allele is indicative of a worse prognosis of the
breast cancer in the individual. Yet another aspect of
the invention relates to a method of monitoring
progress of treatment of an individual undergoing
treatment for breast cancer, the method comprising
determining whether at least one allele of at least
one polymorphic marker is present in a nucleic acid
sample obtained from the individual, or in a genotype
dataset derived from the individual, wherein the at
least one polymorphic marker is selected from
rslO941679 (SEQ ID NO: 236), rs4415084 (SEQ ID
NO:235), and rsl219648 (SEQ ID NO:237), and markers in
linkage disequilibrium therewith, wherein the presence
of the at least one allele is indicative of the
treatment outcome of the individual. I n one
embodiment, the treatment is treatment by surgery,
treatment by radiation 



therapy, or treatment by drug administration. The
invention also relates to the use of an
oligonucleotide probe in the manufacture of a reagent
for diagnosing and/or assessing susceptibility to
breast cancer in a human individual, wherein the probe
hybridizes to a segment of a nucleic acid with
nucleotide sequence as set forth in any one of SEQ ID
NO: 1-237, wherein the probe is 15-500 nucleotides in
length. I n certain embodiments, the probe is about 16
to about 100 nucleotides in length. I n certain other
embodiments, the probe is about 20 to about 50
nucleotides in length. In certain other embodiments,
the probe is about 20 to about 30 nucleotides in
length.The invention also relates to computer-readable
media. I n one aspect, the invention relates to a
medium on which is stored: an identifier for at least
one polymorphic marker; an indicator of the frequency
of at least one allele of said at least one
polymorphic marker in a plurality of individuals
diagnosed with breast cancer; and an indicator of the
frequency of the least one allele of said at least one
polymorphic markers in a plurality of reference
individuals; wherein the at least one polymorphic
marker is selected rslO941679 (SEQ ID NO:236),
rs4415084 (SEQ ID NO:235), and rsl219648 (SEQ ID
NO:237, and polymorphic markers in linkage
disequilibrium therewith. I n one embodiment, the
polymorphic marker is selected from the markers set
forth in Table 12, Table 13 and Table 14. In another
embodiment, the medium further comprises information
about the ancestry of the plurality of individuals.
Various diagnoses and categories of the breast cancer
phenotype are within scope of the present invention. I
n its broadest sense, the invention relates to any
breast cancer phenotype. Breast cancer, in certain
embodiments, includes any clinical diagnosis of breast
cancer, including, but not limited to: invasive
ductal, invasive lobular, tubular, or as otherwise
invasive or mixed invasive, medullary, DCIS (Ductal
Carcinoma In-Situ), LCIS (Lobular Carcinoma In-Situ),
or otherwise non-invasive; Invasive breast cancer,
including stage 0, stage 1, stage 2 (including stage
2a and stage 2b), stage 3 (including stage 3a, stage
3b and stage 3c) and stage 4 breast cancer. I n
certain embodiments, the breast cancer phenotype is
selected from All Breast Cancer, Multiple Primary
Breast Cancer, and early onset Breast Cancer. I n some
embodiments, the markers of the invention are
associated with risk of breast cancer in individuals
with a family history of breast cancer. I n one such
embodiment, the summed family history (FHS) is the
phenotype associated with breast cancer. I n another
embodiment, the breast cancer associated with the
variants of the invention is estrogen receptor (ER)
positive and/or progesterone receptor (PR) positive
breast cancer. I n one embodiment, the breast cancer
associated with the variants of the invention is
estrogen receptor (ER) positive. I n another
embodiment, the breast cancer associated with the
variants of the invention is progesterone receptor
(ER) positive. I n one such embodiment, the markers
described herein to be associated with increased risk
or susceptibility of breast cancer confer increased
risk or susceptibility of ER-positive and/or
PRpositive breast cancer. Thus, in certain
embodiments, presence of at least one of the at-risk
variants of the invention is predictive of ER positive
or PR positive breast cancer in the individual. In
some embodiments of the methods of the invention, the
susceptibility determined in the method is increased
susceptibility. I n one such embodiment, the increased
susceptibility is characterized by a relative risk
(RR) of at least 1.10. In another embodiment, the
increased susceptibility is characterized by a
relative risk of at least 1.20. I n another
embodiment, the increased susceptibility is
characterized by a relative risk of at least 1.30. In
another embodiment, the increased susceptibility is
characterized by a relative risk of at least 1.40. I n
yet another embodiment, the increased susceptibility
is characterized by a relative risk of at least 1.50.
In a further embodiment, the increased susceptibility
is characterized by a relative risk of at least 1.70.
In yet another embodiment, the increased
susceptibility is characterized by arelative risk of
at least 2.0. Other embodiments are characterized by
relative risk of at least 1.10, 1.11, 1.12, 1.13,
1.14, 1.15, 1.16, 1.17, 1.18, 1.19, 1.20, 1.21, 1.22,
1.23, 1.24, 1.25, 1.26, 1.27, 1.28, 1.29, 1.30, 1.31,
1.32, 1.33, 1.34, 1.35. Other numberic values for risk
bridging any of these above-mentioned values are also
possible, and these are also within scope of the
invention. In some embodiments of the methods of the
invention, the susceptibility determined in the method
is decreased susceptibility. I n one such embodiment,
the decreased susceptibility is characterized by a
relative risk (RR) of less than 0.9. I n another
embodiment, the decreased susceptibility is
characterized by a relative risk (RR) of less than
0.8. In another embodiment, the decreased
susceptibility is characterized by a relative risk
(RR) of less than 0.7. In yet another embodiment, the
decreased susceptibility is characterized by a
relative risk (RR) of less than 0.5. Other cutoffs,
such as relative risk of less than 0.89, 0.88, 0.87,
0.86, 0.85, 0.84, 0.83, 0.82, 0.81, 0.80, 0.79, 0.78,
0.77, 0.76, 0.75, 0.74, 0.73, 0.72, 0.71, 0.70, and so
on, are 



within scope of the invention,. The invention also
relates to kits. I n one such aspect, the invention
relates to a kit for assessing susceptibility to
breast cancer in a human individual, the kit
comprising reagents necessary for selectively
detecting at least one allele of at least one
polymorphic marker on chromosome 5pl2 or 10q26 in the
genome of the individual, wherein the presence of the
at least one allele is indicative of increased
susceptibility to breast cancer. I n another aspect,
the invention relates to a kit for assessing
susceptibility to breast cancer in a human individual,
the kit comprising reagents for selectively detecting
at least one allele of at least one polymorphic marker
in the genome of the individual, wherein the
polymorphic marker is selected from rslO941679 (SEQ ID
NO:236), rs4415084 (SEQ ID NO:235), and rsl219648 (SEQ
ID NO:237, and markers in linkage disequilibrium
therewith, and wherein the presence of the at least
one allele is indicative of a susceptibility to breast
cancer. I n one embodiment, the at least one
polymorphic marker is selected from the markers set
forth in Table 12, Table 13 and Table 14. Kit reagents
may in one embodiment comprise at least one contiguous
oligonucleotide that hybridizes to a fragment of the
genome of the individual comprising the at least one
polymorphic marker. In another embodiment, the kit
comprises at least one pair of oligonucleotides that
hybridize to opposite strands of a genomic segment
obtained from the subject, wherein each
oligonucleotide primer pair is designed to selectively
amplify a fragment of the genome of the individual
that includes one polymorphism, wherein the
polymorphism is selected from the group consisting of
the polymorphisms as defined in Tables 12, 13 and 14,
and wherein the fragment is at least 20 base pairs in
size. I n one embodiment, the oligonucleotide is
completely complementary to the genome of the
individual. In another embodiment, the kit further
contains buffer and enzyme for amplifying said
segment. In another embodiment, the reagents further
comprise a label for detecting said fragment.I n one
preferred embodiment, the kit comprises: a detection
oligonucleotide probe that is from 5-100 nucleotides
in length; an enhancer oligonucleotide probe that is
from 5-100 nucleotides in length; and an endonuclease
enzyme; wherein the detection oligonucleotide probe
specifically hybridizes to a first segment of the
nucleic acid whose nucleotide sequence is set forth in
any one of SEQ ID NO: 1-237, and wherein the detection
oligonucleotide probe comprises a detectable label at
its 3' terminus and a quenching moiety at its 5'
terminus; wherein the enhancer oligonucleotide is from
5-100 nucleotides in length and is complementary to a
second segment of the nucleotide sequence that is 5'
relative to the oligonucleotide probe, such that the
enhancer oligonucleotide is located 3' relative to the
detection oligonucleotide probe when both
oligonucleotides are hybridized to the nucleic acid;
wherein a single base gap exists between the first
segment and the second segment, such that when the
oligonucleotide probe and the enhancer oligonucleotide
probe are both hybridized to the nucleic acid, a
single base gap exists between the oligonucleotides;
and wherein treating the nucleic acid with the
endonuclease will cleave the detectable label from the
3 terminus of the detection probe to release free
detectable label when the detection probe is
hybridized to the nucleic acid. Kits according to the
present invention may also be used in the other
methods of the invention, including methods of
assessing risk of developing at least a second primary
tumor in an individual previously diagnosed with
breast cancer, methods of assessing an individual for
probability of response to a breast cancer therapeutic
agent, and methods of monitoring progress of a
treatment of an individual diagnosed with breast
cancer and given a treatment for the disease. The
markers that are described herein to be associated
with breast cancer can all be used in the various
aspects of the invention, including the methods, kits,
uses, apparatus, procedures described herein. I n
certain embodiments, the invention relates to use of
markers within chromosome 5pl2. I n certain other
embodiments, the invention relates to markers within
chromosome 10q26. I n certain embodiments, the
invention relates to the markers set forth in Table 1
or Table 3, and markers in linkage disequilibrium
therewith. In certain other embodiments, the invention
relates to the markers set forth in Table 3. In
certain other embodimens, the invention relates marker
rslO941679, rs7703618, rs4415084, rs2067980,
rsl0035564, rsll743392, rs7716600, and rsl219648, and
markers in linkage disequilibrium therewith. In some
preferred embodiments, the invention relates to
markers rs4415084, rslO941679 and rsl219648, and
markers in linkage disequilibrium therewith. In some
other preferred embodiments, the invention relates to
markers as set forth in Table 12, Table 13 and Table
14 herein. In other preferred embodiments, the
invention relates to rs4415084 and markers in linkage
disequilibrium therewith (e.g., markers as set forth
in Table 12). I n other 



preferred embodiments, the invention relates to
rslO941679 and markers in linkage disequilibrium
therewith (e.g., markers as set forth in Table 13). I
n other preferred embodiments, the invention relates
to rsl219648 and markers in linkage disequilibrium
therewith (e.g., markers as set forth in Table 14). I
n one embodiment, the invention relates tomarker
rs4415084. I n another embodiment, the invention
relates to rslO941679. I n another embodiment, the
invention relates to rsl219648. I n certain
embodiments, the at least one marker allele conferring
increased risk of breast cancer is selected fromof
rslO941679 allele G, rs7703618 allele T, rs4415084
allele G, rs2067980 allele G, rsl0035564 allele G,
rsll743392 allele T, rs7716600 allele A, and rsl219648
allele G. I n these embodiments, the presence of the
allele (the at-risk allele) is indicative of increased
risk of breast cancer. I n certain embodiments of the
invention, linkage disequilbrium is determined using
the linkage disequilibrium measures r2 and |D'|, which
give a quantitative measure of the extent of linkage
disequilibrium (LD) between two genetic element (e.g.,
polymorphic markers). Certain numerical values of
these measures for particular markers are indicative
of the markers being in linkage disequilibrium, as
described further herein. I n one embodiment of the
invention, linkage disequilibrium between marker
(i.e., LD values indicative of the markers being in
linkage disequilibrium) is defined as r2 > 0.1. I n
another embodiment, linkage disequilibrium is defined
as r2 > 0.2. Other embodiments can include other
definitions of linkage disequilibrium, such as r2 >
0.25, r2 > 0.3, r2 > 0.35, r2 > 0.4, r2 > 0.45, r2 >
0.5, r2 > 0.55, r2 > 0.6, r2 > 0.65, r2 > 0.7, r2 >
0.75, r2 > 0.8, r2 > 0.85, r2 > 0.9, r2 > 0.95, r2 >
0.96, r2 > 0.97, r2 > 0.98, or r2 > 0.99. Linkage
disequilibrium can in certain embodiments also be
defined as |D'| > 0.2, or as |D'| > 0.3, |D'| > 0.4,
|D'| > 0.5, |D'| > 0.6, |D'| > 0.7, |D'| > 0.8, |D'| >
0.9, |D'| > 0.95, |D'| > 0.98 or |D'| > 0.99. In
certain embodiments, linkage disequilibrium is defined
as fulfilling two criteria of r2 and |D'|, such as r2
> 0.2 and |D'| > 0.8. Other combinations of values for
r2 and |D'| are also possible and within scope of the
present invention, including but not limited to the
values for these parameters set forth in the above.
BRIEF DESCRIPTION OF THE DRAWINGS The foregoing and
other objects, features and advantages of the
invention will be apparent from the following more
particular description of preferred embodiments of the
invention. FIG 1 shows a map of Association Data on
5pl2 from the Iceland 1 Cohort. The upper panel shows
the P-values for the association signals derived from
the Illumina Hap300 data frm the Iceland 1 cohort of
1660 breast cancer patients and 11,563 controls,
plotted according to their physical location (NCBI
Build 34). The signals from the key SNPs defining the
6 equivalence classes in the region are labelled A-F.
I n the lower panel are shown the locations of
recombination hotspots, chromosome bands, exons of
known genes and recombination rates. At the bottom are
plotted pairwise r2 values derived from HapMap Phase I
I data (release 19). The intensity of the dots is
proportional to the magnitude of the pairwise r2
value. Recombinationhotspots and recombination rates
are derived using methods described by McVean et al.
2004 (see text). DETAILED DESCRIPTION OF THE INVENTION
The present invention discloses polymorphic variants
and haplotypes that have been found to be associated
with breast cancer. Particular alleles at polymorphic
markers on chromosome 5pl2 have been found to be
associated with breast cancer. Such markers and
haplotypes are useful for diagnostic purposes, for
methods of predicting drug response, and methods for
predicting treatment progress, as described in further
detail herein. Further applications of the present
invention includes methods for assessing response to
breast cancer therapy by surgery or radiation
utilizing the polymorphic markers of the invention, as
well as kits for use in the methods of the invention.
Definitions Unless otherwise indicated, nucleic acid
sequences are written left to right in a 5' to 3'
orientation. Numeric ranges recited within the
specification are inclusive of the numbers defining
the range and include each integer or any non-integer
fraction within the defined range. Unless defined
otherwise, all technical and scientific terms used
herein have the same meaning as commonly understood by
the ordinary person skilled in the art to which the
invention pertains. The following terms shall, in the
present context, have the meaning as indicated: A
"polymorphic marker", sometimes referred to as a
"marker", as described herein, refers to a genomic
polymorphic site. Each polymorphic marker has at least
two sequence variations characteristic of particular
alleles at the polymorphic site. Thus, genetic
association to a polymorphic marker implies that there
is association to at least one specific allele of that



particular polymorphic marker. The marker can comprise
any allele of any variant type found in the genome,
including single nucleotide polymorphisms (SNPs),
mini- or microsatellites, translocations and copy
number variations (insertions, deletions,
duplications). Polymorphic markers can be of any
measurable frequency in the population. For mapping of
disease genes, polymorphic markers with population
frequency higher than 5-10% are in general most
useful. However, polymorphic markers may also have
lower population frequencies, such as 1-5% frequency,
or even lower frequency, in particular copy number
variations (CNVs). The term shall, in the present
context, be taken to include polymorphic markers with
any population frequency.An "allele" refers to the
nucleotide sequence of a given locus (position) on a
chromosome. A polymorphic marker allele thus refers to
the composition (i.e., sequence) of the marker on a
chromosome. Genomic DNA from an individual contains
two alleles for any given polymorphic marker,
representative of each copy of the marker on each
chromosome. Sequence codes for nucleotides used herein
are: A = 1, C = 2, G = 3, T = 4. For microsatellite
alleles, the CEPH sample (Centre d'Etudes du
Polymorphisme Humain, genomics repository, CEPH sample
1347- 02) is used as a reference, the shorter allele
of each microsatellite in this sample is set as 0 and
all other alleles in other samples are numbered in
relation to this reference. Thus, e.g., allele 1 is 1
bp longer than the shorter allele in the CEPH sample,
allele 2 is 2 bp longer than the shorter allele in the
CEPH sample, allele 3 is 3 bp longer than the lower
allele in the CEPH sample, etc., and allele - 1 is 1
bp shorter than the shorter allele in the CEPH sample,
allele -2 is 2 bp shorter than the shorter allele in
the CEPH sample, etc. A "Single Nucleotide
Polymorphism" or "SNP" is a DNA sequence variation
occurring when a single nucleotide at a specific
location in the genome differs between members of a
species or between paired chromosomes in an
individual. Most SNP polymorphisms have two alleles.
Each individual is in this instance either homozygous
for one allele of the polymorphism (i.e. both
chromosomal copies of the individual have the same
nucleotide at the SNP location), or the individual is
heterozygous (i.e. the two sister chromosomes of the
individual contain different nucleotides). The SNP
nomenclature as reported herein refers to the official
Reference SNP (rs) ID identification tag as assigned
to each unique SNP by the National Center for
Biotechnological Information (NCBI). Sequence
conucleotide ambiguity as described herein is as
proposed by IUPAC-IUB. These codes are compatible with
the codes used by the EMBL, GenBank, and PIR
databases.A nucleotide position at which more than one
sequence is possible in a population (either a natural
population or a synthetic population, e.g., a library
of synthetic molecules) is referred t o herein as a
"polymorphic site". A "variant", as described herein,
refers to a segment of DNA that differs from the
reference DNA. A "marker" or a "polymorphic marker",
as defined herein, is a variant. Alleles that differ
from the reference are referred to as "variant"
alleles. A "microsatellite" is a polymorphic marker
that has multiple small repeats of bases that are 2-8
nucleotides in length (such as CA repeats) at a
particular site, in which the number of repeat lengths
varies in the general population. An "indel" is a
common form of polymorphism comprising a small
insertion or deletion that is typically only a few
nucleotides long. A "haplotype," as described herein,
refers to a segment of genomic DNA within one strand
of DNA that is characterized by a specific combination
of alleles arranged along the segment. For diploid
organisms such as humans, a haplotype comprises one
member of the pair of alleles for each polymorphic
marker or locus. I n a certain embodiment, the
haplotype can comprise two or more alleles, three or
more alleles, four or more alleles, or five or more
alleles. The term "susceptibility", as described
herein, encompasses both increased susceptibility and
decreased susceptibility. Thus, particular polymorphic
markers and/or haplotypes of the invention may be
characteristic of increased susceptibility (i.e.,
increased risk) of breast cancer, as characterized by
a relative risk (RR) of greater than one, or as an
odds ratio (OR) of greater than one. Alternatively,
the markers and/or haplotypes of the invention are
characteristic of decreased susceptibility (i.e.,
decreased risk) of breast cancer, as characterized by
a relative risk of less than one, or an odds ratio of
less than one. Haplotypes are described herein in the
context of the marker name and the allele of the
marker in that haplotype, e.g., "T rs4415084" refers
to the T allele of marker rs4415084 being in the
haplotype, and this nomenclature is equivalent to
"rs4415084 allele T" and "T-rs4415084". Furthermore,
allelic codes in haplotypes are as for individual
markers, i.e. I = A, 2 = C, 3 = G and 4 = T. The term
"susceptibility", as described herein, refers to the
proneness of an individual towards 



the development of a certain state (e.g., a certain
trait, phenotype or disease, e.g., breast cancer), or
towards being less able to resist a particular state
than the average individual. The term encompasses both
increased susceptibility and decreased susceptibility.
Thus, particular alleles at polymorphic markers and/or
haplotypes of the invention as described herein may be
characteristic of increased susceptibility (i.e.,
increased risk) of breast cancer, as characterized by
a relative risk (RR) or odds ratio (OR) of greater
than one for the particular allele or haplotype.
Alternatively, the markers and/or haplotypes of the
invention are characteristic ofdecreased
susceptibility (i.e., decreased risk) of breast
cancer, as characterized by a relative risk of less
than one. The term "and/or" shall in the present
context be understood to indicate that either or both
of the items connected by it are involved. In other
words, the term herein shall be taken to mean "one or
the other or both". The term "look-up table", as
described herein, is a table that correlates one form
of data to another form, or one or more forms of data
to a predicted outcome to which the data is relevant,
such as phenotype or trait. For example, a look-up
table can comprise a correlation between allelic data
for at least one polymorphic marker and a particular
trait or phenotype, such as a particular disease
diagnosis, that an individual who comprises the
particular allelic data is likely to display, or is
more likely to display than individuals who do not
comprise the particular allelic data. Look-up tables
can be multidimensional, i.e. they can contain
information about multiple alleles for single markers
simultaneously, or the can contain information about
multiple markers, and they may also comprise other
factors, such as particulars about diseases diagnoses,
racial information, biomarkers, biochemical
measurements, therapeutic methods or drugs, etc. A
"computer-readable medium", is an information storage
medium that can be accessed by a computer using a
commercially available or custom-made interface.
Exemplary computereadable media include memory (e.g.,
RAM, ROM, flash memory, etc.), optical storage media
(e.g., CD-ROM), magnetic storage media (e.g., computer
hard drives, floppy disks, etc.), punch cards, or
other commercially available media. Information may be
transferred between a system of interest and a medium,
between computers, or between computers and the
computerreadable medium for storage or acess of stored
information. Such transmission can be electrical, or
by other available methods, such as IR links, wireless
connections, etc. A "nucleic acid sample" is a sample
obtained from an individual that contains nucleic acid
(DNA or RNA). I n certain embodiments, i.e. the
detection of specific polymorphic markers and/or
haplotypes, the nucleic acid sample comprises genomic
DNA. Such a nucleic acid sample can be obtained from
any source that contains genomic DNA, including as a
blood sample, sample of amniotic fluid, sample of
cerebrospinal fluid, or tissue sample from skin,
muscle, buccal or conjunctival mucosa, placenta,
gastrointestinal tract or other organs. The term
"breast cancer therapeutic agent" refers to an agent
that can be used to ameliorate or prevent symptoms
associated with breast cancer. The term "breast
cancer-associated nucleic acid", as described herein,
refers to a nucleic acid that has been found to be
associated to breast cancer. This includes, but is not
limited to, the markers and haplotypes described
herein and markers and haplotypes in strong linkage
disequilibrium (LD) therewith.The term "Breast
Cancer", as described herein, refers to any clinical
diagnosis of breast cancer, and includes any and all
particular subphenotypes of breast cancer. For
example, breast cancer is sometimes categorized as
estrogen receptor (ER) positive breast or estrogen
receptor negative breast cancer; breast cancer is
sometimes also categorized as progesterone receptor
(PR) positive or negative. Breast cancer is
furthermore sometimes diagnosed as invasive ductal, as
invasive lobular, as tubular, or as otherwise invasive
or mixed invasive. Breast cancer can also be
categorized as medullary DCIS (Ductal Carcinoma
In-Situ) or LCIS (Lobular Carcinoma In- Situ, or
otherwise non-invasive. Invasive breast cancer can
also be defined as stage 0, stage 1, stage 2
(including stage 2a and stage 2b), stage 3 (including
stage 3a, stage 3b and stage 3c) or stage 4 breast
cancer. I n the present context, "breast cancer" can
include any of these subphenotypes of breast cancer,
and also includes any other clinically applicable
subphenotypes of breast cancer. The term "All Breast
Cancer", or "All BC", refers to all individuals
diagnosed with breast cancer. The term "Medium
Predisposition" breast cancer or "MedPre" breast
cancer, refers to a subphenotype of breast cancer. The
definition of this phenotype requires that the proband
fulfills at least one of the following criteria: The
proband is a member of a cluster of breast cancer
cases containing 3 or more affected relatives within a
genetic distance of 3 meiotic events (3M). 



The proband is a member of an affected pair related
within 3M, one of whom was diagnosed when aged 50 or
younger. The proband is a member of an affected pair
related within 3M, one of whom was diagnosed with a
second primary tumor of any type. The proband has been
diagnosed with a second primary tumor of any type. The
term "Multiple Primary Breast Tumor", or "MPBC", as
described herein, refers to cases where at least one
Primary tumor is diagnosed in addition to the first
breast cancer diagnosis, and the two tumors confirmed
both clinically and by histology t o be independent
primary tumors, arising simultaneously or subsequently
to the first breast cancer and occurring in the
contralateral or ipsilateral breast. The term "family
history score" or "FHS", as described herein, is
defined based on the number of relatives affected with
breast cancer for a proband with the disease. For each
proband, a score of 1 is assigned for each affected
first-degree relative, 0.5 for each affected second
degree relative, and 0.25 for each third-degree
relative. The total sum thus obtained over all
affected relatives represents the summed family
history score or FHS.The term "estrogen receptor
positive breast cancer", or "ER-positive breast
cancer", as described herein, refers to tumors
determined to be positive for estrogen receptor. In
the present context, ER levels of greater than or
equal to 10 fmol/mg and/or an immunohistochemical
observation of greater than or equal to 10% positive
nuclei is considered to be ER positive. Breast cancer
that does not fulfill the criteria of being ER
positive is defined herein as "ER negative" or
"estrogen receptor negative". The term "progesterone
receptor positive breast cancer", or "PR-positive
breast cancer", as described herein, refers to tumors
determined to be positive for progesterone receptor. I
n the present context, PR levels of greater than or
equal to 10 fmol/mg and/or an immunohistochemical
observation of greater than or equal to 10% positive
nuclei is considered to be PR positive. Breast cancer
that does not fulfill the criteria of being PR
positive is defined herein as "PR negative" or
"progesterone receptor negative". The term "chromosome
5pl2", as described herein, refers to the region on
Chromosome 5 between positions 44,094,392 and
46,393,984 of NCBI (National Center for Biotechnology
Information) Build 34. The term "FGFlO" or "FGFlO
gene", as described herein, refers to the Fibroblast
Growth Factor 10 gene on human chromosome 5p. The term
"MRPS30" or "MRPS30 gene", as described herein, refers
to the Mitochondrial Ribosomal Protein S30 gene on
human chromosome 5p. This gene is also called
programmed cell death protein 9 (PDCD9), and encodes a
mitochondrial S28 subunit. The term "FGFR2" or "FGFR2
gene", as described herein, refers to the Fibroblast
Growth Factor Receptor 2 gene on human chromosome
10q26. This gene is also called Protein Tyrosine
Kinase Receptor Like 14 (TK14), Keratinocyte Growth
Factor Receptor (KGFR), and Fibroblast Growth Factor
Receptor BEK. Through association analysis of a
population of individuals diagnosed with breast cancer
according to the present invention, it has been
discovered that certain alleles at certain polymorphic
markers on chromosome 5pl2 are associated with breast
cancer. A genome-wide analysis for variants associated
with cancer revealed association of breast cancer to a
region of chromosome 5, between positions 44,094,392
and 46,393,984 (NCBI Build 34 coordinates), referred
to herein as chromosome 5pl2 region. Particular
markers were found to be associated with an increased
risk of breast cancer in this region. Through
genotyping of approximately 1,600 Icelandic breast
cancer patients and 11,563 controls using the Illumina
HumanHap300 microarray technology, a large number of
markers onchromosome 5p were found to show association
to breast cancer (Table 1). I n particular, the T
allele of marker rs4415084 and the G allele of marker
rs7703618 were found to be associated with an
increased risk of breast cancer. The association of
marker rs7703618 was replicated in a second Icelandic
cohort, showing that the association signal is indeed
significant. A comparison of the Iceland discovery
cohort with the public CGEMS data set revealed that
association to rs4415084 is also replicated in this
cohort. I n fact, the association signal to this
marker (p-value 9.02E-06 in the Icelandic discovery
cohort) is significant at the genome-wide level (after
Bonferroni correction), with a nominal p-value of
1.38E-07 when the two data sets are merged. This SNP
had an unremarkable P-value of 2.21E-03 in the CGEMS
data set alone, but does replicate the original
finding in the Icelandic population. Marker
rslO941679, which is correlated with marker rs4415084
(D' = 0.99, r2 = 0.51), has an even stronger
correlation with breast cancer (OR = 1.19, p-value
2.2E-06). Follow-up analysis 



has shown that the signal due to rs4415084 and
rslO941679 in cohorts from Sweden, Holland, Spain and
the US (see Table 6). The present invention also shows
evidence of allelic heterogeneity in the Chr5pl2
region, and six equivalence classes, represented by
the key markers rs7703618, rs4415084, rs2067980,
rsl0035564, rsl 1743392 and rs7716600, have been
identified. Further analysis has established that the
observed association signal is mostly accounted for by
markers rs4415084 and rslO941679. There are three
known genes of note in the region identified by the
present invention as harboring markers and haplotypes
associating with breast cancer. These genes are FGFlO,
MRPS30, and HCNl, along with the poorly characterized
gene LOC441070. Two of these genes, FGFlO and MRPS30,
are compelling candidates for an involvement in breast
cancer predisposition. Thus, FGFlO is required for
normal embryonic development of the breast [Howard and
Ashworth, (2006), PLoS Genet, 2, ell2], and FGFlO has
been implicated as an oncogene in mouse models of
breast cancer by MMTV insertional mutagenesis and
FGFlO is over expressed in around 10% of human breast
cancers [Theodorou, et al., (2004), Oncogene, 23,
6047-55]. The FGFlO gene is separated from the main
clusters of association signals by a recombination
hotspot. However key elements controlling regulation
of FGFlO may be present in the region where the strong
association signals occur. Alternatively, the
association signals may be in linkage disequilibrium
with pathogenic mutations within the FGFlO gene
itself. The MRPS30 gene, also known as programmed cell
death protein 9 (PDCD9), encodes a mitochondrial 28S
ribosomal subunit. This gene is the mammalian
counterpart of the Gallus gallus pro-apoptotic protein
p52. It has been shown to induce apoptosis and
activate the stressresponsive JNKl pathway in
mammalian cells. The protein appears to function in
apoptosis atleast in part through the Bcl-2 pathway
[Sun, et al., (1998), Gene, 208, 157-66; Carim, et
al., (1999), Cytogenet Cell Genet, 87, 85-8; Cavdar
Koc, et al., (2001), FEBS Lett, 492, 166-70]. Although
it has not been implicated previously in breast
cancer, its involvement in the above pathways suggest
that genetic variants in MRPS30 may be involved in
modifying breast cancer risk. It has also been
discovered that marker rsl219648 at the FGFR2 locus on
chromosome 10 confers risk of breast cancer (Table 6),
which is particularly associated with ER positive
tumours (Table 10). It was also discovered that
association to rsl219648 was more significant in node
positive than node negative tumours, and that the
association is stronger for individuals with a family
history of breast cancer. Assessment for markers and
haplotypes The genomic sequence within populations is
not identical when individuals are compared. Rather,
the genome exhibits sequence variability between
individuals at many locations in the genome. Such
variations in sequence are commonly referred to as
polymorphisms, and there are many such sites within
each genome. For example, the human genome exhibits
sequence variations which occur on average every 500
base pairs. The most common sequence variant consists
of base variations at a single base position in the
genome, and such sequence variants, or polymorphisms,
are cornmonly called Single Nucelotide Polymorphisms
("SNPs"). These SNPs are believed to have arisen by a
single mutational event, and therefore there are
usually two possible alleles possible at each SNPsite;
the original allele and the mutated (alternate)
allele. Due to natural genetic drift and possibly also
selective pressure, the original mutation has resulted
in a polymorphism characterized by a particular
frequency of its alleles in any given population. Many
other types of sequence variants are found in the
human genome, including mini- and microsatellites, and
insertions, deletions, inversions (also called copy
number variations (CNVs)). A polymorphic
microsatellite has multiple small repeats of bases
(such as CA repeats, TG on the complimentary strand)
at a particular site in which the number of repeat
lengths varies in the general population. I n general
terms, each version of the sequence with respect to
the polymorphic site represents a specific allele of
the polymorphic site. All sequence variants can be
referred to as polymorphisms, occurring at specific
polymorphic sites characteristic of the sequence
variant in question. I n general terms, polymorphisms
can comprise any number of specific alleles. Thus in
one embodiment of the invention, the polymorphism is
characterized by the presence of two or more alleles
in any given population. I n another embodiment, the
polymorphism is characterized by the presence of three
or more alleles. I n other embodiments, the
polymorphism is characterized by four or more alleles,
five or more alleles, six or more alleles, seven or
more alleles, nine or more alleles, or ten or
morealleles. All such polymorphisms can be utilized in
the methods and kits of the present invention, 



and are thus within the scope of the invention. Due to
their abundance, SNPs account for a majority of
sequence variation in the human genome. Over 6 million
SNPs have been validated to date (http://www.ncbi.
nlm.nih.gov/projects/SNP/snp_summary.cgi). However,
CNVs are receiving increased attention. These
large-scale polymorphisms (typically lkb or larger)
account for polymorphic variation affecting a
substantial proportion of the assembled human genome;
known CNVs covery over 15% of the human genome
sequence (Estivill, X Armengol; L., PIoS Genetics
3:1787-99 (2007). A
http://projects.tcag.ca/variation/). Most of these
polymorphisms are however very rare, and on average
affect only a fraction of the genomic sequence of each
individual. CNVs are known to affect gene expression,
phenotypic variation and adaptation by disrupting gene
dosage, and are also known to cause disease
(microdeletion and microduplication disorders) and
confer risk of common complex diseases, including
HIV-I infection and glomerulonephritis (Redon, R., et
al. Nature 23:444-454 (2006)). I t is thus possible
that either previously described or unknown CNVs
represent causative variants in linkage disequilibrium
with the markers described herein to be associated
with breast cancer. Methods for detecting CNVs include
comparative genomic hybridization (CGH) and
genotyping, including use of genotyping arrays, as
described by Carter (Nature Genetics 39:S16-S21
(2007)). The Database of Genomic Variants
(http://projects.tcag.ca/variation/) contains updated
information about the location, type and size of
described CNVs. The database currently contains data
for over 15,000 CNVs. I n some instances, reference is
made to different alleles at a polymorphic site
without choosing a reference allele. Alternatively, a
reference sequence can be referred to for a particular
polymorphic site. The reference allele is sometimes
referred to as the "wild-type" allele and it usually
is chosen as either the first sequenced allele or as
the allele from a "non-affected" individual (e.g., an
individual that does not display a trait or disease
phenotype). Alleles for SNP markers as referred to
herein refer to the bases A, C, G or T as they occur
at the polymorphic site in the SNP assay employed. The
allele codes for SNPs used herein are as follows: 1=
A, 2=C, 3=G, 4=T. The person skilled in the art will
however realize that by assaying or reading the
opposite DNA strand, the complementary allele can in
each case be measured. Thus, for a polymorphic site
(polymorphic marker) characterized by an A/G
polymorphism, the assay employed may be designed to
specifically detect the presence of one or both of the
two bases possible, i.e. A and G. Alternatively, by
designing an assay that is designed to detect the
opposite strand on the DNA template, the presence of
the complementary bases T and C can be measured.
Quantitatively (for example, in terms of relative
risk), identical results would be obtained from
measurement of either DNA strand (+ strand or -
strand).Typically, a reference sequence is referred to
for a particular sequence. Alleles that differ from
the reference are sometimes referred to as "variant"
alleles. A variant sequence, as used herein, refers to
a sequence that differs from the reference sequence
but is otherwise substantially similar. Alleles at the
polymorphic genetic markers described herein are
variants. Variants can include changes that affect a
polypeptide. Sequence differences, when compared to a
reference nucleotide sequence, can include the
insertion or deletion of a single nucleotide, or of
more than one nucleotide, resulting in a frame shift;
the change of at least one nucleotide, resulting in a
change in the encoded amino acid; the change of at
least one nucleotide, resulting in the generation of a
premature stop codon; the deletion of several
nucleotides, resulting in a deletion of one or more
amino acids encoded by the nucleotides; the insertion
of one or several nucleotides, such as by unequal
recombination or gene conversion, resulting in an
interruption of the coding sequence of a reading
frame; duplication of all or a part of a sequence;
transposition; or a rearrangement of a nucleotide
sequence. Such sequence changes can alter the
polypeptide encoded by the nucleic acid. For example,
if the change in the nucleic acid sequence causes a
frame shift, the frame shift can result in a change in
the encoded amino acids, and/or can result in the
generation of a premature stop codon, causing
generation of a truncated polypeptide. Alternatively,
a polymorphism associated with a disease or trait can
be a synonymous change in one or more nucleotides
{i.e., a change that does not result in a change in
the amino acid sequence). Such a polymorphism can, for
example, alter splice sites, affect the stability or
transport of mRNA, or otherwise affect the
transcription or translation of an encoded
polypeptide. It can also alter DNA to increase the
possibility that structural changes, such as
amplifications or deletions, occur at the somatic
level. The polypeptide encoded by the reference
nucleotide sequence is the "reference" polypeptide
with a particular reference amino acid sequence, and
polypeptides encoded by variant alleles are referred
to as "variant" polypeptides 



with variant amino acid sequences. A haplotype refers
to a segment of DNA that is characterized by a
specific combination of alleles arranged along the
segment. For diploid organisms such as humans, a
haplotype comprises one member of the pair of alleles
for each polymorphic marker or locus . I n a certain
embodiment, the haplotype can comprise two or more
alleles, three or more alleles, four or more alleles,
or five or more alleles, each allele corresponding to
a specific polymorphic marker along the segment.
Haplotypes can comprise a combination of various
polymorphic markers, e.g., SNPs and microsatellites,
having particular alleles at the polymorphic sites.
The haplotypes thus comprise a combination of alleles
at various genetic markers. Detecting specific
polymorphic markers and/or haplotypes can be
accomplished by methods known in the art for detecting
sequences at polymorphic sites. For example, standard
techniques for genotyping for the presence of SNPs
and/or microsatellite markers can be used, such as
fluorescence-based techniques (Chen, X. et al., Genome
Res. 9(5): 492-98 (1999)), utilizing PCR, LCR, Nested
PCR and other techniques for nucleic acid
amplification. Specific commercial methodologies
available for SNP genotyping include, but are not
limited to, TaqMangenotyping assays and SNPIex
platforms (Applied Biosystems), gel electrophoresis
(Applied Biosystems), mass spectrometry (e.g.,
MassARRAY system from Sequenom), minisequencing
methods, real-time PCR, Bio-Plex system (BioRad), CEQ
and SNPstream systems (Beckman), array hybridization
technology (e.g., Affymetrix GeneChip; Perlegen),
BeadArray Technologies (e.g., Illumina GoldenGate and
Infinium assays), array tag technology (e.g.,
Parallele), and endonuclease-based fluorescence
hybridization technology (Invader; Third Wave). Some
of the available array platforms, including Affymetrix
SNP Array 6.0 and Illumina CNV370-Duo and I M
BeadChips, include SNPs that tag certain CNVs. This
allows detection of CNVs via surrogate SNPs included
in these platforms. Thus, by use of these or other
methods available to the person skilled in the art,
one or more alleles at polymorphic markers, including
microsatellites, SNPs or other types of polymorphic
markers, can be identified. I n certain methods
described herein, an individual who is at an increased
susceptibility (i.e., increased risk) for breast
cancer, is an individual in whom at least one specific
allele at one or more polymorphic marker or haplotype
conferring increased susceptibility for breast cancer
is identified (i.e., at-risk marker alleles or
haplotypes). In one aspect, the at-risk marker or
haplotype is one that confers a significant increased
risk (or susceptibility) of breast cancer. In one
embodiment, significance associated with a marker or
haplotype is measured by a relative risk (RR). I n
another embodiment, significance associated with a
marker or haplotye is measured by an odds ratio (OR).
I n a further embodiment, the significance is measured
by a percentage. I n one embodiment, a significant
increased risk is measured as a risk (relative risk
and/or odds ratio) of at least 1.10, including but not
limited to: at least 1.11, at least 1.12, at least
1.13, at least 1.14, at least 1.15, at least 1.16, at
least 1.17, at least 1.18, at least 1.19, at least
1.20, at least 1.21, at least 1.22, at least 1.23, at
least 1.24, at least 1.25, at least 1.30, at least
1.35, at least 1.40, at least 1.50, at least 1.60, at
least 1.70, 1.80, at least 1.90, at least 2.0, at
least 2.5, at least 3.0, at least 4.0, and at least
5.0. I n a particular embodiment, a risk (relative
risk and/or odds ratio)of at least 1.15 is
significant. I n another particular embodiment, a risk
of at least 1.17 is significant. I n yet another
embodiment, a risk of at least 1.20 is significant. I
n a further embodiment, a relative risk of at least
about 1.25 is significant. In another further
embodiment, a significant increase in risk is at least
about 1.30 is significant. However, other cutoffs are
also contemplated, e.g. at least 1.16, 1.18, 1.19,
1.21, 1.22, and so on, and such cutoffs are also
within scope of the present invention. I n other
embodiments, a significant increase in risk is at
least about 10%, including but not limted to about
15%, about 20%, about 25%, about 30%, about 35%, about
40%, about 45%, about 50%, about 55%, about 60%, about
65%, about 70%, about 75%, about 80%, about 85%, about
about 90%, about 95%, and about 100%. I n one
particular embodiment, a significant increase in risk
is at least 15%. I n other embodiments, a significant
increase in risk is at least 17%, at least 20%, at
least 22%, at least 24%, at least 25%, at least 30%,
at least 32% and at least 35%. Other cutoffs or ranges
as deemed suitable by the person skilled in the art to
characterize the invention are however also
contemplated, and those are also within scope of the
present invention. I n certain embodiments, a
significant increase in risk is characterized by a
p-value, such as a pvalue of less than 0.05, less than
0.01, less than 1 x 1O 3 (0.001), less than 1 x 10 4
(0.0001), less than 1 x 10 4 (0.00001), less than 1 x
10 5 (0.000001), less than 1 x 10 6 (0.0000001), less
than 1 x 10 7 (0.00000001), or less than 1 x 10 8
(0.000000001). An at-risk polymorphic marker or
haplotype of the present invention is one where at
least one allele of at least one marker or haplotype
is more frequently present in an individual at risk
for 



the disease or trait (affected), or diagnosed with the
disease or trait, compared to the frequency of its
presence in a comparison group (control), such that
the presence of the marker or haplotype is indicative
of susceptibility to the disease or trait (e.g.,
breast cancer). The control group may in one
embodiment be a population sample, i.e. a random
sample from the general population. I n another
embodiment, the control group is represented by a
group of individuals who are disease-free, i.e.
individuals who have not been diagnosed with breast
cancer. Such disease-free control may in one
embodiment be characterized by the absence of one or
more specific disesase-associated symptoms. I n
another embodiment, the disease-free control group is
characterized by the absence of one or more
disease-specific risk factors. Such risk factors are
in one embodiment at least one environmental risk
factor. Representative environmental factors are
natural products, minerals or other chemicals which
are known to affect, or contemplated to affect, the
risk of developing the specific disease or trait.
Other environmental risk factors are risk factors
related to lifestyle, including but not limited to
food and drink habits, geographical location of main
habitat, and occupational risk factors. I n another
embodiment, the risk factors are at least one genetic
risk factor. As an example of a simple test for
correlation would be a Fisher-exact test on a two by
two table. Given a cohort of chromosomes, the two by
two table is constructed out of the number of
chromosomes that include both of the markers or
haplotypes, one of the markers or haplotypes but not
the other and neither of the markers or haplotypes.
Other statistical tests of association known to the
skilled person are also contemplated and are also
within scope of the invention. In other embodiments of
the invention, an individual who is at a decreased
susceptibility (i.e., at a decreased risk) for a
disease or trait is an individual in whom at least one
specific allele at one or more polymorphic marker or
haplotype conferring decreased susceptibility for the
disease or trait is identified. The marker alleles
and/or haplotypes conferring decreased risk are also
said to be protective. I n one aspect, the protective
marker or haplotype is one that confers a significant
decreased risk (or susceptibility) of the disease or
trait. In one embodiment, significant decreased risk
is measured as a relative risk of less than 0.90,
including but not limited to less than 0.85, less than
0.80, less than 0.75, less than 0.7, less than 0.6,
less than 0.5, less than 0.4, less than 0.3, less than
0.2 and less than 0.1. I n one particular embodiment,
significant decreased risk is less than 0.90. I n
another embodiment, significant decreased risk is less
than 0.85. I n yet another embodiment, significant
decreased risk is less than 0.80. I n another
embodiment, the decrease in risk (or susceptibility)
is at least 10%, including but not limited to at least
15%, at least 20%, at least 25%, at least 30%, at
least 35%, at least 40%, at least 45%, at least 50%,
at least 55%, atleast 60%, at least 65%, at least 70%,
at least 80%, at least 85%, at least 90%, at least 95%
and at least 98%. I n one particular embodiment, a
significant decrease in risk is at least about 15%. I
n another embodiment, a significant decrease in risk
at least about 20%. I n another embodiment, the
decrease in risk is at least about 25%. Other cutoffs
or ranges as deemed suitable by the person skilled in
the art to characterize the invention are however also
contemplated, and those are also within scope of the
present invention. The person skilled in the art will
appreciate that for polymorphic markers with two
alleles present in the population being studied (such
as SNPs), and wherein one allele is found in increased
frequency in a group of individuals with a trait or
disease in the population, compared with controls, the
other allele of the marker will be found in decreased
frequency in the group of individuals with the trait
or disease, compared with controls. In such a case,
one allele of the marker (the one found in increased
frequency in individuals with the trait or disease)
will be the at-risk allele, while the other allele
will be a protective allele. A genetic variant
associated with a disease or a trait (e.g. breast
cancer) can be used alone to predict the risk of the
disease for a given genotype. For a biallelic marker,
such as a SNP, there are 3 possible genotypes:
homozggote for the at risk variant, heterozygote, and
non carrier of the at risk variant. Risk associated
with variants at multiple loci can be used to estimate
overall risk. For multiple SNP variants, there are k
possible genotypes k = 3" x 2"; where n is the number
autosomal loci and p the number of gonosomal (sex
chromosomal) loci. Overall risk assessment
calculations usually assume that the relative risks of
different genetic variants multiply, i.e. the overall
risk (e.g., RR or OR) associated with a particular
genotype combination is the product of the risk values
for the genotype at each locus. If the risk presented
is the relative risk for a person, or a specific
genotype for a person, compared to a reference
population with matched gender and ethnicity, then the
combined risk - is the product of the locus specific
risk values - and which also corresponds to an overall
risk estimate compared with the population. If the
risk for a person is based on a comparison to
non-carriers of the at risk 



allele, then the combined risk corresponds to an
estimate that compares the person with a given
combination of genotypes at all loci to a group of
individuals who do not carry risk variants at any of
those loci. The group of non-carriers of any at risk
variant has the lowest estimated risk and has a
combined risk , compared with itself {i.e.,
non-carriers) of 1.0, but has an overall risk, compare
with the population, of less than 1.0. It should be
noted that the group of non-carriers can potentially
be very small, especially for large number of loci,
and in that case, its relevance is correspondingly
small. The multiplicative model is a parsimonious
model that usually fits the data of complex traits
reasonably well. Deviations from multiplicity have
been rarely described in the context of common
variants for common diseases, and if reported are
usually only suggestive since very large sample sizes
are usually required to be able to demonstrate
statistical interactions between loci.By way of an
example, let us consider a total of eight variants
that have been described to associate with prostate
cancer (Gudmundsson, J., et al., Nat Genet 39:631-7
(2007), Gudmundsson, J., et al., Nat Genet 39:977-83
(2007); Yeager, M., et al, Nat Genet 39:645-49 (2007),
Amundadottir, L , el al., Nat Genet 38:652-8 (2006);
Haiman, CA. , et al., Nat Genet 39:638-44 (2007)).
Seven of these loci are on autosomes, and the
remaining locus is on chromosome X. The total number
of theoretical genotypic combinations is then 37 c 21
= 4374. Some of those genotypic classes are very rare,
but are still possible, and should be considered for
overall risk assessment. It is likely that the
multiplicative model applied in the case of multiple
genetic variant will also be valid in conjugation with
non-genetic risk variants assuming that the genetic
variant does not clearly correlate with the
"environmental" factor. I n other words, genetic and
non-genetic at-risk variants can be assessed under the
multiplicative model to estimate combined risk,
assuming that the non-genetic and genetic risk factors
do not interact. Using the same quantitative approach,
the combined or overall risk associated with a
plurality of variants associated with breast cancer
may be assessed. Linkage Disequilibrium The natural
phenomenon of recombination, which occurs on average
once for each chromosomal pair during each meiotic
event, represents one way in which nature provides
variations in sequence (and biological function by
consequence). It has been discovered that
recombination does not occur randombly in the genome;
rather, there are large variations in the frequency of
recombination rates, resulting in small regions of
high recombination frequency (also called
recombination hotspots) and larger regions of low
recombination frequency, which are commonly referred
to as Linkage Disequilibrium (LD) blocks (Myers, S. et
al., Biochem Soc Trans 34:526- 530 (2006); Jeffreys,
AJ., et al., Nature Genet 29:217-222 (2001); May,
C.A., et al., Nature Genet 31:272-275(2002)). Linkage
Disequilibrium (LD) refers to a non-random assortment
of two genetic elements. For example, if a particular
genetic element (e.g., an allele of a polymorphic
marker, or a haplotype) occurs in a population at a
frequency of 0.50 (50%) and another element occurs at
a frequency of 0.50 (50%), then the predicted
occurrance of a person's having both elements is 0.25
(25%), assuming a random distribution of the elements.
However, if it is discovered that the two elements
occur together at a frequency higher than 0.125, then
the elements are said to be in linkage disequilibrium,
since they tend to be inherited together at a higher
rate than what their independent frequencies of
occurrence (e.g., allele or haplotype frequencies)
would predict. Roughly speaking, LD is generally
correlated with the frequency of recombination events
between the two elements. Allele or haplotype
frequencies can be determined in a population
bygenotyping individuals in a population and
determining the frequency of the occurence of each
allele or haplotype in the population. For populations
of diploids, e.g., human populations, individuals will
typically have two alleles for each genetic element
(e.g., a marker, haplotype or gene). Many different
measures have been proposed for assessing the strength
of linkage disequilibrium (LD; reviewed in Devlin, B.
& Risch, N., Genomics 29:311-22 (1995)). Most capture
the strength of association between pairs of biallelic
sites. Two important pairwise measures of LD are r2
(sometimes denoted DD2) and |D'| (Lewontin, R.,
Genetics 49:49-67 (1964); Hill, W.G. & Robertson, A.
Theor. Appl. Genet. 22:226-231 (1968)). Both measures
range from 0 (no disequilibrium) to 1 ('complete'
disequilibrium), but their interpretation is slightly
different. |D'| is defined in such a way that it is
equal to 1 if just two or three of the possible
haplotypes are present, and it is < 1 if all four
possible haplotypes are present. Therefore, a value of
|D'| that is < 1 indicates that historical
recombination may have occurred between two sites
(recurrent 



mutation can also cause |D'| to be <1, but for single
nucleotide polymorphisms (SNPs) this is usually
regarded as being less likely than recombination). The
measure r2 represents the statistical correlation
between two sites, and takes the value of 1 if only
two haplotypes are present. The r2 measure is arguably
the most relevant measure for association mapping,
because there is a simple inverse relationship between
r2 and the sample size required to detect association
between susceptibility loci and particular SNPs. These
measures are defined for pairs of sites, but for some
applications a determination of how strong LD is
across an entire region that contains many polymorphic
sites might be desirable (e.g., testing whether the
strength of LD differs significantly among loci or
across populations, or whether there is more or less
LD in a region than predicted under a particular
model). Measuring LD across a region is not
straightforward, but one approach is to use the
measure r, which was developed in population genetics.
Roughly speaking, r measures how much recombination
would be required under a particular population model
to generate the LD that is seen in the data. This type
of method can potentially also provide a statistically
rigorous approach to the problem of determining
whether LD data provide evidence for the presence of
recombination hotspots. For the methods described
herein, a significant r2 value between genetic
segments (such as SNP markers) can be at least 0.1
such as at least 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4,
0.45, 0.5, 0.55, 0.6, 0.65, 0.7, 0.75, 0.8, 0.85, 0.9,
0.91, 0.92, 0.93, 0.94, 0.95, 0.96, 0.97, 0.98, 0.99
or 1.0. I n one preferred embodiment, the significant
r2 value can be at least 0.2. Alternatively, linkage
disequilibrium as described herein, refers to linkage
disequilibrium characterized by values of |D'| of at
least 0.2, such as 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.85,
0.9, 0.95, 0.96, 0.97, 0.98, 0.99. Thus, linkage
disequilibrium represents a correlation between
alleles of distinct markers. I t is measured by
correlation coefficient or |D'| (r2 up to 1.0 and |D'|
up to 1.0). Linkage disequilibrium can be determined
in a single human population, as defined herein, or it
can be determined in a collection of samples
comprising individuals from more than one
humanpopulation. I n one embodiment of the invention,
LD is determined in a sample from one or more of the
HapMap populations (Caucasian, african, Japanese,
Chinese), as defined (http://www.hapmap.org). In one
such embodiment, LD is determined in the CEU
population of the HapMap samples. In another
embodiment, LD is determined in the YRI population. In
another embodiment, LD is determined in a European
population. In yet another embodiment, LD is
determined in the Icelandic population. I f all
polymorphisms in the genome were identical at the
population level, then every single one of them would
need to be investigated in association studies.
However, due to linkage disequilibrium between
polymorphisms, tightly linked polymorphisms are
strongly correlated, which reduces the number of
polymorphisms that need to be investigated in an
association study to observe a significant
association. Another consequence of LD is that many
polymorphisms may give an association signal due to
the fact that these polymorphisms are strongly
correlated. Genomic LD maps have been generated across
the genome, and such LD maps have been proposed to
serve as framework for mapping disease-genes (Risch,
N. & Merkiangas, K, Science 273: 1516-1517 (1996);
Maniatis, N., et al., Proc Natl Acad Sci USA
99:2228-2233 (2002); Reich, DE et al, Nature 411:
199-204 (2001)). It is now established that many
portions of the human genome can be broken into series
of discrete haplotype blocks containing a few common
haplotypes; for these blocks, linkage disequilibrium
data provides little evidence indicating recombination
(see, e.g., Wall., J.D. and Pritchard, J.K., Nature
Reviews Genetics 4:587-597 (2003); Daly, M. et al.,
Nature Genet. 29:229-232 (2001); Gabriel, S.B. et al.,
Science 296:2225-2229 (2002); Patil, N. et al.,
Science 294:1719-1723 (2001); Dawson, E. et al.,
Nature 418:544-548 (2002); Phillips, M.S. et al.,
Nature Genet. 33:382-387 (2003)). There are two main
methods for defining these haplotype blocks: blocks
can be defined as regions of DNA that have limited
haplotype diversity (see, e.g., Daly, M. et al.,
Nature Genet. 29:229-232 (2001); Patil, N. et al.,
Science 294:1719-1723 (2001); Dawson, E. et al.,
Nature 418:544-548 (2002); Zhang, K. et al., Proc.
Natl. Acad. Sci. USA 99:7335-7339 (2002)), or as
regions between transition zones having extensive
historical recombination, identified using linkage
disequilibrium (see, e.g., Gabriel, S.B. et al.,
Science 296:2225-2229 (2002); Phillips, M.S. et al.,
Nature Genet. 33:382-387 (2003); Wang, N. et al., Am.
J. Hum. Genet. 71 :1227- 1234 (2002); Stumpf, M.P.,
and Goldstein, D.B., Curr. Biol. 13:1-8 (2003)). More
recently, a fine-scale map of recombination rates and
corresponding hotspots across the human genome has
been generated (Myers, S., et al., Science
310:321-32324 (2005); Myers, S. et al., Biochem 



Soc Trans 34:526530 (2006)). The map reveals the
enormous variation in recombination across the genome,
with recombination rates as high as 10-60 cM/Mb in
hotspots, while closer to 0 in intervening regions,
which thus represent regions of limited haplotype
diversity and high LD. The map can therefore be used
to define haplotype blocks/LD blocks as regions
flanked byrecombination hotspots. As used herein, the
terms "haplotype block" or "LD block" includes blocks
defined by any of the above described characteristics,
or other alternative methods used by the person
skilled in the art to define such regions. It has thus
become apparent that for any given observed
association to a polymorphic marker in the genome, it
is likely that additional markers in the genome also
show association. This is a natural consequence of the
uneven distribution of LD across the genome, as
observed by the large variation in recombination
rates. The markers used to detect association thus in
a sense represent "tags" for a genomic region (i.e., a
haplotype block or LD block) that is associating with
a given disease or trait. One or more causative
(functional) variants or mutations may reside within
the region found to be associating to the disease or
trait. The functional variant may be another SNP, a
tandem repeat polymorphism (such as a minisatellite or
a microsatellite), a transposable element, or a copy
number variation, such as an inversion, deletion or
insertion. Such variants in LD with the variants
described herein may confer a higher relative risk
(RR) or odds ratio (OR) than observed for the tagging
markers used to detect the association. The present
invention thus refers to the markers used for
detecting association to the disease, as described
herein, as well as markers in linkage disequilibrium
with the markers. Thus, in certain embodiments of the
invention, markers that are in LD with the markers
and/or haplotypes of the invention, as described
herein, may be used as surrogate markers. The
surrogate markers have in one embodiment relative risk
(RR) and/or odds ratio (OR) values smaller than for
the markers or haplotypes initially found to be
associating with the disease, as described herein. I n
other embodiments, the surrogate markers have RR or OR
values greater than those initially determined for the
markers initially found to be associating with the
disease, as described herein. An example of such an
embodiment would be a rare, or relatively rare (< 10%
allelic population frequency) variant in LD with a
more common variant (> 10% population frequency)
initially found to be associating with the disease,
such as the variants described herein. Identifying and
using such markers for detecting the association
discovered by the inventors as described herein can be
performed by routine methods well known to the person
skilled in the art, and are therefore within the scope
of the present invention. Determination of haplotype
frequency The frequencies of haplotypes in patient and
control groups can be estimated using an
expectation-maximization algorithm (Dempster A. et
al., J. R. Stat. Soc. B, 39: 1-38 (1977)). An
implementation of this algorithm that can handle
missing genotypes and uncertainty with the phase can
be used. Under the null hypothesis, the patients and
the controls are assumed to have identical
frequencies. Using a likelihood approach, an
alternative hypothesis is tested, where a candidate
at-risk-haplotype, which can include the markers
described herein, is allowed to have a higher
frequency in patients than controls, while the ratios
of the frequencies of otherhaplotypes are assumed to
be the same in both groups. Likelihoods are maximized
separately under both hypotheses and a corresponding
1-df likelihood ratio statistic is used to evaluate
the statistical significance. To look for at-risk and
protective markers and haplotypes within a
suceptibility region, for example, within an LD block
region, association of all possible combinations of
genotyped markers within the region is studied. The
combined patient and control groups can be randomly
divided into two sets, equal in size to the original
group of patients and controls. The marker and
haplotype analysis is then repeated and the most
significant p-value registered is determined. This
randomization scheme can be repeated, for example,
over 100 times to construct an empirical distribution
of p-values. I n a preferred embodiment, a p-value of
<0.05 is indicative of an significant marker and/or
haplotype association. Haplotype Analysis One general
approach to haplotype analysis involves using
likelihood-based inference applied to NEsted MOdels
(Gretarsdottir S., et al., Nat. Genet. 35:131-38
(2003)). The method is implemented in the program
NEMO, which allows for many polymorphic markers, SNPs
and microsatellites. The method and software are
specifically designed for case-control studies where
the purpose is to identify haplotype groups that
confer different risks. I t is also a tool for
studying LD structures. I n NEMO, maximum likelihood
estimates, likelihood ratios and p-values are
calculated directly, with the aid of the EM algorithm,
for the observed data treating it as a missing-data
problem. 



Even though likelihood ratio tests based on
likelihoods computed directly for the observed data,
which have captured the information loss due to
uncertainty in phase and missing genotypes, can be
relied on to give valid p-values, it would still be of
interest to know how much information had been lost
due to the information being incomplete. The
information measure for haplotype analysis is
described in Nicolae and Kong (Technical Report 537,
Department of Statistics, University of Statistics,
University of Chicago; Biometrics, 60(2): 368-75
(2004)) as a natural extension of information measures
defined for linkage analysis, and is implemented in
NEMO. For single marker association to a disease, the
Fisher exact test can' be used to calculate twosided
p-values for each individual allele. Usually, all
p-values are presented unadjusted for multiple
comparisons unless specifically indicated. The
presented frequencies (for microsatellites, SNPs and
haplotypes) are allelic frequencies as opposed to
carrier frequencies. To minimize any bias due the
relatedness of the patients who were recruited as
families, first and second-degree relatives can be
eliminated from the patient list. Furthermore, the
test can be repeated for association correcting for
any remaining relatedness among the patients, by
extending a variance adjustment procedure previously
described (Risch, N. & Teng, J. (Genome Res.,8:
1273-1288 (1998)) for sibships so that it can be
applied to general familial relationships, and present
both adjusted and unadjusted p-values for comparison.
The method of genomic controls (Devlin, B. & Roeder,
K. Biometrics 55:997 (1999)) can also be used to
adjust for the relatedness of the individuals and
possible stratification. The differences are in
general very small as expected. To assess the
significance of single-marker association corrected
for multiple testing we can carry out a randomization
test using the same genotype data. Cohorts of patients
and controls can be randomized and the association
analysis redone multiple times (e.g., up t o 500,000
times) and the p-value is the fraction of replications
that produced a p-value for some marker allele that is
lower than or equal to the p-value we observed using
the original patient and control cohorts. For both
single-marker and haplotype analyses, relative risk
(RR) and the population attributable risk (PAR) can be
calculated assuming a multiplicative model (haplotype
relative risk model) (Terwilliger, J.D. & Ott, J.,
Hum. Hered. 42:337-46 (1992) and FaIk, CT. &
Rubinstein, P, Ann. Hum. Genet. 5 1 (Pt 3):227-33
(1987)), i.e., that the risks of the two
alleles/haplotypes a person carries multiply. For
example, if RR is the risk of A relative to a, then
the risk of a person homozygote AA will be RR times
that of a heterozygote Aa and RR2 times that of a
homozygote aa. The multiplicative model has a nice
property that simplifies analysis and computations -
haplotypes are independent, i.e., in Hardy-Weinberg
equilibrium, within the affected population as well as
within the control population. As a consequence,
haplotype counts of the affecteds and controls each
have multinomial distributions, but with different
haplotype frequencies under the alternative
hypothesis. Specifically, for two haplotypes, h and hj
, risk(h,)/risk(h J) = (fi/ Pi)/ (f / P), where f and
p denote, respectively, frequencies in the affected
population and in the control population. While there
is some power loss if the true model is not
multiplicative, the loss tends to be mild except for
extreme cases. Most importantly, p-values are always
valid since they are computed with respect to null
hypothesis. An association signal detected in one
association study may be replicated in a second
cohort, ideally from a different population (e.g.,
different region of same country, or a different
country) of the same or different ethnicity. The
advantage of replication studies is that the number of
tests performed in the replication study, and hence
the less stringent the statistical measure that is
applied. For example, for a genome-wide search for
susceptibility variants for a particular disease or
trait using 300,000 SNPs, a correction for the 300,000
tests performed (one for each SNP) can be performed.
Since many SNPs on the arrays typically used are
correlated (i.e., in LD), they are not independent.
Thus, the correction is conservative. Nevertheless,
applying this correction factor requires an observed
P-value of less than 0.05/300,000 = 1.7 x 10 7 for the
signal to be considered significant applying this
conservative test on results from a single study
cohort. Obviously, signals found in a genome-wide
association study with P-values less than this
conservative threshold are a measure of a true genetic
effect, and replication in additional cohorts is not
necessarily from a statistical point of view. However,
since the correction factor depends on the number of
statistical tests performed, if one signal (one SNP)
from an initialstudy is replicated in a second
case-control cohort, the appropriate statistical test
for significance is that for a single statistical
test, i.e., P-value less than 0.05. Replication
studies in one or even several additional case-control
cohorts have the added advantage of providing
assessment of the association signal in additional
populations, thus simultaneously confirming the
initial finding and providing an assessment of the
overall significance of the genetic variant(s) being
tested in human populations in general. 



The results from several case-control cohorts can also
be combined to provide an overall assessment of the
underlying effect. The methodology commonly used to
combine results from multiple genetic association
studies is the Mantel-Haenszel model (Mantel and
Haenszel, J Natl Cancer Inst 22:719-48 (1959)). The
model is designed to deal with the situation where
association results from different populations, with
each possibly having a different population frequency
of the genetic variant, are combined. The model
combines the results assuming that the effect of the
variant on the risk of the disease, a measured by the
OR or RR, is the same in all populations, while the
frequency of the variant may differ between the
poplations. Combining the results from several
populations has the added advantage that the overall
power to detect a real underlying association signal
is increased, due to the increased statistical power
provided by the combined cohorts. Furthermore, any
deficiencies in individual studies, for example due to
unequal matching of cases and controls or population
stratification will tend to balance out when results
from multiple cohorts are combined, again providing a
better estimate of the true underlying genetic effect.
Risk assessment and Diagnostics Within any given
population, there is an absolute risk of developing a
disease or trait, defined as the chance of a person
developing the specific disease or trait over a
specified time-period. For example, a woman's lifetime
absolute risk of breast cancer is one in nine. That is
to say, one woman in every nine will develop breast
cancer at some point in their lives. Risk is typically
measured by looking at very large numbers of people,
rather than at a particular individual. Risk is often
presented in terms of Absolute Risk (AR) and Relative
Risk (RR). Relative Risk is used to compare risks
associating with two variants or the risks of two
different groups of people. For example, it can be
used to compare a group of people with a certain
genotype with another group having a different
genotype. For a disease, a relative risk of 2 means
that one group has twice the chance of developing a
disease as the other group. The Risk presented is
usually the relative risk for a person, or a specific
genotype of a person, compared to the population with
matched gender and ethnicity. Risks of two individuals
of the same gender and ethnicity could be compared in
a simple manner. For example, if, compared to the
population, the first individual has relative risk 1.5
and the second has relative risk 0.5, then the risk of
the first individual compared t o the second
individual is 1.5/0.5 = 3.As described herein, certain
polymorphic markers and haplotypes comprising such
markers are found to be useful for risk assessment of
breast cancer. Risk assessment can involve the use of
the markers for diagnosing a susceptibility to breast
cancer. Particular alleles of polymorphic markers are
found more frequently in individuals with breast
cancer, than in individuals without diagnosis of
breast cancer. Therefore, these marker alleles have
predictive value for detecting breast cancer, or a
susceptibility to breast cancer, in an individual.
Tagging markers within haplotype blocks or LD blocks
comprising at-risk markers, such as the markers of the
present invention, can be used as surrogates for other
markers and/or haplotypes within the haplotype block
or LD block. Markers with values of r2 equal to 1 are
perfect surrogates for the at-risk variants, i.e.
genotypes for one marker perfectly predicts genotypes
for the other. Markers with smaller values of r 2 than
1 can also be surrogates for the at-risk variant, or
alternatively represent variants with relative risk
values as high or possibly even higher than the
at-risk variant. The at-risk variant identified may
not be the functional variant itself, but is in this
instance in linkage disequilibrium with the true
functional variant. The functional variant may for
example be a tandem repeat, such as a minisatellite or
a microsatellite, a transposable element (e.g., an AIu
element), or a structural alteration, such as a
deletion, insertion or inversion (sometimes also
called copy number variations, or CNVs). The present
invention encompasses the assessment of such surrogate
markers for the markers as disclosed herein. Such
markers are annotated, mapped and listed in public
databases, as well known to the skilled person, or can
alternatively be readily identified by sequencing the
region or a part of the region identified by the
markers of the present invention in a group of
individuals, and identify polymorphisms in the
resulting group of sequences. As a consequence, the
person skilled in the art can readily and without
undue experimentation genotype surrogate markers in
linkage disequilibrium with the markers and/or
haplotypes as described herein. The tagging or
surrogate markers in LD with the at-risk variants
detected, also have predictive value for detecting
association to breast cancer, or a susceptibility to
breast cancer, in an individual. These tagging or
surrogate markers that are in LD with the markers of
the present invention can also include other markers
that distinguish among haplotypes, as these similarly
have predictive value for detecting susceptibility to
breast cancer. 



The present invention can in certain embodiments be
practiced by assessing a sample comprising genomic DNA
from an individual for the presence of variants
described herein to be associated with breast cancer.
Such assessment includes steps of detecting the
presence or absence of at least one allele of at least
one polymorphic marker, using methods well known to
the skilled person and further described herein, and
based on the outcome of such assessment, determine
whether the individual from whom the sample is derived
is at increased or decreased risk (increased or
decreased susceptibility) of breast cancer.
Alternatively, the invention can be practiced
utilizing a dataset comprising information about the
genotype status of at least one polymorphic marker
described herein to be associated with breast cancer
(or markers in linkage disequilibrium with at least
one marker shown herein to be associated with breast
cancer). I n other words, a dataset containing
information about such genetic status, for example in
the formof genotype counts at a certain polymorphic
marker, or a plurality of markers (e.g., an indication
of the presence or absence of certain at-risk
alleles), or actual genotypes for one or more markers,
can be queried for the presence or absence of certain
at-risk alleles at certain polymorphic markers shown
by the present inventors to be associated with breast
cancer. A positive result for a variant (e.g., marker
allele) associated with increased risk of breast
cancer, as shown herein, is indicative of the
individual from which the dataset is derived is at
increased susceptibility (increased risk) of breast
cancer. I n certain embodiments of the invention, a
polymorphic marker is correlated to breast cancer by
referencing genotype data for the polymorphic marker
to a look-up table that comprises correlations between
at least one allele of the polymorphism and breast
cancer. I n some embodiments, the table comprises a
correlation for one polymorhpism. I n other
embodiments, the table comprises a correlation for a
plurality of polymorhpisms. I n both scenarios, by
referencing to a look-up table that gives an
indication of a correlation between a marker and
breast cancer, a risk for breast cancer, or a
susceptibility to breast cancer, can be identified in
the individual from whom the sample is derived. I n
some embodiments, the correlation is reported as a
statistical measure. The statistical measure may be
reported as a risk measure, such as a relative risk
(RR), an absolute risk (AR) or an odds ratio (OR). The
markers of the invention, e.g., polymorphic markers on
Chromosome 5pl2 and Chromosome 10q26, e.g., the
markers presented in Tables 12, 13 and 14, e.g.,
markers marker rs7703618, rs4415084, rs2067980,
rsl0035564, rsll743392, rs7716600, rslO941679,
rsl219648, may be useful for risk assessment and
diagnostic purposes for, either alone or in
combination. Thus, even in cases where the increase in
risk by individual markers is relatively modest, i.e.
on the order of 10-30%, the association may have
significant implications. Thus, relatively common
variants may have significant contribution to the
overall risk (Population Attributable Risk is high),
or combination of markers can be used to define groups
of individual who, based on the combined risk of the
markers, is at significant combined risk of developing
the disease. For example, combined risk can be
assessed based on genotype results for markers on
chromosome 5pl2 and chromosome 10q26, such as marker
rslO941679 and marker rsl219648. Alternatively,
markers in LD with either of these markers could be
assessed. Other markers known to confer risk of breast
cancer can also be assessed together with the markers
described herein, such as markers on chromosome 2ql4
(e.g., marker rs4848543 or markers in linkage
disequilibrium therewith), 2q35 (e.g., marker
rsl3387042, or markers in linkage disequilibrium
therewith), and chromosome 16 (e.g., marker rs3803662,
or markers in linkage disequilibrium therewith). Thus,
in one embodiment of the invention, a plurality of
variants (markers and/or haplotypes) is used for
overall risk assessment. These variants are in one
embodiment selected from thevariants as disclosed
herein. Other embodiments include the use of the
variants of the present invention in combination with
other variants known to be useful for diagnosing a
susceptibility to breast cancer. Results for any two
or more markers can be combined in such analysis, such
as results for three markers, four markers, five
markers, six markers, seven markers, eight markers,
nine markers, or ten or more markers. In such
embodiments, the genotype status of a plurality of
markers and/or haplotypes is determined in an
individual, and the status of the individual compared
with the population frequency of the associated
variants, or the frequency of the variants in
clinically healthy subjects, such as age-matched and
sex-matched subjects. Methods known in the art, such
as multivariate analyses or joint risk analyses, may
subsequently be used to determine the overall risk
conferred based on the genotype status at the multiple
loci. Assessment of risk based on such analysis may
subsequently be used in the methods and kits of the
invention, as described herein. 



As described in the above, the haplotype block
structure of the human genome has the effect that a
large number of variants (markers and/or haplotypes)
in linkage disequilibrium with the variant originally
associated with a disease or trait may be used as
surrogate markers for assessing association to the
disease or trait. The number of such surrogate markers
will depend on factors such as the historical
recombination rate in the region, the mutational
frequency in the region (i.e., the number of
polymorphic sites or markers in the region), and the
extent of LD (size of the LD block) in the region.
These markers are usually located within the physical
boundaries of the LD block or haplotype block in
question as defined using the methods described
herein, or by other methods known to the person
skilled in the art. However, sometimes marker and
haplotype association is found to extend beyond the
physical boundaries of the haplotype block as defined.
Such markers and/or haplotypes may in those cases be
also used as surrogate markers and/or haplotypes for
the markers and/or haplotypes physically residing
within the haplotype block as defined. As a
consequence, markers and haplotypes in LD (typically
characterized by r2 greater than 0.1, such as r2
greater than 0.2, including r2 greater than 0.3, also
including r2 greater than 0.4) with the markers and
haplotypes of the present invention are also within
the scope of the invention, even if they are
physically located beyond the boundaries of the
haplotype block as defined. This includes markers that
are described herein (e.g., Table 1 and Table 3, e.g.
rs4415084, rslO941679, rsl219648), but may also
include other markers that are in strong LD
(characterized by r2 greater than 0.1 or 0.2 and/or
|D'| > 0.8) with one or more of the markers listed in
Table 1 and Table 3. For the SNP markers described
herein, the opposite allele to the allele found to be
in excess in patients (at-risk allele) is found in
decreased frequency in breast cancer. These markers
and haplotypes in LD and/or comprising such markers,
are thus protective for breast cancer, i.e. they
confer a decreased risk or susceptibility of
individuals carrying these markers and/or haplotypes
developing breast cancer.Certain variants of the
present invention, including certain haplotypes
comprise, in some cases, a combination of various
genetic markers, e.g., SNPs and microsatellites.
Detecting haplotypes can be accomplished by methods
known in the art and/or described herein for detecting
sequences at polymorphic sites. Furthermore,
correlation between certain haplotypes or sets of
markers and disease phenotype can be verified using
standard techniques. A representative example of a
simple test for correlation would be a Fisher-exact
test on a two by two table. I n specific embodiments,
a marker allele or haplotype found t o be associated
with breast cancer, (e.g., marker alleles as listed in
Table 1 and Table 3 , the markers as listed in Tables
12, 13 and 14, SEEQ I D NO: 1-237) is one in which the
marker allele or haplotype is more frequently present
in an individual at risk for breast cancer (affected),
compared t o the frequency of its presence in a
healthy individual (control), wherein the presence of
the marker allele or haplotype is indicative of breast
cancer or a susceptibility t o breast cancer. I n
other embodiments, at-risk markers in linkage
disequilibrium with one or more markers found t o be
associated with breast cancer are tagging markers that
are more frequently present in an individual at risk
for breast cancer (affected), compared t o the
frequency of their presence in a healthy individual
(control), wherein the presence of the tagging markers
is indicative of increased susceptibility t o breast
cancer. I n a further embodiment, at-risk markers
alleles (i.e. conferring increased susceptibility) in
linkage disequilibrium with one or more markers found
t o be associated with breast cancer, are markers
comprising one or more allele that is more frequently
present in an individual at risk for breast cancer,
compared t o the frequency of their presence in a
healthy individual (control), wherein the presence of
the markers is indicative of increased susceptibility
t o breast cancer. Study population I n a general
sense, the methods and kits of the invention can be
utilized from samples containing genomic DNA from any
source, i.e. any individual. I n preferred
embodiments, the individual is a human individual. The
individual can be an adult, child, or fetus. The
present invention also provides for assessing markers
and/or haplotypes in individuals who are members of a
target population. Such a target population is in one
embodiment a population or group of individuals at
risk of developing the disease, based on other genetic
factors, biomarkers, biophysical parameters (e.g.,
weight, BMD, blood pressure), or general health and/or
lifestyle parameters (e.g., history of cancer, history
of breast cancer, previous diagnosis of disease,
family history of cancer, family history of breast
cancer). The invention provides for embodiments that
include individuals from specific age subgroups, such
as those over the age of 40, over age of 45, or over
age of 50, 55, 60, 65, 70, 75, 80, or 85. Other
embodiments of the invention pertain t o other age
groups, such as individuals aged 



less than 85, such as less than age 80, less than age
75, or less than age 70, 65, 60, 55, 50, 45,40, 35, or
age 30. Other embodiments relate to individuals with
age at onset of the disease in any of the age ranges
described in the above. It is also contemplated that a
range of ages may be relevant in certain embodiments,
such as age at onset at more than age 45 but less than
age 60. Other age ranges are however also
contemplated, including all age ranges bracketed by
the age values listed in the above. The invention
furthermore relates to individuals of either sex,
males or females. I n some embodiments, it relates to
assessment of male subjects. I n preferred
embodiments, it relates to assessment of female
subjects. The Icelandic population is a Caucasian
population of Northern European ancestry. A large
number of studies reporting results of genetic linkage
and association in the Icelandic population have been
published in the last few years. Many of those studies
show replication of variants, originally identified in
the Icelandic population as being associating with a
particular disease, in other populations
(Styrkarsdottir, U., et al. N Engl J Med Apr 29 2008
(Epub ahead of print); Thorgeirsson, T., et al. Nature
452:638-42 (2008); Gudmundsson, J., et al. Nat Genet.
40:281-3 (2008); Stacey, S.N., et al., Nat Genet.
39:865-69 (2007); Helgadottir, A., et al., Science
316:1491-93 (2007); Steinthorsdottir, V., et al., Nat
Genet. 39:770-75 (2007); Gudmundsson, J., et al., Nat
Genet. 39:631-37 (2007); Frayling, TM, Nature Reviews
Genet 8:657-662 (2007); Amundadottir, LT., et al., Nat
Genet. 38:652-58 (2006); Grant, S.F., et al., Nat
Genet. 38:320- 23 (2006)). Thus, genetic findings in
the Icelandic population have in general been
replicated in other populations, including populations
from Africa and Asia. The markers of the present
invention found to be associated with breast cancer
are believed to show similar association in other
human populations. Particular embodiments comprising
individual human populations are thus also
contemplated and within the scope of the invention.
Such embodiments relate to human subjects that are
from one or more human population including, but not
limited to, Caucasian populations, European
populations, American populations, Eurasian
populations, Asian populations, Central/South Asian
populations, East Asian populations, Middle Eastern
populations, African populations, Hispanic
populations, and Oceanian populations. European
populations include, but are not limited to, Swedish,
Norwegian, Finnish, Russian, Danish, Icelandic, Irish,
Kelt, English, Scottish, Dutch, Belgian, French,
German, Spanish, Portugues, Italian, Polish,
Bulgarian, Slavic, Serbian, Bosnian, Czech, Greek and
Turkish populations. The invention furthermore in
other embodiments can be practiced in specific human
populations that include Bantu, Mandenk, Yoruba, San,
Mbuti Pygmy, Orcadian, Adygei, Russian, Sardinian,
Tuscan, Mozabite, Bedouin, Druze, Palestinian,
Balochi, Brahui, Makrani, Sindhi, Pathan, Burusho,
Hazara, Uygur, Kalash, Han, Dai, Daur, Hezhen, Lahu,
Miao, Oroqen, She, Tujia, Tu, Xibo, Yi, Mongolan,
Naxi, Cambodian, Japanese, Yakut, Melanesian, Papuan,
Karitianan, Surui, Colmbian, Maya and Pima. I n
certain embodiments, the invention relates to
populations that include black African ancestry such
as populations comprising persons of African descent
or lineage. Black African ancestry may be determined
by self reporting as African-Americans,
Afro-Americans, Black Americans,being a member of the
black race or being a member of the negro race. For
example, African Americans or Black Americans are
those persons living in North America and having
origins in any of the black racial groups of Africa.
In another example, self-reported persons of black
African ancestry may have at least one parent of black
African ancestry or at least one grandparent of black
African ancestry. The racial contribution in
individual subjects may also be determined by genetic
analysis. Genetic analysis of ancestry may be carried
out using unlinked microsatellite markers such as
those set out in Smith et al. {Am J Hum Genet 74,
1001-13 (2004)). In certain embodiments, the invention
relates to markers and/or haplotypes identified in
specific populations, as described in the above. The
person skilled in the art will appreciate that
measures of linkage disequilibrium (LD) may give
different results when applied to different
populations. This is due to different population
history of different human populations as well as
differential selective pressures that may have led to
differences in LD in specific genomic regions. I t is
also well known to the person skilled in the art that
certain markers, e.g. SNP markers, are polymorphic in
one population but not in another. The person skilled
in the art will however apply the methods available
and as tought herein to practice the present invention
in any given human population. This may include
assessment of polymorphic markers in the LD region of
the present invention, so as to identify those markers
that give strongest association within the specific
population. Thus, the at-risk variants of the present
invention may reside on different haplotype background
and in different frequencies in various human
populations. However, utilizing methods known in the
art and the markers of the present invention, the
invention can 



be practiced in any given human population. Models to
predict inherited risk for breast cancer The goal of
breast cancer risk assessment is to provide a rational
framework for the development of personalized medical
management strategies for all women with the aim of
increasing survival and quality of life in high-risk
women while minimizing costs, unnecessary
interventions and anxiety in women at lower risk. Risk
prediction models attempt to estimate the risk for
breast cancer in an individual who has a given set of
congenital risk characteristics (e.g., family history,
prior benign breast lesion, previous breast tumor).
The breast cancer risk assessment models most commonly
employed in clinical practice estimate inherited risk
factors by considering family history. The risk
estimates are based on the observations of increased
risk to individuals with one or more close relatives
previously diagnosed with breast cancer. They do not
take into account complex pedigree structures. These
models have the further disadvantage of not being able
to differentiate between carriers and non-carriers of
genes with breast cancer predisposing mutations.More
sophisticated risk models have better mechanisms to
deal with specific family histories and have an
ability to take into account carrier status for BRCAl
and BRCA2 mutations. For example, the Breast and
Ovarian Analysis of Disease Incidence and Carrier
Estimation Algorithm (BOADICEA) (Antoniou et al.,
2004) takes into account family history based on
individual pedigree structures through the pedigree
analysis program MENDEL. Information on known BRCAl
and BRCA2 status is also taken into account. The main
limitations of the BOADICEA and all other breast
cancer risk models currently in use are that they do
not incorporate genotypic information from other
predisposition genes. Current models depend strongly
on family history t o act as a surrogate t o
compensate for the lack of knowledge of non-BRCA
genetic determinants of risk. Therefore the available
models are limited to situations where there is a
known family history of disease. Lower penetrance
breast cancer predisposition genes may be relatively
common in the population and may not show such strong
tendencies to drive familial clustering as do the
BRCAl and BRCA2 genes. Patients with a relatively high
genetic load of predisposition alleles may show little
or no family history of disease. There is a need
therefore to construct models which incorporate
inherited susceptibility data obtained directly
through genebased testing. In addition to making the
models more precise, this will reduce the dependency
on family history parameters and assist in the
extension of the risk profiling into the wider at-risk
population where family history is not such a key
factor. Integration of Improved Genetic Risk Models
into Clinical Management of Breast Cancer Primary
prevention Clinical primary prevention options
currently can be classified as chemopreventative (or
hormonal) treatments and prophylactic surgery.
Patients identified as high risk can be prescribed
long-term courses of chemopreventative therapies. This
concept is well accepted in the field of
cardiovascular medicine, but is only now beginning to
make an impact in clinical oncology. The most widely
used oncology chemopreventative is Tamoxifen, a
Selective Estrogen Receptor Modulator (SERM).
Initially used as an adjuvant therapy directed against
breast cancer recurrence, Tamoxifen now has proven
efficacy as a breast cancer preventative agent
[Cuzick, et al., (2003), Lancet, 361,
296-300][Martino, et al., (2004), Oncologist, 9 ,
116-25]. The FDA has approved the use of Tamoxifen as
a chemopreventative agent in certain high risk women.
Unfortunately, long term Tamoxifen use increases risks
for endometrial cancer approximately 2.5-fold, the
risk of venous thrombosis approximately 2.0-fold.
Risks for pulmonary embolism, stroke, and cataracts
are also increased [Cuzick, et al., (2003), Lancet,
361, 296-300]. Accordingly, the benefits in Tamoxifen
use for reducing breast cancer incidence may not be
easily translated into corresponding decreases in
overall mortality. Another SERM called Raloxifene may
be more efficacious in a preventative mode, and does
not carry the same risks for endometrial cancer.
However risk for thrombosis is still elevated in
patients treated longterm with Raloxifene[Cuzick, et
al., (2003), Lancet, 361, 296-300; Martino, et al.,
(2004), Oncologist, 9, 116-25]. Moreover, both
Tamoxifen and Raloxifene have quality of life issues
associated with them. To make a rational risk:benefit
analysis of SERM therapy in a chemopreventative mode,
there is a clinical need to identify individuals who
are most at risk for breast cancer. Given that a
substantial proportion of risk for breast cancer is
genetic, there is a clear clinical need for genetic
tests to quantify individuals' risks in this context.
One can anticipate similar issues arising from any
future cancer chemo-preventative therapies that may
become available, such as the aromatase inhibitors.
Moreover, as chemopreventative therapies become safer,
there is an increased need to identify patients who
are genetically predisposed, but do not have massively
elevated risks associated with BRCAl & 2 mutation
carriers. 



Patients who are identified as being at high risk for
breast cancer are considered for prophylactic surgery;
either bilateral mastectomy or oophorectomy or both.
Clearly such drastic treatments are recommended only
for patients who are perceived to be at extremely high
risk. I n practice, such risks can currently be
identified only in individuals who carry mutations in
BRCAl, BRCA2 or genes known to be involved in rare
breast cancer predisposition syndromes like p53 in Li-
Fraumeni Syndrome, PTEN in Cowden's Syndrome.
Estimates of the penetrance of BRCAl and BRCA2
mutations tend to be higher when they are derived from
multiple-case families than when they are derived from
population-based estimates. This is because different
mutation-carrying families exhibit different
penetrances for breast cancer (see [Thorlacius, et
al., (1997), Am J Hum Genet, 60, 1079-84]for example).
One of the major factors contributing to this
variation is the action of as yet unknown
predisposition genes whose effects modify the
penetrance of BRCAl and BRCA2 mutations. Therefore the
absolute risk to an individual who carries a mutation
in the BRCAl or BRCA2 genes cannot be accurately
quantified in the absence of knowledge of the
existence and action of modifying genes. Since the
treatment options for BRCAl and BRCA2 carriers can be
severe, it is important in this context to quantify
the risks to individual BRCA carriers with the
greatest accuracy possible. There is a need,
therefore, to identify predisposition genes whose
effects modify the penetrance of breast cancer in
BRCAl and BRCA2 carriers and to develop improved risk
assessment models based on these genes. Furthermore,
there are individuals who are perceived to be at very
high risk for breast cancer, perhaps because of a
strong family history of breast cancer, but in whom no
mutations in known predisposition genes can be
identified. Consideration of prophylactic surgery is
difficult in such cases because one cannot test the
individual to discover whether or not she has
inherited a high penetrance predisposition gene.
Accordingly, the individual's risk cannot be assessed
accurately. There is a clear clinical need, therefore,
to identify any high penetrance predisposition genes
that remain undiscovered and to develop associated
genetic tests for use in primary prevention
strategies. Such genes may for example be the genes
disclosed herein to be associated with risk of breat
cancer (e.g., the FGFlO, MRPS30 and/or FGFR2 genes).
Although the variants shownherein to be associated
with risk of breast cancer are fairly common, and
conferring a relatively low risk of breast cancer, it
is quite possible that higher risk variants exist
within one or more of these genes. It is thus
contemplated that high-risk genetic variants within,
or associated with, one or more of the FGFlO, MRPS30
and/or FGFR2 genes could be useful for determining
whether an individual is a carrier of a high risk (and
high penetrance) genetic factor for breast cancer.
Early Diagnosis Clinical screening for breast cancer
in most western countries consists of periodic
clinical breast examination (CBE) and X-ray
mammography. There is good evidence to indicate that
CBE has little added benefit when used in the context
of a good mammographic screening program. I n the
United Kingdom, women between the ages of 50 and 70
are invited to undergo screening mammography every
three years. The situation in the United States varies
depending on healthcare provider, however the American
Cancer Society recommends annual mammographic
screening from age 40. Mammographic screening has
proven effectiveness in reducing mortality amongst
screened women over the age of 50. It is unlikely that
genetic testing would ever be employed as a means of
reducing access to existing mammographic screening
programs. However, mammographic screening is not
without shortcomings and it is conceivable that
genetic testing should be used to select people for
augmented screening programs. One of the drawbacks of
mammographic screening is that is has thus far not
been possible to demonstrate a significant effect on
improved survival for women screened under 50 years of
age. One reason that mammography is less effective in
women under 50 may be that the density of breast
tissue is higher in younger women, making mammographic
detection of tumors more difficult. However, breast
cancers in predisposed individuals tend to occur at
early ages groups and there is a clear association
between high breast density and breast cancer risk.
Therefore there is a problem with simple increases in
mammographic screening for individuals with high
predisposition because they would be managed by a
technique that performs sub-optimally in the group at
highest risk. Recent studies have shown that
contrast-enhanced magnetic resonance imaging (CE-MRI)
is more sensitive and detects tumors at an earlier
stage in this high-risk group than mammographic
screening does [Warner, et al., (2004), Jama, 292,
1317- 25; Leach, et al., (2005), Lancet, 365,
1769-78]. CE-MRI strategies work particularly well
when used in combination with routine X-ray
mammography[Leach, et al., (2005), Lancet, 365, 1769- 



78]. Because CE-MRI requires specialist centers that
incur high costs, screening of under-50's must be
restricted to those individuals at the highest risk.
Present CE-MRI trials restrict entry to those
individuals with BRCAl, BRCA2 or p53 mutations or very
strong family histories of disease.The extension of
this screening modality to a wider range of high-risk
patients would be greatly assisted by the provision of
gene-based risk profiling tools. There is good
evidence to support the notion that early-onset breast
cancers and cancers occurring in genetically
predisposed women grow faster than cancers in older,
less strongly predisposed women. This comes from
observations of higher rates of interval cancers in
younger women, that is, cancers that arise in the
intervals between screening visits in a well-screened
population are higher amongst younger women. Therefore
there are suggestions that screening intervals, by
whatever method, should be reduced for younger women.
There is a paradox here in that more frequent
screening using more expensive methodologies seems to
be required for an age group in which the overall
rates,of breast cancer are comparatively low. There is
a clear clinical need here to identify those young
individuals who are most strongly predisposed to
develop the disease early, and channel them into more
expensive and extensive screening regimes. The
variants disclosed herein to confer risk of breast
cancer can be useful for identification of individuals
who are at particularly high risk of developing breast
cancer. Such individuals are likely to most benefit
from early and aggressive screening programs, so as to
maximizing the likelihood of early identification of
the cancer. Treatment Currently, primary breast cancer
is treated by surgery, adjuvant chemotherapy,
radiotherapy, followed by long term hormonal therapy.
Often combinations of three or four therapies are
used. Breast cancer patients with the same stage of
disease can have very different responses to adjuvant
chemotherapy resulting in a broad variation in overall
treatment outcomes. Consensus guidelines (the St Galen
and NIH criteria) have been developed for determining
the eligibility of breast cancer patients for adjuvant
chemotherapy treatment. However, even the strongest
clinical and histological predictors of metastasis
fail to predict accurately the clinical responses of
breast tumors [Goldhirsch, et al., (1998), J Natl
Cancer Inst, 90, 1601-8; Eifel, et al., (2001), J Natl
Cancer Inst, 93, 979-89]. Chemotherapy or hormonal
therapy reduces the risk of metastasis only by
approximately 1/3, however 70-80% of patients
receiving this treatment would have survived without
it. Therefore the majority of breast cancer patients
are currently offered treatment that is either
ineffective or unnecessary. There is a clear clinical
need for improvements in the development of prognostic
measures which will allow clinicians to tailor
treatments more appropriately to those who will best
benefit. It is reasonable to expect that profiling
individuals for genetic predisposition may reveal
information relevant to their treatment outcome and
thereby aid in rational treatment planning. The
markers of the present invention, conferring risk of
breast cancer, are contemplated to be useful in this
context.Several previous studies exemplify this
concept: Breast cancer patients who are BRCA mutation
carriers appear to show better clinical response rates
and survival when treated with adjuvant chemotherapies
[Chappuis, et al., (2002), J Med Genet, 39, 608-10;
Goffin, et al., (2003), Cancer, 97, 527-36]. BRCA
mutation carriers demonstrate improved responses to
platinum chemotherapy for ovarian cancer than
non-carriers [Cass, et al., (2003), Cancer, 97,
2187-95]. Similar considerations may apply to
predisposed patients in whom the genes involved are
not known. For example, infiltrating lobular breast
carcinoma (ILBC) is known to have a strong familial
component but the genetic variants involved have not
yet been identified. Patients with ILBC demonstrate
poorer responses to common chemotherapy regimes
[Mathieu, et al., (2004), Eur J Cancer, 40, 342-51].
Genetic predisposition models may not only aid in the
individualization of treatment strategies, but may
play an integral role in the design of these
strategies. For example, BRCAl and BRCA2 mutant tumor
cells have been found to be profoundly sensitive to
poly (ADP-ribose) polymerase (PARP) inhibitors as a
result of their defective DNA repair pathway [Farmer,
et al., (2005), Nature, 434, 917-21]. This has
stimulated development of small molecule drugs
targeted on PARP with a view to their use specifically
in BRCA carrier patients. From this example it is
clear that knowledge of genetic predisposition may
identify drug targets that lead to the development of
personalized chemotherapy regimes to be used in
combination with genetic risk profiling. Similarly,
the markers of the present invention may aid in the
identification of novel drugs that target, for
example, one or more of the FGFlO, MRPS30 and/or FGFR2
genes. Cancer chemotherapy has well known,
dose-limiting side effects on normal tissues
particularly the highly proliferative hemopoetic and
gut epithelial cell compartments. I t can be
anticipated that genetically-based individual
differences exist in sensitivities of normal tissues
to cytotoxic 



drugs. An understanding of these factors might aid in
rational treatment planning and in the development of
drugs designed to protect normal tissues from the
adverse effects of chemotherapy. Genetic profiling may
also contribute to improved radiotherapy approaches:
Within groups of breast cancer patients undergoing
standard radiotherapy regimes, a proportion of
patients will experience adverse reactions to doses of
radiation that are normally tolerated. Acute reactions
include erythema, moist desquamation, edema and
radiation pneumatitis. Long term reactions including
telangiectasia, edema, pulmonary fibrosis and breast
fibrosis may arise many years after radiotherapy. Both
acute and long-term reactions are considerable sources
of morbidity and can be fatal. In one study, 87% of
patients were found to have some adverse side effects
to radiotherapy while 11% had serious adverse
reactions (LENT/SOMA Grade 3-4); [Hoeller, et al.,
(2003), Int J Radiat Oncol Biol Phys, 55, 1013-8]. The
probability of experiencing an adverse reaction to
radiotherapy is due primarily to constitutive
individual differences in normal tissue reactions and
there is a suspicion that these have a strong genetic
component. Several of the known breast cancer
predisposition genes (e.g. BRCAl, BRCA2, ATM) affect
pathways of DNAdouble strand break repair. DNA double
strand breaks are the primary cytotoxic lesion induced
by radiotherapy. This has led to concern that
individuals who are genetically predisposed to breast
cancer through carriage of variants in genes belonging
to these pathways might also be at higher risk of
suffering excessive normal tissue damage from
radiotherapy. It is contemplated that the genetic
variants described herein to confer risk of breast
cancer, for example through one or more of the FGFlO,
MRPS30 and/or FGFR2 genes, may be useful for
identifying individuals at particular risk of adverse
reaction to radiotherapy. The existence of
constitutively radiosensitive individuals in the
population means that radiotherapy dose rates for the
majority of the patient population must be restricted,
in order to keep the frequency of adverse reactions to
an acceptable level. There is a clinical need,
therefore, for reliable tests that can identify
individuals who are at elevated risk for adverse
reactions to radiotherapy. Such tests would indicate
conservative or alternative treatments for individuals
who are radiosensitive, while permitting escalation of
radiotherapeutic doses for the majority of patients
who are relatively radioresistant. I t has been
estimated that the dose escalations made possible by a
test to triage breast cancer patients simply into
radiosensitive, intermediate and radioresistant
categories would result in an approximately 35%
increase in local tumor control and consequent
improvements in survival rates [Burnet, et al.,
(1996), Clin Oncol (R Coll Radiol), 8 , 25-34].
Exposure to ionizing radiation is a proven factor
contributing to oncogenesis in the breast [Dumitrescu
and Cotarla, (2005), J Cell MoI Med, 9 , 208-21].
Known breast cancer predisposition genes encode
pathway components of the cellular response to
radiation-induced DNA damage [Narod and Foulkes,
(2004), Nat Rev Cancer, 4 , 665-76]. Accordingly,
there is concern that the risk for second primary
breast tumors may be increased by irradiation of
normal tissues within the radiotherapy field. There
does not appear to be any measurable increased risk
for BRCA carriers from radiotherapy, however their
risk for second primary tumors is already
exceptionally high. There is evidence to suggest that
risk for second primary tumors is increased in
carriers in breast cancer predisposing alleles of the
ATM and CHEK2 genes who are treated with radiotherapy
[Bernstein, et al., (2004), Breast Cancer Res, 6 ,
R199-214; Broeks, et al., (2004), Breast Cancer Res
Treat, 83, 91-3]. I t is expected that the risk of
second primary tumors from radiotherapy (and,
possibly, from intensive mammographic screening) will
be better defined by obtaining accurate genetic risk
profiles from patients during the treatment planning
stage. Secondary Prevention Approximately 30% of
patients who are diagnosed with a stage 1 or 2 breast
cancer will experience either a loco-regional or
distant metastatic recurrence of their original
tumor.Patients who have had a primary breast cancer
are also at greatly increased risk for' being
diagnosed with a second primary tumor, either in the
contralateral breast or in the ipsilateral breast when
breast-conserving surgery has been carried out.
Secondary prevention refers to methods used to prevent
recurrences or second primary tumors from developing.
Methods currently in use comprise; long-term treatment
with Tamoxifen or another SERM either alone or
alternated with an aromatase inhibitor, risk-reducing
mastectomy of the contralateral breast, and
risk-reducing oophorectomy (in patients who are at
risk for familial breast-ovarian cancer).
Considerations regarding the use of Tamoxifen have
been discussed above. With risk-reducing surgical
options, it is clear that the risk needs to be
quantified as well as possible in order to make an
informed cost: benefit analysis. 



There are some indications that patients with known
genetic predispositions to breast cancer fare worse
than the majority of patients. Patients carrying the
CHEK2 gene llOOdelC variant have an estimated 2.8-fold
increased risk of distant metastasis and a 3.9-fold
increased risk of disease recurrence compared to
non-carriers [de Bock, et al., (2004), J Med Genet,
41, 731-5]. Patients with BRCAl node-negative tumors
have a greater risk of metastasis than similar
patients who do not carry a BRCAl mutation[Goffin, et
al., (2003), Cancer, 97, 527-36; Moller, et al.,
(2002), Int J Cancer, 101, 555-9; Eerola, et al.,
(2001), Int J Cancer, 93, 368-72]. Genetic profiling
can therefore be used to help assess the risk of local
recurrence and metastatsis, thereby guiding the choice
of secondary preventative treatment. Genetic profiling
based on the variants described herein may be useful
in this context. In certain embodiments, such
profiling may be based on one or more of the variants
described herein. I n other embodiments, such
profiling may include one or several other known
genetic risk factors for breast cancer. Such risk
factors may be well established high-penetrant risk
factors, or they may be one or more of the common,
lower penetrance risk factors that have been
previously described (e.g., markers on chromosome 2ql4
(e.g., marker rs4848543 or markers in linkage
disequilibrium therewith), 2q35 (e.g., marker
rsl3387042, or markers in linkage disequilibrium
therewith), and chromosome 16 (e.g., marker rs3803662,
or markers in linkage disequilibrium therewith). In
general, patients with a primary tumor diagnosis are
at risk for second primary tumors at a constant annual
incidence of 0.7% [Peto and Mack, (2000), Nat Genet,
26, 411-4]. Patients with BRCA mutations are at
significantly greater risks for second primary tumors
than most breast cancer patients, with absolute risks
in the range 40-60%[Easton, (1999), Breast Cancer Res,
1, 14-7]. Carriers of BRCA mutations have a greatly
increased risk for second primary tumors [Stacey, et
al., (2006), PLoS Med, 3 , e217; Metcalfe, et al.,
(2004), J Clin Oncol, 22, 2328-35]. Patients with
mutations in the CHEK2 gene have an estimated 5.7-fold
increased risk of contralateral breast cancer [de
Bock, et al., (2004), J Med Genet, 41, 731-5].
Carriers of the BARDl Cys557Ser variant are 2.7 fold
more likely to be diagnosed with a second primary
tumor [Stacey, et al., (2006), PLoS Med, 3 , e217].
Genetic risk profiling can be used to assess the risk
of second primary tumors in patients and will inform
decisions on how aggressive the preventative measures
should be.METHODS OF THE INVENTION Diagnostic and
screening methods I n certain embodiments, the present
invention pertains to methods of diagnosing, or aiding
in the diagnosis of, breast cancer or a susceptibility
to breast cancer, by detecting particular alleles at
genetic markers that appear more frequently in breast
cancer subjects or subjects who are susceptible to
breast cancer. In particular embodiments, the
invention is a method of determining a susceptibility
to breast cancer by detecting at least one allele of
at least one polymorphic marker (e.g., the markers
described herein). I n other embodiments, the
invention relates to a method of diagnosing a
susceptibility to breast cancer by detecting at least
one allele of at least one polymorphic marker. The
present invention describes methods whereby detection
of particular alleles of particular markers or
haplotypes is indicative of a susceptibility to breast
cancer. Such prognostic or predictive assays can also
be used to determine prophylactic treatment of a
subject prior to the onset of symptoms associated with
breast cancer. The present invention pertains in some
embodiments to methods of clinical applications of
diagnosis, e.g., diagnosis performed by a medical
professional. I n other embodiments, the invention
pertains to methods of diagnosis or determination of a
susceptibility performed by a layman. The layman can
be the customer of a genotyping service. The layman
may also be a genotype service provider, who performs
genotype analysis on a DNA sample from an individual,
in order to provide service related to genetic risk
factors for particular traits or diseases, based on
the genotype status of the individual (i.e., the
customer). Recent technological advances in genotyping
technologies, including high-throughput genotyping of
SNP markers, such as Molecular Inversion Probe array
technology (e.g., Affymetrix GeneChip), and BeadArray
Technologies (e.g., Illumina GoldenGate and Infinium
assays) have made it possible for individuals to have
their own genome assessed for up to one million SNPs
simultaneously, at relatively little cost. The
resulting genotype information, which can be made
available to the individual, can be compared to
information about disease or trait risk associated
with various SNPs, including information from public
litterature and scientific publications. The
diagnostic application of disease-associated alleles
as described herein, can thus for example be performed
by the individual, through analysis of his/her
genotype data, by a health professional based on
results of a clinical test, or by a third party,
including the genotype service provider. The third 



party may also be service provider who interprets
genotype information from the customer to provide
service related to specific genetic risk factors,
including the genetic markers described herein. In
other words, the diagnosis or determination of a
susceptibility of genetic risk can be made by health
professionals, genetic counselors, third parties
providing genotyping service, third parties providing
risk assessment service or by the layman (e.g., the
individual), based on information about the genotype
status of an individual and knowledge about the risk
conferred by particular genetic risk factors (e.g.,
particular SNPs). I n the present context, the
term"diagnosing", "diagnose a susceptibility" and
"determine a susceptibility" is meant to refer to any
available diagnostic method, including those mentioned
above. I n certain embodiments, a sample containing
genomic DNA from an individual is collected. Such
sample can for example be a buccal swab, a saliva
sample, a blood sample, or other suitable samples
containing genomic DNA, as described further herein.
The genomic DNA is then analyzed using any common
technique available to the skilled person, such as
high-throughput array technologies. Results from such
genotyping are stored in a convenient data storage
unit, such as a data carrier, including computer
databases, data storage disks, or by other convenient
data storage means. I n certain embodiments, the
computer database is an object database, a relational
database or a post-relational database. The genotype
data is subsequently analyzed for the presence of
certain variants known to be susceptibility variants
for a particular human conditions, such as the genetic
variants described herein. Genotype data can be
retrieved from the data storage unit using any
convenient data query method. Calculating risk
conferred by a particular genotype for the individual
can be based on comparing the genotype of the
individual to previously determined risk (expressed as
a relative risk (RR) or and odds ratio (OR), for
example) for the genotype, for example for an
heterozygous carrier of an at-risk variant for a
particular disease or trait (such as breast cancer).
The calculated risk for the individual can be the
relative risk for a person, or for a specific genotype
of a person, compared to the average population with
matched gender and ethnicity. The average population
risk can be expressed as a weighted average of the
risks of different genotypes, using results from a
reference population, and the appropriate calculations
to calculate the risk of a genotype group relative to
the population can then be performed. Alternatively,
the risk for an individual is based on a comparison of
particular genotypes, for example heterozygous
carriers of an at-risk allele of a marker compared
with non-carriers of the at-risk allele. Using the
population average may in certain embodiments be more
convenient, since it provides a measure which is easy
to interpret for the user, i.e. a measure that gives
the risk for the individual, based on his/her
genotype, compared with the average in the population.
The calculated risk estimated can be made available to
the customer via a website, preferably a secure
website. In certain embodiments, a service provider
will include in the provided service all of the steps
of isolating genomic DNA from a sample provided by the
customer, performing genotyping of the isolated DNA,
calculating genetic risk based on the genotype data,
and report the risk to the customer. I n some other
embodiments, the service provider will include in the
service the interpretation of genotype data for the
individual, i.e., risk estimates for particular
genetic variants based on the genotype data for the
individual. I n some other embodiments, the service
provider may include service that includes genotyping
service and interpretation of the genotype data,
starting from a sample of isolated DNA from the
individual (the customer). Overall risk for multiple
risk variants can be performed using standard
methodology. For example, assuming a multiplicative
model, i.e. assuming that the risk of individual risk
variantsmultiply to establish the overall effect,
allows for a straight-forward calculation of the
overall risk for multiple markers. I n addition, in
certain other embodiments, the present invention
pertains to methods of diagnosing, or aiding in the
diagnosis of, a decreased susceptibility to breast
cancer, by detecting particular genetic marker alleles
or haplotypes that appear less frequently in breast
cancer patients than in individual not diagnosed with
breast cancer or in the general population. As
described and exemplified herein, particular marker
alleles or haplotypes (e.g., markers on Chromosome
5pl2 and 10q26, e.g. the markers and haplotypes as
listed in Tables 12, 13 and 14, e.g. markers
rs4415084, rslO941679 and rsl219648, and markers in
linkage disequilibrium therewith) are associated with
breast cancer. I n one embodiment, the marker allele
or haplotype is one that confers a significant risk or
susceptibility to breast cancer. I n another
embodiment, the invention relates to a method of
diagnosing a susceptibility to breast cancer in a
human individual, the method comprising determining
the presence or absence of at least one allele of at
least one polymorphic marker in a nucleic acid sample
obtained from the individual, wherein the at least one
polymorphic marker is selected from the group
consisting of the 



polymorphic markers listed in Tables 12, 13 and 14,
and markers in linkage disequilibrium therewith. I n
another embodiment, the invention pertains to methods
of diagnosing a susceptibility to breast cancer in a
human individual, by screening for at least one marker
allele or haplotype as listed in Table 12, 13 or 14,
or markers in linkage disequilibrium therewith. I n
another embodiment, the marker allele or haplotype is
more frequently present in a subject having, or who is
susceptible to, breast cancer (affected), as compared
to the frequency of its presence in a healthy subject
(control, such as population controls). I n certain
embodiments, the significance of association of the at
least one marker allele or haplotype is characterized
by a p value < 0.05. In other embodiments, the
significance of association is characterized by
smaller p-values, such as < 0.01, <0.001, <0.0001, <0.
00001, <0. 000001, <0. 0000001, <0. 00000001 or <0.
000000001. In these embodiments, the presence of the
at least one marker allele or haplotype is indicative
of a susceptibility to breast cancer. These diagnostic
methods involve detecting the presence or absence of
at least one marker allele or haplotype that is
associated with breast cancer. The haplotypes
described herein include combinations of alleles at
various genetic markers (e.g., SNPs, microsatellir.es,
or other genetic variants). The detection of the
particular genetic marker alleles that make up the
particular haplotypes can be performed by a variety of
methods described herein and/or known in the art. For
example, genetic markers can be detected at the
nucleic acid level (e.g., by direct nucleotide
sequencing or by other means known to the skilled in
the art) or at the amino acid level if the genetic
marker affects the coding sequence of a protein
encoded by a breast cancer - associated nucleic acid
(e.g., by protein sequencing or by immunoassays using
antibodies that recognize such a protein). The marker
alleles or haplotypesof the present invention
correspond to fragments of a genomic DNA sequence
associated with breast cancer. Such fragments
encompass the DNA sequence of the polymorphic marker
or haplotype in question, but may also include DNA
segments in strong LD (linkage disequilibrium) with
the marker or haplotype. In one embodiment, such
segments comprises segments in LD with the marker or
haplotype (as determined by a value of r2 greater than
0.1 and/or |D'| > 0.8). I n one embodiment, diagnosis
of a susceptibility to breast cancer can be
accomplished using hybridization methods (see Current
Protocols in Molecular Biology, Ausubel, F. et al.,
eds., John Wiley & Sons, including all supplements). A
biological sample from a test subject or individual (a
"test sample") of genomic DNA, RNA, or cDNA is
obtained from a subject suspected of having, being
susceptible to, or predisposed for breast cancer (the
"test subject"). The subject can be an adult, child,
or fetus. The test sample can be from any source that
contains genomic DNA, such as a blood sample, sample
of amniotic fluid, sample of cerebrospinal fluid, or
tissue sample from skin, muscle, buccal or
conjunctival mucosa, placenta, gastrointestinal tract
or other organs. A test sample of DNA from fetal cells
or tissue can be obtained by appropriate methods, such
as by amniocentesis or chorionic villus sampling. The
DNA, RNA, or cDNA sample is then examined. The
presence of a specific marker allele can be indicated
by sequence-specific hybridization of a nucleic acid
probe specific for the particular allele. The presence
of more than specific marker allele or a specific
haplotype can be indicated by using several
sequence-specific nucleic acid probes, each being
specific for a particular allele. I n one embodiment,
a haplotype can be indicated by a single nucleic acid
probe that is specific for the specific haplotype
(i.e., hybridizes specifically to a DNA strand
comprising the specific marker alleles characteristic
of the haplotype). A sequence-specific probe can be
directed to hybridize to genomic DNA, RNA, or cDNA. A
"nucleic acid probe", as used herein, can be a DNA
probe or an RNA probe that hybridizes to a
complementary sequence. One of skill in the art would
know how to design such a probe so that sequence
specific hybridization will occur only if a particular
allele is present in a genomic sequence from a test
sample. The invention can also be reduced to practice
using any convenient genotyping method, including
commercially available technologies and methods for
genotyping particular polymorphic markers. To diagnose
a susceptibility to breast cancer, a hybridization
sample can be formed by contacting the test sample
containing a breast cancer-associated nucleic acid,
such as a genomic DNA sample, with at least one
nucleic acid probe. A non-limiting example of a probe
for detecting mRNA or genomic DNA is a labeled nucleic
acid probe that is capable of hybridizing to mRNA or
genomic DNA sequences described herein. The nucleic
acid probe can be, for example, a fulllength nucleic
acid molecule, or a portion thereof, such as an
oligonucleotide of at least 15, 30, 50, 100, 250 or
500 nucleotides in length that is sufficient to
specifically hybridize under stringent conditions to
appropriate mRNA or genomic DNA. For example, the
nucleic acid probe 



can comprise all or a portion of a nucleotide sequence
comprising the markers set forth in Tables 12, 13 and
14 (SEQ ID NO: 1-237), or a nucleotide sequence
comprising the FGFlO, MRPS30,HCNl or FGFR2 genes or
fragments thereof, as described herein, optionally
comprising at least one allele of a marker described
herein, or at least one haplotype described herein, or
the probe can be the complementary sequence of such a
sequence. I n a particular embodiment, the nucleic
acid probe is a portion of the nucleotide sequence of
a nucleotide sequence comprising the markers listed in
any one of Tables 12, 13 and 14 (SEQ ID NO: 1-237), or
a nucleotide sequence comprising the FGFlO, MRPS30,
HCNl and FGFR2 genes or fragments thereof, as
described herein, optionally comprising at least one
allele of a marker described herein, or at least one
allele of one polymorphic marker or haplotype
comprising at least one polymorphic marker described
herein, or the probe can be the complementary sequence
of such a sequence. Other suitable probes for use in
the diagnostic assays of the invention are described
herein. Hybridization can be performed by methods well
known to the person skilled in the art (see, e.g.,
Current Protocols in Molecular Biology, Ausubel, F. et
al., eds., John Wiley & Sons, including all
supplements). I n one embodiment, hybridization refers
to specific hybridization, i.e., hybridization with no
mismatches (exact hybridization). In one embodiment,
the hybridization conditions for specific
hybridization are high stringency. Specific
hybridization, if present, is detected using standard
methods. I f specific hybridization occurs between the
nucleic acid probe and the nucleic acid in the test
sample, then the sample contains the allele that is
complementary to the nucleotide that is present in the
nucleic acid probe. The process can be repeated for
any markers of the present invention, or markers that
make up a haplotype of the present invention, or
multiple probes can be used concurrently to detect
more than one marker alleles at a time. I t is also
possible to design a single probe containing more than
one marker alleles of a particular haplotype (e.g., a
probe containing alleles complementary to 2, 3, 4, 5
or all of the markers that make up a particular
haplotype). Detection of the particular markers of the
haplotype in the sample is indicative that the source
of the sample has the particular haplotype (e.g., a
haplotype) and therefore is susceptible to breast
cancer. I n one preferred embodiment, a method
utilizing a detection oligonucleotide probe comprising
a fluorescent moiety or group at its 3' terminus and a
quencher at its 5' terminus, and an enhancer
oligonucleotide, is employed, as described by Kutyavin
et al. {Nucleic Acid Res. 34:el28 (2006)). The
fluorescent moiety can be Gig Harbor Green or Yakima
Yellow, or other suitable fluorescent moieties. The
detection probe is designed to hybridize to a short
nucleotide sequence that includes the SNP polymorphism
to be detected. Preferably, the SNP is anywhere from
the terminal residue to -6 residues from the 3' end of
the detection probe. The enhancer is a short
oligonucleotide probe which hybridizes to the DNA
template 3' relative to the detection probe. The
probes are designed such that a single nucleotide gap
exists between the detection probe and the enhancer
nucleotide probe when both are bound to the template.
The gap creates a synthetic abasic site that is
recognized by an endonuclease, such as Endonuclease
IV. The enzyme cleaves the dye off the fully
complementary detection probe, but cannot cleave a
detection probe containing a mismatch. Thus, by
measuring the fluorescence of the releasedfluorescent
moiety, assessment of the presence of a particular
allele defined by nucleotide sequence of the detection
probe can be performed. The detection probe can be of
any suitable size, although preferably the probe is
relatively short. I n one embodiment, the probe is
from 5-100 nucleotides in length. I n another
embodiment, the probe is from 10-50 nucleotides in
length, and in another embodiment, the probe is from
12-30 nucleotides in length. Other lengths of the
probe are possible and within scope of the skill of
the average person skilled in the art. In a preferred
embodiment, the DNA template containing the SNP
polymorphism is amplified by Polymerase Chain Reaction
(PCR) prior to detection. I n such an embodiment, the
amplified DNA serves as the template for the detection
probe and the enhancer probe. Certain embodiments of
the detection probe, the enhancer probe, and/or the
primers used for amplification of the template by PCR
include the use of modified bases, including modified
A and modified G. The use of modified bases can be
useful for adjusting the melting temperature of the
nucleotide molecule (probe and/or primer) to the
template DNA, for example for increasing the melting
temperature in regions containing a low percentage of
G or C bases, in which modified A with the capability
of forming three hydrogen bonds to its complementary T
can be used, or for decreasing the melting temperature
in regions containing a high percentage of G or C
bases, for example by using modified G bases that form
only two hydrogen bonds to their complementary C base
in a double stranded DNA molecule. In a preferred
embodiment, 



modified bases are used in the design of the detection
nucleotide probe. Any modified base known to the
skilled person can be selected in these methods, and
the selection of suitable bases is well within the
scope of the skilled person based on the teachings
herein and known bases available from commercial
sources as known to the skilled person. Additionally,
or alternatively, a peptide nucleic acid (PNA) probe
can be used in addition to, or instead of, a nucleic
acid probe in the hybridization methods described
herein. A PNA is a DNA mimic having a peptide-like,
inorganic backbone, such as N-(2-aminoethyl)glycine
units, with an organic base (A, G, C, T or U) attached
to the glycine nitrogen via a methylene carbonyl
linker (see, for example, Nielsen, P., et al.,
Bioconjug. Chbm. 5:3-7 (1994)). The PNA probe can be
designed to specifically hybridize to a molecule in a
sample suspected of containing one or more of the
marker alleles or haplotypes that are associated with
breast cancer. Hybridization of the PNA probe is thus
diagnostic for breast cancer or a susceptibility to
breast cancer. I n one embodiment of the invention, a
test sample containing genomic DNA obtained from the
subject is collected and the polymerase chain reaction
(PCR) is used to amplify a fragment comprising one ore
more markers or haplotypes of the present invention.
As described herein, identification of a particular
marker allele or haplotype associated with breast
cancer, can be accomplished using a variety of methods
(e.g., sequence analysis, analysis by
restrictiondigestion, specific hybridization, single
stranded conformation polymorphism assays (SSCP),
electrophoretic analysis, etc.)- I n another
embodiment, diagnosis is accomplished by expression
analysis, for example by using quantitative PCR
(kinetic thermal cycling). This technique can, for
example, utilize commercially available technologies,
such as TaqMan(r) (Applied Biosystems, Foster City,
CA). The technique can assess the presence of an
alteration in the expression or composition of a
polypeptide or splicing variant(s) that is encoded by
a nucleic acid associated with breast cancer. Further,
the expression of the variant(s) can be quantified as
physically or functionally different. In another
method of the invention, analysis by restriction
digestion can be used to detect a particular allele if
the allele results in the creation or elimination of a
restriction site relative to a reference sequence.
Restriction fragment length polymorphism (RFLP)
analysis can be conducted, e.g., as described in
Current Protocols in Molecular Biology, supra. The
digestion pattern of the relevant DNA fragment
indicates the presence or absence of the particular
allele in the sample. Sequence analysis can also be
used to detect specific alleles or haplotypes
associated with breast cancer (e.g. the polymorphic
markers of Tables 12, 13 and 14 (SEQ ID NO: 1-237) and
markers in linkage disequilibrium therewith).
Therefore, in one embodiment, determination of the
presence or absence of a particular marker alleles or
haplotypes comprises sequence analysis of a test
sample of DNA or RNA obtained from a subject or
individual. PCR or other appropriate methods can be
used to amplify a portion of a nucleic acid associated
with breast cancer, and the presence of a specific
allele can then be detected directly by sequencing the
polymorphic site (or multiple polymorphic sites in a
haplotype) of the genomic DNA in the sample.
Allele-specific oligonucleotides can also be used to
detect the presence of a particular allele in a
nucleic acid associated with breast cancer (e.g. the
polymorphic markers of Tables 12, 13 and 14, and
markers in linkage disequilibrium therewith), through
the use of dot-blot hybridization of amplified
oligonucleotides with allele-specific oligonucleotide
(ASO) probes (see, for example, Saiki, R. et al.,
Nature, 324: 163-166 (1986)). An "allele-specific
oligonucleotide" (also referred to herein as an
"allele-specific oligonucleotide probe") is an
oligonucleotide of approximately 10- 50 base pairs or
approximately 15-30 base pairs, that specifically
hybridizes to a nucleic acid associated with breast
cancer, and which contains a specific allele at a
polymorphic site (e.g., a marker or haplotype as
described herein). An allele-specific oligonucleotide
probe that is specific for one or more particular a
nucleic acid associated with breast cancer can be
prepared using standard methods (see, e.g., Current
Protocols in Molecular Biology, supra). PCR can be
used to amplify the desired region. The DNA containing
the amplified region can be dot-blotted using standard
methods (see, e.g., Current Protocols in Molecular
Biology, supra), and the blot can be contacted with
the oligonucleotide probe. The presence of specific
hybridization of the probe to the amplified region can
then be detected. Specific hybridization of an
allele-specific oligonucleotide probe to DNA from the
subject is indicative of a specific allele at a
polymorphicsite associated with cancer, including
breast cancer (see, e.g., Gibbs, R. et al., Nucleic
Acids Res., 17:2437-2448 (1989) and WO 93/22456). With
the addition of such analogs as locked nucleic acids
(LNAs), the size of primers and probes can be reduced
to as few as 8 bases. LNAs are a novel class of
bicyclic DNA analogs in which the T and 4' positions
in the furanose ring are joined via an O-methylene
(oxy-LNA), S-methylene 



(thio-LNA), or amino methylene (amino-LNA) moiety.
Common to all of these LNA variants is an affinity
toward complementary nucleic acids, which is by far
the highest reported for a DNA analog. For example,
particular all oxy-LNA nonamers have been shown to
have melting temperatures (Tm) of 640C and 740C when
in complex with complementary DNA or RNA,
respectively, as opposed to 280C for both DNA and RNA
for the corresponding DNA nonamer. Substantial
increases in Tm are also obtained when LNA monomers
are used in combination with standard DNA or RNA
monomers. For primers and probes, depending on where
the LNA monomers are included (e.g., the 3' end, the
5' end, or in the middle), the Tm could be increased
considerably. In another embodiment, arrays of
oligonucleotide probes that are complementary to
target nucleic acid sequence segments from a subject,
can be used to identify polymorphisms in a nucleic
acid associated with breast cancer (e.g. the
polymorphic markers of Table 12, 13 and 14 (SEQ ID NO:
1-237), and markers in linkage disequilibrium
therewith). For example, an oligonucleotide array can
be used. Oligonucleotide arrays typically comprise a
plurality of different oligonucleotide probes that are
coupled to a surface of a substrate in different known
locations. These oligonucleotide arrays, also
described as "Genechips(tm)," have been generally
described in the art (see, e.g., U.S. Patent No.
5,143,854, PCT Patent Publication Nos. WO 90/15070 and
92/10092). These arrays can generally be produced
using mechanical synthesis methods or light directed
synthesis methods that incorporate a combination of
photolithographic methods and solid phase
oligonucleotide synthesis methods, or by other methods
known to the person skilled in the art (see, e.g., .,
Bier, F.F., et al. Adv Biochem Eng Biotechnol
109:433-53 (2008); Hoheisel, J.D., Nat Rev Genet
7:200-10 (2006); Fan, J.B., et al. Methods Enzymol
410:57-73 (2006); Raqoussis, J. & Elvidge, G., Expert
Rev MoI Diagn 6:145-52 (2006); Mockler, T.C., et al
Genomics 85: 1-15 (2005), and references cited
therein, the entire teachings of each of which are
incorporated by reference herein). Many additional
descriptions of the preparation and use of
oligonucleotide arrays for detection of polymorphisms
can be found, for example, in US 6,858,394, US
6,429,027, US 5,445,934, US 5,700,637, US 5,744,305,
US 5,945,334, US 6,054,270, US 6,300,063, US
6,733,977, US 7,364,858, EP 619 321, and EP 373 203,
the entire teachings of which are incorporated by
reference herein. Other methods of nucleic acid
analysis that are available to those skilled in the
art can be used to detect a particular allele at a
polymorphic site associated with breast cancer.
Representative methods include, for example, direct
manual sequencing (Church and Gilbert, Proc. Natl.
Acad. Sci. USA, 81 : 1991-1995 (1988); Sanger, F., et
c?/., Proc. Natl. Acad. Sci. USA, 74:5463-5467(1977);
Beavis, et al., U.S. Patent No. 5,288,644); automated
fluorescent sequencing; singlestranded conformation
polymorphism assays (SSCP); clamped denaturing gel
electrophoresis (CDGE); denaturing gradient gel
electrophoresis (DGGE) (Sheffield, V., et al., Proc.
Natl. Acad. ScI. USA, 86:232-236 (1989)), mobility
shift analysis (Orita, M., et al., Proc. Natl. Acad.
Sci. USA, 86:2766-2770 (1989)), restriction enzyme
analysis (Flavell, R., et al., Cell, 15:25-41 (1978);
Geever, R., et al., Proc. Natl. Acad. Sci. USA,
78:5081-5085 (1981)); heteroduplex analysis; chemical
mismatch cleavage (CMC) (Cotton, R., et al., Proc.
Natl. Acad. Sci. USA, 85:4397-4401 (1985)); RNase
protection assays (Myers, R., et al., Science, 230:
1242-1246 (1985); use of polypeptides that recognize
nucleotide mismatches, such as E. coli mutS protein;
and allele-specific PCR. I n another embodiment of the
invention, diagnosis of breast cancer or a
susceptibility to breast cancer can be made by
examining expression and/or composition of a
polypeptide encoded by a nucleic acid associated with
breast cancer in those instances where the genetic
marker(s) or haplotype(s) of the present invention
result in a change in the composition or expression of
the polypeptide. Thus, diagnosis of a susceptibility
to breast cancer can be made by examining expression
and/or composition of one of these polypeptides, or
another polypeptide encoded by a nucleic acid
associated with breast cancer, in those instances
where the genetic marker or haplotype of the present
invention results in a change in the composition or
expression of the polypeptide (e.g., one or more of
the FGFlO, MRPS30, HCNl and FGFR2 genes). The
haplotypes and markers of the present invention that
show association to breast cancer may play a role
through their effect on one or more of these nearby
genes. Possible mechanisms affecting these genes
include, e.g., effects on transcription, effects on
RNA splicing, alterations in relative amounts of
alternative splice forms of mRNA, effects on RNA
stability, effects on transport from the nucleus to
cytoplasm, and effects on the efficiency and accuracy
of translation. Thus, in another embodiment, the
variants (markers or haplotypes) of the invention
showing association to breast cancer affect the
expression of a nearby gene. I t is well known that 



regulatory element affecting gene expression may be
located tenths or even hundreds of kilobases away from
the promoter region of a gene. By assaying for the
presence or absence of at least one allele of at least
one polymorphic marker of the present invention, it is
thus possible to assess the expression level of such
nearby genes. I t is thus contemplated that the
detection of the markers or haplotypes of the present
invention can be used for assessing expression for one
or more of the FGFlO, MRPS30, HCNl and FGFR2 genes. A
variety of methods can be used for detecting protein
expression levels, including enzyme linked
immunosorbent assays (ELISA), Western blots,
immunoprecipitations and immunofluorescence. A test
sample from a subject is assessed for the presence of
an alteration in the expression and/or an alteration
in composition of the polypeptide encoded by a nucleic
acid associated with breast cancer. An alteration in
expression of a polypeptide encoded by a nucleic acid
associated with breast cancer can be, for example, an
alteration in the quantitativepolypeptide expression
(i.e., the amount of polypeptide produced). An
alteration in the composition of a polypeptide encoded
by a nucleic acid associated with breast cancer is an
alteration in the qualitative polypeptide expression
(e.g., expression of a mutant polypeptide or of a
different splicing variant). I n one embodiment,
diagnosis of a susceptibility to breast cancer is made
by detecting a particular splicing variant encoded by
a nucleic acid associated with breast cancer, or a
particular pattern of splicing variants (e.g., the
nucleic acids encoding the FGFlO, MRPS30, and HCNl
genes). Both such alterations (quantitative and
qualitative) can also be present. An "alteration" in
the polypeptide expression or composition, as used
herein, refers to an alteration in expression or
composition in a test sample, as compared to the
expression or composition of the polypeptide in a
control sample. A control sample is a sample that
corresponds to the test sample (e.g., is from the same
type of cells), and is from a subject who is not
affected by, and/or who does not have a susceptibility
to, breast cancer. I n one embodiment, the control
sample is from a subject that does not possess a
marker allele or haplotype as described herein.
Similarly, the presence of one or more different
splicing variants in the test sample, or the presence
of significantly different amounts of different
splicing variants in the test sample, as compared with
the control sample, can be indicative of a
susceptibility to breast cancer. An alteration in the
expression or composition of the polypeptide in the
test sample, as compared with the control sample, can
be indicative of a specific allele in the instance
where the allele alters a splice site relative to the
reference in the control sample. Various means of
examining expression or composition of a polypeptide
encoded by a nucleic acid are known to the person
skilled in the art and can be used, including
spectroscopy, colorimetry, electrophoresis,
isoelectric focusing, and immunoassays (e.g., David et
al., U.S. Pat. No. 4,376,110) such as immunoblotting
(see, e.g., Current Protocols in Molecular Biology,
particularly chapter 10, supra). For example, in one
embodiment, an antibody (e.g., an antibody with a
detectable label) that is capable of binding to a
polypeptide encoded by a nucleic acid associated with
breast cancer can be used. Antibodies can be
polyclonal or monoclonal. An intact antibody, or a
fragment thereof (e.g., Fv, Fab, Fab', F(ab') 2) can
be used. The term "labeled", with regard to the probe
or antibody, is intended to encompass direct labeling
of the probe or antibody by coupling (i.e., physically
linking) a detectable substance to the probe or
antibody, as well as indirect labeling of the probe or
antibody by reactivity with another reagent that is
directly labeled. Examples of indirect labeling
include detection of a primary antibody using a
labeled secondary antibody (e.g., a
fluorescently-labeled secondary antibody) and
end-labeling of a DNA probe with biotin such that it
can be detected with fluorescently-labeled
streptavidin. I n one embodiment of this method, the
level or amount of polypeptide encoded by a nucleic
acid associated with breast cancer (e.g., FGFlO,
MRPS30, and HCNl) in a test sample is compared with
the level or amount of the polypeptide in a control
sample. A level or amount of the polypeptide in the
test sample that is higher or lower than the level or
amount of the polypeptidein the control sample, such
that the difference is statistically significant, is
indicative of an alteration in the expression of the
polypeptide encoded by the nucleic acid, and is
diagnostic for a particular allele or haplotype
responsible for causing the difference in expression.
Alternatively, the composition of the polypeptide in a
test sample is compared with the composition of the
polypeptide in a control sample. I n another
embodiment, both the level or amount and the
composition of the polypeptide can be assessed in the
test sample and in the control sample. I n another
embodiment, the diagnosis of a susceptibility to
breast cancer is made by detecting at least one marker
or haplotypes of the present invention (e.g.,
associated alleles of the markers listed in Tables 12,
13 and 14 (SEQ ID NO: 1-237), and markers in linkage
disequilibrium 



therewith), in combination with an additional
protein-based, RNA-based or DNA-based assay. The
methods of the invention can also be used in
combination with an analysis of a subject's family
history and risk factors (e.g., environmental risk
factors, lifestyle risk factors). Kits Kits useful in
the methods of the invention comprise components
useful in any of the methods described herein,
including for example, primers for nucleic acid
amplification, hybridization probes, restriction
enzymes (e.g., for RFLP analysis), allele-specific
oligonucleotides, antibodies that bind to an altered
polypeptide encoded by a nucleic acid of the invention
as described herein (e.g., a genomic segment
comprising at least one polymorphic marker and/or
haplotype of the present invention) or to a
non-altered (native) polypeptide encoded by a nucleic
acid of the invention as described herein, means for
amplification of a nucleic acid associated with breast
cancer, means for analyzing the nucleic acid sequence
of a nucleic acid associated with breast cancer, means
for analyzing the amino acid sequence of a polypeptide
encoded by a nucleic acid associated with breast
cancer, etc. The kits can for example include
necessary buffers, nucleic acid primers for amplifying
nucleic acids of the invention (e.g., one or more of
the polymorphic markers as described herein), and
reagents for allele-specific detection of the
fragments amplified using such primers and necessary
enzymes (e.g., DNA polymerase). Additionally, kits can
provide reagents for assays to be used in combination
with the methods of the present invention, e.g.,
reagents for use with breast cancer diagnostic assays.
I n one embodiment, the invention is a kit for
assaying a sample from a subject to detect the
presence of a breast cancer or a susceptibility breast
cancer in a subject, wherein the kit comprises
reagents necessary for selectively detecting at least
one allele of at least one polymorphism of the present
invention in the genome of the individual. I n a
particular embodiment, the reagents comprise at least
one contiguous oligonucleotide that hybridizes to a
fragment of the genome of the individual comprising at
least one polymorphism of the presentinvention. I n
another embodiment, the reagents comprise at least one
pair of oligonucleotides that hybridize to opposite
strands of a genomic segment obtained from a subject,
wherein each oligonucleotide primer pair is designed
to selectively amplify a fragment of the genome of the
individual that includes at least one polymorphism,
wherein the polymorphism is selected from the group
consisting of the polymorphisms as listed in Table 12,
13 and 14 (SEQ ID NO: 1-237), and polymorphic markers
in linkage disequilibrium therewith. I n yet another
embodiment the fragment is at least 20 base pairs in
size. Such oligonucleotides or nucleic acids (e.g.,
oligonucleotide primers) can be designed using
portions of the nucleic acid sequence flanking
polymorphisms (e.g., SNPs or microsatellites) that are
indicative of breast cancer. I n another embodiment,
the kit comprises one or more labeled nucleic acids
capable of allele-specific detection of one or more
specific polymorphic markers or haplotypes associated
with breast cancer, and reagents for detection of the
label. Suitable labels include, e.g., a radioisotope,
a fluorescent label, an enzyme label, an enzyme
co-factor label, a magnetic label, a spin label, an
epitope label. I n particular embodiments, the
polymorphic marker or haplotype to be detected by the
reagents of the kit comprises one or more markers, two
or more markers, three or more markers, four or more
markers or five or more markers selected from the
group consisting of the markers in Tables 12, 13 and
14. I n another embodiment, the marker to be detected
is selected from marker rslO941679, rs7703618,
rs4415084, rs2067980, rsl0035564, rsll743392,
rs7716600 and rsl219648. I n another embodiment, the
marker or haplotype to be detected comprises at least
one marker from the group of markers in strong linkage
disequilibrium, as defined by values of r2 greater
than 0.2, to at least one of the group of markers
consisting of the markers listed in Tables 12, 13 and
14. I n yet another embodiment, the marker or
haplotype to be detected comprises at least one marker
selected from the group of markers consisting of
markers rslO941679, rs7703618, rs4415084, rs2067980,
rsl0035564, rsl 1743392, rs7716600 and rsl219648, and
markers in linkage disequilibrium therewith. I n one
preferred embodiment, the kit for detecting the
markers of the invention comprises a detection
oligonucleotide probe, that hybridizes to a segment of
template DNA containing a SNP polymorphisms to be
detected, an enhancer oligonucleotide probe and an
endonuclease. The detection oligonucleotide probe
comprises a fluorescent moiety or group at its 3'
terminus and a quencher at its 5' terminus, and an
enhancer oligonucleotide is employed, as described by
Kutyavin et al. (Nucleic Acid Res. 34:el28 (2006)).
The fluorescent moiety can be Gig Harbor Green or
Yakima Yellow, or other suitable fluorescent moieties.
The detection probe is designed to hybridize to a
short nucleotide sequence that includes the SNP
polymorphism to be detected. 



Preferably, the SNP is anywhere from the terminal
residue to -6 residues from the 3' end of the
detection probe. The enhancer is a short
oligonucleotide probe which hybridizes to the DNA
template 3' relative to the detection probe. The
probes are designed such that a single nucleotide gap
exists between the detection probe and the enhancer
nucleotide probe when both are bound to the template.
The gap creates a synthetic abasic site that is
recognized by anendonuclease, such as Endonuclease IV.
The enzyme cleaves the dye off the fully complementary
detection probe, but cannot cleave a detection probe
containing a mismatch. Thus, by measuring the
fluorescence of the released fluorescent moiety,
assessment of the presence of a particular allele
defined by nucleotide sequence of the detection probe
can be performed. The detection probe can be of any
suitable size, although preferably the probe is
relatively short. I n one embodiment, the probe is
from 5-100 nucleotides in length. I n another
embodiment, the probe is from 10-50 nucleotides in
length, and in another embodiment, the probe is from
12-30 nucleotides in length. Other lengths of the
probe- are possible and within scope of the skill of
the average person skilled in the art. I n a preferred
embodiment, the DNA template containing the SNP
polymorphism is amplified by Polymerase Chain Reaction
(PCR) prior to detection, and primers for such
amplification are included in the reagent kit. I n
such an embodiment, the amplified DNA serves as the
template for the detection probe and the enhancer
probe. Certain embodiments of the detection probe, the
enhancer probe, and/or the primers used for
amplification of the template by PCR include the use
of modified bases, including modified A and modified
G. The use of modified bases can be useful for
adjusting the melting temperature of the nucleotide
molecule (probe and/or primer) to the template DNA,
for example for increasing the melting temperature in
regions containing a low percentage of G or C bases,
in which modified A with the capability of forming
three hydrogen bonds to its complementary T can be
used, or for decreasing the melting temperature in
regions containing a high percentage of G or C bases,
for example by using modified G bases that form only
two hydrogen bonds to their complementary C base in a
double stranded DNA molecule. In a preferred
embodiment, modified bases are used in the design of
the detection nucleotide probe. Any modified base
known to the skilled person can be selected in these
methods, and the selection of suitable bases is well
within the scope of the skilled person based on the
teachings herein and known bases available from
commercial sources as known to the skilled person. I n
one of such embodiments, the presence of the marker or
haplotype is indicative of a susceptibility (increased
susceptibility or decreased susceptibility) to breast
cancer. I n another embodiment, the presence of the
marker or haplotype is indicative of response to a
breast cancer therapeutic agent. I n another
embodiment, the presence of the marker or haplotype is
indicative of breast cancer prognosis. In yet another
embodiment, the presence of the marker or haplotype is
indicative of progress of breast cancer treatment.
Such treatment may include intervention by surgery,
medication or by other means (e.g., lifestyle
changes).Therapeutic agents Variants of the present
invention (e.g., the markers and/or haplotypes of the
invention, e.g., the markers listed in Tables 12, 13
and 14, e.g., rs4415084, rslO941679, rsl219648) can be
used to identify novel therapeutic targets for breast
cancer. For example, genes containing, or in linkage
disequilibrium with, variants (markers and/or
haplotypes) associated with breast cancer (e.g., one
or more of the FGFlO, MRPS30, HCNl and FGFR2 genes, or
their products, as well as genes or their products
that are directly or indirectly regulated by or
interact with these variant genes or their products,
can be targeted for the development of therapeutic
agents to treat breast cancer, or prevent or delay
onset of symptoms associated with breast cancer.
Therapeutic agents may comprise one or more of, for
example, small non-protein and nonnucleic acid
molecules, proteins, peptides, protein fragments,
nucleic acids (DNA, RNA), PNA (peptide nucleic acids),
or their derivatives or mimetics which can modulate
the function and/or levels of the target genes or
their gene products. The nucleic acids and/or variants
of the invention, nucleic acids comprising one or more
variant of the invention (e.g., nucleic acids with
sequence as set forth in any one of SEQ ID NO: 1-237,
or fragments thereof) or nucleic acids comprising
their complementary sequence, may be used as antisense
constructs to control gene expression in cells,
tissues or organs. The methodology associated with
antisense techniques is well known to the skilled
artisan, and is described and reviewed in Antise
pseDrug Technology: Principles, Strategies, and
Applications, Crooke, ed., Marcel Dekker Inc., New
York (2001). I n general, antisense nucleic acid
molecules are designed to be complementary to a region
of mRNA expressed by a gene, so that the antisense
molecule 



hybridizes to the mRNA, thus blocking translation of
the mRNA into protein. Several classes of antisense
oligonucleotide are known to those skilled in the art,
including cleavers and blockers. The former bind to
target RNA sites, activate intracellular nucleases
(e.g., RnaseH or Rnase L), that cleave the target RNA.
Blockers bind to target RNA, inhibit protein
translation by steric hindrance of the ribosomes.
Examples of blockers include nucleic acids, morpholino
compounds, locked nucleic acids and methylphosphonates
(Thompson, Drug Discovery Today, 7:912-917 (2002)).
Antisense oligonucleotides are useful directly as
therapeutic agents, and are also useful for
determining and validating gene function, for example
by gene knock-out or gene knockdown experiments.
Antisense technology is further described in Lavery et
al., Curr. Opin. Drug Discov. Devel. 6:561-569 (2003),
Stephens er a/., Curr. Opin. MoI. Then 5:118-122
(2003), Kurreck, Eur. J. Biochem. 270:1628-44 (2003),
Dias er a/., MoI. Cancer Ter. 1:347-55 (2002), Chen,
Methods MoI. Med. 75:621-636 (2003), Wang er a/.,
Curr. Cancer Drug Targets 1: 177-96 (2001), and
Bennett, Antisense Nucleic Acid Drug. Dev. 12:215-24
(2002) The variants described herein can be used for
the selection and design of antisense reagents that
are specific for particular variants. Using
information about the variants described herein,
antisense oligonucleotides or other antisense
molecules that specifically target mRNA molecules that
contain one or more variants of the invention can be
designed. I n this manner, expressionof mRNA molecules
that contain one or more variant of the present
invention (markers and/or haplotypes) can be inhibited
or blocked. In one embodiment, the antisense molecules
are designed to specifically bind a particular allelic
form (i.e., one or several variants (alleles and/or
haplotypes)) of the target nucleic acid, thereby
inhibiting translation of a product originating from
this specific allele or haplotype, but which do not
bind other or alternate variants at the specific
polymorphic sites of the target nucleic acid molecule.
As antisense molecules can be used to inactivate mRNA
so as to inhibit gene expression, and thus protein
expression, the molecules can be used to treat a
disease or disorder, such as breast cancer. The
methodology can involve cleavage by means of ribozymes
containing nucleotide sequences complementary to one
or more regions in the mRNA that attenuate the ability
of the mRNA to be translated. Such mRNA regions
include, for example, protein-coding regions, in
particular protein-coding regions corresponding to
catalytic activity, substrate and/or ligand binding
sites, or other functional domains of a protein. The
phenomenon of RNA interference (RNAi) has been
actively studied for the last decade, since its
original discovery in C. elegans (Fire et ai, Nature
391:806-11 (1998)), and in recent years its potential
use in treatment of human disease has been actively
pursued (reviewed in Kim & Rossi, Nature Rev. Genet.
8: 173-204 (2007)). RNA interference (RNAi), also
called gene silencing, is based on using
double-stranded RNA molecules (dsRNA) to turn off
specific genes. I n the cell, cytoplasmic
double-stranded RNA molecules (dsRNA) are processed by
cellular complexes into small interfering RNA (siRNA).
The siRNA guide the targeting of a protein-RNA complex
to specific sites on a target mRNA, leading to
cleavage of the mRNA (Thompson, Drug Discovery Today,
7:912-917 (2002)). The siRNA molecules are typically
about 20, 21, 22 or 23 nucleotides in length. Thus,
one aspect of the invention relates to isolated
nucleic acid molecules, and the use of those molecules
for RNA interference, i.e. as small interfering RNA
molecules (siRNA). I n one embodiment, the isolated
nucleic acid molecules are 18-26 nucleotides in
length, preferably 19-25 nucleotides in length, more
preferably 20-24 nucleotides in length, and more
preferably 21, 22 or 23 nucleotides in length. Another
pathway for RNAi-mediated gene silencing originates in
endogenously encoded primary microRNA (pri-miRNA)
transcripts, which are processed in the cell to
generate precursor miRNA (pre-miRNA). These miRNA
molecules are exported from the nucleus to the
cytoplasm, where they undergo processing to generate
mature miRNA molecules (miRNA), which direct
translational inhibition by recognizing target sites
in the 3' untranslated regions of mRNAs, and
subsequent mRNA degradation by processing P-bodies
(reviewed in Kim & Rossi, Nature Rev. Genet. 8 :
173-204 (2007)). Clinical applications of RNAi include
the incorporation of synthetic siRNA duplexes, which
preferably are approximately 20-23 nucleotides in
size, and preferably have 3' overlaps of 2
nucleotides. Knockdown of gene expression is
established by sequence-specific design for thetarget
mRNA. Several commercial sites for optimal design and
synthesis of such molecules are known to those skilled
in the art. Other applications provide longer siRNA
molecules (typically 25-30 nucleotides in length,
preferably about 27 nucleotides), as well as small
hairpin RNAs (shRNAs; typically about 29 nucleotides
in length). The latter are naturally expressed, as
described in Amarzguioui et al. (FEBS Lett.
579:5974-81 (2005)). Chemically synthetic siRNAs and
shRNAs are substrates for in 



vivo processing, and in some cases provide more potent
gene-silencing than shorter designs (Kim et al.,
Nature Biotechnol. 23:222-226 (2005); Siolas et al.,
Nature Biotechnol. 23:227-231 (2005)). I n general
siRNAs provide for transient silencing of gene
expression, because their intracellular concentration
is diluted by subsequent cell divisions. By contrast,
expressed shRNAs mediate long-term, stable knockdown
of target transcripts, for as long as transcription of
the shRNA takes place (Marques et al., Nature
Biotechnol. 23:559-565 (2006); Brummelkamp et al.,
Science 296: 550-553 (2002)). Since RNAi molecules,
including siRNA, miRNA and shRNA, act in a
sequence-dependent manner, the variants of the present
invention (e.g., the markers and haplotypes set forth
in Tables 12, 13 and 14) can be used to design RNAi
reagents that recognize specific nucleic acid
molecules comprising specific alleles and/or
haplotypes (e.g., the alleles and/or haplotypes of the
present invention), while not recognizing nucleic acid
molecules comprising other alleles or haplotypes.
These RNAi reagents can thus recognize and destroy the
target nucleic acid molecules. As with antisense
reagents, RNAi reagents can be useful as therapeutic
agents (i.e., for turning off disease-associated genes
or disease-associated gene variants), but may also be
useful for characterizing and validating gene function
(e.g., by gene knock-out or gene knock-down
experiments). Delivery of RNAi may be performed by a
range of methodologies known to those skilled in the
art. Methods utilizing non-viral delivery include
cholesterol, stable nucleic acid-lipid particle
(SNALP), heavy-chain antibody fragment (Fab), aptamers
and nanoparticles. Viral delivery methods include use
of lentivirus, adenovirus and adeno-associated virus.
The siRNA molecules are in some embodiments chemically
modified to increase their stability. This can include
modifications at the 2' position of the ribose,
including 2'-O-methylpurines and 2'-
fluoropyrimidines, which provide resistance to Rnase
activity. Other chemical modifications are possible
and known to those skilled in the art. The following
references provide a further summary of RNAi, and
possibilities for targeting specific genes using RNAi:
Kim & Rossi, Nat. Rev. Genet. 8:173-184 (2007), Chen &
Rajewsky, Nat. Rev. Genet. 8 : 93-103 (2007),
Reynolds, et al., Nat. Biotechnol. 22:326-330 (2004),
Chi et al., Proc. Natl. Acad. Sci. USA 100:6343-6346
(2003), Vickers et al., J. Biol. Chem. 278:7108- 7118
(2003), Agarni, Curr. Opin. Chem. Biol. 6:829-834
(2002), Lavery, et al., Curr. Opin. Drug Discov.
Devel. 6:561-569 (2003), Shi, Trends Genet. 19:9-12
(2003), Shuey et al., Drug Discov.Today 7:1040-46
(2002), McManus et al., Nat. Rev. Genet. 3:737-747
(2002), Xia et al., Nat. Biotechnol. 20: 1006-10
(2002), Plasterk et al., curr. Opin. Genet. Dev.
10:562-7 (2000), Bosher et al., Nat. Cell Biol.
2:E31-6 (2000), and Hunter, Curr. Biol. 9:R440-442
(1999). A genetic defect leading to increased
predisposition or risk for development of breast
cancer, or a defect causing breast cancer, may be
corrected permanently by administering to a subject
carrying the defect a nucleic acid fragment that
incorporates a repair sequence that supplies the
normal/wild-type nucleotide(s) at the site of the
genetic defect. Such site-specific repair sequence may
concompass an RNA/DNA oligonucleotide that operates to
promote endogenous repair of a subject's genomic DNA.
The administration of the repair sequence may be
performed by an appropriate vehicle, such as a complex
with polyethelenimine, encapsulated in anionic
liposomes, a viral vector such as an adenovirus
vector, or other pharmaceutical compositions suitable
for promoting intracellular uptake of the adminstered
nucleic acid. The genetic defect may then be overcome,
since the chimeric oligonucleotides induce the
incorporation of the normal sequence into the genome
of the subject, leading to expression of the
normal/wild-type gene product. The replacement is
propagated, thus rendering a permanent repair and
alleviation of the symptoms associated with the
disease or condition. The present invention provides
methods for identifying compounds or agents that can
be used to treat breast cancer. Thus, the variants of
the invention are useful as targets for the
identification and/or development of therapeutic
agents. I n certain embodiments, such methods include
assaying the ability of an agent or compound to
modulate the activity and/or expression of a nucleic
acid that includes at least one of the variants
(markers and/or haplotypes) of the present invention,
or the encoded product of the nucleic acid. This
includes, for example, one or more of the FGFlO,
MRPS30, HCNl and FGFR2 genes, and their gene products.
This in turn can be used to identify agents or
compounds that inhibit or alter the undesired activity
or expression of the encoded nucleic acid product.
Assays for performing such experiments can be
performed in cell-based systems or in cell-free
systems, as known to the skilled person. Cell-based
systems include cells naturally expressing the nucleic
acid molecules of interest, or recombinant cells that
have been genetically modified so as to express a
certain desired nucleic acid molecule. 



Variant gene expression in a patient can be assessed
by expression of a variant-containing nucleic acid
sequence (for example, a gene containing at least one
variant of the present invention, which can be
transcribed into RNA containing the at least one
variant, and in turn translated into protein), or by
altered expression of a normal/wild-type nucleic acid
sequence due to variants affecting the level or
pattern of expression of the normal transcripts, for
example variants in the regulatory or control region
of the gene. Assays for gene expression include direct
nucleic acid assays (mRNA), assays for expressed
protein levels, or assays of collateral compounds
involved in a pathway, for example a signal pathway.
Furthermore, the expression of genes that are up- or
down-regulated in response to the signal pathway can
also be assayed.One embodiment includes operably
linking a reporter gene, such as luciferase, to the
regulatory region of the gene(s) of interest.
Modulators of gene expression can in one embodiment be
identified when a cell is contacted with a candidate
compound or agent, and the expression of mRNA is
determined. The expression level of mRNA in the
presence of the candidate compound or agent is
compared to the expression level in the absence of the
compound or agent. Based on this comparison, candidate
compounds or agents for treating breast cancer can be
identified as those modulating the gene expression of
the variant gene. When expression of mRNA or the
encoded protein is statistically significantly greater
in the presence of the candidate compound or agent
than in its absence, then the candidate compound or
agent is identified as a stimulator or up-regulator of
expression of the nucleic acid. When nucleic acid
expression or protein level is statistically
significantly less in the presence of the candidate
compound or agent than in its absence, then the
candidate compound is identified as an inhibitor or
down-regulator of the nucleic acid expression. The
invention further provides methods of treatment using
a compound identified through drug (compound and/or
agent) screening as a gene modulator (i.e. stimulator
and/or inhibitor of gene expression). Methods of
Assessing Probability of Response to Therapeutic
Agents, Methods of Monitoring Progress of Treatment
and Methods for Treating Breast Cancer As is known in
the art, individuals can have differential responses
to a particular therapy (e.g., a therapeutic agent or
therapeutic method). The basis of the differential
response may be genetically determined in part.
Pharmacogenomics addresses the issue of how genetic
variations (e.g., the variants (markers and/or
haplotypes) of the present invention) affect drug
response, due to altered drug disposition and/or
abnormal or altered action of the drug. Thus, the
basis of the differential response may be genetically
determined in part. Clinical outcomes due to genetic
variations affecting drug response may result in
toxicity of the drug in certain individuals (e.g.,
carriers or non-carriers of the genetic variants of
the present invention), or therapeutic failure of the
drug. Therefore, the variants of the present invention
may determine the manner in which a therapeutic agent
and/or method acts on the body, or the way in which
the body metabolizes the therapeutic agent.
Accordingly, in one embodiment, the presence of a
particular allele at a polymorphic site or haplotype
is indicative of a different response rate to a
particular treatment modality. This means that a
patient diagnosed with breast cancer, and carrying a
certain allele at a polymorphic or haplotype of the
present invention (e.g., the at-risk and protective
alleles and/or haplotypes of the invention) would
respond better to, or worse to, a specific
therapeutic, drug and/or othertherapy used to treat
the disease. Therefore, the presence or absence of the
marker allele or haplotype could aid in deciding what
treatment should be used for a the patient. For
example, for a newly diagnosed patient, the presence
of a marker or haplotype of the present invention may
be assessed (e.g., through testing DNA derived from a
blood sample, as described herein). If the patient is
positive for a marker allele or haplotype (that is, at
least one specific allele of the marker, or haplotype,
is present), then the physician recommends one
particular therapy, while if the patient is negative
for the at least one allele of a marker, or a
haplotype, then a different course of therapy may be
recommended (which may include recommending that no
immediate therapy, other than serial monitoring for
progression of the disease, be performed). Thus, the
patient's carrier status could be used to help
determine whether a particular treatment modality
should be administered. The value lies within the
possibilities of being able to diagnose the disease at
an early stage, to select the most appropriate
treatment, and provide information to the clinician
about prognosis/aggressiveness of the disease in order
to be able to apply the most appropriate treatment. As
described further herein, current clinical preventive
options for breast cancer are mainly chemopreventive
(chemotherapy, or hormonal therapy) and prophylactic
surgery. The most common chemopreventive is Tamoxifen
and Raloxifene; other options include other Selective 



Estrogen Receptor Modulator (SERM) and aromatase
inihibitors. Treatment options also include radiation
therapy, for which a proportion of patients experience
adverse symptoms. The markers of the invention, as
described herein, may be used to assess response to
these therapeutic options, or to predict the progress
of therapy using any one of these treatment options.
Thus, genetic profiling can be used to select the
appropriate treatement strategy based on the genetic
status of the individual, or it may be used to predict
the outcome of the particular treatment option, and
thus be useful in the strategic selection of treatment
options or a combination of available treatment
options. The present invention also relates to methods
of monitoring progress or effectiveness of a treatment
for a breast cancer. This can be done based on the
genotype and/or haplotype status of the markers and
haplotypes of the present invention, i.e., by
assessing the absence or presence of at least one
allele of at least one polymorphic marker as disclosed
herein, or by monitoring expression of genes that are
associated with the variants (markers and haplotypes)
of the present invention. The risk gene mRNA or the
encoded polypeptide can be measured in a tissue sample
(e.g., a peripheral blood sample, or a biopsy sample).
Expression levels and/or mRNA levels can thus be
determined before and during treatment to monitor its
effectiveness. Alternatively, or concomitantly, the
genotype and/or haplotype status of at least one risk
variant for breast cancer as presented herein is
determined before and during treatment to monitor its
effectiveness. Alternatively, biological networks or
metabolic pathways related to the markers and
haplotypes of the present invention can be monitored
by determining mRNA and/or polypeptide levels. Thiscan
be done for example, by monitoring expression levels
or polypeptides for several genes belonging to the
network and/or pathway, in samples taken before and
during treatment. Alternatively, metabolites belonging
to the biological network or metabolic pathway can be
determined before and during treatment. Effectiveness
of the treatment is determined by comparing observed
changes in expression levels/metabolite levels during
treatment to corresponding data from healthy subjects.
In a further aspect, the markers of the present
invention can be used to increase power and
effectiveness of clinical trials. Thus, individuals
who are carriers of the at-risk variants of the
present invention, i.e. individuals who are carriers
of at least one allele of at least one polymorphic
marker conferring increased risk of developing breast
cancer may be more likely to respond to a particular
treatment modality. I n one embodiment, individuals
who carry at-risk variants for gene(s) in a pathway
and/or metabolic network for which a particular
treatment (e.g., small molecule drug) is targeting,
are more likely to be responders to the treatment. I n
another embodiment, individuals who carry at-risk
variants for a gene, which expression and/or function
is altered by the at-risk variant, are more likely to
be responders to a treatment modality targeting that
gene, its expression or its gene product. In a further
aspect, the markers and haplotypes of the present
invention can be used for targeting the selection of
pharmaceutical agents for specific individuals.
Personalized selection of treatment modalities,
lifestyle changes or combination of the two, can be
realized by the utilization of the at-risk variants of
the present invention. Thus, the knowledge of an
individual's status for particular markers of the
present invention, can be useful for selection of
treatment options that target genes or gene products
affected by the at-risk variants of the invention.
Certain combinations of variants may be suitable for
one selection of treatment options, while other gene
variant combinations may target other treatment
options. Such combination of variant may include one
variant, two variants, three variants, or four or more
variants, as needed to determine with clinically
reliable accuracy the selection of treatment module.
Computer-implemented aspects The present invention
also relates to computer-implemented applications of
the polymorphic markers and haplotypes described
herein to be associated with breast cancer. Such
applications can be useful for storing, manipulating
or otherwise analyzing genotype data that is useful in
the methods of the invention. One example pertains to
storing genotype information derived from an
individual on readable media, so as to be able to
provide the genotype information to a third party The
third party may be the individual from which the
genotype data is derived. The third party may also be
a service provider for analyzing the genotype
information, for example a service provider who
calculates genetic risk based on the genotype of the
individual at particulargenetic markers. I n one such
embodiment, the service provider receives genotype
information from a genotype service provider, and
stores the genotype information on a readable medium
for subsequent analysis. In another embodiment, the
genotype provider is also the service provider, i.e.
the same party generates genotypes from a DNA sample
from an individual, stores 



the genotype data on a readable medium, and providers
service relating to the risk assessment or other
interpretation of the genotype data. The additional
interpretation may for example include assessment or
prediction of the ancestry of the individual, or the
genealogical relationship between the individual and a
reference individual. The reference individual may for
example be a friend, relative or any other person to
whom the individual wishes to compare his/her
genotypes to. In one particular embodiment, the
genotype data is used to derive information about
genetic risk factors contributing to increased
susceptibility to breast cancer, and report results
based on such comparison. In one aspect, the invention
relates to computer-readable media. I n general terms,
such medium has capabilities of storing (i) identifer
information for at least one polymorphic marker or a
haplotye; (ii) an indicator of the frequency of at
least one allele of said at least one marker, or the
frequency of a haplotype, in individuals with breast
cancer; and an indicator of the frequency of at least
one allele of said at least one marker, or the
frequency of a haplotype, in a reference population.
The reference population can be a disease-free
population of individuals. Alternatively, the
reference population is a random sample from the
general population, and is thus representativ of the
population at large. The frequency indicator may be a
calculated frequency, a count of alleles and/or
haplotype copies, or normalized or otherwise
manipulated values of the actual frequencies that are
suitable for the particular medium. Additional
information about the individual can be stored on the
medium, such as ancestry information, information
about sex, physical attributes or charactersitics
(including height and weight), biochemical
measurements (such as blood pressure, blood lipid
levels, etc.), or other useful information that is
desirable to store or manipulate in the context of the
genotype status of a particular individual. The
invention furthermore relates to an apparatus that is
suitable for determination or manipulation of genetic
data useful for determining a susceptibility to breast
cancer in a human individual. Such an apparatus can
include a computer-readable memory, a routine for
manipulating data stored on the computer-readable
memory, and a routine for generating an output that
includes a measure of the genetic data. Such measure
can include values such as allelic or haplotype
frequencies, genotype counts, sex, age, phenotype
information, values for odds ratio (OR) or relative
risk (RR), population attributable risk (PAR), or
other useful information that is either a direct
statistic of the original genotype data or based on
calculations based on the genetic data.The markers and
haplotypes shown herein to be associated with
increased susceptibility (e.g., increased risk) of
breast cancer, are in certain embodiments useful for
interpretation and/or analysis of genotype data. Thus
in certain embodiments, an identification of an
at-risk allele for breast cancer, as shown herein, or
an allele at a polymorphic marker in LD with any one
of the markers shown herein to be associated with
breast cancer, is indicative of the individual from
whom the genotype data originates is at increased risk
of breast cancer. In one such embodiment, genotype
data is generated for at least one polymorphic marker
shown herein to be associated with breast cancer, or a
marker in linkage disequilibrium therewith. The
genotype data is subsequently made available to the
individual from whom the data originates, for example
via a user interface accessable over the internet,
together with an interpretation of the genotype data,
e.g., in the form of a risk measure (such as an
absolute risk (AR), risk ratio (RR) or odds ration
(OR)) for the disease (e.g., breast cancer). I n
another embodiment, at-risk markers identified in a
genotype dataset derived from an individual are
assessed and results from the assessment of the risk
conferred by the presence of such at-risk varians in
the dataset are made available to the individual, for
example via a secure web interface, or by other
communication means. The results of such risk
assessment can be reported in numeric form (e.g., by
risk values, such as absolute risk, relative risk,
and/or an odds ratio, or by a percentage increase in
risk compared with a reference), by graphical means,
or by other means suitable to illustrate the risk to
the individual from whom the genotype data is derived.
In particular embodiments, the results of risk
assessment is made available to a third party, e.g., a
physician, other healthcare worker or genetic
counselor. Markers useful in various aspects of the
invention The above-described applications can all be
practiced with the markers and haplotypes of the
invention that have in more detail been described with
respect to methods of assessing susceptibility to
breast cancer. Thus, these applications can in general
be reduced to practice using markers within the
Chr5pl2 and Chrl0q26 genomic regions as defined
herein, including markers as listed in Tables 12, 13
and 14, and markers in linkage disequilibrium
therewith. I n 



one embodiment, a marker useful in the various aspects
and embodiments of the invention is seleced from the
markers set forth in Tables 12, 13 and 14 (SEQ ID NO:
1-237). I n one embodiment, the marker is selected
from marker rslO941679, rs7703618, rs4415084,
rs2067980, rsl0035564, rsl 1743392, rs7716600, and
rsl219648, and markers in linkage disequilibrium
therewith. I n another embodiment, the marker is
selected from marker rslO941679, rs7703618, rs4415084,
rs2067980, rsl0035564, rsll743392, rs7716600 and
rsl219648. I n another embodiment, the marker is
selected from rslO941679, and markers in linkage
disequilibrium therewith. I n one embodiment, the
marker is selected from the markers set forth in Table
13. I n another embodiment, the marker is selected
from marker rs4415084, and markers in linkage
disequilibrium therewith. In another embodiment, the
marker is selectedfrom the markers set forth in Table
12. In another embodiment, the marker is selected from
marker rsl219648, and markers in linkage
disequilibrium therewith. I n another embodiment, the
marker is selected from the markers set forth in Table
14. I n another embodiment, the marker is rs4415084. I
n another embodiment, the marker is rslO941679. I n
another embodiment, the marker is rsl219648. In
another embodiment, the marker is rs4415084 or
rslO941679. In another embodiment, marker alleles
conferring increased risk or suscepbitility of breast
cancer are selected from rslO941679 allele G,
rs7703618 allele T, rs4415084 allele G, rs2067980
allele G, rsl0035564 allele G, rsll743392 allele T,
rs7716600 allele A, and rsl219648 allele G. Nucleic
Acids and Polypeptides The nucleic acids and
polypeptides described herein can be used in methods
and kits of the present invention, as described in the
above. An "isolated" nucleic acid molecule, as used
herein, is one that is separated from nucleic acids
that normally flank the gene or nucleotide sequence
(as in genomic sequences) and/or has been completely
or partially purified from other transcribed sequences
(e.g., as in an RNA library). For example, an isolated
nucleic acid of the invention can be substantially
isolated with respect to the complex cellular milieu
in which it naturally occurs, or culture medium when
produced by recombinant techniques, or chemical
precursors or other chemicals when chemically
synthesized. I n some instances, the isolated material
will form part of a composition (for example, a crude
extract containing other substances), buffer system or
reagent mix. In other circumstances, the material can
be purified to essential homogeneity, for example as
determined by polyacrylamide gel electrophoresis
(PAGE) or column chromatography (e.g., HPLC). An
isolated nucleic acid molecule of the invention can
comprise at least about 50%, at least about 80% or at
least about 90% (on a molar basis) of all
macromolecular species present. With regard to genomic
DNA, the term "isolated" also can refer to nucleic
acid molecules that are separated from the chromosome
with which the genomic DNA is naturally associated.
For example, the isolated nucleic acid molecule can
contain less than about 250 kb, 200 kb, 150 kb, 100
kb, 75 kb, 50 kb, 25 kb, 10 kb, 5 kb, 4 kb, 3 kb, 2
kb, 1 kb, 0.5 kb or 0.1 kb of the nucleotides that
flank the nucleic acid molecule in the genomic DNA of
the cell from which the nucleic acid molecule is
derived. The nucleic acid molecule can be fused to
other coding or regulatory sequences and still be
considered isolated. Thus, recombinant DNA contained
in a vector is included in the definition of
"isolated" as used herein. Also, isolated nucleic acid
molecules include recombinant DNA molecules in
heterologous host cells or heterologous organisms, as
well as partially or substantially purified DNA
molecules in solution. "Isolated" nucleic acid
molecules also encompass in vivo and in vitro RNA
transcripts of the DNA molecules of the present
invention. An isolated nucleic acid molecule or
nucleotide sequence can include a nucleic acid
molecule ornucleotide sequence that is synthesized
chemically or by recombinant means. Such isolated
nucleotide sequences are useful, for example, in the
manufacture of the encoded polypeptide, as probes for
isolating homologous sequences (e.g., from other
mammalian species), for gene mapping (e.g., by in situ
hybridization with chromosomes), or for detecting
expression of the gene in tissue (e.g., human tissue),
such as by Northern blot analysis or other
hybridization techniques. The invention also pertains
to nucleic acid molecules that hybridize under high
stringency hybridization conditions, such as for
selective hybridization, to a nucleotide sequence
described herein (e.g., nucleic acid molecules that
specifically hybridize to a nucleotide sequence
containing a polymorphic site associated with a marker
or haplotype described herein). Such nucleic acid
molecules can be detected and/or isolated by allele-
or sequence-specific hybridization (e.g., under high
stringency conditions). Stringency conditions and
methods for nucleic acid hybridizations are well known
to the skilled person (see, e.g., Current Protocols in
Molecular Biology, Ausubel, F. et al, John Wiley &
Sons, (1998), and Kraus, M. and Aaronson, S., 



Methods Enzymol., 200:546-556 (1991), the entire
teachings of which are incorporated by reference
herein. The percent identity of two nucleotide or
amino acid sequences can be determined by aligning the
sequences for optimal comparison purposes (e.g., gaps
can be introduced in the sequence of a first
sequence). The nucleotides or amino acids at
corresponding positions are then compared, and the
percent identity between the two sequences is a
function of the number of identical positions shared
by the sequences (i.e., % identity = # of identical
positions/total # of positions x 100). In certain
embodiments, the length of a sequence aligned for
comparison purposes is at least 30%, at least 40%, at
least 50%, at least 60%, at least 70%, at least 80%,
at least 90%, or at least 95%, of the length of the
reference sequence. The actual comparison of the two
sequences can be accomplished by well-known methods,
for example, using a mathematical algorithm. A
non-limiting example of such a mathematical algorithm
is described in Karlin, S. and Altschul, S., Proc.
Natl. Acad. Sci. USA, 90:5873-5877 (1993). Such an
algorithm is incorporated into the NBLAST and XBLAST
programs (version 2.0), as described in Altschul, S.
et al., Nucleic Acids Res., 25:3389-3402 (1997). When
utilizing BLAST and Gapped BLAST programs, the default
parameters of the respective programs (e.g., NBLAST)
can be used. See the website on the world wide web at
ncbi.nlm.nih.gov. I n one embodiment, parameters for
sequence comparison can be set at score=100,
wordlength = 12, or can be varied (e.g., W=5 or W=20).
Other examples include the algorithm of Myers and
Miller, CABIOS (1989), ADVANCE and ADAM as described
in Torellis, A. and Robotti, C , Comput. Appl. Biosci.
10:3-5 (1994); and FASTA described in Pearson, W. and
Lipman, D., Proc. Natl. Acad. Sci. USA, 85:2444-48
(1988).I n another embodiment, the percent identity
between two amino acid sequences can be accomplished
using the GAP program in the GCG software package
(Accelrys, Cambridge, UK). The present invention also
provides isolated nucleic acid molecules that contain
a fragment or portion that hybridizes under highly
stringent conditions to a nucleic acid that comprises,
or consists of, a nucleotide sequence comprising the
polymorphic markers listed in Table 12, Table 13 and
Table 14 (SEQ ID NO: 1-237), and the nucleotide
sequence of the FGFlO, MRPS30, HCNl and FGFR2 genes;
or a nucleotide sequence comprising, or consisting of,
the complement of the nucleotide sequence of a
nucleotide sequence comprising the polymorphic markers
listed in Table 12, Table 13 and Table 14 (SEQ I D NO:
1-237), and the nucleotide sequence of the FGFlO,
MRPS30, HCNl and FGFR2 genes, wherein the nucleotide
sequence comprises at least one polymorphic allele
contained in the markers and haplotypes described
herein. The nucleic acid fragments of the invention
are at least about 15, at least about 18, 20, 23 or 25
nucleotides, and can be 30, 40, 50, 100, 200, 500,
1000, 10,000 or more nucleotides in length. The
nucleic acid fragments of the invention are used as
probes or primers in assays such as those described
herein. "Probes" or "primers" are oligonucleotides
that hybridize in a basespecific manner to a
complementary strand of a nucleic acid molecule. I n
addition to DNA and RNA, such probes and primers
include polypeptide nucleic acids (PNA), as described
in Nielsen, P. ef al., Science 254:1497-1500 (1991). A
probe or primer comprises a region of nucleotide
sequence that hybridizes to at least about 15,
typically about 20-25, and in certain embodiments
about 40, 50 or 75, consecutive nucleotides of a
nucleic acid molecule. I n one embodiment, the probe
or primer comprises at least one allele of at least
one polymorphic marker or at least one haplotype
described herein, or the complement thereof. In
particular embodiments, a probe or primer can comprise
100 or fewer nucleotides; for example, in certain
embodiments from 6 to 50 nucleotides, or, for example,
from 12 to 30 nucleotides. I n other embodiments, the
probe or primer is at least 70% identical, at least
80% identical, at least 85% identical, at least 90%
identical, or at least 95% identical, to the
contiguous nucleotide sequence or to the complement of
the contiguous nucleotide sequence. In another
embodiment, the probe or primer is capable of
selectively hybridizing to the contiguous nucleotide
sequence or to the complement of the contiguous
nucleotide sequence. Often, the probe or primer
further comprises a label, e.g., a radioisotope, a
fluorescent label, an enzyme label, an enzyme
co-factor label, a magnetic label, a spin label, an
epitope label. The nucleic acid molecules of the
invention, such as those described above, can be
identified and isolated using standard molecular
biology techniques well known to the skilled person.
The amplified DNA can be labeled (e.g., radiolabeled)
and used as a probe for screening a cDNA library
derived from human cells. The cDNA can be derived from
mRNA and contained in a suitable vector. Corresponding
clones can be isolated, DNA can obtained following in
vivo excision, and the cloned insert can be sequenced
in either or both orientations by art-recognized 



methods to identify the correct reading frame encoding
a polypeptide of the appropriatemolecular weight.
Using these or similar methods, the polypeptide and
the DNA encoding the polypeptide can be isolated,
sequenced and further characterized. In general, the
isolated nucleic acid sequences of the invention can
be used as molecular weight markers on Southern gels,
and as chromosome markers that are labeled to map
related gene positions. The nucleic acid sequences can
also be used to compare with endogenous DNA sequences
in patients to identify breast cancer or a
susceptibility to breast cancer, and as probes, such
as to hybridize and discover related DNA sequences or
to subtract out known sequences from a sample (e.g.,
subtractive hybridization). The nucleic acid sequences
can further be used to derive primers for genetic
fingerprinting, to raise anti-polypeptide antibodies
using immunization techniques, and/or as an antigen to
raise anti-DNA antibodies or elicit immune responses.
Antibodies Polyclonal antibodies and/or monoclonal
antibodies that specifically bind one form of the gene
product but not to the other form of the gene product
are also provided. Antibodies are also provided which
bind a portion of either the variant or the reference
gene product that contains the polymorphic site or
sites. The term "antibody" as used herein refers to
immunoglobulin molecules and immunologically active
portions of immunoglobulin molecules, i.e., molecules
that contain antigen-binding sites that specifically
bind an antigen. A molecule that specifically binds to
a polypeptide of the invention is a molecule that
binds to that polypeptide or a fragment thereof, but
does not substantially bind other molecules in a
sample, e.g., a biological sample, which naturally
contains the polypeptide. Examples of immunologically
active portions of immunoglobulin molecules include
F(ab) and F(ab') 2 fragments which can be generated by
treating the antibody with an enzyme such as pepsin.
The invention provides polyclonal and monoclonal
antibodies that bind to a polypeptide of the
invention. The term "monoclonal antibody" or
"monoclonal antibody composition", as used herein,
refers to a population of antibody molecules that
contain only one species of an antigen binding site
capable of immunoreacting with a particular epitope of
a polypeptide of the invention. A monoclonal antibody
composition thus typically displays a single binding
affinity for a particular polypeptide of the invention
with which it immunoreacts. Polyclonal antibodies can
be prepared as described above by immunizing a
suitable subject with a desired immunogen, e.g.,
polypeptide of the invention or a fragment thereof.
The antibody titer in the immunized subject can be
monitored over time by standard techniques, such as
with an enzyme linked immunosorbent assay (ELISA)
using immobilized polypeptide. If desired, the
antibody molecules directed against the polypeptide
can be isolated from the mammal (e.g., from the blood)
and further purified by well-known techniques, such as
protein Achromatography to obtain the IgG fraction. At
an appropriate time after immunization, e.g., when the
antibody titers are highest, antibody-producing cells
can be obtained from the subject and used to prepare
monoclonal antibodies by standard techniques, such as
the hybridoma technique originally described by Kohler
and Milstein, Nature 256:495-497 (1975), the human B
cell hybridoma technique (Kozbor et al., Immunol.
Today 4: 72 (1983)), the EBV-hybridoma technique (Cole
et al., Monoclonal Antibodies and Cancer Therapy, Alan
R. Liss,1985, Inc., pp. 77-96) or trioma techniques.
The technology for producing hybridomas is well known
(see generally Current Protocols in Immunology (1994)
Coligan et al., (eds.) John Wiley & Sons, Inc., New
York, NY). Briefly, an immortal cell line (typically a
myeloma) is fused to lymphocytes (typically
splenocytes) from a mammal immunized with an immunogen
as described above, and the culture supernatants of
the resulting hybridoma cells are screened to identify
a hybridoma producing a monoclonal antibody that binds
a polypeptide of the invention. Any of the many well
known protocols used for fusing lymphocytes and
immortalized cell lines can be applied for the purpose
of generating a monoclonal antibody to a polypeptide
of the invention (see, e.g., Current Protocols in
Immunology, supra; Galfre et al., Nature 266:55052
(1977); R.H. Kenneth, in Monoclonal Antibodies: A New
Dimension In Biological Analyses, Plenum Publishing
Corp., New York, New York (1980); and Lerner, Yale J.
Biol. Med. 54:387-402 (1981)). Moreover, the
ordinarily skilled worker will appreciate that there
are many variations of such methods that also would be
useful. Alternative to preparing monoclonal
antibody-secreting hybridomas, a monoclonal antibody
to a polypeptide of the invention can be identified
and isolated by screening a recombinant combinatorial
immunoglobulin library (e.g., an antibody phage
display library) with the polypeptide to thereby
isolate immunoglobulin library members that bind the
polypeptide. Kits for generating and screening phage
display libraries are commercially available (e.g.,
the 



Pharmacia Recombinant Phage Antibody System, Catalog
No. 27-9400-01; and the Stratagene Sur/ZAP(tm) Phage
Display Kit, Catalog No. 240612). Additionally,
examples of methods and reagents particularly amenable
for use in generating and screening antibody display
library can be found in, for example, U.S. Patent No.
5,223,409; PCT Publication No. WO 92/18619; PCT
Publication No. WO 91/17271; PCT Publication No. WO
92/20791; PCT Publication No. WO 92/15679; PCT
Publication No. WO 93/01288; PCT Publication No. WO
92/01047; PCT Publication No. WO 92/09690; PCT
Publication No. WO 90/02809; Fuchs et al.,
Bio/Technology 9: 1370-1372 (1991); Hay et al., Hum.
Antibod. Hybridomas 3:81-85 (1992); Huse et al.,
Science 246: 1275-1281 (1989); and Griffiths et al.,
EMBO J. 12:725-734 (1993). Additionally, recombinant
antibodies, such as chimeric and humanized monoclonal
antibodies, comprising both human and non-human
portions, which can be made using standard recombinant
DNA techniques, are within the scope of the invention.
Such chimeric and humanized monoclonal antibodies can
be produced by recombinant DNA techniques known in the
art.I n general, antibodies of the invention (e.g., a
monoclonal antibody) can be used to isolate a
polypeptide of the invention by standard techniques,
such as affinity chromatography or
immunoprecipitation. A polypeptide-specific antibody
can facilitate the purification of natural polypeptide
from cells and of recombinantly produced polypeptide
expressed in host cells. Moreover, an antibody
specific for a polypeptide of the invention can be
used to detect the polypeptide (e.g., in a cellular
lysate, cell supernatant, or tissue sample) in order
to evaluate the abundance and pattern of expression of
the polypeptide. Antibodies can be used diagnostically
to monitor protein levels in tissue as part of a
clinical testing procedure, e.g., to, for example,
determine the efficacy of a given treatment regimen.
The antibody can be coupled to a detectable substance
to facilitate its detection. Examples of detectable
substances include various enzymes, prosthetic groups,
fluorescent materials, luminescent materials,
bioluminescent materials, and radioactive materials.
Examples of suitable enzymes include horseradish
peroxidase, alkaline phosphatase, beta-galactosidase,
or acetylcholinesterase; examples of suitable
prosthetic group complexes include streptavidin/biotin
and avidin/biotin; examples of suitable fluorescent
materials include umbelliferone, fluorescein,
fluorescein isothiocyanate, rhodamine,
dichlorotriazinylamine fluorescein, dansyl chloride or
phycoerythrin; an example of a luminescent material
includes luminol; examples of bioluminescent materials
include luciferase, luciferin, and aequorin, and
examples of suitable radioactive material include 125I
, 131 I , 35S or 3H. Antibodies may also be useful in
pharmacogenomic analysis. In such embodiments,
antibodies against variant proteins encoded by nucleic
acids according to the invention, such as variant
proteins that are encoded by nucleic acids that
contain at least one polymorpic marker of the
invention, can be used to identify individuals that
require modified treatment modalities. Antibodies can
furthermore be useful for assessing expression of
variant proteins in disease states, such as in active
stages of a disease, or in an individual with a
predisposition to a disease related to the function of
the protein, in particular breast cancer. Antibodies
specific for a variant protein of the present
invention that is encoded by a nucleic acid that
comprises at least one polymorphic marker or haplotype
as described herein can be used to screen for the
presence of the variant protein, for example to screen
for a predisposition to breast cancer as indicated by
the presence of the variant protein. Antibodies can be
used in other methods. Thus, antibodies are useful as
diagnostic tools for evaluating proteins, such as
variant proteins of the invention, in conjunction with
analysis by electrophoretic mobility, isoelectric
point, tryptic or other protease digest, or for use in
other physical assays known to those skilled in the
art. Antibodies may also be used in tissue typing. I n
one such embodiment, a specific variant protein has
been correlated with expression in a specific tissue
type, and antibodies specific for the variant protein
can then be used to identify the specific tissue
type.Subcellular localization of proteins, including
variant proteins, can also be determined using
antibodies, and can be applied to assess aberrant
subcellular localization of the protein in cells in
various tissues. Such use can be applied in genetic
testing, but also in monitoring a particular treatment
modality. I n the case where treatment is aimed at
correcting the expression level or presence of the
variant protein or aberrant tissue distribution or
developmental expression of the variant protein,
antibodies specific for the variant protein or
fragments thereof can be used to monitor therapeutic
efficacy. Antibodies are further useful for inhibiting
variant protein function, for example by blocking the
binding of a variant protein to a binding molecule or
partner. Such uses can also be applied in a 



therapeutic context in which treatment involves
inhibiting a variant protein's function. An antibody
can be for example be used to block or competitively
inhibit binding, thereby modulating (i.e., agonizing
or antagonizing) the activity of the protein.
Antibodies can be prepared against specific protein
fragments containing sites required for specific
function or against an intact protein that is
associated with a cell or cell membrane. For
administration in vivo, an antibody may be linked with
an additional therapeutic payload, such as
radionuclide, an enzyme, an immunogenic epitope, or a
cytotoxic agent, including bacterial toxins
(diphtheria or plant toxins, such as ricin). The in
vivo half-life of an antibody or a fragment thereof
may be increased by pegylation through conjugation to
polyethylene glycol. The present invention further
relates to kits for using antibodies in the methods
described herein. This includes, but is not limited
to, kits for detecting the presence of a variant
protein in a test sample. One preferred embodiment
comprises antibodies such as a labelled or labelable
antibody and a compound or agent for detecting variant
proteins in a biological sample, means for determining
the amount or the presence and/or absence of variant
protein in the sample, and means for comparing the
amount of variant protein in the sample with a
standard, as well as instructions for use of the kit.
The present invention will now be exemplified by the
following non-limiting examples. EXAMPLE 1.
Identification of variants on chromosome 5pl2 that
associate with risk of breast cancer INTRODUCTION
Mutations in breast cancer susceptibility genes BRCAl
and BRCA2 account for 15-25% of the familial component
of breast cancer risk [Easton, (1999), Breast Cancer
Res, 1, 14-7; Balmain, et al., (2003), Nat Genet, 33
Suppl, 238-44]. Much of the genetic component of risk
of breast cancer remains uncharacterized and is
thought to arise from combinations of less
penetrantvariants that, individually, may be quite
common [Pharoah, et al., (2002), Nat Genet, 31, 33-6].
Many searches for less penetrant breast cancer risk
variants have been carried out using a candidate gene,
case-control association approach. Findings from these
studies have often proven difficult to replicate
[Breast Cancer Association, (2006), J Natl Cancer
Inst, 98, 1382-96]. Recently common missense variants
in two genes, CASP8 and TGFBl, have been shown to be
associated with breast cancer risk by using
well-powered, multi-center analyses [Cox, et al.,
(2007), Nat Genet, 39, 352-8]. These reports emphasize
the importance of large scale studies with adequate
replication when the goal is to identify common
variants conferring modest increases in the risk of
breast cancer. RESULTS Numerous Illumina SNPs in a
region on chromosome 5pl2 are associated with an
increased risk for breast cancer in Iceland I n order
to search widely for alleles of common SNPs
associating to breast cancer susceptibility, we
carried out a genome-wide SNP association study using
Illumina HumanHap300 microarray technology. Genotyping
was carried out on approximately 1,600 Icelandic
breast cancer patients and 11,563 controls. This
discovery sample set was designated "Iceland 1". After
removing SNPs that failed quality control checks,
311,524 SNPs remained and were tested for association
with breast cancer. The results were adjusted for
relatedness among individuals and potential population
stratification using the method of genomic control
[Devlin and Roeder, (1999), Biometrics, 55,
997-1004](see Methods). Signals were ranked by
P-value. A set of SNPs from the same area on
chromosome 5pl2 occupied 39 of the top 50 ranks. The
highest ranks occupied by SNPs located in 5pl2 were
ranks 5 through 9. The region of interest containing
these SNPs extended from approximately chromosome 5
co-ordinate 44,094,392bp (position of marker
rs7704166; all co-ordinates herein are from NCBI Build
34) to the position of the last Illumina SNP before
the centromere; namely rsl0941803 at 46,393,984bp.
Results from genotyping of the Illumina SNPs in this
region are presented in Table 1 and are presented
graphically in Figure 1. I n order to further
investigate the signals related to one of the highly
ranked SNPs, marker rs7703618 on chr5pl2, we generated
and validated Centaurus assays for this SNP. The
Centaurus assay was designated SG05S3065.cl. This SNP
assay was used to genotype an independent sample of
approximately 591 Icelandic Breast Cancer patients and
1314 controls. This independent sample was designated
Iceland 2. As shown in Table 2, the SNP showed a
significant association with breast cancer in the
Iceland 2 sample, confirming the original observations
with Iceland 1. We have thus replicated the original
finding observed in the Iceland 1 sample in the
independent Iceland 2 sample. The joint P-value for
Iceland 1 & Iceland 2approached a level that would be
considered genome-wide significant after applying the 



conservative Bonferroni correction for the 311,524
SNPs tested [Skol, et al., (2006), Nat Genet, 38,
209-13]. Association to chromosome 5pl2, confirmed in
CGEMS data, is genome-wide significant following joint
analysis with CGEMS The Cancer Genetics Markers of
Susceptibility (CGEMS) project of the U.S. National
Cancer Institute has released data to the public
domain on a genome-wide SNP association study for
breast cancer susceptibility based on 1145 patients
and 1142 controls genotyped with approximately 530,000
SNPs using the Illumina platform. These data are
available at: https://caintegrator.nci.
nih.gov/cgems/. The CGEMS project found no genome-wide
significant signals in the 5pl2 region. However, we
noted that one SNP, namely rs4415084, had a P-value of
1.38E-07 when data from Iceland (Iceland 1 cohort) and
the CGEMS data set was analyzed jointly, that is
genome-wide significant after Bonferroni correction.
This SNP had an unremarkable P-value of 2.21E-03 in
the CGEMS data set, the genome wide significance of
the joint value being mostly carried by the Iceland 1
P-value of 9.02E-06. Thus, the CGEMS data, while
nowhere significant on its own, provides confirmation
of our original observation of association to
chromosome 5pl2. Numerous HapMap (non Illumina) SNP
markers could show BC risk associations through their
correlation with the Illumina SNPs that showed an
association in the 5pl2 region We contemplated that
there may be allelic heterogeneity at this locus, that
is there may be more than one underlying at-risk
variant present in the 5pl2 region that is correlated
to different degrees with the Illumina SNP set tested
and exist at different frequencies in different
populations. This is based on the observation that
there appear to be significant signals distal to the
cluster of most significant markers (see FIG 1).
Furthermore, we have noted that in some cases
association signals are very strong in the Iceland 1
material but are not strong in the CGEMS data: for
example the rs4415084 SNP described above gave a very
strong signal in Iceland 1 but not in the CGEMS data.
Similarly, the SNP that was tested successfully for
replication in Iceland, rs7703618, gave a P-value of
6.93E-06 and only 2.37E-02 in the CGEMS data set.
Given that there may be alleleic heterogeneity in the
5pl2 region, we define a set of HapMap SNPs that,
through their correlations with signals that we
observed in the Iceland 1 data set, could be used to
detect all pathogenic mutations in the 5pl2 region. I
n order to identify such a set of HapMap SNPs, we
first identified a class of SNPs that gave P-values of
10E-3 or less in the Iceland 1 data set. We then split
this set into equivalence classes, membership of a
particular equivalence class being defined as two SNPs
that have an r2 value of >0.8 betweenthem. This
resulted in a set of 6 equivalence classes which we
designated A to F. For each equivalence class we
started with the SNP that gave the most significant
signal in the class (which we denoted the "key" SNP),
then by reference to HapMap data we identified all
HapMap SNPs that were correlated with the key SNP by
an r2 value of 0.2 or greater and were not themselves
represented on the Illumina Hap300 chip. Thus, using
the Iceland 1 data we observed signals in several
different equivalence classes and that fact, in
itself, provides evidence for allelic heterogeneity.
These HapMap SNPs could, through their correlations
with SNPs in one or more of the equivalence classes we
identified, also be used to detect the same breast
cancer risk associations we originally observed. The
list of the key SNPs and their correlations with
HapMap SNPs is shown in Table 4 . FGFlO and MRPS30 are
the most likely candidate genes In the 5pl2 region
Figure 1 shows a plot of the association signals
obtained in the 5pl2 region superimposed on a map of
recombination hotspots, chromosome bands, known genes,
and recombination rates. Recombination hotspots and
recombination rates were determined as described by
McVean et al. [McVean, et al., (2004), Science, 304,
581-4]. A representation of r2 values between HapMap
SNPs in the region is also shown. I t can be seen that
there are three known genes of note in the region;
FGFlO, MRPS30, and HCNl, along with one poorly
characterized gene LOC441070. Two of these, FGFlO and
MRPS30 are compelling candidates for an involvement in
breast cancer predisposition. As reviewed by Howard
and Ashworth [Howard and Ashworth, (2006), PLoS Genet,
2, el 12], FGFlO is required for normal embryonic
development of the breast. FGFlO has been implicated
as an oncogene in mouse models of breast cancer by
MMTV insertional mutagenesis and FGFlO is over
expressed in around 10% of human breast cancers
[Theodorou, et al., (2004), Oncogene, 23, 6047-55]. As
can be seen in Figure 1, the FGFlO gene is separated
from the main clusters of association signals by a
recombination hotspot. However key elements
controlling regulation of FGFlO may be present in the
region where the strong association signals occur.
Alternatively, 



the association signals may be in linkage
disequilibrium with pathogenic mutations within the
FGFlO gene itself. MRPS30 encodes the mitochondrial
28S ribosomal subunit. I t is also known as programmed
cell death protein 9 (PDCD9). This is the mammalian
counterpart of the Gallus gallus pro-apoptotic protein
p52. It has been shown to induce apoptosis and
activate the stress-responsive JNKl pathway in
mammalian cells. The protein appears to function in
apoptosis at least in part through the Bcl-2 pathway
[Sun, et al., (1998), Gene, 208, 157-66; Carim, et
al., (1999), Cytogenet Cell Genet, 87, 85-8; Cavdar
Koc, et al., (2001), FEBS Lett, 492, 166-70].
Althoughit has not been implicated previously in
breast cancer, its involvement in the above pathways
suggest that genetic variants in MRPS30 may be
involved in modifying breast cancer risk. METHODS
Patient and control selection Approval for this study
was granted by the National Bioethics Committee of
Iceland and the Icelandic Data Protection Authority.
Records of breast cancer diagnoses were obtained from
the Icelandic Cancer Registry (ICR). The ICR contains
all cases of invasive breast tumors and ductal or
lobular carcinoma in-situ diagnosed in Iceland from
January 1st 1955. All people living in Iceland who had
a diagnosis entered into the ICR up to the end of
December 2005 were eligible to participate in the
study. The ICR contained records of 4603 individuals
diagnosed during this period. A prevalence cohort
comprised of all living patients (approximately 2840)
were eligible for recruitment into the study. We
obtained informed consent, a blood sample, and
diagnostic information from 2210 patients, a
participation rate of approximately 78%. Genotyping
was successful on a total of 2190 patients for
rs7703618 . Further details of the recruitment of this
patient group have been reported previously [Stacey,
et al., (2006), PLoS Med, 3 , e217]. The 12,904
Icelandic controls consisted of 846 individuals
randomly selected from the Icelandic Genealogical
Database and 12,058 individuals from other ongoing
genome-wide association studies at deCODE. Individuals
with a diagnosis of breast cancer in the ICR were
excluded. Both male and female genders were included.
Illumina Genotyping DNA samples were genotyped
according to the manufacturer's instructions on
Illumina Infinium HumanHap300 SNP bead microarrays
(Illumina, San Diego, CA, USA), containing 317,503
SNPs derived from Phase I of the International HapMap
project. This chip provides about 75% genomic coverage
in the Utah CEPH (CEU) HapMap samples for common SNPs
at r2j>0.8 [Barrett and Cardon, (2006), Nat Genet, 38,
659-62]. Of the total number of SNPs on the chip, 5979
were deemed unsuitable either because they were
monomorphic (i.e. the minor allele frequency in the
combined patients and control set was less than
0.001), or had low (<95%) yield or showed a very
significant distortion from Hardy-Weinberg equilibrium
in the controls (P< IxIO 10) . All of r these
problematic SNPs were removed from the analysis. Thus
311,524 SNPs were used in the association analysis.
Any chips with an overall call rate below 98% of the
SNPs were also excluded from the genome-wide
association analysis.Centaurus SNP Genotyping A
Centaurus assay [Kutyavin, et al., (2006), Nucleic
Acids Res, 34, el28] was designed for rs7703618 and
validated by genotyping the HapMap CEU sample and
comparing the genotypes with published data. The
assays gave <1.5% mis-matches with HapMap data. Table
5 shows the sequence context for the key SNPs
discussed herein. Table 6 shows the description of the
Centaurus Assay for marker rs7703618 that was
developed for genotyping in this study. Statistical
Methods We calculated the odds ratio (OR) of a SNP
allele assuming the multiplicative model, i.e.
assuming that the relative risk of the two alleles
that a person carries multiplies. Allelic frequencies
rather than carrier frequencies are presented for the
markers. The associated Pvalues were calculated with a
standard likelihood ratio Chi-squared statistic as
implemented in the NEMO software package
[Gretarsdottir, et al., (2003), Nat Genet, 35, 131-8].
Confidence intervals were calculated assuming that the
estimate of the OR has a log-normal distribution. Some
Icelandic patients and controls are related, both
within and between groups, causing the Chi-squared
test statistic to have a mean greater than one and a
median larger than 0.675 2. We estimated the inflation
factor for Iceland 1 using a method of genomic control
[Devlin and Roeder, (1999), Biometrics, 55, 997-1004]
by calculating the average of the observed Chisquared
statistics for the genome-wide SNP set, which accounts
for relatedness and for potential population
stratification. For Iceland 2, which was not typed
with a genome-wide set of markers, the inflation
factor was estimated by simulating genotypes through
the Icelandic genealogy 



[Grant, et al., (2006), Nat Genet, 38, 320-3]. The
estimated inflation factors were 1.105 for Iceland 1
and 1.11 for Iceland 2 . The estimated inflation
factor for the joint analyses of the Iceland 1 and
Iceland 2 sample sets was 1.08, obtained by
simulation. All P-values are reported as
two-sided.Table 1: Association results for Illumina
SNPs in the 5pl2 region: SNP Position Allele bld34
P-value O R Cases Frq.Cases Controls F rq.Controls
rs7704166 A 44094392 1.15E-01 1.063 1660 0.492 11561
0.477 rs6879107 A 44096806 6.07E-01 1.029 1659 0.856
11554 0.852 rs4334895 G 44105438 4.12E-01 1.037 1658
0.273 11555 0.266 rs6859263 G 44111594 9.65E-01 1.002
1628 0.170 10803 0.169 rs4242104 T 44122873 6.22E-01
1.028 1660 0.858 11563 0.854 rs4502833 C 44144266
6.53E-01 1.020 1625 0.304 11379 0.300 rs6871975 T
44166026 5.11E-01 1.029 1618 0.295 11263 0.289
rs4242107 A 44174584 7.26E-01 1.015 1660 0.278 11562
0.275 rs4242108 T 44174787 6.53E-01 1.025 1660 0.858
11563 0.854 rs4492117 C 44174878 3.54E-01 1.055 1660
0.136 11563 0.130 rs4596388 G 44194286 3.91 E-01 1.053
1660 0.121 11562 0.116 rs4866869 G 44195892 7.44E-01
1.014 1660 0.309 11555 0.306 rs4296809 A 44232169
6.18E-01 1.028 1660 0.152 11552 0.149 rs4866880 A
44237263 8.77E-01 1.007 1660 0.302 11562 0.301
rs4866773 'A 44264014 7.86E-01 1.015 1659 0.850 11537
0.848 rs1 550939 G 44267213 7.20E-01 1.015 1660 0.299
11563 0.296 rs4643965 C 44270309 8.24E-01 1.010 1660
0.259 11562 0.257 rs1 051 2836 T 44273926 6.14E-01
1.025 1660 0.794 11563 0.790 rs726941 C 44279279
9.02E-02 1.078 1660 0.271 11563 0.257 rs2053784 C
44286984 6.31 E-01 1.021 1660 0.287 11562 0.283
rs7713769 G 44314707 3.23E-01 1.062 1660 0.884 11561
0.878 rs1011814 G 44381321 2.23E-01 1.051 1660 0.660
11563 0.649 rs1 1743802 T 44396655 2.16E-02 1.134 1656
0.857 11533 0.840 rs2121875 T 44411046 2.14E-01 1.052
1660 0.660 11563 0.649 rs1 384449 A 44422561 7.95E-01
1.012 1649 0.763 11202 0.761 rs2973644 C 44429684
9.54E-01 1.003 1660 0.232 11562 0.232 rs10512852 C
44439070 1.82E-01 1.101 1660 0.923 11562 0.915
rs723166 C 44441516 8.00E-02 1.081 1658 0.740 11537
0.725 rs1 6901 843 T 44448618 4.81 E-01 1.036 1660
0.819 11561 0.814 rs4866898 A 44449132 1.OOE+00 1.000
1660 0.146 11553 0.146 rs1 3357659 G 44478386 1.53E-01
1.059 1660 0.406 11562 0.392 rs1351637 G 44487204
8.87E-01 1.007 1660 0.197 11563 0.196 rs922853 G
44497553 9.46E-01 1.004 1660 0.108 11562 0.108
rs1120718 T 44512079 6.10E-02 1.089 1660 0.761 11563
0.746 rs1 384450 C 44525645 3.55E-01 1.037 1660 0.585
11562 0.576 rs2062140 T 44541916 1.84E-01 1.112 1660
0.066 11563 0.060 rs1 7320222 A 44544792 1.76E-01
1.142 1657 0.960 11552 0.955 rs6866555 C 44584014
3.26E-01 1.052 1659 0.176 11553 0.169 rs4463187 G
44614156 1.43E-02 1.100 1660 0.532 11561 0.508
rs7708449 A 44614727 5.00E-02 1.084 1660 0.355 11561
0.337 rs6889804 T 44618310 3.31 E-01 1.051 1660 0.176
11561 0.169 rs4642379 T 44620489 3.27E-01 1.052 1660
0.176 11562 0.169 rs6896299 G 44655907 3.37E-01 1.051
1658 0.176 11552 0.168 rs4529201 C 44659472 1.09E-02
1.105 1659 0.531 11539 0.506 rs44 15084 T 44708016
9.02E-06 1.194 1660 0.415 11562 0.373 rs22 18080 G
44759831 3.37E-05 1.181 1660 0.405 11562 0.366 rs1
1747159 T 44783211 7.62E-06 1.197 1658 0.397 11551
0.354 rs2330572 C 44786490 2.38E-05 1.184 1660 0.405
11561 0.365 rs994793 G 44788748 2.19E-05 1.185 1658
0.405 11560 0.365rs6885754 A 44811554 9.68E-01 1.007
1660 0.014 11550 0.013 



rs7712949 T 44815846 1.19E-05 1.193 1659 0.392 11547
0.350 rs1 1746980 A 44823379 1.98E-05 1.186 1660 0.405
11561 0.365 rs1 6901 964 T 44828756 1.97E-05 1.188
1659 0.390 11560 0.350 rs727305 C 44841543 1.51E-05
1.191 1660 0.390 11516 0.349 rs1 0462081 A 44846166
2.13E-05 1.187 1657 0.390 11557 0.350 rs1 3 183209 A
44849250 1.92E-05 1.188 1660 0.390 11555 0.350 rs1 3
159598 G 44851427 3.31 E-05 1.182 1644 0.402 11513
0.363 rs3761648 G 44853580 8.57E-06 1.202 1589 0.387
10844 0.344 rs13174122 C 44856241 3.63E-05 1.181 1658
0.390 11498 0.351 rs1 1746506 T 44858067 2.12E-05
1.187 1660 0.389 11561 0.350 rs1 2 188871 A 44859505
1.50E-05 1.191 1657 0.390 11532 0.349 rs9637783 G
44865147 1.74E-05 1.190 1655 0.389 11520 0.349
rs4457089 T 44867237 2.06E-05 1.187 1660 0.389 11560
0.349 rs6867533 T 44872793 6.23E-06 1.200 1641 0.398
11355 0.355 rs6896350 C 44878072 2.09E-05 1.187 1660
0.389 11559 0.350 rs1371025 C 44879734 2.06E-05 1.187
1660 0.389 11557 0.349 rs6451775 G 44882289 2.21 E-05
1.187 1660 0.389 11561 0.350 rs729599 C 44887761 2.21
E-05 1.187 1660 0.389 11561 0.350 rs987394 T 44891879
2.16E-05 1.187 1660 0.389 11558 0.349 rs4440370 A
44898853 2.17E-05 1.187 1659 0.389 11559 0.350
rs4492119 A 44901115 7.18E-06 1.200 1645 0.387 11340
0.345 rs7703497 A 44902529 2.12E-05 1.187 1659 0.389
11559 0.349 rs4395640 T 44914601 8.63E-06 1.197 1652
0.395 11497 0.353 rs7716600 A 44920506 3.12E-05 1.214
1660 0.241 11560 0.208 rs4412123 T 44921789 1.10E-05
1.192 1660 0.409 11560 0.367 rs7705343 G 44925078 1.31
E-05 1.190 1658 0.409 11558 0.368 rs41 29642 G
44943630 1.11 E-05 1.194 1655 0.396 11518 0.355
rs9790879 C 44945386 1.27E-05 1.191 1659 0.409 11561
0.368 rs1 0462084 G 44946850 2.31 E-01 1.067 1659
0.155 11562 0.147 rs9791056 T 44949392 7.66E-06 1.197
1660 0.396 11562 0.354 rs6880275 T 44954436 7.76E-06
1.198 1648 0.395 11484 0.353 rs6870136 G 44956163 7.51
E-06 1.197 1660 0.396 11559 0.354 rs6881563 C 44958354
7.28E-06 1.198 1660 0.396 11561 0.354 rs7703618 G
44960080 6.93E-06 1.198 1659 0.396 11557 0.354 rs1
0077814 C 44962290 1.24E-05 1.191 1659 0.407 11561
0.366 rs6451783 G 44963794 9.41 E-06 1.195 1660 0.395
11563 0.353 rs4298259 G 44966212 9.35E-06 1.195 1660
0.395 11562 0.353 rs7728431 T 44968180 9.96E-06 1.195
1660 0.394 11559 0.353 rs1 251 7690 A 44984794
9.56E-06 1.195 1660 0.395 11562 0.353 rs3935213 A
45006945 3.89E-02 1.112 1659 0.182 11561 0.167
rs6866995 C 45022348 3.77E-02 1.112 1660 0.182 11563
0.167 rs2067980 G 45027818 9.89E-04 1.200 1660 0.155
11555 0.132 rs3923826 C 45118278 2.49E-02 1.137 1660
0.870 11562 0.855 rs1 1743309 A 45167889 2.15E-01
1.067 1660 0.836 11559 0.826 rs1 2654948 T 45211216
1.28E-01 1.094 1651 0.878 11260 0.868 rs1 251 5820 G
45238970 4.07E-02 1.126 1660 0.135 11558 0.122
rs12515179 C 45292596 4.86E-02 1.120 1660 0.138 11562
0.125 rs1 05 12876 G 45295105 7.73E-01 1.025 1660
0.055 11561 0.054 rs1 0035564 G 45298001 1.79E-04
1.178 1650 0.291 11477 0.258 rs1 3 180087 C 45311269
5.28E-02 1.127 1659 0.117 11563 0.105 rs4866929 A
45312090 9.34E-02 1.068 1660 0.484 11560 0.468
rs981782 T 45331219 2.28E-04 1.159 1601 0.458 10706
0.421rs981782 T 45331219 1.05E-01 1.066 1660 0.470
11562 0.454 rs9790873 C 45337015 3.61 E-02 1.133 1660
0.128 11554 0.115 rs9292918 G 45346536 4.21 E-03 1.161
1656 0.176 11546 0.155 rs6895055 A 45366909 2.34E-03
1.172 1660 0.177 11551 0.155 rs6888352 A 45371416
2.72E-03 1.169 1659 0.177 11551 0.155 rs994092 G
45381260 2.49E-03 1.171 1659 0.177 11557 0.155 rs
10473384 A 4538931 1 2.34E-03 1.172 1659 0.177 11560
0.155 



rs1501357 G 45410376 2.61 E-03 1.170 1660 0.177 11563
0.155 rs12517615 C 45412289 6.70E-02 1.190 1647 0.047
11286 0.040 rs1501362 T 45423708 2.85E-03 1.167 1660
0.179 11558 0.157 rs6451798 T 45433355 3.11 E-03 1.166
1660 0.179 11560 0.157 rs6414906 C 45451822 9.05E-03
1.112 1658 0.375 11560 0.351 rs1 3 162651 C 45455401
5.54E-02 1.081 1655 0.375 11363 0.357 rs1 483310 G
45459859 7.27E-02 1.178 1655 0.051 11413 0.044 rs1
2659024 T 45463191 9.87E-01 1.001 1658 0.080 11549
0.080 rs6892290 G 45472638 1.08E-02 1.109 1660 0.375
11560 0.351 rs6451801 A 45484934 1.02E-02 1.110 1660
0.375 11560 0.351 rs1 3354798 C 45502578 1.16E-02
1.108 1660 0.377 11563 0.353 rs1 2651 887 T 45515924
1.19E-01 1.076 1657 0.225 11549 0.212 rs1471683 A
45524926 7.07E-02 1.088 1660 0.232 11562 0.217
rs2337414 A 45614170 1.12E-01 1.100 1660 0.884 11562
0.874 rs1 852598 G 45648477 2.93E-01 1.049 1660 0.245
11562 0.237 rs1 1743392 T 45660476 4.43E-04 1.150 1614
0.490 10826 0.455 rs1 534391 T 45714539 6.74E-02 1.117
1652 0.884 11396 0.873 rs2879074 C 45761710 1.49E-02
1.103 1660 0.384 11560 0.361 rs4380674 C 45814898
2.50E-01 1.053 1660 0.259 11563 0.249 rs7447717 A
45815753 1.29E-02 1.105 1660 0.384 11559 0.361
rs4388219 A 45826251 1.41E-01 1.063 1660 0.328 11555
0.315 rs1 0941 703 C 45827373 1.02E-01 1.069 1660
0.364 11561 0.349 rs1 0941 704 G 45829007 2.99E-01
1.049 1657 0.245 11531 0.236 rs4551074 T 45838254
2.15E-01 1.057 1660 0.260 11561 0.249 rs1 3 155321 G
45842047 9.36E-02 1.071 1660 0.367 11559 0.351
rs7733616 C 45844224 1.59E-01 1.063 1630 0.290 11372
0.278 rs1 0069793 G 45848652 6.09E-02 1.079 1650 0.367
11465 0.349 rs1 3 176359 T 45859776 2.72E-01 1.050
1660 0.267 11552 0.258 rs4866973 A 45862187 2.03E-01
1.059 1657 0.259 11530 0.248 rs4242126 A 45871874
2.80E-01 1.051 1660 0.245 11561 0.236 rs6865429 G
45876009 9.87E-02 1.069 1659 0.366 11561 0.351 rs1
0461 763 G 45884708 5.07E-01 1.075 1659 0.034 11557
0.032 rs7730617 A 45885804 1.53E-01 1.063 1659 0.294
11557 0.281 rs1 3 175559 C 45900128 1.10E-01 1.067
1660 0.368 11560 0.353 rs1 1951003 A 45902630 1.09E-01
1.067 1659 0.368 11559 0.353 rs4331911 G 45904876
1.55E-01 1.060 1627 0.360 11297 0.347 rs1 3340341 T
45906437 1.53E-01 1.060 1660 0.363 11556 0.349 rs1 2
109205 G 45922179 2.53E-01 1.051 1660 0.288 11559
0.278 rs4368738 T 45938289 1.67E-01 1.061 1659 0.294
11561 0.281 rs9637799 G 45948109 5.03E-01 1.075 1660
0.034 11560 0.032 rs6862657 A 45951498 1.03E-01 1.069
1656 0.366 11533 0.351 rs7443189 A 45958468 6.09E-01
1.057 1654 0.034 11519 0.032 rs1 1948152 C 46000128
1.89E-01 1.054 1644 0.580 11377 0.567 rs7443384 G
46006394 1.01E-01 1.070 1660 0.345 11562 0.330
rs7701444 C 46014363 1.05E-01 1.068 1660 0.369 11561
0.354 rs1 3352566 T 46042403 2.03E-01 1.059 1648 0.260
11420 0.249SNP Position Allele bld34 P-value OR Cases
Frq.Cases Controls Frq.Controls rs4370277 G 46094169
2.40E-01 1.048 1636 0.402 11316 0.390 rs1 2 173206 A
46121458 5.02E-01 1.076 1659 0.034 11551 0.032 rs1
0066479 G 46142988 1.85E-01 1.054 1660 0.401 11550
0.388 rs1 251 5804 C 46144107 1.69E-01 1.056 1660
0.401 11561 0.388 rs1 3 175755 T 46145281 2.58E-01
1.083 1660 0.086 11563 0.080 rs7720482 T 46151664
1.66E-01 1.057 1659 0.402 11559 0.389 rs4975890 C
46159139 2.75E-01 1.047 1656 0.330 11552 0.320 rs1
2690679 C 46206288 3.19E-01 1.040 1659 0.423 11556
0.414 rs1 2697527 T 46247605 2.98E-01 1.042 1658 0.419
11533 0.409 rs1 3 168297 T 46273834 5.02E-01 1.028
1649 0.348 11438 0.342 



rs4975957 A 46310803 2.97E-01 1.042 1660 0.420 11549
0.410 rs1 2659648 C 46330355 4.96E-01 1.028 1652 0.349
11541 0.343 rs1 33551 28 T 46332613 3.32E-01 1.041
1614 0.649 10822 0.639 rs1 0941 803 C 46393984
3.56E-01 1.039 1613 0.343 11166 0.335 Shown are the
SNP names, the identity of the risk allele, the
location (in NCBI Build 34 coordinates, the P-value
and Odds Ratio (OR) for Breast Cancer association, the
numbers of individuals tested and the allele
frequencies in the Breast Cancer Case and the Control
groups respectively. Table 2. Replication of signal
from SNP rs7703618 in an independent Icelandic Breast
Cancer Case/Control sample: rs7703618 (G) Frequency
Cohort (Cases/Controls) Cases Controls OR P Iceland 1
(1599/11558) 0.396 0.354 1.20 1.1E-05 Iceland 2
(591/1314) 0.392 0.353 1.18 2.9E-02 Iceland combined
(2190/12872) 0.395 0.354 1.19 5.3E-07Table 3. HapMap
SNPs with r2 values >0.2 in relation to key SNPs in
equivalence classes A-F. SNP 1 is the Illumina SNP
with the lowest P-value in each of equivalence classes
A-F. SNP 2 is the HapMap SNP that is correlated to SNP
1. D ' is the mean D ' value across all combinations
of the alleles of SNP 1 and SNP 2. R2 is the square of
the correlation coefficient between the two SNPs.
p-min is the P-value corresponding to the strongest
linkage disequilibrium observed between alleles of SNP
1 and SNP 2.DESCRIPTION QUINOLONE COMPOUND AND
PHARMACEUTICAL COMPOSITION TECHNICAL FIELD The present
invention relates to a quinolone compound and a
pharmaceutical composition. BACKGROUND ART Parkinson's
disease is a chronic, progressive neurodegenerative
disease that generally develops after middle age.
Initial symptoms include unilateral resting tremor,
akinesia and rigidity. The tremors, akinesia, and
rigidity are called the three major signs of
Parkinson's disease, and each of them are caused by
the selective death of dopaminergic neurons projected
from the substantia nigra to the striatum. The
etiology of the disease is still unknown; however,
accumulated evidence suggests that an impaired
energy-generating system accompanied by abnormal
mitochondrial function of nigrostriatal dopaminergic
neurons triggers the neurodegenerative disorder of the
disease. The mitochondrial dysfunction has been
assumed to subsequently cause oxidative stress and
failure of calcium homeostasis, thereby resulting in
neurodegeneration (Ann. N .Y .Acad. Sci. 991: 111-
119(2003)). Treatments of Parkinson's disease are
roughly classified into medical management
(medication) and surgical management (stereotaxic
operation ). Of these , medication is an established
therapy and regarded as a basic treatment. In the
medication, a symptomatic therapeutic agent is used to
compensate for the nigrostriatal dopaminergic neuronal
function denatured by Parkinson's disease. L-dopa
exhibits the most remarkable therapeutic effects . It
is said that no agent exceeds the effectiveness of
L-dopa. Currently, L-dopa is used together with a dopa
decarboxylase inhibitor to prevent the metabolism
thereof in the periphery, and the desired clinical
effects have been obtained . However, one disadvantage
of the L-dopa treatment is that after several years of
usage, the decrement of thedurability and stability of
the drug's efficacy results in the recurrence of
movement disorders such as dyskinesia and daily
fluctuation. Moreover, digestive side effects such as
nausea and vomiting brought on by the excess release
of dopamine, circulatory organ problems such as
orthostatic hypotension, 



tachycardia and arrhythmia, and neurological
manifestations such as hallucinations, delusions and
distractions have been a cause for concern. Thus, in
order to decrease the L-dopa preparation dosage and
thereby reducing the side effects, multidrug
therapies, in which dopamine receptor agonists,
dopamine metabolism enzyme inhibitors, dopamine
releaser, central anticholinergic agents and the like
are used in combination, are employed. Such
therapeutic advances remarkably improve prognoses;
even now, however, there is no fundamental cure for
Parkinson's disease and other neurodegenerative
diseases. Medication must be taken for the rest of the
patient 's life , and the aforementioned drawbacks
decreased efficacy during long-term administration,
side effects, and uncontrollable disease progression -
can result from L-dopa monotherapy. In addition, it is
difficult to expect dramatic effects, even during the
employment of multidrug therapies. DISCLOSURE OF THE
INVENTION The present invention aims to provide a
novel compound that has a functional improvement
effect and suppresses of neurological dysfunction by
inhibiting the chronic progression of Parkinson's
disease or protecting dopamine neurons from the
disease etiology, thereby prolonging the period before
first L - dopa administration begins. The present
inventors carried out extensive research to accomplish
the aforementioned object, and as a result, they
succeeded in producing a compound represented by the
following General Formula (1), which comprises
protecting and improving mitochondrial functional
activity, and protecting and repairing neuron
activity. The present invention has been accomplished
based on the above findings.The present invention
provides a guinolone compound , a pharmaceutical
composition comprising said compound, a use of said
compound, a method for treating or preventing a
disorder, and a process for producing said compound,
as descrived in Item 1 to 11 below. Item 1 . A
quinolone compound represented by General Formula (1)
or a salt thereof, wherein R i represents a hydrogen
atom, a lower alkyl group, a cyclo C3_8 alkyl lower
alkyl group, or a lower alkoxy lower alkyl group; R2
represents a hydrogen atom, a lower alkyl group, or a
halogen-substituted lower alkyl group; R3 represents a
phenyl group, a furyl group, a thienyl group, or a
pyridyl group, each of the groups optionally being
substituted with one or more groups selected from the
group consisting of the following (1) to (16) on the
aromatic or heterocyclic ring represented by the above
R3: (1) lower alkyl groups, (2) lower alkoxy groups,
(3) halogen- substituted lower alkoxy groups, (4) a
phenoxy group, (5) lower alkylthio groups, (6) a
hydroxy group, (7) hydroxy lower alkyl groups.(8)
halogen atoms, (9) lower alkanoyl groups, (10) lower
alkoxycarbonyl groups, (11) amino groups optionally
substituted with one or more lower alkyl groups, 



(12) carbamoyl groups optionally substituted with one
or more lower alkyl groups, (13) cyclo C3-S alkyl
lower alkoxy groups, (14) pyrrolidinyl carbonyl
groups, (15) morpholinyl carbonyl groups, and (16) a
carboxyl group; R4 represents a halogen atom; R5
represents a hydrogen atom or a halogen atom; R6
represents a hydrogen atom; and R7 represents any one
of groups (1) to (15) below: (1) a hydroxy group , (2)
a halogen atom, (3) a lower alkoxy group, (4) a
halogen-substituted lower alkoxy group, (5) a hydroxy
lower alkoxy group, (6) a lower alkoxy lower alkoxy
group, (7) an amino group optionally substituted with
one or more members selected from the group consisting
of lower alkyl groups, lower alkoxy lower alkyl
groups, and cyclo C3_8 alkyl groups, (8) an amino
lower alkoxy group optionally substituted on the amino
group with one or more members selected from the group
consisting of lower alkyl groups, lower alkanoyl
groups, lower alkyl sulfonyl groups, and carbamoyl
groups optionally substituted with one or more lower
alkyl groups, (9) a cyclo C3.8 alkyloxy group, (10) a
cyclo C3_s alkyl lower alkoxy group, (11) a
tetrahydrofuryl lower alkoxy group, (12) a lower
alkylthio group, (13) a heterocyclic group selected
from the group consisting of morpholinyl groups,
pyrrolidinyl groups, furyl groups, thienylgroups, and
benzothienyl groups, (14) a phenyl lower alkoxy lower
alkoxy group, and (15) a pyrrolidinyl carbonyl group.
Item 2 . A quinolone compound of General Formula (1)
or a salt thereof according to item 1 , wherein R
represents a hydrogen atom or a lower alkyl group; R2
represents a hydrogen atom or a lower alkyl group; R3
represents a phenyl group or a pyridyl group, each of
the groups optionally being substituted with one or
two groups selected from the group consisting of the
following (1), (2), (6), and (8) on the aromatic or
heterocyclic ring represented by the above R3: (1)
lower alkyl groups, (2) lower alkoxy groups, (6) a
hydroxy group, and (8) halogen atoms; R4 represents a
halogen atom; R5 represents a hydrogen atom; R6
represents a hydrogen atom; and R7 represents any one
of groups (3), (4), and (7) below: (3) a lower alkoxy
group, (4) a halogen- substituted lower alkoxy group,
and (7) an amino group optionally substituted with one
or two lower alkyl groups Item 3 . A quinolone
compound of General Formula (1) or a salt thereof
according to item 2 selected from the group consisting
of: 



5-fluoro- 3-(4-methoxyphenyl )-2-methyl- 8-propoxy-
lH-quinolin- 4-one , 5-fluoro- 3-(4-methoxyphenyl
)-1-methyl- 8-propoxy- IH-quinolin- 4-one , 3-(2
,4-dimethoxyphenyl) -5-fluoro-8 -propoxy-
lH-quinolin-4 -one,
5-fluoro-8-isopropoxy-3-(4-methoxyphenyl)
-lH-quinolin-4-one,3- (2 ,4-dichlorophenyl)
-5-fluoro-8-propoxy-lH-quinolin-4-one, 8-ethoxy-5-f
luoro-3- (4 -methoxyphenyl) -lH-quinolin-4-one,
5-fluoro-3- (4-methoxy-2-methylphenyl)
-8-propoxy-lH-quinolin-4-one , 5-fluoro- 3
-(4-methoxyphenyl )-8-propoxy-lH-quinolin-4-one,
5-fluoro -3-(2-fluoro -4-methoxyphenyl )-8-propoxy-
IH-quinolin -4-one ,
5-fluoro-3-(4-hydroxyphenyl)-8-propoxy-lH-quinolin-4-o
ne, 8-cyclopropylmethoxy- 5-fluoro-3-
(4-methoxyphenyl) -lH-quinolin-4- one,
5-fluoro-8-propoxy-3-pyridin-4-yl-lH-quinolin-4-one,
5-fluoro-3- (4-methoxyphenyl) -8-
(N-methyl-N-propylamino) -IHquinolin -4-one , and
5-fluoro-3- (4-methoxyphenyl) -8- (4,4,
4-trifluorobutoxy )-IHquinolin -4-one . Item 4 . A
pharmaceutical composition comprising a quinolone
compound of General Formula (1) or a salt thereof
according to item 1 as an active ingredient and a
pharmaceutically acceptable carrier. Item 5 . A
prophylactic and/or therapeutic agent for
neurodegenerative diseases, diseases induced by
neurological dysfunction, or diseases induced by
deterioration of mitochondrion function, comprising as
an active ingredient a quinolone compound of General
Formula (1) or a salt thereof according to item 1 .
Item 6 . A prophylactic and/or therapeutic agent
according to item 5 , wherein the neurodegenerative
disease is selected from the group consisting of
Parkinson's disease, Parkinson's syndrome, juvenile
parkinsonism, striatonigral degeneration, progressive
supranuclear palsy, pure akinesia, Alzheimer's
disease. Pick's disease, prion disease, corticobasal
degeneration, diffuse Lewy body disease, Huntington's
disease, chorea- acanthocytosis, benign hereditary
chorea, paroxysmal choreoathetosis , essential tremor,
essential myoclonus, Gilles deIa Tourette's syndrome,
Rett's syndrome, degenerative ballism, dystonia
musculorum deformance, athetosis, spasmodic
torticollis, Meige syndrome, cerebral palsy, Wilson's
disease, Segawa's disease, Hallervor den- Spatz
syndrome, neuroaxonal dystrophy, pallidal atrophy,
spino -cerebellar degeneration, cerebral cortical
atrophy. Holmes -type cerebellar atrophy,
olivopontocerebellar atrophy, hereditary
olivopontocerebellar atrophy, Joseph disease,
dentatorubropallidoluysian atrophy,
Gerstmann-Straussler-Scheinker disease, Friedreich's
Ataxia, Roussy-Levy syndrome, May-White syndrome,
congenital cerebellar ataxia, hereditary episodic
ataxia, ataxia telangiectasia, amyotrophic lateral
sclerosis, progressive bulbar palsy, spinal
progressive muscular atrophy, spinobulbar muscular
atrophy, Werdnig-Hoffmann disease, Kugelberg-Welander
disease, hereditary spastic paraparesis,
syringomyelia, syringobulbia, Arnold-Chiari
malformation. Stiffman syndrome, Klippel-Feil
syndrome, Fazio- Londe syndrome, lower myelopathy.
Dandy -Walker syndrome, spina bifida, Sjogren -Larsson
syndrome, radiation myelopathy, agerelated macular
degeneration, and cerebral apoplexy selected from the
group consisting of cerebral infarction and cerebral
hemorrhage . Item 7 . A prophylactic and/or
therapeutic agent according to item 5 , wherein the
disease induced by neurological dysfunction is
selected from the group consisting of spinal cord 



injury, chemotherapy- induced neuropathy, diabetic
neuropathy, radiation damage, and demyelinating
diseases selected from the group consisting of
multiple sclerosis, acute disseminated
encephalomyelitis, transverse myelitis, progressive
multifocal leucoencephalopathy, subacute sclerosing
panencephalitis, chronic inflammatory demyelinating
polyneuropathy and Guillain-Barre syndrome . Item 8 .
A prophylactic and/or therapeutic agent according to
item 5 , wherein the disease induced by
deteriorationof mitochondrion function is selected
from the group consisting of Pearson's syndrome,
diabetes, deafness, malignant migraine, Leber's
disease, MELAS, MERRF, MERRF/MELAS overlap syndrome,
NARP, pure myopathy, mitochondrial cardiomyopathy,
myopathy, dementia, gastrointestinal ataxia, acquired
sideroblastic anemia, aminoglycoside-induced hearing
loss, complex III deficiency due to inherited variants
of cytochrome b , multiple symmetrical lipomatosis,
ataxia, myoclonus, retinopathy, MNGIE, ANTl disease.
Twinkle disease, POLG disease, recurrent
myoglobinuria, SANDO, ARCO, complex I deficiency,
complex II deficiency, optic nerve atrophy, fatal
infantile complex IV deficiency, mitochondrial DNA
deficiency, mitochondrial DNA deficiency syndrome,
Leigh's encephalomyelopathy , chronic -progres
sive-external -ophthalmoplegia syndrome (CPEO),
Kearns-Sayre syndrome, encephalopathy, lactacidemia,
myoglobinuria, drug- induced mitochondrial diseases,
schizophrenia, major depression disorder, bipolar I
disorder, bipolar II disorder, mixed episode,
dysthymic disorders, atypical depression, seasonal
affective disorders, postpartum depression, minor
depression, recurrent brief depressive disorder,
intractable depression/chronic depression, double
depression and acute renal failure. Item 9 . Use of a
quinolone compound of General Formula (1) or a salt
thereof according to item 1 as a drug. Item 10. A
method for treating or preventing neurodegenerative
diseases, diseases induced by neurological
dysfunction, or diseases induced by deterioration of
mitochondrion function, comprising administering a
quinolone compound of General Formula (1) or a salt
thereof according to item 1 to a human or an animal.
Item 11. A process for producing a quinolone compound
of General Formula (1)or a salt thereof, wherein R ,
R2, R3, R4" R5, R and R7 are each defined above in
item 1 , comprising reacting a compound represented by
General Formula (4) wherein R1, R4, R5, R6 and R7 are
each defined above in item 1 , with a compound
represented by General Formula (5) wherein R2 and R3
are each defined above in item 1 , and R8 represents a
lower alkoxy group, thereby giving an intermediate
compound represented by General Formula (6)wherein Ri,
R2 , R3 , R4 , R5 , Re, R and R are each defined
above; and subjecting the resulting compound to a
cyclization reaction. Specific examples of groups in
General Formula (1) are as follows. Examples of lower
alkyl groups include straight or branched Ci-e
(preferably C1-4) alkyl groups such as methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl,
sec-butyl, n - pentyl, 1-ethylpropyl, isopentyl,
neopentyl, n-hexyl, 1,2,2- trime thy lpropyl , 3,3-
dime thy lbutyl , 2-ethylbutyl , isohexyl , 3- m
ethylpen tyl , etc . Examples of C3.8 cycloalkyl
groups include cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, cyclooctyl, etc. Examples of
cyclo C3-S alkyl lower alkyl groups include 



the lower alkyl groups substituted with one to three
(preferably one) cyclo C3-8 alkyl group(s) described
above. Examples of lower alkoxy groups include
straight or branched Ci_6 (preferably C -4 ) alkoxy
groups such as methoxy, ethoxy, n-propoxy, isopropoxy,
n-butoxy, isobutoxy, tert-butoxy, sec-butoxy,
n-pentyloxy, isopentyloxy, neopentyloxy, n-hexyloxy,
isohexyloxy, 3-methylpentyloxy, etc. Examples of lower
alkoxy lower alkyl groups include the lower alkyl
groups substituted with one to three (preferably one)
lower alkoxy group(s) described above. Examples of
halogen atoms include fluorine, chlorine, bromine, and
iodine. Examples of halogen- substituted lower alkyl
groupsinclude the lower alkyl groups substituted with
one to seven halogen atom(s), preferably one to three
halogen atom(s). Examples thereof include fluoromethyl
, difluoromethyl , trifluoromethyl , chloromethyl ,
dichloromethyl , trichloromethyl , bromomethyl,
dibromomethyl , dichlorof luoromethyl , 2,2-
difluoroethyl , 2,2,2-trifluoroethyl , pentaf
luoroethyl , 2- fluoroethyl , 2-chloroethyl ,
3,3,3-trifluoropropyl , heptaf luoropropyl , 2,2,3,3,3
-pentafluoropropyl , heptaf luoroisopropyl ,
3-chloropropyl, 2-chloropropyl, 3- bromopropyl ,
4,4,4-trifluorobutyl , 4,4,4,3,3 -pentafluorobutyl ,
4- chlorobutyl, 4-bromobutyl, 2-chlorobutyl,
5,5,5-trifluoropentyl, 5-chloropentyl ,
6,6,6-trifluorohexyl , 6-chlorohexyl , perfluorohexyl
, etc . Examples of halogen- substituted lower alkoxy
groups include the lower alkoxy groups substituted
with one to seven halogen atom(s), preferably one to
three halogen atom(s). Examples thereof include
fluoromethoxy, difluoromethoxy, trifluoromethoxy,
chloromethoxy, dichloromethoxy, trichloromethoxy,
bromomethoxy, dibromomethoxy, dichlorof luoromethoxy,
2,2,2-trifluoroethoxy, pentafluoroethoxy,
2-chloroethoxy , 3,3,3- trifluoropropoxy , heptaf
luoropropoxy , heptafluoroisopropoxy, 3-chloropropoxy,
2-chloropropoxy, 3- bromopropoxy,
4,4,4-trifluorobutoxy, 4,4,4,3,3-pentafluorobutoxy,
4-chlorobutoxy , 4-bromobutoxy , 2-chlorobutoxy ,
5,5,5- trifluoropentoxy, 5-chloropentoxy,
6,6,6-trifluorohexyloxy, 6- chlorohexyloxy, etc.
Examples of lower alkylthio groups include alkylthio
groups wherein the alkyl moiety is the lower alkyl
group mentioned above. Examples of hydroxy lower alkyl
groups include the above-mentioned lower alkyl groups
substituted with one to three (preferably one) hydroxy
group(s). Examples of lower alkanoyl groups include
straight or branched Q L-6 (preferably Ci_4) alkanoyl
groups such as formyl, acetyl, propionyl, butyryl,
isobutyryl, pentanoyl, tertbutylcarbonyl , hexanoyl ,
etc . Examples of lower alkoxycarbonyl groups include
alkoxycarbonyl groups wherein the alkoxy moiety is the
lower alkoxy group mentioned above. Examples of amino
groups optionally substituted with one or more lower
alkyl groups include amino groups optionally
substituted with one or two lower alkyl group(s)
described above. Examples of carbamoyl groups
optionally substituted with one or more lower alkyl
groups include carbamoyl groups optionally substituted
with one or two lower alkyl group(s) described above.
Examples of cyclo C3-8 alkyl lower alkyl groups
include 



the above-mentioned lower alkyl groups substituted
with one to three (preferable one) cyclo C3-8 alkyl
group(s) described above. Examples of hydroxy lower
alkoxy groups include the above-mentioned lower alkoxy
groups substituted with one to three (preferably one)
hydroxy group(s). Examples of lower alkoxy lower
alkoxy groups include the above-mentioned lower alkoxy
groups substituted with one to three (preferably one)
lower alkoxy group(s) described above. Examples of
amino groups optionally substituted with one or more
members selected from the group consisting of lower
alkyl groups, lower alkoxy lower alkyl groups, and
cyclo C3.8 alkyl groups include amino groups
optionally substituted with one or two members
selected from the group consisting of the
abovementioned lower alkyl groups, the above-mentioned
lower alkoxy lower alkyl groups, and the
above-mentioned cyclo C3_8 alkyl groups . Examples of
lower alkyl sulfonyl groups include alkyl sulfonyl
groups wherein the alkyl moiety is the lower alkyl
group mentioned above. Examples of amino lower alkoxy
groups optionally substituted on an amino group with
one or more members selected from the group consisting
of lower alkyl groups, lower alkanoyl groups, lower
alkyl sulfonyl groups, and carbamoyl groupsoptionally
substituted with one or more lower alkyl groups
include the lower alkoxy groups substituted with one
to three (preferably one) amino group(s). Here, the
amino lower alkoxy group is optionally substituted on
an amino group with one or two members selected from
the group consisting of the above-mentioned lower
alkyl groups, the above-mentioned lower alkanoyl
groups, the above-mentioned lower alkyl sulfonyl
groups, carbamoyl groups optionally substituted with
one or more lower alkyl groups mentioned above.
Examples of cyclo C3_8 alkyloxy groups include groups
in which the cyclo C3-S alkyl group and an oxygen atom
are bonded. Examples of tetrahydrofuryl lower alkoxy
groups include the above-mentioned lower alkoxy groups
substituted with one to three (preferably one)
tetrahydrofuryl group(s) . Examples of lower alkylthio
groups include alkylthio groups wherein the alkyl
moiety is the lower alkyl group mentioned above.
Examples of phenyl lower alkoxy groups include the
above-mentioned lower alkoxy groups substituted with
one to three (preferably one) phenyl group(s).
Examples of phenyl lower alkoxy lower alkoxy groups
include the above-mentioned lower alkoxy groups
substituted with one to three phenyl lower alkoxy
group(s) (preferably one) described above. The process
of producing the compound of the invention is
described below in detail. The quinolone compound
represented by General Formula (1) (hereinafter also
referred to as Compound (I)) can be produced by
various methods; for example, by a method according to
the following Reaction Scheme 1 or 2 .Reaction Scheme
.L wherein R1, R2, R3, R4, R5, R and R7 are as defined
above, and X i represents a halogen atom. Examples of
halogen atoms represented by X i include fluorine,
chlorine, bromine, and iodine. Preferable leaving
groups in the reaction include halogen. Among these,
iodine is particularly preferable. 



Compound (1) can be prepared by reacting the compound
of General Formula (2) and the compound of General
Formula (3) in an inert solvent or without using any
solvents, in the presence or absence of a basic
compound, in the presence of a palladium catalyst .
Examples of inert solvents include water; ether-based
solvents such as dioxane, tetrahydrof uran , diethyl
ether, 1,2- dimethoxye thane , diethylene glycol
dimethyl ether, and ethylene glycol dimethyl ether;
aromatic hydrocarbon-based solvents such as benzene,
toluene, and xylene; lower alcohol-based solvents such
as methanol, ethanol, and isopropanol; ketone-based
solvents such as acetone and methyl ethyl ketone; and
polar solvents such as N,N-dimethylformamide (DMF),
dimethyl sulfoxide (DMSO), hexamethylphosphoric
triamide, and acetonitrile . These inert solvents can
be used singly or in combinations of two or more.
Palladium compounds used in the reaction are not
particularly limited, but include, for example,
tetravalent palladium catalysts such as sodium
hexachloropalladiumate (IV) tetrahydrate and potassium
hexachloropalladiumate (IV); divalent palladium
catalysts such as palladium (II) chloride, palladium
(II) bromide, palladium (II) acetate, palladium
(II)acetylacetonato , dichlorobis(benzonitrile)
palladium (II), dichlorobis (acetontrile )palladium
(II), dichlorobis (triphenylphosphine )palladium (II),
dichlorotetraammine palladium (II),
dichloro(cycloocta-l,5- diene)palladium (II),
palladium (II) trifluoroacetate , and 1,1'- bis
(diphenylphosphino )ferrocene dichloropalladium (II)-
dichlorome thane complex; zerovalent palladium
catalysts such as tris (dibenzylideneacetone )2
palladium (0), tris (dibenzylideneacetone )2 palladium
(0) chloroform complex, and tetrakis(
triphenylphosphine) palladium (0), etc. These
palladium compounds are used singly or in combinations
of two or more. In the reaction, the amount of the
palladium catalyst is not particularly limited, but is
typically in the range from 0.000001 to 20 moles in
terms of palladium relative to 1 mol of Compound (2).
The amount of the palladium catalyst is preferably in
the range from 0.0001 to 5 moles in terms of palladium
relative to 1 mol of Compound (2). This reaction
advantageously proceeds in the presence of a suitable
ligand. Examples of ligands of the palladium catalyst
include, for example, 2,2" -bis (diphenylphosphino)
-1,1'- binaphthyl (BINAP ), tri-o-tolylphosphine , bis
(diphenylphosphino )ferrocene , triphenylphosphine,
tri-tbutylphosphine , and 9 ,9-dimethyl -4, 5 - bis
(diphenylphosphino )xanthene (XANTPHOS) . These
ligands are used singly or in combinations of two or
more. The proportion of the palladium catalyst and
ligand is not particularly limited. The amount of the
ligand is about 0.1 to about 100 moles per mole of the
palladium catalyst, and preferably about 0.5 to about
15 moles per mole of the palladium catalyst. Various
known inorganic and organic bases can be used as basic
compounds . Inorganic bases include, for example,
alkali metal hydroxides such as sodium hydroxide,
potassium hydroxide, cesium hydroxide, and lithium
hydroxide; alkali metal carbonates such assodium
carbonate, potassium carbonate, cesium carbonate, and
lithium carbonate; alkali metal hydrogen sarbonates
such as lithium hydrogencarbonate , sodium
hydrogencarbonate , and potassium hydrogencarbonate;
alkali metals such as sodium and 



potassium; phosphates such as sodium phosphate and
potassium phosphate; amides such as sodium amide; and
alkali metal hydrides such as sodium hydride and
potassium hydride. Organic bases include, for example,
alkali metal lower alkoxides such as sodium methoxide,
sodium ethoxide, sodium tbutoxide, potassium
methoxide, potassium ethoxide, and potassium
t-butoxide, and amines such as triethylamine ,
tripropylamine , pyridine, quinoline, piper idine,
imidazole, N-ethg ldiisopropylamine, dimethylaminopyr
idine , trimethylamine , dimethylaniline ,
N-methylmorpholine , l,5-diazabicyclo[4.3.0]non-5-ene
(DBN), l,8-diazabicyclo[5.4.0]undec-7-ene (DBU) ,
1,4-diazabicyclo [2.2.2] octane (DABCO ), etc . Such
basic compounds can be used singly or in combinations
of two or more. More preferable basic compounds used
in the reaction include alkali metal carbonates such
as sodium carbonate, potassium carbonate, cesium
carbonate, and lithium carbonate . A basic compound is
usually used in an amount of 0.5 to 10 moles per mole
of Compound (2), and preferably 0.5 to 6 moles per
mole of Compound (2). Compound (3) is usually used in
an amount of at least about 1 mole per mole of
Compound (2), and preferably about 1 to about 5 moles
per mole of Compound (2). The reaction can be
conducted under normal pressure, under inert gas
atmospheres including nitrogen, argon, etc., or under
increased pressure. The reaction proceeds usually at
room temperature to 2000C , and preferably at room
temperature to 15O0C , and is usually completed in
about 1 to about 30 hours. The reaction is also
achieved by heating at 100 to 2000C for 5 minutes to 1
hour usinga microwave reactor. The compound
represented by General Formula (3), which is used as a
starting material in Reaction Scheme 1 is an easily
available known compound. The compound represented by
General Formula (2) includes a novel compound, and the
compound is produced in accordance with Reaction
Scheme 6 shown below. Reaction Scheme 2 wherein R1,
R2, R3, R4, R5, R6, and R7 are as defined above, and
R8 represents a lower alkoxy group. The lower alkoxy
group represented by R8 in General Formula (5) has the
same definition as described above. The compounds
represented by General Formulae (4) and (5) are
reacted in an inert solvent or without using any
solvents, in the presence or absence of an acid
catalyst, thereby giving an intermediate compound
represented by General Formula (6). Then, the
resulting compound was cyclized to produce the
compound represented by General Formula (1).Examples
of inert solvents include water; ether-based solvents
such as dioxane, tetrahydrof uran , diethyl ether,
1,2- dimethoxyethane , diethylene glycol dimethyl
ether, and ethylene glycol dimethyl ether; aromatic
hydrocarbon-based solvents such as benzene, toluene,
and xylene; lower alcohol-based solvents such as
methanol, ethanol, and isopropanol; and polar solvents
such as N,N-dimethylformamide (DMF), dimethyl
sulfoxide (DMSO), hexamethylphosphoric triamide, and
acetonitrile . These inert solvents can be used singly
or in combinations of two or more. Various kinds of
known acid catalysts can be used, including
toluenesulfonic acid, methanesulfonic acid, xylene
sulfonic acid, sulfuric acid, glacial acetic acid,
boron 



trifluoride, acidic ion exchangers, etc. These acid
catalysts can be used singly or in combinations of two
or more. Among such acids, acidic ion exchangers are
preferably used. Examples of acidic ion exchangers
include polymeric cation exchangers available from the
market such as Lewatit SlOO, Zeokarb 225, Dowex 50,
Amberlite IR120, or Amberlyst 15 and like styrene
sulfonic acid polymers; Lewatit PN, Zeo-karb 215 or
315, and like polysulfonic acid condensates; Lewatit
CNO, Duolite CSlOO, and like m-phenolic carboxylic
acid resins; or Permutit C , Zeo-karb 226 or Amberlite
IRC 50 , and like polyacrylates . Of these, Amberlyst
15 is particularly preferred. An oxide catalyst is
usually used in an amount of 0.0001 to 100 moles per
mole of Compound (4), and preferably 0.5 to 6 moles
per mole of Compound (4). In Reaction Scheme 2 ,
Compound (5) is usually used in an amount of at least
about 1 mole per mole of Compound (4), and preferably
about 1 to about 5 moles per mole of Compound (4). The
reaction can be conducted under normal pressure, under
inert gas atmospheres including nitrogen, argon, etc.
, or under increased pressure. The reaction proceeds
usually at room temperature to 2000C , and preferably
at room temperature to 1500C . During the reaction,
azeotropic removal of water is conducted until
thereaction water generation is completed. The
reaction is usually finished in about 1 to about 30
hours . The process of producing the compound of
General Formula (1) via a cyclization reaction of the
intermediate compound represented by General Formula
(6) can be employed by heating the compound in a
solvent such as diphenyl ether, or by heating the
compound in the absence of a solvent. The reaction is
conducted at 150 to 3000C for 5 minutes to 2 hours.
The compound represented by General Formula (4), used
as a starting material in Reaction Scheme 2 described
above is a known compound or can be produced easily
using a known compound. The compound represented by
General Formula (5) includes a novel compound, and the
compound is manufactured in accordance with, for
example, the methods shown in Reaction Scheme 4 and
Reaction Scheme 5 described above. Reaction Scheme 3
wherein R2, R3, R4, R5, R6, and R7 are as defined
above, and R i1 is a group represented by R1 other
than hydrogen, and X2 represents a group that
undergoes the same substitution reaction as that of a
halogen or a halogen atom. Halogens represented by X2
in General Formula (Ia) include the halogen atom
described above. Groups that undergo the same
substitution reaction as that of the halogen atoms
represented by X2 include lower alkyl sulfonyloxy
groups, aryl sulfonyloxy groups, aralkyl sulfonyloxy
groups, etc. Examples of lower alkyl sulfonyloxy
groups include straight or branched C 6 alkyl
sulfonyloxy groups, such as methane sulfonyloxy,
ethane sulfonyloxy, n-propane sulfonyloxy.isopropane
sulfonyloxy, n-butane sulfonyloxy, tert-butane
sulfonyloxy, n-pentane sulfonyloxy, and n-hexane
sulfonyloxy. Examples of aryl sulfonyloxy groups
include naphthyl sulfonyloxy and phenyl sulfonyloxy
optionally substituted on a phenyl ring with one to
three group(s) selected from the group consisting of
straight or branched Ci-6 alkyl groups, straight or
branched C _6 alkoxy groups, nitro groups, and halogen
atoms as a substituent. Examples of phenyl sulfonyloxy
groups optionally substituted with the above
substituent(s) include phenyl 



sulfonyloxy, 4-methylphenyl sulfonyloxy,
2-methylphenyl sulfonyloxy, 4-nitrophenyl sulfonyloxy,
4-methoxyphenyl sulfonyloxy, 2-nitrophenyl
sulfonyloxy, 3-chlorophenyl sulfonyloxy, etc. Examples
of naphthyl sulfonyloxy groups include -naphthyl
sulfonyloxy, b-naphthyl sulfonyloxy, etc. Examples of
aralkyl sulfonyloxy groups include phenyl -
substituted straight or branched Ci_6 alkyl
sulfonyloxy groups that may have, on the phenyl ring,
one to three substituent (s) selected from the group
consisting of straight or branched C _6 alkyl groups,
straight or branched Ci_6 alkoxy groups, a nitro group
and halogen atoms as a substituent, or naphtyl-
substituted straight or branched Ci_6 alkyl
sulfonyloxy groups. Examples of alkyl sulfonyloxy
groups substituted with the above-mentioned phenyl
group(s) include benzyl sulfonyloxy, 2-phenylethyl
sulfonyloxy, 4-phenylbutyl sulfonyloxy, 4-methylbenzyl
sulfonyloxy, 2-methylbenzyl sulfonyloxy, 4-nitrobenzyl
sulfonyloxy, 4-methoxybenzyl sulfonyloxy,
3-chlorobenzyl sulfonyloxy, etc. Examples of alkyl
sulfonyloxy groups substituted with the
above-mentioned naphthyl group(s) include a-
naphthylmethyl sulfonyloxy, b-naphthylmethyl
sulfonyloxy, etc. The compound represented by General
Formula (Ib) can be produced by the reaction of the
compound represented by General Formula (Ia) with the
compound represented by General Formula (7) in an
inert solvent or without using any solvents, in the
presence or absence of a basic compound. Examples of
inert solvents include water; ether-basedsolvents such
as dioxane, tetrahydrofuran, diethyl ether, 1,2-
dimethoxyethane , diethylene glycol dimethyl ether,
and ethylene glycol dimethyl ether; aromatic
hydrocarbon -based solvents such as benzene, toluene,
and xylene; lower alcohol-based solvents such as
methanol, ethanol, and isopropanol; ketone -based
solvents such as acetone and methyl ethyl ketone; and
polar solvents such as N,N-dimethylformamide (DMF) ,
dimethyl sulfoxide (DMSO) , hexamethylphosphoric
triamide, and acetonitrile . These inert solvents can
be used singly or in combinations of two or more. As a
basic compound, various known inorganic bases and
organic bases can be used. Inorganic bases include,
for example, alkali metal hydroxides such as sodium
hydroxide, potassium hydroxide, cesium hydroxide, and
lithium hydroxide; alkali metal carbonates such as
sodium carbonate, potassium carbonate, cesium
carbonate, and lithium carbonate; alkali metal
hydrogen carbonates such as lithium hydrogen
carbonate, sodium hydrogen carbonate, and potassium
hydrogen carbonate; alkali metals such as sodium and
potassium; amides such as sodium amide; and alkali
metal hydrides such as sodium hydride and potassium
hydride. Organic bases include, for example, alkali
metal lower alkoxides such as sodium methoxide, sodium
ethoxide, sodium tbutoxide, potassium methoxide,
potassium ethoxide, and potassium t -butoxide, and
amines such as triethylamine , tripropylamine ,
pyridine, quinoline, piperidine, imidazole, N-ethyl
diisopropylamine, dimethylaminopyridine ,
trimethylamine , dimethylaniline , N-methylmorpholine
, l,5~diazabicyclo[4.3.0]non- 5-ene (DBN),
l,8-diazabicyclo[5.4.0]undec-7-ene (DBU), 1,4-
diazabicyclo [2.2.2] octane (DABCO ), etc . Such basic
compounds can be used singly or in combinations of two
or more. More preferable basic compounds used in the
reaction include inorganic bases such as sodium
hydride and potassium hydride. 



A basic compound is usually used in an amount of 0.5
to 10 moles per mole of Compound (Ia), and preferably
0.5 to 6 molesper mole of Compound (Ia) . In Reaction
Scheme 1 , Compound (7) usually used in an amount of
at least about 1 mole per mole of Compound (Ia), and
preferably about 1 to about 5 moles per mole of
Compound (Ia). The reaction can be conducted under
normal pressure, under inert gas atmospheres including
nitrogen, argon, etc., or under increased pressure.
The reaction proceeds usually at 00C to 2000C , and
preferably at room temperature to 15O0C , and is
usually completed in about 1 to about 30 hours. The
compound represented by General Formula (7), which is
used as a starting material in Reaction Scheme 3 is an
easily available known compound. Compound (5) and
Compound (2), which are the starting materials of the
compound of the invention, include novel compounds,
and can be produced by various methods; for example,
by methods according to the following Reaction Schemes
4 to 6 . Reaction Scheme 4 wherein R2, R3, and R8 are
as defined above, and R9 represents a lower alkoxy
group. The lower alkoxy group represented by R9 in
General Formula (9) has the same definition as
described above. The compound represented by General
Formula (5) can be produced by the reaction of the
compound represented by General Formula (8) with the
compound represented by General Formula (9) in an
inert solvent or without using any solvents, in the
presence or absence of a basic compound. Examples of
inert solvents include water; ether-based solvents
such as dioxane, tetrahydrof uran , diethyl ether,
1,2-dime thoxyethane , diethylene glycol dimethyl
ether, and ethylene glycol dimethyl ether; aromatic
hydrocarbon-based solvents such as benzene, toluene,
and xylene; lower alcohol-based solvents such as
methanol, ethanol, and isopropanol; ketone-based
solvents such as acetone and methyl ethyl ketone; and
polar solvents such as N,N-dimethylformamide (DMF),
dimethyl sulfoxide (DMSO), hexamethylphosphoric
triamide, and acetonitrile . These inert solvents can
be used singly or in combinations of two or more. As a
basic compound, various known inorganic bases and
organic bases can be used. Inorganic bases include,
for example, alkali metal hydroxides such as sodium
hydroxide, potassium hydroxide, cesium hydroxide, and
lithium hydroxide; alkali metal carbonates such as
sodium carbonate, potassium carbonate, cesium
carbonate, and lithium carbonate; alkali metal
hydrogencarbonates such as lithium hydrogencarbonate ,
sodium hydrogencarbonate , and potassium
hydrogencarbonate; alkali metals such as sodium and
potassium; amides such as sodium amide; and inorganic
bases of alkali metal hydrides such as sodium hydride
and potassium hydride. Organic bases include, for
example, alkali metal lower alkoxides such as sodium
methoxide, sodium ethoxide, sodium t - butoxide;
potassium methoxide, potassium ethoxide, and potassium
t-butoxide; and amines such as triethylamine ,
tripropylamine , pyridine, quinoline, piperidine,
imidazole, N - ethyldiisopropylamine ,
dimethylaminopyridine , trimethy lamine ,
dimethylaniline , N-methylmorpholine , l,5-diazabicy
slo[4.3.0]non- 5-ene (DBN),
l,8-diazabicyclo[5.4.0]undec-7-ene (DBU), 1,4-
diazabicyclo [2.2.2] octane (DABCO ), etc . 



Such basic compounds can be used singly or in
combinations of two or more. More preferable basic
compounds used in the reaction include inorganic bases
such as sodium hydride and potassium hydride. A basic
compound is usually used in an amount of about 1 to
about 10 moles per mole of Compound (8), and
preferablyabout 1 to about 6 moles per mole of
Compound (8) In Reaction Scheme 4 , Compound (9) is
usually used in an amount of at least about 1 mole per
mole of Compound (8), and preferably about 1 to about
5 moles per mole of Compound (8). The reaction can be
conducted under normal pressure, under inert gas
atmospheres including nitrogen, argon, etc. , or under
increased pressure. The reaction proceeds usually at
room temperature to 2000C , and preferably at room
temperature to 1500C , and is usually completed in
about 1 to about 30 hours . The compounds represented
by General Formulae (8) and (9), which are used as
starting materials in Reaction Scheme 4 , are easily
available known compounds. Reaction Scheme 5 (S' ) (5)
wherein R2, R3, and R8 are as defined above, and X3
represents a halogen atom. The halogen atom
represented by X3 in General Formula (9 ') has the
same definition as described above . The compound
represented by General Formula (5) can be produced by
the reaction of the compound represented by General
Formula (8 ') with the compound represented by General
Formula (9 ') in an inert solvent or without using any
solvents , in the presence of a basic compound such as
cesium carbonate and a copper catalyst such as copper
iodide. Examples of inert solvents include polar
solvents such as N,N-dimethylformamide (DMF), dimethyl
sulfoxide (DMSO), hexamethylphosphoric triamide, and
acetonitrile . These inert solvents can be used singly
or in combinations of two or more.The reaction may be
conducted in the presence of amino acids such as
L-proline. The reaction can be conducted under normal
pressure, under inert gas atmospheres including
nitrogen, argon, etc., or under increased pressure.
The reaction proceeds usually at room temperature to
2000C , and preferably at room temperature to 1500C ,
and is usually completed in about 1 to about 30 hours.
The above reaction is specifically shown in Reference
Example 58 below. The compounds represented by General
Formulae (8 ') and (9 ') used as starting materials in
Reaction Scheme 5 described above are known compounds,
or can be produced easily using known compounds .
Reaction Scheme 6 annulation reaction wherein R4, R5,
R and R are as defined above, and Xla represents a
halogen atom. R10 represents a lower alkyl group.The
lower alkyl group represented by Rio and a halogen
atom represented by X a have the same definitions as
described above . The compound represented by General
Formula (12) can be produced by the condensation
reaction of the compounds represented by General
Formulae (4), (10), and (11) in an inert 



solvent or without using any solvents . Examples of
inert solvents include water; ether-based solvents
such as dioxane, tetrahydrof uran , diethyl ether,
1,2- dimethoxyethane , diethylene glycol dimethyl
ether, and ethylene glycol dimethyl ether; halogenated
hydrocarbon-based solvents such as methylene chloride,
chloroform, 1,2-dichloroethane, and carbon
tetrachloride; aromatic hydrocarbon-based solvents
such as benzene, toluene, and xylene; lower
alcohol-based solvents such as methanol, ethanol, and
isopropanol; and polar solvents such as
N,N-dimethylformamide (DMF), dimethyl sulfoxide
(DMSO), hexamethylphosphoric triamide, and
acetonitrile . The compound represented by General
Formula (11) can be used as a solvent in place of the
solvents mentioned above. These inert solvents can be
used singly or in combinations of two or more. In
Reaction Scheme 6 , Compound (10) is usually used in
an amount of at least 1 mole per mole of Compound (4),
and preferably about 1 to about 5 moles per mole of
Compound (4). An excess amount of Compound (11) is
used relative to Compound (10) . The reaction can be
conducted under normal pressure, under inert gas
atmospheres including nitrogen, argon, etc., or under
increased pressure. The reaction proceeds usually at
room temperature to 2000C , and preferably at room
temperature to 1500C , and is usually completed in
about 1 to about 30 hours. The compound represented by
General Formula (13) can be produced by an annulation
reaction of the compound represented by General
Formula (12) in an inert solvent or without using any
solvents .Examples of inert solvents include
ether-based solvents such as diphenyl ether. The
reaction can be conducted under normal pressure, under
inert gas atmospheres including nitrogen , argon , etc
., or under increased pressure. The reaction proceeds
usually at room temperature to 3000C , and preferably
at 150 to 3000C , and is usually completed in about 1
to about 30 hours. The compound represented by General
Formula (2a) can be produced by the reaction of the
compound represented by General Formula (13) with the
compound represented by General Formula (14) in an
inert solvent or without using any solvents, in the
presence or absence of a basic compound. Examples of
inert solvents include water; ether-based solvents
such as dioxane, tetrahydrof uran , diethyl ether,
1,2- dime thoxyethane , diethylene- glycol dimethyl
ether, and ethylene glycol dimethyl ether; aromatic
hydrocarbon-based solvents such as benzene, toluene,
and xylene; lower alcohol-based solvents such as
methanol, ethanol, and isopropanol; ketone-based
solvents such as acetone and methyl ethyl ketone;
polar solvents such as N,N-dimethylformamide (DMF),
dimethyl sulfoxide (DMSO), hexamethylphosphoric
triamide, and acetonitrile . These inert solvents can
be used singly or in combinations of two or more. As a
basic compound, various known inorganic bases and
organic bases can be used. Inorganic bases include,
for example, alkali metal hydroxides such as sodium
hydroxide, potassium hydroxide, cesium hydroxide, and
lithium hydroxide; alkali metal carbonates such as
sodium carbonate, potassium carbonate, cesium
carbonate, and lithium carbonate; alkali metal
hydrogencarbonates such as 



lithium hydrogencarbonate , sodium hydrogencarbonate ,
and potassium hydrogencarbonate; alkali metals such as
sodium and potassium; amides such as sodium amide; and
alkali metal hydrides such as sodium hydride and
potassium hydride Organic bases include, for example,
alkali metalalkoxide- based solvents such as sodium
methoxide , sodium ethoxide, sodium t-butoxide,
potassium methoxide, potassium ethoxide, and potassium
t-butoxide; and amines such as triethylamine ,
tripropylamine , pyridine, quinoline, piperidine,
imidazole, N - ethyldiisopropylamine ,
dimethylaminopyridine , trimethylamine ,
dimethylaniline , N-methylmorpholine ,
l,5-diazabicyclo[4.3.0]non- 5-ene (DBN),
l,8-diazabicyclo[5.4.0]undec-7-ene (DBU), 1,4-
diazabicyclo [2.2.2] octane (DABCO ), etc . Such basic
compounds can be used singly or in combinations of two
or more. More preferable basic compounds used in the
reaction include alkali metal carbonates such as
sodium carbonate, potassium carbonate, cesium
carbonate, and lithium carbonate , etc . A basic
compound is usually used in an amount of 0.5 to 10
moles per mole of Compound (13), and preferably 0.5 to
6 moles per mole of Compound (13). In Reaction Scheme
6 , Compound (14) is usually used in an amount of at
least 0.5 moles per mole of Compound (13), and
preferably about 0.5 to about 5 moles per mole of
Compound (13). The reaction can be conducted under
normal pressure, under inert gas atmospheres including
nitrogen , argon , etc ., or under increased pressure.
The reaction proceeds usually at room temperature to
2000C , and preferably at room temperature to 1500C ,
and is usually completed in about 1 to about 30 hours.
The compounds represented by General Formulae (10),
(11) and (14), which are used as starting materials in
Reaction Scheme 6 , are easily available known
compounds. The raw material compounds used in each of
the reaction schemes described above may include
suitable salts, and the objective compounds obtained
via each of the reactions may form suitable salts .
These preferable salts include the following
preferable salts of Compound (1). Suitable salts of
Compound (1) are pharmacologically allowable salts,
including metal salts such as alkali metal salts(e.g.,
sodium salts, potassium salts, and the like); alkaline
earth metal salts (e.g., calcium salts, magnesium
salts, and the like); ammonium salts; salts of
inorganic bases such as alkali metal carbonates (e.g.,
lithium carbonate, potassium carbonate, sodium
carbonate, cesium carbonate, and the like); alkali
metal hydrogencarbonates (e.g., lithium
hydrogencarbonate , sodium hydrogencarbonate ,
potassium hydrogencarbonate, and the like); alkali
metal hydroxides (e.g., lithium hydroxide , sodium
hydroxide, potassium hydroxide, cesium hydroxide,
etc.); salts of organic bases such as tri( lower
)alkylamine (e.g. , trimethylamine , triethylamine ,
N-ethyldiisopropylamine, and the like), pyridine,
quinoline, piperidine, imidazole, picoline,
dimethylaminopyridine , dimethylaniline , N -(lower
)alkyl -morpholine (e.g., N - methylmorpholine , etc
.), 1,5-diazabicyclo [4.3.0] non -5-ene (DBN ),
l,8-diazabicyclo[5.4.0]undec-7-ene (DBU), and 1,4-
diazabicyclo [2 .2 .2]octane (DABCO); inorganic acid
salts such as hydrochloride, hydrobromide ,
hydroiodide, sulfate, nitrate, and phosphate; and
organic acid salts such as formate, acetate,
propionate, oxalate, malonate, succinate, fumarate,
maleate, lactate, malate, citrate, tartrate,
carbonate, picrate, 



methanesulf onate , ethanesulf onate ,
p-toluenesulfonate, and glutamate . In addition,
compounds in the form in which solvate (for example,
hydrate, ethanolate, etc.) was added to the starting
materials and objective compound shown in each of the
reaction schemes are included in each of the general
formulae. Preferable solvates include hydrate. Each of
the objective compounds obtained according to the
above reaction schemes can be isolated and purified
from the reaction mixture by, for example, after
cooling the reaction mixture, performing an isolation
procedure such as filtration, concentration,
extraction, etc. , to separate a crude reaction
product, and then subjecting the crude reaction
product to a usual purification procedure such as
column chromatography, recrystallization , etc.The
compound of Formula (1) according to the present
invention naturally includes geometrical isomers,
stereoisomers, optical isomers, and like isomers. The
following points should be noted regarding the
compound of General Formula (1) shown above. When R i
of General Formula (1) represents a hydrogen atom, the
compound includes a tautomer of the quinolone ring.
That is, when R i represents a hydrogen atom (1 ') in
the quinolone compound of General Formula (D, wherein
R2, R3, R4, R5, R and R7 are as defined above, the
compound of the tautomer can be represented by Formula
(1 1 1 , wherein R2, R3, R4, R5, R and R7 are as
defined above. That is, both of the compounds
represented by Formulae (1') and (1'') are in the
tautomeric equilibrium state represented by the
following balance formula.wherein R2, R3, R4, R5, R
and R7 are as defined above. Such tautomerism between
a 4-quinolone compound and a 4-hydroxyquinoline
compound is technically known, and it is obvious for a
person skilled in the art that both of the above -
described tautomers are balanced and mutually
exchangeable. Therefore, Compound (1) naturally
includes the tautomers as mentioned above. In the
specification, the constitutional formula of a
4-quinolone compound is suitably used as a
constitutional formula of the objective or starting
material including compounds of such tautomers . The
compound of General Formula (1) and the salt thereof
are used in the form of general pharmaceutical
preparations. The preparations are obtained using
typically employed diluents or excipients such as
fillers, extenders, binders, wetting agents,
disintegrators, surfactants, lubricants, etc. The form
of such pharmaceutical preparations can be selected
according to the purpose of the therapy. Typical
examples include tablets, pills, powders, solutions,
suspensions, emulsions, granules, capsules,
suppositories, injections (solutions, suspensions ,
etc .) and the like . To form tablets, any of various
carriers conventionally known in this field can be
used. Examples thereof include lactose, white sugar,
sodium chloride, glucose, urea, starch, calcium
carbonate, kaolin, crystalline cellulose, silicic
acid, and other excipients; water, ethanol, propanol,
simple syrup, glucose solutions, starch solutions,
gelatin solutions, carboxymethylcellulose , shellac,
methylcellulose , potassiumphosphate,
polyvinylpyrrolidone and other binders; dry starch,
sodium alginate, agar powder, laminarin powder, sodium
hydrogen carbonate, calcium carbonate, fatty acid
esters of 



polyoxyethylene sorbitan, sodium lauryl sulfate,
stearic acid monoglycerides , starch, lactose and
other disintegrators; white sugar, stearin, cacao
butter, hydrogenated oils and other disintegration
inhibitors; quaternary ammonium bases, sodium lauryl
sulfate and other absorption promoters; glycerol,
starch and other wetting agents; starch, lactose,
kaolin, bentonite, colloidal silicic acid and other
adsorbents; purified talc, stearates, boric acid
powder, polyethylene glycol and other lubricants; etc.
Further, such tablets may be coated with typical
coating materials as required, to prepare, for
example, sugarcoated tablets, gelatin-coated tablets,
enteric -coated tablets, film-coated tablets, double-
or multi-layered tablets, etc. To form pills, any of
various carriers conventionally known in this field
can be used. Examples thereof include glucose,
lactose, starch, cacao butter, hydrogenated vegetable
oils, kaolin, talc and other excipients; gum arable
powder, tragacanth powder, gelatin, ethanol and other
binders; laminarin, agar and other disintegrators;
etc. To form suppositories, any of various carriers
conventionally known in this field can be used.
Examples thereof include polyethylene glycol, cacao
butter, higher alcohols, esters of higher alcohols,
gelatin, semi synthetic glycerides, etc. Capsules can
be prepared by mixing the active principal compound
with the above-mentioned carriers to enclose the
former in a hard gelatin capsule, soft gelatin capsule
or the like. To form an injection, a solution,
emulsion or suspension is sterilized and preferably
made isotonic to blood. Any of the diluents widely
used for such forms in this field can be employed to
form the injection. Examples of such diluents include
water, ethyl alcohol, macrogol, propylene glycol,
ethoxylated isostearyl alcohol, polyoxylated
isostearyl alcohol.fatty acid esters of
polyoxyethylene sorbitan, etc. In this case, the
pharmaceutical preparation may contain sodium
chloride, glucose or glycerol in an amount sufficient
to prepare an isotonic solution, and may contain
typical solubilizers , buffers, analgesic agents, etc.
Further, if necessary, the pharmaceutical preparation
may contain coloring agents, preservatives, flavors,
sweetening agents, etc., and/or other medicines. The
amount of the compound represented by the General
Formula (1) and the salt thereof included in the
pharmaceutical preparation of the present invention is
not limited, and can be suitably selected from a wide
range. The proportion is generally about 0.1 to about
70 wt.%, preferably about 0.1 to about 30 wt.% of the
pharmaceutical preparation. The route of
administration of the pharmaceutical preparation of
the present invention is not particularly limited, and
the preparation is administered by a route suitable to
the form of the preparation, patient's age, sex and
other conditions, and the status of the disease. For
example, tablets, pills, solutions, suspensions,
emulsions, granules and capsules are administered
orally. Injections are intravenously administered
singly or as mixed with typical injection transfusions
such as glucose solutions, amino acid solutions or the
like, or singly administered intramuscularly,
intracutaneously, subcutaneously or intraperitoneally,
as required. Suppositories are administered
intrarectally . The dosage of the pharmaceutical
preparation of the 



invention is suitably selected according to the method
of use, patient's age, sex and other conditions, and
severity of the disease. The amount of active
principal compound is usually about 0.1 to about 10
mg/kg body weight /day. Further, it is desirable that
the pharmaceutical preparation in each unit of the
administration form contains the active principal
compound in an amount of about 1 to about 200 mg. The
use of the compound of the present invention
incombination with L-dopa preparations, dopamine
receptor agonists, dopamine metabolism enzyme
inhibitors, dopamine release-ratepromoting
preparations, central anticholinergic agents, and the
like can achieve effects such as dosage reduction,
improvement of side effects, increased therapeutic
efficacy, etc., which were not attained by known
therapies . EFFECT OF THE INVENTION The compound of
the present invention has protecting and improving
mitochondrial functional activity and protecting and
repairing neuron activity, etc. , and thus is
effective in the treatment and prevention of
neurodegenerative diseases, diseases relating to
neurodegenerative disorder, and diseases relating to
mitochondrial dysfunction . Neurodegenerative diseases
include Parkinson's disease, Parkinson's syndrome,
juvenile parkinsonism, striatonigral degeneration,
progressive supranuclear palsy, pure akinesia,
Alzheimer's disease. Pick's disease, prion disease,
corticobasal degeneration, diffuse Lewy body disease,
Huntington's disease, chorea- acanthocytosis, benign
hereditary chorea, paroxysmal choreoathetosis ,
essential tremor, essential myoclonus, Gilles de Ia
Tourette's syndrome, Rett's syndrome, degenerative
ballism, dystonia musculorum deformance, athetosis,
spasmodic torticollis, Meige syndrome, cerebral palsy,
Wilson's disease, Segawa's disease, Hallervorden-Spatz
syndrome, neuroaxonal dystrophy, pallidal atrophy,
spino-cerebellar degeneration, cerebral cortical
atrophy. Holmes -type cerebellar atrophy,
olivopontocerebellar atrophy, hereditary
olivopontocerebellar atrophy, Joseph disease,
dentatorubropallidoluysian atrophy,
Gerstmann-Straussler-Scheinker disease, Friedreich's
Ataxia, Roussy-Levy syndrome, May-White syndrome,
congenital cerebellar ataxia, hereditary episodic
ataxia, ataxia telangiectasia, amyotrophic lateral
sclerosis, progressive bulbar palsy, spinal
progressive muscular atrophy, spinobulbar muscular
atrophy, Werdnig- Hoffmann disease, Kugelberg-Welander
disease, hereditary spastic paraparesis,
syringomyelia, syringobulbia, Arnold-Chiarimalf
ormation , Stiffman syndrome, Klippel-Feil syndrome,
Fazio- Londe syndrome, lower myelopathy, Dandy-Walker
syndrome, spina bifida, Sjogren -Larsson syndrome,
radiation myelopathy, agerelated macular degeneration
and cerebral apoplexy (e.g. , cerebral infarction ,
cerebral hemorrhage , etc .). Diseases induced by
neurological dysfunction include spinal cord injury,
chemotherapy- induced neuropathy, diabetic neuropathy,
radiation damage and demyelinating diseases (e.g.,
multiple sclerosis, acute disseminated
encephalomyelitis, transverse myelitis, progressive
multifocal leucoencephalopathy, subacute sclerosing
panencephalitis, chronic inflammatory demyelinating
polyneuropathy, Guillain-Barre syndrome, etc.)
Diseases induced by deterioration of mitochondrion
function include Pearson's syndrome, diabetes,
deafness, malignant migraine, Leber's disease, MELAS,
MERRF, MERRF/MELAS overlap syndrome, NARP, pure
myopathy, mitochondrial cardiomyopathy, myopathy,
dementia, gastrointestinal ataxia, 



acquired sideroblastic anemia, aminoglycoside-induced
hearing loss, complex III deficiency due to inherited
variants of cytochrome b , multiple symmetrical
lipomatosis, ataxia, myoclonus, retinopathy, MNGIE,
ANTl disease. Twinkle disease, POLG disease, recurrent
myoglobinuria, SANDO, ARCO, complex I deficiency,
complex II deficiency, optic nerve atrophy, fatal
infantile complex IV deficiency, mitochondrial DNA
deficiency, mitochondrial DNA deficiency syndrome,
Leigh's encephalomyelopathy,
chronic-progressive-external-ophthalmoplegia syndrome
(CPEO), Kearns-Sayre syndrome, encephalopathy,
lactacidemia , myoglobinuria, drug- induced
mitochondrial diseases, schizophrenia, major
depression disorder, bipolar I disorder, bipolar II
disorder, mixed episode, dysthymic disorders, atypical
depression, seasonal affective disorders, postpartum
depression, minor depression, recurrent brief
depressive disorder, intractable depression/chronic
depression, double depression, acute renal
failure.BEST MODE FOR CARRYING OUT THE INVENTION
Hereinafter, the present invention is described in
more detail with reference to Reference Examples,
Examples and Pharmacological Test Examples. Reference
Example 1 N-Cyclohexyl-4-fluoro-2-nitro-N-meth g
laniline Potassium carbonate (6.0 g , 43.5 mmol) and N
- methylcyclohexylamine (4.6 g , 40.6 mmol) were added
to a N - methylpyrolidone (NMP) solution (20 ml) of
2,5- difluoronitrobenzene (5.0 g , 31.4 mmol), and
stirred at 1000C for 3 hours. The reaction mixture was
cooled to room temperature, water was added, and the
resulting mixture was extracted with ethyl acetate.
The organic layer was washed with water, and then
dried over anhydrous magnesium sulfate. The resulting
dry product was concentrated under reduced pressure to
thereby obtain 7.0 g of oily yellow
N-cyclohexyl-4-fluoro-2-nitro-N-methylaniline (yield:
89%). 1H-NMR (CDCl3) dppm: 1.12-1.80 (1OH, m), 2.67
(3H, s), 3.00-3.09 (IH, m ), 7.07-7.20 (2H, m),
7.42-7.47(1H, m ) The compounds of the following
Reference Examples 2 to 5 were prepared in the same
manner as in the above Reference Example 1 , using
corresponding starting materials . Reference Example 2
4-Fluoro-N- (2-methoxyethyl )-N-methyl-2-nitroaniline
1H-NMR (CDCl3) dppm: 2.85 (3H, s), 3.25-3.31 (5H, m ),
3.52 (2H, t , J=5.6 Hz), 7.16- 7.20 (2H, m), 7.43-7.47
(IH, m ) Reference Example 3
4-Fluoro-N-isobutyl-N-methyl-2-nitroaniline 1H-NMR
(CDCl3) dppm: 0.89 (3H, s), 0.91 (3H, s), 1.89-1.98
(IH, m ), 2.81(3H,s ) , 2 -92 (2H, d , J=7 . 5 Hz) , 7
. 15-7 . 20 (2H, m) , 7 . 42-7 . 46 (IH, m) Reference
Example 4 4-Fluoro-N-isopropyl-N-methyl-2-nitroaniline
1H-NMR (CDCl3) dppm: 1.16 (3H, s), 1.19 (3H, s), 2.67
(3H, s), 3.50-3.61 (IH, m), 7.15-7.20 (2H, m ),
7.43-7.46 (IH, m ) Reference Example 5
4-Fluoro-N-methyl-2-nitro-N-propylaniline 1H-NMR
(CDCl3 ) dppm: 0 . 84 (3H, t , J=7 . 5 Hz) , 1 . 51-1
. 66 (2H, m) , 2 . 77 (3H, s ) , 3 . 00 (2H, t , J=7 .
5 Hz) , 7 . 05-7 . 20 (2H, m) , 7 . 44 ( IH, dd, J=2 .
75 



Hz , J = 8 . 0 Hz) Reference Example 6 4-Fluoro
-2-nitro -1-propylsulf anylbenzene Potassium carbonate
(5.0 g , 36.2 mmol) and 1- propanethiol (2.7 g , 35.5
mmol) were added to a N - methylpyrolidone (NMP)
solution (15 ml) of 2,5- difluoronitrobenzene (5.0 g ,
31.4 mmol), and the mixture obtained was stirred at
900C for 2 hours. After the reaction mixture was
cooled to room temperature, water (50ml) was added,
and the reaction product was extracted with ethyl
acetate (100ml). The organic layer was washed with
water, and then dried over anhydrous magnesium
sulfate. The resulting dry product was concentrated
under reduced pressure to thereby obtain 6.7 g of
powdery yellow
4-fluoro-2-nitro-l-propylsulfanylbenzene (yield: 99%).
1H-NMR (CDCl3) dppm: 1.06 (3H, t , J=7.5 Hz),
1.68-1.83 (2H, m ), 2.89 (2H, t , 7.5 Hz), 7.27-7.42
(2H, m ), 7.89 (2H, dd, J=2.75 Hz, J=8.5 Hz) Reference
Example 7 l-tert-Butoxy-4-fluoro-2-nitrobenzeneA
tetrahydrofuran (THF) solution (20 ml) of potassium
tert- butoxide (3.55 g , 31.6 mmol) was cooled in an
methanol -ice bath, and 4.2 g of
2,5-difluoronitrobenzene (26.4 mmol) was further
added. The mixture was heated to room temperature,
stirred for 96 hours, and further stirred at 600C for
1 hour. Water (2 ml) and 2N-hydrochloric acid (2 ml)
were added to the reaction mixture while cooling with
an ice water bath, and subsequently water was added.
The resulting mixture was extracted with ethyl
acetate. The organic layer was concentrated under
reduced pressure, and the residue was then purified
using silica gel column chromatography (n-hexane :
ethyl acetate = 19 : 1 ) . The purified product was
concentrated under reduced pressure to thereby obtain
4.5 g of oily orange l-tert-butoxy-4-fluoro-2-
nitrobenzene (yield: 80%) . 1H-NMR (CDCl3) dppm: 1.38
(9H, s), 7.18-7.20 (2H, m ), 7.47 (IH, d , J=7.1 Hz)
Reference Example 8 4-Fluoro- 2-nitro
-1-propoxybenzene A N,N-dimethylformamide (DMF)
solution (3 ml) of potassium carbonate (3.48 g , 25.2
mmol) and 1-iodopropane (3.95 g , 23.2 mmol) was added
to a DMF solution (7 ml) of 4-fluoro-2- nitrophenol
(3.3 g , 21.0 mmol). The mixture was stirred at room
temperature for 48 hours. Water was added to the
reaction mixture, and the resulting mixture was
extracted with ethyl acetate. The organic layer was
washed with a saturated sodium chloride solution
twice, and concentrated under reduced pressure. The
residue was purified using silica gel column
chromatography (nhexane : ethyl acetate = 9 : 1). The
purified product was concentrated under reduced
pressure to thereby obtain 4.03 g of oily yellow
4-fluoro-2-nitro-l-propoxybenzene (yield: 96%). 1H-NMR
(CDCl3) dppm: 1.06 (3H, t , J=7.4Hz), 1.78-1.92 (2H, m
), 4.04 (2H, t , J=6.4Hz), 7.04 (IH, dd, J=4.3 Hz,
J=9.2Hz), 7.21-7.29 (IH, m ), 7.58 (IH, dd, J=3.1 Hz,
J=7.8Hz)The compounds of the following Reference
Examples 9 to 16 were prepared in the same manner as
the above Reference Examples 7 to 8 , using
corresponding starting materials. Reference Example 9
4-Fluoro -1-isopropoxy- 2-nitrobenzene 1H-NMR (CDCl3)
dppm: 



1.36 (3H, s), 4.54-4.63 (IH, m ), 7.02-7.05 (IH, m ),
7.18-7.26 (IH, m ), 7.49 (IH, dd, J=3.0 Hz, J=7.5 Hz)
Reference Example 10 1-Ethoxy -4-fluoro -2-nitrobenz
ene 1H-NMR (CDCl3) dppm: 1.44 (3H, t , J=7.0 Hz), 4.08
(2H, q , J=7.0 Hz), 7.02 (IH, dd, J=4.25 Hz, J=9.25
Hz), 7.22-7.30 (IH, m ), 7.56 (IH, dd, J=3.25 Hz,
J=7.75 Hz) Reference Example 11 1-Cyclopropylme thoxy-
4-fluoro- 2-nitrobenzene 1H-NMR (CDCl3) dppm:
0.36-0.41 (2H, m), 0.61-0.69 (2H, m ), 1.22-1.28 (IH,
m ), 3.95 (2H, d , J=6.8 Hz), 7.04 (IH, dd, J=4.4 Hz,
J=9.2 Hz), 7.20- 7.27 (IH, m), 7.57 (IH, dd, J=3.1 Hz,
J=7.8 Hz) Reference Example 12 4-Fluoro -2-nitro
-l-(4,4,4- trifluorobut oxy )benzene 1H-NMR (CDCl3)
dppm: 2.04-2.16 (2H, m ), 2.31-2.44 (2H, m ), 4.14
(2H, t , J=5.9 Hz), 7.04 (IH, dd, J=4.3 Hz, J=9.2 Hz),
7.24-7.32 (IH, m ), 7.61 (IH, dd, J=3.2 Hz, J=7.8 Hz)
Reference Example 13 4-Fluoro-l- (2-methoxyethoxy)
-2-nitrobenzene 1H-NMR (CDCl3) dppm:3. 45 (3H, s ) ,
3.78 (2H, t , J=4 .8 Hz) , 4. 24 (2H, t , J=4 .8 Hz) ,
7. 12 (IH, dd, J=4 .4 Hz , J= 9.2 Hz) , 7.23-7 .30
(IH, m) , 7. 59 (IH, dd, J=3 .1 Hz , J= 7.8 Hz)
Reference Example 14 1-Cyclopenty loxy -4-fluoro
-2-nitrobenzene 1H-NMR (CDCl3) dppm: 1.62-1.66 (2H, m
), 1.83-1.94 (6H, m ), 4.82-4.86 (IH, m ), 7.04 (IH,
dd, J=4.4 Hz, J=9.3 Hz), 7.19-7.27 (IH, m ), 7.54 (IH,
dd, J=3.2 Hz, J=7.8 Hz) Reference Example 15
1-Cyclobutylmethoxy- 4-fluoro- 2-nitrobenzene 1H-NMR
(CDCl3) dppm: 1.90-2.02 (4H, m ), 2.08-2.15 (2H, m ),
2.77-2.81 (IH, m ), 4.03 (2H, d , J=6.2 Hz), 7.04 (IH,
dd, J=4.3 Hz, J=9.2 Hz), 7.21- 7.28 (IH, m), 7.58 (IH,
dd, J=3.1 Hz, J=7.8 Hz) Reference Example 16
2-(4-Fluoro -2-nitrophenoxymethyl )tetrahydrofuran
1H-NMR (CDCl3) dppm: 1.88-2.12 (4H, m ), 3.80-3.94
(2H, m ), 4.11 (2H, d , J=4.0 Hz), 4.27-4.32 (IH, m ),
7.10 (IH, dd, J=4.4 Hz, J=9.3 Hz), 7.22-7.30 (IH, m ),
7.59 (IH, dd, J=3.1 Hz, J=7.8 Hz) Reference Example 17
2-[3-(4-Fluoro -2-nitrophenoxy )propyl ]isoindole
-1,3-dione Potassium carbonate (10.8 g , 78.1 mmol)
and N -(3- bromopropyl)phthalimide (12.1 g , 45.1
mmol) were added to a N , N - dimethylformamide (DMF)
solution (80 ml) of 4-fluoro-2- nitrophenol (6.0 g ,
38.2 mmol), and the mixture was stirred at 6O0C for 4
hours. After the reaction mixture was cooled to room
temperature, water (200 ml) was added, and the
reaction mixture was then cooled with ice. The
precipitated insoluble matter was collected by
filtration. After being washed with water (50 ml3),
the substance remaining in the filter was air-dried,
giving 13.2 g of powdery pale yellow 2-
[3-(4-fluoro-2- nitrophenoxy) propyl ]isoindole-l,
3-dione (yield: 100%). 1H-NMR (CDCl3) dppm: 2.18-2.28
(2H, m ), 3.93 (2H, t , J=6.5 Hz), 4.15 (2H, t , J=6.0
Hz), 7.04 (IH, dd, J=4.3 Hz, J=9.2 Hz), 7.23-7.28 (IH,
m ), 



7.58 (IH, dd, J=3.1 Hz, J=7.8 Hz), 7.69-7.74 (2H, m ),
7.81-7.85 (2H, m ) Reference Example 18
3-(4-Fluoro-2-nitrophenoxy)propylamine 6.5 g of
2-[3-(4-fluoro-2-nitrophenoxy)propyl]isoindole- 1,3
-dione was suspended in ethanol (140 ml), and
hydrazine hydrate (3.0 ml) was added to the resulting
suspension. The mixture was stirred for 3.5 hours
while heating under reflux. The reaction mixture was
cooled to room temperature, and concentrated under
reduced pressure. 13 ml of 5N sodium hydroxide aqueous
solution was added to the residue, and the resulting
mixture was extracted with dichlorome thane . The
organic layer was washed with a saturated sodium
chloride solution, and then dried over anhydrous
magnesium sulfate. The resulting dry product was
concentrated under reduced pressure to thereby obtain
4.03 g of oily red orange 3 -(4-fluoro-
2-nitrophenoxy) propylamine (yield: 100%). 1H-NMR
(CDCl3) dppm: 1.92-2.02 (2H, m ), 2.94 (2H, t , J=6.5
Hz), 4.19 (2H, t , J=5.9 Hz), 7.07 (IH, dd, J=4.3 Hz,
J= 9.2 Hz), 7.22-7.30 (IH, m ), 7.59 (IH, dd, J=3.1
Hz, J= 7.8 Hz) Reference Example 19 N -[3-(4-Fluoro
-2-nitrophenoxy )propyl ]acetamide Pyridine (1.5 ml,
18.6 mmol) and acetic anhydride (0.97 g , 10.3 mmol)
were added to a dichloromethane solution of 3- (4-
fluoro- 2-nitrophenoxy) propylamine (2.0 g , 9.33
mmol), while being cooled with ice, and then
dichloromethane (4 ml) was furtheradded. The resulting
mixture was stirred at room temperature for 15 hours.
2N-hydrochloric acid (9.5 ml) was added to the
reaction mixture, and the mixture was stirred. Water
was added to the mixture, and the resulting mixture
was extracted with dishloromethane . After being
washed with a saturated sodium chloride aqueous
solution, the organic layer was concentrated under
reduced pressure. The residue was then purified by
silica gel column chromatography (dichlorome thane :
methanol = 30 : 1 20 : 1). The purified product was
concentrated under reduced pressure to thereby obtain
2.13 g of oily yellow N-[3-(4-fluoro- 2-nitrophenoxy)
propyl ]acetamide (yield: 89%). 1H-NMR (CDCl3) dppm:
2.04 (3H, s), 2.03-2.12 (2H, m ), 3.48-3.55 (2H, m ),
4.20 (2H, t , J=5.5 Hz), 6.56 (IH, brs) , 7.08 (IH,
dd, J=4.3 Hz, J=9.3 Hz), 7.26-7.36 (IH, m ), 7.70 (IH,
dd, J=3.2 Hz, J=7.8 Hz) Reference Example 20 N
-[3-(4-Fluoro -2-nitrophenoxy )propyl ]methanesulf
onamide Pyridine (1.5 ml, 18.6 mmol) and
methanesulfonyl chloride (0.8 ml, 10.3 mmol) were
added, while being cooled with ice, to a dichlorome
thane solution of 3-(4-fluoro-2- nitrophenoxy)
propylamine (2.0 g , 9.33 mmol), and dichlorome thane
(4 ml) was further added. The resulting mixture was
stirred at room temperature for 24 hours, and
methanesulfonyl chloride (0.12 ml, 1.5 mmol) was
further added thereto, and then the mixture was
stirred at room temperature for 15 hours. 2N
hydrochloric acid (9.5 ml) was added to the reaction
mixture, and the mixture was stirred. Water was added
to the mixture, and the resulting mixture was
extracted with dichlorome thane . After being washed
with a saturated sodium chloride aqueous solution, the
organic layer was concentrated under reduced pressure,
and the residue was then purified by silica gel column
chromatography (n-hexane : ethyl acetate = 4 : 1 1 : 1
) . The purified product was 



concentrated under reduced pressure to thereby obtain
1.2 g of oily yellow orange
N-[3-(4-fluoro-2-nitrophenoxy) propyl] me
thansulfonamide (yield: 44%) . 1H-NMR (CDCl3) dppm: 2
. 09-2 . 18 (2H, m) , 3 . 00 (3H, s ) , 3 . 39-3 . 46
(2H, m) , 4 . 23 ( 2H, t , J=5 . 6 Hz ) , 5 . 00 ( IH,
brs) , 7 . 09 ( IH, dd, J=4 . 3 Hz , J=9 . 2 Hz) , 7 .
26-7 . 35 (IH, m) , 7 . 66 ( IH, dd, J=3 . 1 Hz , J=7
. 8 Hz) Reference Example 21 Phenyl
[3-(4-Fluoro-2-nitrophenoxy)propyl]carbamate
Triethylamine (2.90 ml, 21.4 mmol) and phenyl
chlorocarbonate (2.52 ml, 20.0 mmol) were added to a
dioxane solution (43 ml) of
3-(4-fluoro-2-nitrophenoxy) propylamine (4.03 g , 18.8
mmol), while being cooled with ice, and the mixture
was stirred at room temperature for 0 .5 hours . The
reaction mixture was concentrated under reduced
pressure, and the residue was then purified by silica
gel column chromatography (dichlorome thane : ethyl
acetate = 30 : 1). The purified product was
concentrated to dryness under reduced pressure to
thereby obtain 5.92 g of powdery yellow phenyl
[3-(4-fluoro-2- nitrophenoxy) propyl] carbamate
(yield: 94%). 1H-NMR (CDCl3) dppm: 2.09-2.18 (2H, m ),
3.48-3.56 (2H, m ), 4.21 (2H, t , J=5.7 Hz), 5.69 (IH,
brs), 7.05-7.20 (4H, m ), 7.26-7.37 (3H, m ), 7.65
(IH, dd, J=3.1 Hz, J=7.8 Hz) Reference Example 22 3 -
[3- (4-Fluoro-2-nitrophenoxy)propyl] -1, 1-dimethyl
urea A 50% dirnethylamine aqueous solution (2.5 ml)
was added to a DMF solution (25 ml) of phenyl
[3-(4-fluoro-2~ nitrophenoxy) propyl] carbamate (5.89
g , 17.6 mmol), and the mixture was stirred at room
temperature for 24 hours. Water was added to the
reaction mixture, and the resulting mixture was
extracted with ethyl acetate. The organic layer was
washed with a saturated sodium chloride aqueous
solution twice, and concentrated under reduced
pressure. The residue was then purified by silica gel
column chromatography (dichlorome thane :ethyl acetate
= 19 : 1 4 : 1 2 : 1). The purified product was
concentrated to dryness under reduced pressure to
thereby obtain 4.10 g of oily pale yellow 3-
[3-(4-fluoro-2-nitrophenoxy)propyl]- 1 , 1-dimethyl
urea (yield: 82%). 1H-NMR (CDCl3) dppm: 2.03-2.12 (2H,
m ), 2.89 (6H, s), 3.42-3.49 (2H, m ), 4.17 (2H, t ,
J=5.8 Hz), 4.85 (IH, brs), 7.09 (IH, dd, J=4.3 Hz,
J=9.3 Hz), 7.24-7.32 (IH, m ), 7.61 (IH, dd, J=3.2 Hz,
J=7.8 Hz) Reference Example 23 1-[3-(4-Fluoro
-2-nitrophenoxy )propyl ]-1,3 ,3-trimethylurea Sodium
hydride (55% in oil) (396 mg, 9.1 mmol) was added,
while being cooled with ice, to a DMF solution (9 ml)
of 2.0 g of 3-[3-(4-fluoro -2-nitrophenoxy )propyl
]-1,1-dimethyl urea (7.0 mmol) and the mixture was
stirred at room temperature for 5 minutes. Methyl
iodide (0.735 ml, 11.8 mmol) was added to the mixture
and the resulting mixture was stirred at room
temperature for 48 hours. Water was added to the
reaction mixture and extraction with ethyl acetate was
performed. After being washed with a saturated sodium
chloride aqueous solution, the organic layer was
concentrated under reduced pressure. The residue was
purified by silica gel column chromatography
(dichlorome thane : ethyl acetate = 9 : 1 6 : 1). The
purified product was concentrated under reduced
pressure to thereby obtain 0.83 g of oily pale yellow
1- [3-(4-fluoro- 2-nitrophenoxy) propyl] -1,3,3 -
trimethylurea (yield: 40%) . 



1H-NMR (CDCl3) dppm: 2.04-2.14 (2H, m ), 2.76 (6H, s),
2.83 (3H, s), 3.38 (2H, t , J=6.9 Hz), 4.09 (2H, t ,
J=5.9 Hz), 7.04 (IH, dd, J=4.3 Hz, J=9.3 Hz),
7.22-7.30 (IH, m ), 7.60 (IH, dd, J=3.1 Hz, J=7.7 Hz)
Reference Example 24 5-Fluoro -2-propoxyaniline
4-Fluoro-2-nitro-l-propoxybenzene (2.0 g , 10.0 mmol)
and 5% palladium carbon (750 mg) were added to ethanol
(30 ml).Catalytic reduction was conducted at room
temperature and atmospheric pressure (normal pressure)
. The catalyst was removed by celite filtration, and
the filtrate was concentrated under reduced pressure.
The residue was dissolved in dichloromethane , and
dried over anhydrous magnesium sulfate. The resulting
dry product was concentrated under reduced pressure to
thereby obtain 1.45g of oily red orange
5-fluoro-2-propoxyaniline (yield: 86%). 1H-NMR (CDCl3)
dppm: 1.04 (3H, t , J=7.4 Hz), 1.74-1.88 (2H, m ),
3.89 (2H, brs), 3.90 (2H, t , J=6.5 Hz), 6.31-6.46
(2H, m ), 6.66 (IH, dd, J=5.1 Hz, J= 8.7 Hz) The
compounds of the following Reference Examples 25 to 42
were prepared in the same manner as the above
Reference Example 24, using corresponding starting
materials. Reference Example 25 5-Fluoro-
2-isopropoxyaniline 1H-NMR (CDCl3) dppm: 1.32 (3H, s),
1.35 (3H, s), 3.88 (2H, brs), 4.38- 4.48(1H, m),
6.31-6.46 (2H, m ), 6.68-6.73 (IH, m ) Reference
Example 26 2-Ethoxy- 5-fluoroaniline 1H-NMR (CDCl3)
dppm: 1.39 (3H, t , J=7.0 Hz), 3.90 (2H, brs), 3.97
(2H, q , J=7.0 Hz), 6.31-6.46 (2H, m ), 6.63-6.68 (IH,
m ) Reference Example 27
5-Fluoro-2-morpholin-4-ylaniline 1H-NMR (CDCl3) dppm:
2 . 83 (4H, t , J=4 . 6 Hz) , 3 . 81 (4H, t , J=4 . 6
Hz) , 4 . 13 (2H, brs) , 6 . 38-6 . 45 (2H, m) , 6 .
93-6 . 97 ( IH, m) Reference Example 285- Fluor o- 2-
pyrr olidin - 1-ylaniline 1H-NMR (CDCl3 ) dppm: 1 .
88-1 . 94 (4H, m) , 2 . 94-3 . 00 (4H, m) , 4 . 03
(2H, brs) , 6 . 35-6 . 46 ( 2H, m) , 6 . 90-6 . 95 (
IH, m) Reference Example 29 2-Cyclopropylmethoxy-
5-fluoroaniline 1H-NMR (CDCl3) dppm: 0.29-0.35 (2H, m
), 0.58-0.65 (2H, m ), 1.22-1.29 (IH, m ), 3.77 (2H, d
, J=6.9 Hz), 3.94 (2H, brs), 6.29-6.46 (2H, m ), 6.64
(IH, dd, J=5.1 Hz, J=8.8 Hz) Reference Example 30
N^Cyclohexyl- 4- f luoro-N^methylbenzene- 1, 2-diamine
1H-NMR (CDCl3) dppm: 1 . 11-1 . 31(4H, m) , 1 . 55-1 .
82 (6H, m) , 2 . 57-2 . 68 (4H, m) , 4 . 18 (2H, brs)
, 6 . 33-6 . 44 (2H, m) , 6 . 92-6 . 98 ( IH, m)
Reference Example 31 4-Fluoro-N 1- (2-methoxyethyl)
-N1-methylbenzene-l, 2-diamine 1H-NMR (CDCl3) dppm: 2
. 70 (3H, s ) , 2 . 96 (2H, t , J=5 . 4 Hz) , 3 . 39
(3H, s ) , 3 . 45 (2H, t , J=5 . 4 Hz ) , 4 . 38 (2H,
brs) , 6 . 33-6 . 43 (2H, m) , 6 . 93-6 . 99 ( IH, m)
Reference Example 32 4-Fluoro -N1-isobutyl-N
1-methylbenzene -1 , 2-diamine 



1H-NMR (CDCl3) dppm: 0.92 (3H, s), 0.94 (3H, s),
1.62-1.83 (IH, m ), 2.54-2.60 (5H, m ), 6.30-6.49 (2H,
m ), 6.82-6.93 (IH, m ) Reference Example 33
4-Fluoro-N 1-isopropyl-N 1-methylbenzene-l, 2-diamine
1H-NMR (CDCl3) dppm: 1.05 (3H, s), 1.07 (3H, s), 2.55
(3H, s), 3.06-3.17 (IH, m ), 4.16 (2H, brs), 6.34-6.45
(2H, m ), 6.91-6.97 (IH, m )Reference Example 34
4-Fluoro-N 1-methg l-N1-propylbenzene-l, 2-diamine
1H-NMR (CDCl3) dppm: 0.86 (3H, t , J=7.4 Hz),
1.41-1.56 (2H, m ), 2.57 (3H, s), 2.72 (2H, t , J=7.25
Hz), 4.18 (2H, brs), 6.35-6.44 (2H, m), 6.91-6.97 (IH,
m ) Reference Example 35 N -[3-(2-Amino
-4-fluorophenoxy )propyl ]acetamide 1H-NMR (CDCl3)
dppm: 1.95-2.05 (2H, m ), 1.97 (3H, s), 3.42-3.50 (2H,
m ), 3.92 (2H, brs), 4.02 (2H, t , J=5.9 Hz), 5.83
(IH, brs), 6.32-6.47 (2H, m ), 6.68 (IH, dd, J=5.0 Hz,
J=8.8 Hz) Reference Example 36 N -[3-(2-Amino
-4-fluorophenoxy )propyl ]methanesulf onamide 1H-NMR
(CDCl3) dppm: 2.02-2.11 (2H, m), 2.94 (3H, s),
3.33-3.40 (2H, m ), 3.91 (2H, brs), 4.07 (2H, t ,
J=5.7 Hz), 4.76 (IH, brs), 6.32-6.46 (2H, m ), 6.68
(IH, dd, J=5.0 Hz, J=8.8Hz) Reference Example 37
5-Fluoro -2-(4,4,4- trifluorobutoxy )aniline 1H-NMR
(CDCl3) dppm: 2.01-2.12 (2H, m ), 2.22-2.41 (2H, m ),
3.87 (2H, brs), 4.01 (2H, t , J=6.0 Hz), 6.32-6.47
(2H, m ), 6.65 (IH, dd, J=5.0 Hz, J=8.8 Hz) Reference
Example 38 1-[3-(2-Amino -4-fluorophenoxy )propyl
]-1,3 ,3-trime thylurea 1H-NMR (CDCl3) dppm: 1.99-2.10
(2H, m), 2.78 (6H, s), 2.84 (3H, s), 3.37 (2H, t ,
J=6.9 Hz), 3.94 (2H, brs), 3.97 (2H, t , J=6.1 Hz),
6.30-6.45 (2H, m ), 6.65 (IH, dd, J=5.1 Hz, J=8.8
Hz)Reference Example 39 5-Fluoro -2-(2-methoxyethoxy
)aniline 1H-NMR (CDCl3) dppm: 3.43 (3H, s), 3.70-3.73
(2H, m ), 3.99 (2H, brs), 4.07-4.10 (2H, m), 6.30-6.45
(2H, m ), 6.72 (IH, dd, J=5.1 HK, J=8.7 HZ) Reference
Example 40 2-Cyclopentyloxy- 5-fluoroaniline 1H-NMR
(CDCl3) dppm: 1.56-1.66 (2H, m ), 1.75-1.87 (6H, m ),
3.85 (2H, brs), 4.69-4.72 (IH, m), 6.30-6.45 (2H, m ),
6.66 (IH, dd, J=5.1 Hz, J=8.8 Hz) Reference Example 41
2-Cyclobutylmethoxy- 5-fluoroaniline 1H-NMR (CDCl3)
dppm: 1.86-1.96 (4H, m ), 2.08-2.16 (2H, m ),
2.74-2.80 (IH, m ), 3.90 (2H, brs), 3.91 (2H, d ,
J=6.7 Hz), 6.31-6.45 (2H, m ), 6.66 (IH, dd, J=5.1 Hz,
J=8.8 Hz) Reference Example 42 2-tert -Butoxy-
5-fluoroaniline 1H-NMR (CDCl3) dppm: 1.37 (9H, s),
3.87 (2H, brs), 6.27-6.45 (2H, m ), 6.85 (IH, dd,
J=5.6 Hz, J=8.8 Hz) Reference Example 43 5-Fluoro
-2-propylsulf anylaniline 



4-Fluoro-2-nitro-l-propylsulfanylbenzene (6.7 g , 31.1
mmol) was dissolved in a mixed solvent of ethanol (40
ml) and water (4 ml). Ammonium chloride (17 g , 0.32
mol) was added to the resulting mixture, and zinc
powder (20 g , 0.31 mol) were added little by little.
The resulting mixture was then stirred at room
temperature for 1 hour. Insoluble matter was removed
by filtration, and the filtrate was concentrated under
reduced pressure to thereby obtain 5.8 g of oily brown
5-fluoro-2-propylsulfanylaniline (yield: 93%) . 1H-NMR
(CDCl3 ) dppm: 0 . 96 (3H, t , J=7 . 3 Hz) , 1 . 49-1
. 64 (2H, m) , 2 . 62 (2H, t , J=7 . 4 Hz) , 4 . 51
(2H, brs) , 6 . 35-6 . 47 ( 2H, m) , 7 . 32-7 . 38
(IH, m) Reference Example 44 4
,5-Difluoro-2-propoxyaniline A toluene solution (20
ml) of benzophenone imine (2.38 g , 13.1 mmol) , tris
(dibenzylidene acetone )dipalladium (275 mg, 0.3
mmol),
9,9-diinethyl-4,5-bis(diphenylphosphino)xanthene
(XANTPHOS) (347 mg, 0.6 mmol) and cesium carbonate (5.
83 g , 17.9 mmol) were added to a toluene solution (60
ml) of l-bromo-4,5- difluoro-2-propoxybenzene (3.0 g ,
11.9 mmol). The mixture was stirred under a nitrogen
atmosphere at 1000C for 23 hours. After the reaction
mixture was cooled to room temperature, water and a
saturated ammonium chloride aqueous solution were
added. The resulting mixture was extracted with ethyl
acetate. The organic layer was dried over anhydrous
magnesium sulfate, and then concentrated under reduced
pressure. The residue was dissolved with diethyl ether
(60 ml) , and concentrated hydrochloric acid (10 ml)
was added to the resulting solution, which was then
stirred for 2 hours. A 5N sodium hydroxide aqueous
solution (24 ml) was added to the reaction mixture to
get a pH =11, and concentrated under reduced pressure.
The residue was dissolved in dishlorome thane and
washed with a saturated sodium chloride aqueous
solution. The organic layer was concentrated under
reduced pressure. The residue was then purified by
silica gel column chromatography (n-hexane : ethyl
acetate = 9 : 1). The purified product was
concentrated under reduced pressure to thereby obtain
850 mg of oily dark brown 4,5-difluoro-2-
propoxyaniline (yield: 38%). 1H-NMR (CDCl3) dppm: 1.04
(3H, t , J=7.4 Hz), 1.75-1.86 (2H, m ), 3.71 (2H,
brs), 3.88 (2H, t , J=6.5 Hz), 6.51 (IH, dd, J=8.0 Hz,
11.5 Hz), 6.60 (IH, dd, J=7.3 Hz, J=Il. 8 Hz)Reference
Example 45 1-(2-Amino- 4-fluorobenzoyl )pyrrolidine A
DMF solution (4 ml) of pyrrolidine (1.93 g , 27.1
mmol), a DMF solution (4 ml) of triethylamine (3.79 g
, 37.5 mmol) , 1-hydroxybenzotriazole (HOBt) (3.11 g ,
23.0 mmol), and l-(3-
dimethylaminopropyl)-3-ethylcarbodilmide hydrochloride
(WSC) (3.91 g , 20.4 mmol) were added to a DMF
solution (4 ml) of 4- fluoroanthranilic acid (2.0 g ,
12.8 mmol) in that order. The mixture was stirred at
room temperature for 14 hours. Water was added to the
reaction mixture and the resulting mixture was
extracted with ethyl acetate. The organic layer was
washed with a saturated sodium chloride aqueous
solution, and then concentrated under reduced
pressure. The residue was then purified by silica gel
column chromatography (dichlorome thane : methanol =
30 : 1 ) . The purified product was concentrated under
reduced pressure to thereby obtain 1.65 g of oily
orange l-(2-amino-4- fluorobenzoyl) pyrrolidine
(yield: 62%) . 1H-NMR (CDCl3) dppm: 



1.75-2.00 (4H, m ), 3.40-3.75 (4H, m ), 4.85 (2H, brs)
, 6.33-6.40 (2H, m ), 7.14-7.21 (IH, m ) Reference
Example 46 Ethyl a-(hydroxymethylene)-4-methoxyphenyl
acetate Sodium hydride (60% in oil) (467 mg, 11.7
mmol) was added to a benzene solution (10 ml) of ethyl
4-methoxyphenyl acetate (2.0 g , 10.3 mmol), while
being cooled with ice. The mixture was stirred at room
temperature for 5 minutes. The stirred mixture was
cooled with ice again; ethyl formate (1.02 ml, 12.6
mmol) was added thereto, and stirred at room
temperature for 3 hours. While being cooled with ice,
water and ethyl acetate were added to the reaction
mixture, and then 2N hydrochloric acid (6 ml) was
added to separate the reaction mixture into two
layers. The organic layer was concentrated under
reduced pressure, and the residue was then purified by
silica gel column chromatography(n-hexane : ethyl
acetate = 4 : 1). The purified product was
concentrated under reduced pressure to thereby obtain
1.97 g of oily slightly reddish -brown ethyl
a-(hydroxymethylene) -4- methoxyphenyl acetate (yield:
86%) . The resultant compound undergoes nitrogen
substitution, and was stored in a freezer. 1H-NMR
(CDCl3) dppm: 1.28 (3H, t , J=7.1 Hz), 3.81 (3H, s),
4.28 (2H, q , J=7.1 Hz), 6.87 (2H, d , J=8.8 Hz),
7.16-7.26 (3H, m ), 12.02 (IH, d , J=12.5 Hz) The
compounds of the following Reference Examples 47 to 57
were prepared in the same manner as the above
Reference Example 46 , using corresponding starting
materials . Reference Example 47 Ethyl 2,4-dimethoxy-
a-(hydroxymethylene )phenyl acetate 1H-NMR (CDCl3 )
dppm: 1 . 21 (3H, t , J=7 . 1 Hz) , 3 . 76 (3H, s ) ,
3 .81 (3H, s ) , 4 . 22 (2H, q , J=7 . 1 Hz) , 6 .
43-6 . 49 (2H, m) , 7 . 00 (IH, d , J=8. 9 Hz) , 7 .
12 (IH, d , J=12 . 6 Hz) , 11 . 89 ( IH, d , J=12 . 6
Hz) Reference Example 48 Ethyl 2,4-dichloro -a
-(hydroxymethylene )phenyl acetate 1H-NMR (CDCl3)
dppm: 1.15 (3H, t , J=7.2 Hz), 4.22 (2H, q , J=7.2
Hz), 7.11-7.26 (3H, m ), 7.40-7.43 (IH, m ), 12.00
(IH, d , J=12.2 Hz) Reference Example 49 Ethyl
a-(hydroxymethylene) -2-methoxyphenyl acetate 1H-NMR
(CDCl3) dppm: 1.19 (3H, t , J=7.1 Hz), 3.79 (3H, s),
4.21 (2H, q , J=7.1 Hz), 6.86-7.68 (5H, m ), 11.91
(IH, d , J=12.3 Hz) Reference Example 50 Ethyl
a-(hydroxymethylene) -2-isopropoxy-4-methoxyphenyl
acetate1H-NMR (CDCl3 ) dppm: 1 .20-1 . 31 (9H, m) , 3
.80 (3H, s ) , 4 . 17 (2H, q , J=7 . 1 Hz) , 4 . 43- 4
. 47 ( IH, m) , 6 . 42-6 . 46 (2H, m) , 6 . 90-7 . 12
( 2H, m) , 11. 85 ( IH, d , J=12 . 6 Hz) Reference
Example 51 Ethyl a-(hydroxymethylene )-4-methoxy-
2-methylphenyl acetate 1H-MMR (CDCl3) dppm: 1.20 (3H,
t , J=7.2 Hz), 2.19 (3H, s), 3.80 (3H, s), 4.22 (2H, q
, J=7.2 Hz), 6.54-6.75 (2H, m ), 7.02-7.26 (2H, m ),
11.94 (IH, d , J=12.7 Hz) Reference Example 52 Ethyl
2-fluoro-a (hydroxymethylene) -4-methoxyphenyl acetate
1H-NMR (CDCl3) dppm: 1.22 (3H, t , J=7.1 Hz), 3.80
(3H, s), 4.21 (2H, q , J=7.1 Hz), 6.61-6.69 (2H, m ),
7.03-7.26 (2H, m ), 12.05 (IH, d , J=12.3 Hz) 



Reference Example 53 Ethyl
4-ethoxy-a-(hydroxymethylene )-2-methoxyphenyl acetate
1H-NMR (CDCl3) dppm: 1.19-1.45 (6H, m), 3.75 (3H, s),
4.00-4.26 (4H, m ), 6.42-6.48 (2H, m), 6.97-7.26 (2H,
m ), 11.86 (IH, d , J=12.3 Hz) Reference Example 54
Ethyl a-(hydroxymethylene)
-4-isopropoxy-2-methoxyphenyl acetate 1H-NMR (CDCl3 )
dppm: 1 . 20-1 . 31 (9H, m) , 3 . 75 (3H, s ) , 4 . 16
(2H, q , J=7 . 2 Hz) , 4 . 43- 4 . 47 ( IH, m) , 6 .
43-6 . 48 ( 2H, m) , 6 . 99-7 . 22 (2H, m) , 11 . 87 (
IH, d , J=12 . 3 Hz) Reference Example 55 Ethyl
4-cyclopropylmethoxy- a- (hydroxymethylene) phenyl
acetate 1H-NMR (CDCl3) dppm: 0.35-0.37 (4H, m ), 1.24
(3H, t , J=7.1 Hz), 3.81-3.83 (2H, m ),4 . 25 (2H, q ,
J=7 . 1 Hz) , 6 . 85-6 . 91 (2H, m) , 7 . 16-7 . 27
(3H, m) , 12 .02 (IH, d , J=12 . 5 Hz) Reference
Example 56 Ethyl a-(hydroxymethylene)
-4-methylsulfanylphenyl acetate 1H-NMR (CDCl3) dppm:
1.22 (3H, t , J=7.1 Hz), 2.47 (3H, s), 4.09 (2H" q ,
J=7.1 Hz), 6.85-6.94 (2H, m ), 7.16-7.26 (3H, m ),
11.99 (IH, d , J=12.3 Hz) Reference Example 57 Ethyl
4-ethoxy-a-(hydroxymethylene) phenyl acetate 1H-NMR
(CDCl3 ) dppm: 1 . 23-1 . 47 (6H, m) , 4 .00-4 . 32
(4H, m) , 6 . 85-6 . 88 (2H, m) , 7 . 15- 7 . 27 (3H,
m) , 12 . 00 (IH, d , J=12 . 5 Hz) Reference Example
58 Ethyl 4-methoxy- a-propionylphenyl acetate
L-Proline (980 mg , 8.52 mmol) , copper (I) iodide
(810 mg , 4.26 mmol), and cesium carbonate (27.7 g ,
85.2 mmol) were added to a dimethylsulf oxide (DMSO)
solution (40 ml) of ethyl propionyl acetate (3.8 g ,
26.3 mmol) and 4-iodoanisole (5.0 g , 21.3 mmol) in
that order. The mixture was stirred under a nitrogen
atmosphere at 40 to 45C for 27 hours. The reaction
mixture was cooled to room temperature, and then water
and ammonium chloride aqueous solution were added. The
resulting mixture was extracted with ethyl acetate.
The organic layer was washed with a saturated sodium
chloride aqueous solution twice, and concentrated
under reduced pressure. The residue was then purified
by silica gel column chromatography (n-hexane : ethyl
acetate = 19 : 1 (r) 8 : 1). The purified product was
concentrated under reduced pressure to thereby obtain
2.97 g of oily yellow ethyl 4-methoxy-
a-propionylphenyl acetate (yield: 56%). 1H-NMR (CDCl3)
dppm: 1.01-1.11 (3H, m), 1.18-1.31 (3H, m ), 2.52-2.61
(2H, m ), 3.80 and 3.82 (3H, s), 4.15-4.24 (2H, m ),
4.65 (0.6H, s ) , 6.84-7.28 (4H,m) , 1 3 . 1 3 ( 0 .
4H, s ) The compound of the following Reference
Example 59 was prepared in the same manner as the
above Reference Example 58, using corresponding
starting materials. Reference Example 59 Ethyl
a-acetyl- 4-methoxyphenyl acetate 1H-NMR (CDCl3) dppm:
1.16-1.29 (3H, m ), 1.85 (1.4H, s), 2.17 (1.6H, s ) ,
3.80 and 3.82 (1.4 and 1.6H, s), 4.13-4.25 (2H, m ),
4.62 (0.6H, s ) , 6.85-7.28 (4H, m), 13.09 (0.4H, s )
Reference Example 60 5-[(5-Fluoro-
2-propoxyphenylamino )methylene] -2, 2-dimethyl -
[1,3] dioxane- 4 ,6-dione 



Meldrum's acid (5.29g, 36.7 mmol) was added to methyl
orthoformate (31 ml), and the mixture was stirred for
2 hours while heating under reflux. The resulting
mixture was cooled to 500C , and
5-fluoro-2-propoxyaniline (4.28 g , 25.3 mmol) and
methyl orthoformate (3 ml) were added thereto. The
resulting mixture was stirred for 6 hours while
heating under reflux. The resulting reaction mixture
was then cooled to room temperature, and concentrated
under reduced pressure. The residue was recrystallized
from methanol to thereby obtain 7.61 g of powdery pale
brown 5-[(5-fluoro -2-propoxyphenylamino )methylene
]-2 ,2- dimethyl- [1,3] dioxane- 4,6-dione (yield :
93% ) . 1H-NMR (CDCl3) dppm: 1.12 (3H, t , J=7.4 Hz),
1.75 (6H, s), 1.85-1.98 (2H, m ), 4.02 (2H, t , J=6.3
Hz), 6.86-6.91 (2H, m ), 7.06-7.10 (IH, m ), 8.60 (IH,
d , J=14.6 Hz), 11.68 (IH, d , J=14.8 Hz) The compound
of the following Reference Example 61 was prepared in
the same manner as the above Reference Example 60,
using corresponding starting materials.Reference
Example 61 5-[(2-Cyclopropylmethoxy-
5-fluorophenylamino )methylene ]-2,2- dimethyl -[1,3]
dioxane -4,6-dione 1H-NMR (CDCl3) dppm: 0.39-0.43 (2H,
m ), 0.65-0.73 (2H, m ), 1.31-1.37 (IH, m ), 1.75 (6H,
s), 3.92 (2H, d , J=6.9 Hz), 6.86-6.91 (2H, m ),
7.07-7.11 (IH, m ), 8.60 (IH, d , J=14.5 Hz), 11.69
(IH, d , J=14.3 Hz) Reference Example 62 5-Fluoro-
8-propoxy- lH-quinolin- 4-one
5-[(5-Fluoro-2-propoxyphenylamino)methylene] -2, 2-
dimethyl- [1,3] dioxane- 4 ,6-dione (7.6 g , 23.5 mmol
) was added to diphenyl ether (15 ml), and the mixture
was heated using a mantle heater, and then kept under
reflux for 2 hours. After the reaction mixture was
cooled to room temperature, ethyl acetate (5 ml) and
n-hexane (10 ml) were added. The resulting mixture was
stirred and the resultant insoluble matter was
collected by filtration. The filtrate was
recrystallized from an ethyl acetate-n-hexane mixed
solvent to thereby obtain 3.15 g of powdery dark brown
5-fluoro-8-propoxy-lH-quinolin-4-one (yield: 61%).
1H-NMR (DMSO-d6) dppm: 1.03 (3H, t , J=7.3 Hz),
1.74-1.88 (2H, m ), 4.07 (2H, t , J=6.4 Hz), 5.97 (IH,
d , J=7.4 Hz), 6.87 (IH, dd, J=8.8 Hz, 11.9 Hz), 7.13
(IH, dd, J=4.0 Hz, J=8.8 Hz), 7.70 (IH, t , J=7.2 Hz),
11.07 (IH, brs) The compound of the following
Reference Example 63 was prepared in the same manner
as the above Reference Example 62, using corresponding
starting materials. Reference Example 63
8-Cyclopropylmethoxy- 5-fluoro- lH-quinolin- 4-one
1H-NMR (DMSO-d6) dppm:0.34-0 .40 (2H, ) , 0. 55-0 . 61
(2H, m) , 1. 27-1 .33 (IH, m) , 3. 98 (2H, d, J=7 .0
Hz) , 5.97 (IH, d, J=7 .4 Hz) , 6.86 (IH, dd, J=8 .8
Hz , J=Il .9 Hz) , 7. 13 (IH, dd, J=4 .0 Hz , J= 8.8
Hz) , 7.71 (IH, t , J=7 .4 Hz) , 11 . 10 (IH, brs)
Reference Example 64 5-Fluor o-2-methyl-8-propoxy -IH
-quinolin -4 one Amber lyst 15 (1.0 g , a product of
Sigma Aldrich Corp.) was added to a benzene solution
(200 ml) of 5-fluoro-2- propoxyaniline (10 g , 59
mmol) and ethyl acetoacetate (7.7 g , 59 mmol) . The
mixture was stirred while heating under reflux for 6
hours and using a Dean-Stark trap. The reaction
mixture was 



cooled to room temperature, the resin was removed by
filtration, and the filtrate was concentrated under
reduced pressure. Diphenyl ether (20ml) was added to
the residue. The mixture was heated using a mantle
heater and stirred under reflux for 2 hours. After the
reaction mixture was cooled to room temperature,
insoluble matter obtained by the addition of n-hexane-
ethyl acetate (2 : 1 ) was collected by filtration.
The substance remaining on the filter was washed with
n-hexane -ethyl acetate (2 : 1), and dried to thereby
obtain 6.0 g of powdery pale yellow
5-fluoro-2-methyl-8-propoxy-lH-quinolin-4-one (yield:
43%). 1H-NMR (DMSO-d6) dppm: 0.97 (3H, t , J=7.3 Hz),
1.77-1.87 (2H, m ), 2.34 (3H, s ) , 4.08 (2H, t ,
J=6.4 Hz), 5.84 (IH, s), 6.79-6.88 (IH, m ), 7.10-7.14
(IH, m ), 10.58 (IH, brs) Reference Example 65
5-Fluoro-3-iodo-8-propoxy-lH-quinolin-4-one
5-Fluoro-8-propoxy-lH-quinolin-4-one (1.0 g , 4.52
mmol) was suspended in DMF (11 ml), and potassium
carbonate (0.7 g , 5.06 mmol) and iodide (1.27 g ,
5.00 mmol) were added to the suspension. The resulting
mixture was stirred at room temperature for 3 hours.
The reaction mixture was poured into a sodium
thiosulfate (3.94 g , 25 mmol) aqueous solution (45
ml). Themixture was stirred for 5 minutes. Ethyl
acetate was added to the resulting reaction mixture
and stirred, thereby collecting insoluble matter by
filtration. The filtrate was separated, and the
organic layer was washed with a saturated sodium
chloride aqueous solution, and then concentrated under
reduced pressure. The residue and the collected
insoluble matter were combined, and then purified by
silica gel column chromatography (dichlorome thane :
methanol = 50 : 1 (r) 40 : 1). The purified product
was concentrated to dryness under reduced pressure to
thereby obtain 1.25 g of powdery pale dark brown
5-fluoro-3-iode- 8-propoxy-lH-guinolin-4-one (yield:
80%). 1H-NMR (DMSO-d6) dppm: 1.02 (3H, t , J=7.4 Hz),
1.78-1.86 (2H, m ), 4.09 (2H, t , J=6.5 Hz), 6.97 (IH,
dd, J=8.8 Hz, J= 11.9 Hz), 7.19 (IH, dd, J=4.0 Hz,
J=8.8 Hz), 8.19 (IH, s), 11.44 (IH, brs) The compounds
of the following Reference Examples 66 and 67 were
prepared in the same manner as the above Reference
Example 65, using corresponding starting materials.
Reference Example 66
5-Fluoro-3-iodo-2-methyl-8-propoxy -IH -quinolin
-4-one 1H-NMR (CDCl3) dppm: 0.97 (3H, t , J=7.4 Hz),
1.78-1.88 (2H, m ), 2.70 (3H, s ) , 6.92- 7.00 (IH,
m), 7.17-7.22 (IH, m ) Reference Example 67 8-Cyclopr
opylmethoxy -5-fluoro -3-iodo -IH-quinolin -4-one
1H-NMR (DMSO-d6) dppm: 0.36-0.40 (2H, m ), 0.56-0.63
(2H, m ), 1.28-1.31 (IH, m ), 3.99 (2H, d , J=7.0 Hz),
6.97 (IH, dd, J=8.8 Hz, J=Il. 9 Hz), 7.19 (IH, dd,
J=4.0 Hz, J=8.8 Hz), 8.19 (IH, s), 11.48 (IH, brs)
Reference Example 68 8-Cyclopropylmethoxy- 1-ethyl-
5-fluoro- 3-iodo- lH-quinolin- 4-onePotassium
carbonate (450 mg, 3.26 mmol) was added to a DMF
solution (5 ml) of
8-cyclopropylmetho-^-5-luoro-3-iodo-lHquinolin- 4-one
(910 mg, 2.53 mmol). The mixture was stirred for 15
minutes at room temperature. Ethyl iodide (0.31 ml,
3.87 mmol) was added thereto, and the resulting
mixture was stirred at 600C for 2 hours . After the
reaction mixture was cooled to room temperature, water
was added, and the resulting mixture was 



extracted with ethyl acetate. The organic layer was
concentrated under reduced pressure and the residue
was then purified by silica gel column chromatography
(dichloromethane : ethyl acetate = 40 : 1 (r) 15 : 1).
The purified product was concentrated to dryness under
reduced pressure to thereby obtain 750 mg of powdery
pale dark brown
8~cyclopropylmethoxy-l-ethyl-5-fluoro-3-
iodo-lH-quinolin-4-one (yield: 77%). 1H-NMR (DMSO- d6)
dppm: 0.34-0.38 (2H, m ), 0.57-0.64 (2H, m ),
1.26-1.36 (4H, m ), 3.93 (2H, d , J=7.3 Hz), 4.56 (2H,
q , J=7.0 Hz), 7.05 (IH, dd, J=8.9 Hz, J= 11.4 Hz),
7.24 (IH, dd, J=4.6 Hz, J= 9.0 Hz), 8.45 (IH, s )
Reference Example 69 2,2, 2-Trifluoro-N-
(5-fluoro-2-propoxyphenyl) acetamide A dichloromethane
solution (60 ml) of 5-fluoro-2- propoxyaniline (10.
Og, 59.1 mmol) was cooled with ice, and triethylamine
(16.5 ml) was added thereto. Then, trifluoroacetic
anhydride (14.8 g , 70.5 mmol) was added, and the
resulting mixture was stirred at room temperature for
1 hour. Water was added to the reaction mixture, and
the resulting mixture was extracted with
dichloromethane. The organic layer was washed with
water, and dried over anhydrous sodium sulfate. The
resulting dry product was concentrated under reduced
pressure, and the residue was then purified by silica
gel column chromatography (n-hexane : ethyl acetate =
10 : 1). The purified product was concentrated to
dryness under reduced pressure to thereby obtain 15.83
g of powdery white 2 ,2,2- trifluoro-N- (5-fluoro-2-
propoxyphenyl) acetamide (yield: 99%).1H-NMR (CDCl3 )
dppm: 1 . 03 (3H, t , J=7 . 5 Hz ) , 1 . 79-1 . 93
(2H, m) , 3 . 98 (2H, t , J=6 . 5 Hz ) , 6 . 80-6 . 86
(2H, m) , 8 . 10-8 . 12 ( IH, m) , 8 . 64 (IH, brs)
Reference Example 70 Ethyl ester of
4,4,4-trifluoro-3-(5-fluoro-2-propoxyphenylamino)
buta-2-enoic acid Carboethoxymethylene
triphenylphosphorane (41.52 g , 119.2 mmol) was added
to a toluene solution (100 ml) of 2,2,2-
trifluoro-N-(5-fluoro-2-propoxyphenyl)acetamide (15.83
g , 59.1 mmol) . The mixture was stirred under a
nitrogen atmosphere while heating under reflux for 4
hours. The reaction mixture was cooled to room
temperature, concentrated under reduced pressure, and
the residue was then purified by silica gel column
chromatography (nhexane : ethyl acetate = 10 : 1 ) .
The purified product was concentrated under reduced
pressure to thereby obtain 19.7 g of oily yellow ethyl
ester of 4,4,4-trifluoro-3-(5-fluoro-2-
propoxyphenylamino) buta-2-enoic acid (yield: 99%) .
1H-NMR (CDCl3) dppm: 1.02 (3H, t , J=7.5 Hz), 1.28
(3H, t , 7.0 Hz), 1.74-1.88 (2H, m ), 3.85 (2H, t ,
J=6.5 Hz), 4.17 (2H, q , J=7.0 Hz), 5.41 (IH, s),
6.77-6.97 (3H, m ), 9.77 (IH, brs) Reference Example
71
5-Fluoro-8-propoxy-2-trifluoromethyl-lH-quinolin-4-one
Diphenyl ether (15 ml) was added to ethyl ester of
4,4,4-trifluoro -3-(5-fluoro -2-propoxyphenylamino
)buta -2-enoic acid (19.7 g , 59.0 mmol), and the
mixture was stirred for 1.5 hours while heating under
reflux. The reaction mixture was cooled to room
temperature, n-hexane was added, and the precipitate
was collected by filtration. The substance remaining
on the filter was washed with n-hexane, and dried to
thereby obtain 16.2 g of powdery white
5-fluoro-8-propoxy-2-trifluoromethyl-lH-quinolin-4-
one (yield: 94%). 



1H-NMR (DMSO-d6) dppm:1. 00 (3H, t , 3=1 . 5 Hz) , 1.
76-1 . 90 (2H, m) , 4. 07 (2H, t , J=6 .5 Hz) , 7.
18-7. 32 (3H, m) , 12 . 26 (IH, brs) Reference Example
72
5-Fluoro-3-iodo-8-propoxy-2-trifluoromethyl-lH-quinoli
n-4-one Potassium carbonate (3.73 g , 27 mmol) and
iodide (6.85 g , 27 mmol) were added to a DMF solution
(20 ml) of 5-fluoro-8-
propoxy-2-trifluoromethyl-lH-quinolin-4-one (6.0 g ,
20.7 mmol) in that order, and the resulting mixture
was stirred at room temperature for 1.5 hours. A
saturated sodium sulfite aqueous solution (20 ml) and
ethyl acetate were added to the reaction mixture, and
the precipitated solid was collected by filtration.
The filtrate was washed with water, and then dried
over anhydrous sodium sulfate. The dried filtrate was
concentrated under reduced pressure. The residue and
the substance collected by the advance filtration were
combined, and dissolved in ethanol, and then
concentrated. The residue was recrystallized from an
ethyl acetate-n-hexane mixed solvent to thereby obtain
4.7 g of powdery white
5-fluoro-3-iodo-8-propoxy-2-trifluoromethyl-lH-quinoli
n-4- one (yield: 55%). 1H-NMR (DMSO-d6) dppm: 0.96
(3H, t , J=7.5 Hz), 1.70-1.80 (2H, m ), 3.95 (2H, t ,
J=6.5 Hz), 6.64-6.85 (2H, m ), 12.02 (IH, brs)
Reference Example 73 1-(5-Bromo-2-cyclopenty
loxyphenyl )ethanone Potassium carbonate (6.55 g ,
47.4 mmol), cyclopentyl bromide (8.25 g , 55.3 mmol)
and DMF (5 ml) were added to a DMF solution (10 ml) of
5 '-bromo-2 1-hydroxyacetophenone (8.5 g , 39.5 mmol),
and the resulting mixture was stirred at 600C for 4.5
hours. Potassium carbonate (3.0 g , 21.7 mmol) and
cyclopentyl bromide (2.0 g , 13.4 mmol) were added to
the resultant mixture, and stirred at 600C for 9
hours. After the reaction mixture was cooled to room
temperature, water was added, and the resulting
mixture was extracted with ethyl acetate. The organic
layer was washedwith a saturated sodium chloride
aqueous solution, and then concentrated under reduced
pressure. The residue was then purified by silica gel
column chromatography (n-hexane: ethyl acetate=9 :1 )
. The purified product was concentrated under reduced
pressure to thereby obtain 11.3 g of oily pale yellow
l-(5-bromo- 2-cyclopentyloxyphenyl )ethanone (yield :
100%). 1H-NMR (CDCl3) dppm: 1.68-1.95 (8H, m ), 2.58
(3H, s), 4.83-4.87 (IH, m ), 6.83 (IH, d , J=8.9 Hz),
7.49 (IH, dd, J=2.6 Hz, 8.9 Hz), 7.82 (IH, d , J=2.6
Hz) Reference Example 74 1-(5-Bromo
-2-cyclopentyloxyphenyl )ethanone oxime
l-(5-Bromo-2-cyclopentyloxyphenyl) ethanone (5.0 g ,
17.65 mmol) was dissolved in a mixed solvent of
chloroform (18 ml) and methanol (70 ml). Hydroxylamine
hydrochloride (1.88 g , 27.0 mmol) and pyridine (4.36
ml, 54.1 mmol) were added to the resulting solution,
and the mixture was stirred for 6 hours while heating
under reflux. The reaction mixture was cooled to room
temperature, and then concentrated under reduced
pressure. 2N Hydrochloric acid (13.9 ml) was added to
the residue, and the resulting mixture was extracted
with dichloromethane . The organic layer was washed
with a saturated sodium chloride aqueous solution,
dried over magnesium sulfate, and concentrated to
dryness under reduced pressure. The residue was washed
with n - hexane and dried to thereby obtain 4.6 g of
powdery white l-(5- bromo- 2-cyclopentyloxyphenyl)
ethanone oxime (yield: 87%). 



1H-NMR (CDCl3) dppm: 1.65-1.90 (8H, m), 2.17 (3H, s),
4.72-4.76 (IH, m ), 6.76 (IH, d , J=8.4 Hz), 7.35-7.41
(2H, m ), 7.99 (IH, brs) Reference Example 75 N
-(5-Bromo-2-cyclopentyloxyphenyl) acetamide 1-(5-Bromo
-2-cyclopentyloxyphenyl )ethanone oxime (4.56 g , 15.3
mmol) was suspended in acetonitrile (100 ml).
Indium(III) chloride (507 mg, 2.29 mmol) was added
thereto, and the resultant was heated under reflux for
2 hours under a nitrogen atmosphere. The reaction
mixture was cooled to room temperature, and then
concentrated under reduced pressure. The residue was
extracted with dichloromethane . The organic layer was
washed with a saturated sodium chloride aqueous
solution, and then concentrated under reduced
pressure. The residue was then purified by silica gel
column chromatography (n-hexane: ethyl acetate=8 : 1 :
1). The purified product was concentrated under
reduced pressure to thereby obtain 3.41 g of oily pale
yellow N - (5-bromo-2-cyclopentyloxyphenyl)acetamide
(yield: 75%). 1H-NMR (CDCl3) dppm: 1.67-1.94 (8H, m ),
2.18 (3H, s), 4.75-4.81 (IH, m ), 6.72 (IH, d , J=8.7
Hz), 7.10 (IH, dd, J=2.3 Hz, 8.7 Hz), 7.67 (IH, brs),
8.55 (IH, d , J=2.3 Hz) Reference Example 76 5-Bromo
-2-cyclopentyloxyaniline Concentrated hydrochloric
acid (5.8 ml) was added to an ethanol solution (100
ml) of N-(5-bromo-2- cyclopentyloxyphenyl )acetamide
(3.4 g , 11.4 mmol), and the resulting mixture was
stirred for 3 hours while heating under reflux. After
the reaction mixture was cooled to room temperature, a
5N sodium hydroxide solution (14.2 ml) was added to
obtain a pH of 11. The resulting mixture was then
extracted with dichloromethane. The organic layer was
washed with a saturated sodium chloride aqueous
solution, and then concentrated under reduced
pressure. The residue was then purified by silica gel
column chromatography (n-hexane: ethyl acetate=4 :1).
The purified product was concentrated under reduced
pressure to thereby obtain 2.97 g of oily pale yellow
5-bromo- 2-cyclopentyloxyaniline (yield: 100%). 1H-NMR
(CDCl3) dppm: 1.62-1.89 (8H, m ), 3.80 (2H, brs),
4.71-4.75 (IH, m ), 6.61 (IH, d , J=8.4 Hz), 6.75-6.81
(2H, m )Example 1
5-Fluoro-3-furan-3-yl-8-propoxy-lH-quinolin-4-one
5-Fluoro-3-iodo-8-propoxy-lH-quinolin-4-one (780 mg,
2.24 mmol) was suspended in a mixed solvent of toluene
(10 ml) and methanol (1.6 ml), and furan-3-boronic
acid (752 mg), tetrakis triphenylphosphine palladium
(130 mg, 0.11 mmol), and a 2N sodium carbonate aqueous
solution (2.25 ml) were added thereto in that order.
The mixture was stirred under a nitrogen atmosphere at
1100C for 20 hours. After the reaction mixture was
cooled to room temperature, water was added, and the
resulting mixture was extracted with dichloromethane .
The organic layer was concentrated under reduced
pressure, the residue was then purified by silica gel
column chromatography (dichloromethane : methanol = 60
: 1 (r) 50 : 1). The purified product was concentrated
under reduced pressure and was recrystallized from
ethanol to thereby obtain 180 mg of powdery pale
yellow 5-fluoro-
3-furan-3-yl-8-propoxy-lH-quinolin-4-one (yield: 58%).
Melting point 214-215C 1H-NMR (DMSO-d6) dppm: 



1.02 (3H, J=7.3 Hz), 1.78-1.87 (2H, m ), 4.09 (2H, t ,
J=6.4 Hz), 6.87-6.95 (2H, m ), 7.13 (IH, dd, J=3.8 Hz,
J= 8.8 Hz), 7.67 (IH, s), 8.11 (IH, s), 8.51 (IH, s),
11.50 (IH, brs) The compounds of the following
Examples 2 to 5 were prepared in the same manner as
the above Example 1 , using corresponding starting
materials. Example 2 5-Fluoro-3-
(3-fluoro-4-methoxyphenyl)
-8~propoxy-lH-quinolin-4-one Gray powder (ethanol)
Melting point 194-195C 1H-NMR (DMSO-d6) dppm: 1.03
(3H, t , J=7.3 Hz), 1.79-1.87 (2H, m ), 3.84 (3H, s),
4.09 (2H, t , J=6.4 Hz), 6.90 (IH, dd, J=8.7 Hz, J=
12.1 Hz), 7.12-7.19 (2H,m), 7.35-7.39 (IH, m ), 7.56
(IH, dd, J=2.0 Hz, J=13.5 Hz), 7.87 (IH, s), 11.40
(IH, brs) Example 3
5-Fluoro-8-propoxy-3-thiophen~3-yl-lH-quinolin-4-one
Pale brown powder (ethanol) Melting point 208-210 0C
1H-NMR (DMSO-de) dppm: 1.02 (3H, t , J=7.4 Hz),
1.75-1.89 (2H, m ), 4.08 (2H, t , J=6.4 Hz), 6.90 (IH,
dd, J=8.7 Hz, J=12.1 Hz), 7.13 (IH, dd, J=3.9 Hz, J=
8.8 Hz), 7.50-7.57 (2H, m ), 8.14 (IH, s ) , 8.19-8.21
(IH, m ), 11.42 (IH, brs) Example 4
3-(3-Chloro-4-methoxyphenyl)
-5-fluoro-8-propoxy-lH-quinolin-4-one Pale yellow
powder (ethanol) Melting point 217-218C 1H-NMR
(DMSO-de) dppm: 1.02 (3H, t , J=7.3 Hz), 1.78-1.86
(2H, m ), 3.85 (3H, s ), 4.08 (2H, t , J=6.4 Hz), 6.90
(IH, dd, J=8.8 Hz, J= 12.0 Hz), 7.10-7.15 (2H, m),
7.51 (IH, dd, J=2.1 Hz, J= 8.5 Hz), 7.74 (IH, d ,
J=2.1 Hz), 7.87 (IH, s), 11.45 (IH, brs) Example 5
5-Fluoro-8-propoxy-3- (4-trifluoromethoxyphenyl)
-lH-quinolin-4-one Pale gray powder (ethanol) Melting
point 212-214C 1H-NMR (DMSO-d6) dppm: 1.03 (3H, t ,
J=7.3 Hz), 1.79-1.87 (2H, m ), 4.09 (2H, t , J=6.4
Hz), 6.92 (IH, dd, J=8.8 Hz, J= 12.0 Hz), 7.16 (IH,
dd, J=3.9 Hz, J=8.8 Hz), 7.35 (2H, d , J=8.5 Hz), 7.73
(2H, d , J=8.7 Hz), 7.91 (IH, s), 11.45 (IH, brs)
Example 6 5-Fluoro -3-(4-methoxyphenyl )-8-propoxy- IH
-quinolin -4-oneAmberlyst 15 (1.0 g , a product of
Sigma Aldrich Corp.) was added to a benzene solution
(150 ml) of 5-fluoro-2- propoxyaniline (16.25 g , 96.0
mmol) and ethyl a- (hydroxymethylene)-4-methoxyphenyl
acetate (21.34 g , 96.0 mmol). The mixture was heated
under reflux for 14 hours while using a Dean-Stark
trap and being stirred. The reaction mixture was
cooled to room temperature, the resin was removed by
filtration, and the filtrate was concentrated under
reduced pressure. Diphenyl ether (40 ml) was added to
the residue, and the mixture was heated using a mantle
heater and stirred under reflux for 2 hours. The
reaction mixture was cooled to room temperature and
purified directly by silica gel column chromatography
(dichlorome thane : methanol = 100 : 0 - 30 : 1 (r) 20
: 1). The purified product was concentrated under
reduced pressure, and the residue was recrystallized
from ethanol to thereby obtain 5.28 g of powdery pale
yellow
5-fluoro-3-(4-methoxyphenyl)-8-propoxy-lHquinolin- 



4-one (yield: 17%) . Melting point 196-197C 1H-NMR
(DMSO-d6) dppm: 1.02 (3H, t , J=7.3 Hz), 1.78-1.86
(2H, m ), 3.75 (3H, s), 4.07 (2H, t , J=6.4 Hz),
6.83-6.96 (3H, m ), 7.11 (IH, dd, J=3.9 Hz, J=8.8 Hz),
7.53 (2H, d , J=8.8 Hz), 7.81 (IH, s), 11.50 (IH, brs)
The compounds of the following Examples 7 to 46 were
prepared in the same manner as the above Example 6 ,
using corresponding starting materials . Example 7
5-Fluoro-3- (2-methoxyphenyl
)-8-propoxy-lH-quinolin-4-one White powder (ethyl
acetate) Melting point 193-195C 1H-NMR (CDCl3) dppm:
1.05 (3H, t , J=7.5 Hz), 1.82-1.97 (2H, m ), 3.77 (3H,
s), 4.05 (2H, t , J=6.3 Hz), 6.77-7.02 (4H, m ),
7.26-7.29 (IH, m ), 7.42-7.45 (IH, m), 7.72-7. 74 (IH,
m ), 8.83 (IH, brs)Example 8 3-(2 ,4-Dimethoxyphenyl)
-5-fluoro-8-propoxy-lH-quinolin-4-one Pale yellow
powder (ethyl acetate) Melting point 116-118C 1H-NMR
(CDCl3) dppm: 1.07 (3H, t , J=7.5 Hz), 1.84-1.98 (2H,
m ), 3.76 (3H, s), 3.84 (3H, s), 4.06 (2H, t , J=7.5
Hz), 6.54-6.58 (2H, m ), 6.77-6.92 (2H, m ), 7.38-7.42
(IH, m ), 7.72-7.75 (IH, m ), 8.79 (IH, brs) Example 9
5-Fluoro-8-isopropoxy-3- (4-methoxyphenyl)
-lH-quinolin-4-one White powder (ethyl acetate)
Melting point 193-194C 1H-NMR (CDCl3) dppm: 1 . 39
(6H, d , J=5 . 0 Hz) , 3 . 79 (3H, s ) , 4 . 58 ( IH,
q , J=5. 0 Hz) , 6 . 79-6 . 92 ( 4H, m) , 7 . 54-7 .
57 (2H, m) , 7 . 68-7 . 71 (IH, m) , 8 .80 ( IH, brs)
Example 10 3- ( 2 , 4-Dichlorophenyl)
-5-fluoro-8-propoxy-lH-quinolin-4-one White powder
(ethyl acetate) Melting point 256-259C 1H-NMR
(DMSO-d6) dppm: 1 . 01 (3H, t , J=7 . 5 Hz) , 1 . 79-1
. 87 ( 2H, m) , 4 . 08 (2H, t , J=6 . 3 Hz) , 6 . 88-6
. 98 ( IH, m) , 6 . 96-7 . 72 ( IH, m) , 7 . 37-7 . 47
(2H, m) , 7 . 65- 7 . 67 (IH, m) , 7 . 75-7 . 77 ( IH,
m) , 11 . 42 ( IH, brs) Example 11 8-Ethoxy-5-f
luoro-3- (4-methoxyphenyl) -lH-quinolin-4-one Pale
yellow powder (ethyl acetate) Melting point 155-156 0C
1H-NMR (CDCl3) dppm: 1 . 46 (3H, t , J=7 . 5 Hz) , 3 .
81 ( 3H, s ) , 4 . 14 (2H, q , J=7 . 5 Hz ) , 6 . 77-6
. 94 ( 4H, m) , 7 . 54-7 . 60 (2H, m) , 7 . 71- 7 . 73
( IH, m) , 9 . 02 ( IH, brs)Example 12 3-(2
,4-Dimethoxyphenyl) -8-ethoxy-5-f
luoro-lH-quinolin-4-one Pale yellow powder (ethyl
acetate) Melting point 154-155C 1H-NMR (CDCl3) dppm: 1
. 44 (3H, t , J=7 . 5 Hz) , 3 . 73 (3H, s ) , 3 . 81
(3H, s ) , 4 . 12 (2H, q , J= 7 . 5 Hz) , 6 . 50-6. 53
(2H, m) , 6.54-6. 89 (2H, m) , 7.35-7.39 (IH, m) , 7 .
69-7 . 72 (IH, m) , 8 . 97 ( IH, brs) Example 13 3-(2
,4-Dichlorophenyl) -8-ethoxy-5-f
luoro-lH-quinolin-4-one Pale yellow powder (ethyl
acetate) Melting point 236-237C 



1H-NMR (DMSO- d6) dppm: 1.40 (3H, t , J=7.5 Hz), 4.17
(2H, q , J=7.5 Hz), 6.88-7.00 (IH, m ), 7.22-7.32 (IH,
m ), 7.38-7.45 (2H, m ), 7.64-7.65 (IH, m ), 7.74-
7.75 (IH, m), 11.40 (IH, brs) Example 14 5-Fluoro-3-
(4-methoxyphenyl )-8-morpholin-4-yl-lH-quinolin-4-one
Pale yellow powder (ethyl acetate) Melting point
249-251C 1H-NMR (CDCl3) dppm: 2.75-3.22 (4H, m ),
3.65-4.15 (4H, m ), 6.85-6.93 (3H, m ), 7.34- 7.40
(IH, m), 7.54-7.58 (2H, m ), 7.74-7.77 (IH, m ), 10.02
(IH, brs) Example 15 5-Fluoro-3- (2-isopropoxy-
4-methoxyphenyl) -8-propoxy-lH-quinolin- 4-one White
powder (ethyl acetate) Melting point 204-206 0C 1H-NMR
(CDCl3) dppm: 1.09 (3H, t , J=6.3 Hz), 1.23 (3H, s),
1.26 (3H, s), 1.87-2.01 (2H,m) , 3 . 83 (3H, s ) , 4 .
08 (2H, t , J=6 . 3 Hz) , 4, 34-4 . 50 (IH, m) , 6 .
55-6 . 60 (2H, m) , 6 . 78-6 . 93 (2H, m) , 7. 50 (
IH, d , J=7. 5 Hz ) , 7 . 80 (IH, d , J=7 . 5 Hz) , 8
. 73 (IH, brs) Example 16 5-Fluoro-3-
(4-raethoxy-2-methylphen g l )
-8-propoxy-lH-quinolin-4-one White powder (ethyl
acetate) Melting point 197-199C 1H-NMR (CDCl3) dppm: 1
. 06 (3H, t , J=6 . 3 Hz) , 1 . 80-2 . 00 (2H, m) , 2
. 24 ( 3H, s ) , 3 . 80 (3H, s ) , 4 . 07 (2H, t , J=6
. 3 Hz) , 6 . 70-6 . 94 (4H, m) , 7 . 07 ( IH, d , J=7
. 5 Hz) , 7. 54 ( IH, d , J=7 . 5 Hz) , 8 . 80 (IH,
brs) Example 17 5-Fluoro-3- (2-fluoro-4-methoxyphenyl)
-8-propoxy-lH-guinolin-4-one White powder (ethyl
acetate-ethanol) Melting point 230-2320C 1H-MMR
(CDCl3) dppm: 1.05 (3H, t , J=7.5 Hz), 1.80-2.00 (2H,
m ), 3.80 (3H, s), 4.06 (2H, t , J=7.5 Hz), 6.64-6.93
(4H, m ), 7.53-7.60 (IH, m ), 7.74-7.78 (IH, m), 8.86
(IH, brs) Example 18 5-Fluoro -3-(4-methoxyphenyl
)-8-pyrrolidin -1-yl-IH -quinolin -4-one Pale brown
powder (ethyl acetate-n-hexane) Melting point
100-1050C 1H-NMR (CDCl3) dppm: 1.90-2.08 (4H, m),
3.01-3.20 (4H, m ), 3.81 (3H, s), 6.81-6.94 (3H, m),
7.29-7.34 (IH, m ), 7.55-7.60 (2H, m ), 7.74-7.76 (IH,
m ), 9.41 (IH, brs) Example 19 3-
(4-Ethoxy-2-methoxyphenyl)
-5-fluoro-8-propoxy-lH-quinolin-4-one Pale brown
powder (ethyl acetate) Melting point 118-1200C1H-NMR
(CDCl3) dppm: 1.06 (3H, t , J=7.5 Hz), 1.39 (3H, t ,
J=7.5 Hz), 1.83-1.98 (2H, m ), 3.75 (3H, s), 4.00-4.14
(4H, m ), 6.51-6.55 (2H, m ), 6.76-6.91 (2H, m), 7.38
(IH, d , J=6.2 Hz), 7.72 (IH, d , J=6.2 Hz), 8.65 (IH,
brs) Example 20 5-Fluoro-3-
(4-isopropoxy-2-methoxypb.en.yl)
-8-propoxy-lH-quinolin- 4-one White powder (ethyl
acetate-n-hexane) Melting point 113-115C 



1H-NMR (CDCl3) dppm: 1.04 (3H, t , J=7.5 Hz), 1.33
(3H, s), 1.36 (3H, s), 1.80-1.95 (2H, m), 3.72 (3H,
s), 4.03 (2H, t , J=7.5 Hz), 4.50-4.71 (IH, m ),
6.49-6.53 (2H, m ), 6.78-6.86 (2H, m ), 7.34-7.38 (IH,
m ), 7.42- 7.74 (IH, m), 8.82 (IH, brs) Example 21
5,6-Difluoro-3- (4-methoxyphenyl
)-8-propoxy-lH-quinolin-4-one Pale brown powder (ethyl
acetate-n-hexane) Melting point 198-2000C 1H-NMR
(DMSO-d6) dppm: 1.02 (3H, t , J=7.3 Hz), 1.78-1.86
(2H, m ), 3.75 (3H, s), 4.11 (2H, t , J=6.4 Hz), 6.93
(2H, d , J=8.8 Hz), 7.38 (IH, dd, J=6.5 Hz, J= 12.3
Hz), 7.54 (2H, d , J=8.8 Hz), 7.81 (IH, s), 11.50 (IH,
brs) Example 22 8-Bromo-5-f luoro-3- (4
-methoxyphenyl) -lH-quinolin-4-one Pale yellow powder
(ethyl acetate) Melting point 134-135C 1H-NMR
(DMSO-d6) dppm: 3.78 (3H, s), 6.94-7.02 (3H, m ), 7.52
(2H, d , J=6.3 Hz), 7.84 (IH, s), 7.89-8.00 (IH, m ),
11.20 (IH, brs) Example 235-Fluoro-3- (4-methoxyphenyl
)-8- (pyrrolidin-1- sarbonyl) -IHquinolin -4-one
Orange powder (ethyl acetate) Melting point 236-237C
1H-NMR (DMSO-d ) dppm: 1.77-1.91 (4H, m), 3.29-3.34
(2H, m ), 3.54-3.59 (2H, m ), 3.76 (3H, s), 6.94 (2H,
d , J=8.7 Hz), 7.02 (IH, dd, J=8.3 Hz, J=Il. 8 Hz),
7.53 (2H, d , J=8.7 Hz), 7.71 (IH, dd, J=5.1 Hz, J=8.3
Hz), 7.88 (IH, s), 11.26 (IH, s ) Example 24
8-Cyclopropylme thoxy -5-fluoro -3-(4-methoxyphenyl
)-IH -quinolin -Aone Pale yellow powder (ethyl
acetate-ethanol) Melting point 190-1910C 1H-NMR (DMSO-
d6) dppm: 0.33-0.39 (2H, m ), 0.55-0.62 (2H, m ),
1.26-1.34 (IH, m ), 3.75 (3H, s), 3.99 (2H, d , J=7.0
Hz), 6.83-6.95 (3H, m ), 7.12 (IH, dd, J=3.8 Hz, J=
8.8 Hz), 7.53 (2H, d , J=8.6 Hz), 7.82 (IH, s), 11.34
(IH, brs) Example 25 8-(N-Cyslohexy 1-N -methylamino
)-5-fluoro -3-(4-methoxyphenyl )-IH - quinolin -4-one
Pale yellow powder (ethyl acetate) Melting point
224-225C 1H-NMR (DMSO-d6) dppm: 1.00-1.24 (5H, m),
1.53-1.99 (5H, m ), 2.65 (3H, s), 3.78 (3H, s),
6.92-6.99 (3H, m ), 7.50-7.57 (3H, s), 7.87 (IH, s),
10.93 (IH, brs) Example 26 N -{3-[5-Fluoro-
3-(4-methoxyphenyl )-4-oxo- 1,4-dihydroquinolin- 8-
yloxy ]propyl}acetamide Pale brown powder
(ethanol)Melting point 229-231C 1H-NMR (DMSO-d6) dppm:
1.80 (3H, s), 1.91-1.96 (2H, m ), 3.24-3.31 (2H, m ),
3.74 (3H, S), 4.12 (2H, t , J=5.6 Hz), 6.84-7.13 (4H,
m ), 7.53 (2H, d , J=8.6 Hz), 7.83 (IH, s), 8.01 (IH,
brs), 11.40 (IH, brs) Example 27 N -{3- [5-Fluoro-3-
(4-methoxyphenyl )-4-oxo-l, 4-dihydroquinolin-8- yloxy
]propyl }methanesulf onamide 



Pale brown powder (ethanol) Melting point 120-1210C
1H-NMR (DMSO-d6) dppm: 1.96-2.06 (2H, m ), 2.88 (3H,
s), 3.10-3.30 (2H, m ), 3.75 (3H, s), 4.18 (2H, t ,
J=5.9 Hz), 6.85-6.95 (3H, m ), 7.00-7.16 (2H, m ),
7.54 (2H, d , J=8.7 Hz), 7.82 (IH, s), 11.34 (IH, brs)
Example 28 5-Fluoro-8- (N-isobutyl-N-methylamino) -3-
(4-methoxyphenyl) -IHquinolin -4-one White powder
(ethyl acetate) Melting point 144-145C 1H-NMR
(DMSO-d6) dppm: 0.86 (3H, s), 0.91 (3H, s), 1.61-1.67
(IH, m ), 2.61 (3H, s), 2.80 (2H, d , J=6.75 Hz), 3.79
(3H, s), 6.91-6.99 (3H, m ), 7.46-7.57 (3H, m), 7.88
(IH, s), 11.02 (IH, brs) Example 29 5-Fluoro-8-
(N-isopropyl-N-methylamino) -3- (4-methoxyphenyl
)-IHquinolin -4-one White powder (ethyl acetate)
Melting point 267-269C 1H-NMR (DMSO-d6) dppm: 1.04
(3H, s), 1.06 (3H, s), 2.62 (3H, s), 3.10-3.18 (IH, m
), 3.76 (3H, s), 6.90-6.98 (3H, m ), 7.47-7.55 (3H, m
), 7.85 (IH, s), 10.94 (IH, brs)Example 30 5-Fluoro-3-
(4-methoxyphenyl) -8- (N-methyl-N-propylamino)
-IHquinolin -4-one Pale yellow powder (ethyl acetate)
Melting point 145-146C 1H-NMR (DMSO-d6) dppm: 0.79
(3H, t , J=7.5 Hz), 1.31-1.45 (2H, m ), 2.63 (3H, s),
2.85 (2H, t , J=7.5 Hz), 3.76 (3H, s), 6.89-6.97 (3H,
m ), 7.43-7.54 (3H, m ), 7.82 (IH, s), 11.07 (IH, brs)
Example 31 5-Fluoro -3-(4-methoxyphenyl )-8-(4,4,4-
trifluorobutoxy )-IHquinolin -4-one White powder
(ethyl acetate) Melting point 171-172C 1H-NMR(DMSO^ 6)
dppm: 1.99-2.08 (2H, m ), 2.48-2.61 (2H, m ), 3.74
(3H, s), 4.17 (2H, t , J=5.9 Hz), 6.84-6.94 (3H, m ),
7.11 (IH, dd, J=3.8 Hz, J=8.8 Hz), 7.53 (2H, d . J=8.7
Hz), 7.82 (IH, s), 11.40 (IH, brs) Example 32 l-{3-
[5-fluoro-3- (4-methoxyphenyl) -4-oxo-l
,4-dihydroquinolin-8- yloxy]propyl}-l,3,3-trimethyl
urea Brown amorphous solid (diethyl ether) 1H-NMR
(DMSO-d6) dppm: 2.00-2.05 (2H, m), 2.63 (6H, s), 2.74
(3H, s), 3.20-3.40 (2H, m ), 3.76 (3H, s), 4.12 (2H, t
, J=6 .0 Hz), 6.85-6.96 (3H, m ), 7.14 (IH, dd, J=3.9
Hz, J=8.8 Hz), 7.55 (2H, d , J=8.7 Hz), 7.81 (IH, s),
11.40 (IH, brs) Example 33 3-(4-Ethoxyphenyl
)-5-fluoro -8-propoxy- IH -guinolin -4-one Pale yellow
powder (ethyl acetate) Melting point 203-2050C1H-NMR
(DMSO-d6) dppm: 1.02 (3H, t , J=7.3 Hz), 1.13 (3H, t ,
J=I .0 Hz), 1.76-1.91 (2H, m ), 3.99-4.13 (4H, m ),
6.84-6.94 (3H, m ), 7.12-7.17 (IH, m ), 7.50 (2H, d ,
J=7.5 Hz), 7.79 (IH, s), 11.25 (IH, brs) Example 34 



5-Fluoro- 8-[N -(2-methoxyethyl )-N-methylamino
]-3-(4- methoxyphenyl )-lH-quinolin-4-one
hydrochloride Pale yellow powder (ethyl acetate)
Melting point 100-1010C 1H-NMR (DMSO-d6) dppm:
2.78(3H, s), 3.08 (2H, t , J=5.3 Hz), 3.33 (3H, s),
3.49(2H, t , J=5.3 Hz), 3.81 (3H, s), 6.94-7.02 (3H, m
), 7.50-7.62 (3H, m ), 8.00 (IH, s), 11.16 (IH, brs)
Example 35 3-(4-Cyclopropylmethoxyphenyl)
-5-fluoro-8-propoxy-lH-quinolin-4- one White powder
(ethyl acetate) Melting point 162-163C 1H-NMR
(DMSO-d6) dppm: 0.30-0.35 (2H, m), 0.54-0.58 (2H, m ),
1.01 (3H, t , J=7.5 Hz), 1.10-1.30 (IH, m), 1.72-1.91
(2H, m ), 3.80 (2H, d , J=7.0 Hz), 4.07 (2H, t , J=6.4
Hz), 6.84-6.93 (3H, m ), 7.11-7.16 (IH, m ), 7.50 (2H,
d , J= 8.8 Hz), 7.79 (IH, s ) , 11.25 (IH, brs)
Example 36 5-Fluoro-8- (2-methoxyethoxy) -3- (4
-methoxyphenyl) -lH-quinolin-4- one Pale yellow powder
(ethyl acetate) Melting point 142-144C 1H-NMR
(DMSO-d6) dppm: 3.31 (3H, s), 3.70-3.80 (2H, m ), 3.75
(3H, s), 4.20-4.30 (2H, m ), 6.84-6.94 (3H, m ), 7.16
(IH, dd, J=3.6 Hz, J=8.7 Hz), 7.53 (2H, d , J=8.4 Hz),
7.82 (IH, s), 11.10 (IH, brs)Example 37
8-Cyclopentyloxy-5-f luoro-3- (4-methoxyphenyl)
-lH-quinolin-4-one Pale yellow powder (ethyl acetate)
Melting point 213-215C 1H-NMR (DMSO-ds) dppm:
1.50-1.70 (2H 1 m), 1.71-2.00 (6H, m ), 3.75 (3H, s )
, 4.92-4.95 (IH, m), 6.83-6.95 (3H, m ), 7.09 (IH, dd,
J=3.9 Hz, J= 8.8 Hz), 7.53 (2H, d , J=8.6 Hz), 7.80
(IH, s), 11.20 (IH, brs) Example 38 5-Fluoro-3-
(4-methylsulf anylphenyl) -8-propoxy-lH-quinolin-4-one
Pale yellow powder (ethyl acetate) Melting point
198-199C 1H-NMR (CDCl3) dppm: 1.07 (3H, t , J=7.4 Hz),
1.85-2.04 (2H, m ), 2.50 (3H, s ), 4.07 (2H, t , J=6.6
Hz), 6.80-6.94 (2H, m ), 7.27-7.31 (2H, m ), 7.56 (2H,
d , J=8.4 Hz), 7.74 (IH, d , J=8.2 Hz), 8.81 (IH, brs)
Example 39 5-Fluoro- 3- (4-methoxyphenyl) -8-
(tetrahydrofuran-2-ylmethoxy) -IHquinolin- 4-one Pale
yellow powder (ethyl acetate) Melting point 108-110 0C
1H-NMR (DMSO-d6) dppm: 1.67-1.75 (IH, m), 1.81-1.90
(2H, m ), 2.02-2.09 (IH, m ), 3.65- 3.83 (2H, m), 3.75
(3H, s), 4.10 (2H, d , J=4.6 Hz), 4.25-4.29 (IH, m),
6.84-6.95 (3H, m ), 7.17 (IH, dd, J=3.8 Hz, J=8.8 Hz),
7.53 (2H, d , J=8.7 Hz), 7.82 (IH, s), 11.20 (IH, brs)
Example 40 5-Fluoro- 3- (4-methoxyphenyl)
-8-propylsulfanyl-lH-quinolin-4-one White powder
(ethyl acetate) Melting point 173-174C 1H-NMR (DMSO-d6
) dppm:0.90 (3H, t , J=7.3 Hz), 1.40-1.52 (2H, m ),
2.79 (2H, t , J=7.2 Hz), 3.77 (3H, s), 6.93-7.04 (3H,
m ), 7.51-7.55 (2H, m ), 7.79-7.87 (2H, 



m), 11.24 (IH, brs) Example 41 8-Cyclobutylmethoxy-5-f
luoro-3- (4-methoxyphenyl) -lH-quinolin-4- one Pale
yellow powder (ethyl acetate) Melting point 193-194C
1H-NMR (DMSOd 6) dppm: 1.79-1.93 (4H, m ), 2.04-2.09
(2H, m ), 2.76-2.81 (IH, m ), 3.74 (3H, s), 4.08 (2H,
d , J=6.8 Hz), 6.83-6.93 (3H, m ), 7.11 (IH, dd, J=3.8
Hz, J=8.8 Hz), 7.52 (2H, d , J=8.6 Hz), 7.82 (IH, s),
11.20 (IH, brs) Example 42 8-tert-Butoxy-5-f luoro-3-
(4-methoxyphenyl) -lH-quinolin-4-one Pale brown powder
(ethyl acetate -diethyl ether) Melting point 206-208C
1H-NMR (DMSOd 6) dppm: 1.40 (9H, s), 3.76 (3H, s),
6.84-6.96 (3H, m ), 7.31 (IH, dd, J=4.3 Hz, J=8.8 Hz),
7.54 (2H, d , J=8.8 Hz), 7.82 (IH, s), 10.95 (IH, brs)
Example 43 5-Fluoro- 8-methoxy- 3-(4-methoxyphenyl)
-lH-quinolin-4-one Pale dark brown powder (ethyl
acetate) 1H-NMR (DMSO-d6) dppm: 3.76 (3H, s), 3.95
(3H, s), 6.87-6.95 (3H, m ), 7.15(1H, dd, J=3.8 Hz, J=
8.8 Hz), 7.54 (2H, d , J=8.7 Hz), 7.76 (IH, s), 11.50
(IH, brs) Example 44 5-Fluoro -8-methoxymethoxy-
3-(4-methoxyphenyl )-IH -quinolin -4-one Pale dark
brown powder (dichloromethane -methanol)1H-NMR (CDCl3
) dppm: 3 . 44 (3H, s ) , 3 . 76 (3H, s ) , 5 . 20
(2H, s ) , 6 . 76-6 . 87 (3H, m) , 7 . 18-7 . 23 ( IH,
m) , 7 . 52 ( 2H, d , J=7 . 8 Hz) , 7 . 69 ( IH, s ) ,
9 . 68 ( IH, brs) Example 45 8-(3-Benzyloxypropoxy)
-5-fluoro-3- (4-methoxyphenyl) -lH-quinolin- 4-one
Dark brown amorphous solid 1H-NMR (DMSOd 6) dppm:
2.08-2.13 (2H, m ), 3.68 (2H, t , J=6.2Hz), 3.77 (3H,
s), 4.22 (2H, t , J=6.0 Hz), 4.48 (2H, s), 6.84-6.97
(3H, m ), 7.13-7.18 (IH, m ), 7.21-7.29 (5H, m ), 7.55
(2H, d , J=8.7 Hz), 7.76 (IH, s), 11.25 (IH, brs)
Example 46 8-(2-Benzyloxypropoxy) -5-fluoro-3-
(4-methoxyphenyl) -lH-quinolin- 4-one Dark brown
amorphous solid 1H-NMR (DMSO-ds) dppm: 1.32 (3H, d ,
J=6.2Hz), 3.76 (3H, s), 3.98-4.24 (3H, m ), 4.54-4.69
(2H, m), 6.84-6.96 (3H, m ), 7.16-7.30 (6H, m ), 7.54
(2H, d , J=8.7 Hz), 7.78 (IH, s), 11.19 (IH, brs)
Example 47 8-Cyclopropylmethoxy-5-f luoro-3-
(4-methoxyphenyl) -2-methyl-lHquinolin -4-one Amber
Iyst 15 (350 mg, a product of Sigma Aldrich Corp.) was
added to a benzene solution (40 ml) of
2-cyclopropylmethoxy- 5-fluoroaniline (760 mg, 4.2
mmol) and ethyl a-acetyl-4- methoxyphenyl acetate (1.0
g , 4.2 mmol), and the mixture was heated under reflux
for 19 hours while using a Dean-Stark trap and being
stirred. The reaction mixture was cooled to room 



temperature, the resin was removed by filtration, and
the filtrate was concentrated under reduced pressure.
Diphenyl ether(2.2 ml) was added to the residue, and
the mixture was heated using a mantle heater and then
stirred for 1 hour under reflux. The reaction mixture
was cooled to room temperature and purified directly
by silica gel column chromatography (dichlorome thane
: methanol = 80 : 1 (r) 60 : 1). The purified product
was concentrated under reduced pressure, and the
residue was recrystallized from ethyl acetate to
thereby obtain 120 mg of powdery pale yellow
8-cyclopropylmethoxy-5-fluoro-3-(4-
methoxyphenyl)-2-methyl-lH-quinolin-4-one (yield: 8%).
Melting point 167-169C 1H-NMR (DMSO-de) dppm:
0.35-0.39 (2H, m ), 0.54-0.61 (2H, m ), 1.31-1.37 (IH,
m ), 2.23 (3H, s), 3.76 (3H, s), 4.02 (2H, d , J=7.0
Hz), 6.80-6.94 (3H, m ), 7.08-7.18 (3H, m ), 10.62
(IH, brs) The compound of the following Example 48 was
prepared in the same manner as the above Example 47,
using corresponding starting materials . Example 48
2-Ethyl-5-f luoro-3- (4-methoxyphenyl)
-8-propoxy-lH-quinolin-4-one Pale brown powder (ethyl
acetate-n-hexane) Melting point 169-171C 1H-NMR
(DMSO-de) dppm: 0.98-1.05 (6H, m ), 1.80-1.89 (2H, m
), 2.56 (2H, t , J=7.5 Hz), 3.77 (3H, s), 4.13 (2H, t
, J=6.6 Hz), 6.81-6.95 (3H, m ), 7.05- 7.17 (3H, m),
10.40 (IH, brs) Example 49
5-Fluoro-8-propoxy-3-pyridin-3-yl-lH-quinolin-4-one
5-Fluoro-3-iodo-8-propoxy-lH-quinolin-4-one (600 mg,
1.73 mmol) was suspended in 1 ,2-dimethoxye thane (12
ml). 3- pyridine boronic acid (752 mg), 1,1'- bis
(diphenylphosphino )ferrocene dichloro palladium (II)-
dichlorome thane complex (PdCl2(DPPP)) (76 mg, 0.093
mmol), and 2Nsodium carbonate aqueous solution (2.54
ml) were added to the resulting suspension in that
order. The mixture was stirred at 900C for 2 hours
under a nitrogen atmosphere. After the reaction
mixture was cooled to room temperature, water was
added, and the resulting mixture was extracted with
ethyl acetate. The organic layer was concentrated
under reduced pressure, and the residue was then
purified by silica gel column chromatography
(dichlorome thane : methanol = 15 : 1). The purified
product was concentrated under reduced pressure, and
then recrystallized from ethanol to thereby obtain 185
mg of powdery pale brown 5-fluoro-
8-propoxy-3-pyridin-3-yl-lH-quinolin-4-one (yield:
36%). Melting point 234-236 0C 1H-NMR (DMSO- d6) dppm:
1.01 (3H, t , J=7.3 Hz), 1.77-1.86 (2H, m ), 4.08 (2H,
t , J=6.4 Hz), 6.93 (IH, dd, J=8.8 Hz, J=12.0 Hz),
7.13-7.18 (IH, m ), 7.37-7.42 (IH, m), 7.97 (IH, s),
8.01-8.05 (IH, m ), 8.44-8.46 (IH, m ), 8.77 (IH, d ,
J=2.1 Hz), 11.55 (IH, brs) The compounds of the
following Examples 50 to 66 were prepared in the same
manner as the above Example 49, using corresponding
starting materials. Example 50 3 -(4-Ethoxy-
3-fluorophenyl) -5-fluoro-8-propoxy-lH-quinolin-4-one
Pale yellow powder (ethanol) Melting point 176-177C
1H-NMR (DMSO- d6) dppm: 1.02 (3H, t , J=7.3 Hz), 1.33
(3H, t , J=6.9 Hz), 1.75-1.89 (2H, m ), 



4.05-4.14 (4H, m ), 6.90 (IH, dd, J=8.7 Hz, J=12.1
Hz), 7.09-7.16 (2H, m), 7.32-7.36 (IH, m ), 7.52-7.58
(IH, m ), 7.87 (IH, s), 11.45 (IH, s ) Example 51
5-Fluoro- 8-propoxy- 3-pyridin-4 -yl- lH-quinolin-
4-one Pale brown powder (ethanol)Melting point
259-261C 1H-NMR (DMSO- d6) dppitl: 1.02 (3H, t , J=7.3
Hz), 1.78-1.86 (2H, m ), 4.09 (2H, t , J=6.4 Hz), 6.96
(IH, dd, J=8.8 Hz, J=12.0 Hz), 7.19 (IH, dd, J=3.8 Hz,
J=8.8 Hz), 7.71 (2H, d , J=6.1 Hz), 8.06 (IH, s), 8.52
(2H, d , J=6.1 Hz), 11.50 (IH, brs) Example 52
5-Fluoro-3- (4-phenoxyphenyl)
-8-propoxy-lH-quinolin-4-one Pale brown powder
(ethanol) Melting point 228-230 0C 1H-NMR (DMSO- d6)
dppm: 1.01 (3H, t , J=7.3 Hz), 1.77-1.85 (2H, m ),
4.07 (2H, t , J=6.2Hz), 6.90 (IH, dd, J=8.8 Hz,
J=12.1Hz), 6.97-7.02 (4H, m ), 7.10-7.15 (2H, m),
7.34-7.63 (4H, m ) , 7.88 (IH, s), 11.40 (IH, brs)
Example 53 3- (4-Ethylphenyl)
-5-fluoro-8-propoxy-lH-quinolin-4-one White powder
(ethyl acetate) Melting point 153-154C 1H-NMR (DMSO-d
6 ) dppm: 1.02 (3H, t , J=7.3 Hz), 1.17 (3H, t , J=7.5
Hz), 1.78-1.86 (2H, m ), 2.59 (2H, q , J=7.5 Hz), 4.08
(2H, t , J=6.4 Hz), 6.89 (IH, dd, J=8.8 Hz, J=
12.1Hz), 7.10-7.21 (3H, m ), 7.50 (2H, d , J=8.0 Hz),
7.83 (IH, s), 11.40 (IH, brs) Example 54 3 -
(4-Acetylphenyl) -5-f
luoro-8-propoxy-lH-quinolin-4-one Pale red powder
(ethyl acetate) Melting point 180-181 0C 1H-NMR (DMSO-
d6) dppm: 0.95 (3H, t , J=7.5 Hz), 1.71-1.83 (2H, m ),
2.51 (3H, m ) , 4.02 (2H, t , J=6.6 Hz), 6.84-6.91
(IH, m ), 7.10-7.14 (IH, m ), 7.72 (2H, d , J=8.4 Hz),
7.87-7.90 (3H, m ), 11.40 (IH, brs)Example 55 Methyl
4-(5-fluoro-4-oxo-8-propoxy-l, 4-dihydroquinolin-3-yl)
benzoate White powder (ethyl acetate) Melting point
201-2020C 1H-NMR (DMSO-d6) dppm: 1.01 (3H, t , J=7.3
Hz), 1.77-1.91 (2H, m ), 3.86 (3H, s), 4.09 (2H, t ,
J=6.5 Hz), 6.90-6.99 (IH, m ), 7.17-7.22 (IH, m ),
7.80 (2H, d , J=8.5 Hz), 7.94-7.98 (3H, m ), 11.48
(IH, brs) Example 56 5-Fluoro-8-propoxy-3- [4-
(pyrrolidine- 1-carbonyl) phenyl] -IHquinolin- 4-one
Pale red powder (ethyl acetate) Melting point 236-237C
1H-NMR (DMSO-d6) dppm: 1.02 (3H, t , J=7.4 Hz),
1.79-1.89 (6H, m ), 3.43-3.49 (4H, m ), 4.08 (2H, t ,
J=6.5 Hz), 6.89-6.97 (IH, m ), 7.15-7.20 (IH, m ),
7.51 (2H, d , J=8.6 Hz), 7.67 (2H, d , J=8.6 Hz), 7.90
(IH, s), 11.40 (IH, brs) Example 57 4-(5-Fluoro
-4-oxo-8-propoxy- 1,4-dihydroquinolin- 3-yl )-N ,N -
dimethylbenzamide Pale brown powder (ethyl acetate) 



Melting point 235-237C 1H-NMR (DMSO-d6) dppm: 1.02
(3H, t , J=7.4 Hz), 1.80-1.89 (2H, m ), 2.97 (6H, s )
, 4.08 (2H, t , J=6.4 Hz), 6.89-6.93 (IH, m ),
7.15-7.2O(1H, m ), 7.39 (2H, d , J=8.0 Hz), 7.67 (2H,
d , J=8.0 Hz), 7.90 (IH, s), 11.41 (IH, brs) Example
58 5-Fluoro-3-furan-2-yl-8-propoxy-lH-quinolin-4-one
Pale brown powder (ethyl acetate) Melting point
210-212 0C1H-NMR (DMSO- d6) dppm: 1.02 (3H, t , J=7.4
Hz), 1.78-1.90 (2H, m ), 4.10 (2H, t , J=6.6 Hz),
6.54-6.56 (IH, m ), 6.90-6.99 (IH, m ), 7.15-7.21 (2H,
m ), 7.64- 7.65 (IH, m), 8.20 (IH, s), 11.47 (IH, brs)
Example 59
5-Fluoro-8-propoxy-3-thiophen-2-yl-lH-quinolin-4-one
Pale red powder (ethyl acetate) Melting point 211-213C
1H-NMR (DMSO-d6) dppm: 1.02 (3H, t , J=7.5 Hz),
1.78-1.90 (2H, m ), 4.10 (2H, t , J=6.5 Hz), 6.92-7.20
(3H, m ), 7.41-7.59 (2H, m ), 8.34 (IH, s), 11.63 (IH,
brs) Example 60
3-(5-Fluoro-4-oxo-8-propoxy-l,4-dihydroquinolin-3- g
l)thiophene-2- carbaldehyde White powder (ethyl
acetate) Melting point 190-1910C 1H-NMR (DMSO-d6)
dppm: 1.01 (3H, t , J=7.4 Hz), 1.79-1.88 (2H, m ),
4.08 (3H, t , J=6.5 Hz), 6.92-7.00 (IH, m), 7.18-7.23
(IH, m ), 7.32 (IH, d , J=5.0 Hz), 7.98 (IH, s),
8.04-8.06 (IH, m ), 9.73 (IH, s), 11.40 (IH, brs)
Example 61 3-(4-Dimethylaminophenyl)
-5-fluoro-8-propoxy-lH-quinolin-4-one White powder
(ethyl acetate) Melting point 206-207 0C 1H-NMR
(DMSO-d6) dppm: 1 . 01 (3H, t , J=7 . 4 Hz) , 1 . 79-1
. 88 ( 2H, m) , 2 . 90 (6H, s ) , 4 . 07 ( 2H, t , J=6
. 4 Hz) , 6 . 71 ( 2H, d , J=9 . 0 Hz) , 6 . 82-6 . 90
( IH, m) , 7 . 09- 7 . 14 ( IH, m) , 7 , 45 ( 2H, d ,
J=9 . 0 Hz) , 7 . 76 ( IH, s ) , 11 . 18 ( IH, brs)
Example 623- (3 ,4-Dimethox gphenyl)
-5-fluoro-8-propoxy-lH-quinolin-4-one Pale red powder
(ethyl acetate) Melting point 217-218C 1H-NMR
(DMSO-d6) dppm: 1.02 (3H, t , J=7.5 Hz), 1.78-1.88
(2H, m ), 3.76 (6H, s), 4.07 (2H, t , 3=6.4 Hz),
6.85-6.97 (2H, m ), 7.08-7.16 (2H, m ), 7.30 (IH, s),
7.82 (IH, s), 11.28 (IH, brs) Example 63 5-Fluoro-3-
(6-methoxypyridiri-3-yl) -8-propoxy-lH-quinolin-4-one
White powder (ethyl acetate) Melting point 215-216C
1H-NMR (DMSO-d ) dppm: 1.02 (3H, t , J=7.5 Hz),
1.77-1.91 (2H, m ), 3.86 (3H, s), 4.08 (2H, t , J=6.3
Hz), 6.81-6.96 (2H, m ), 7.14-7.19 (IH, m ), 7.77-7.99
(2H, m), 8.35 (IH, s), 11.39 (IH, brs) Example 64
3-(2,6-Dimethoxypyridin-3-yl)-5-fluoro-8-propoxy-lH-qu
inolin-4- one Pale red powder (ethyl acetate) Melting
point 198-199C 



1H-NMR (DMSO-d6) dppm: 1.01 (3H, t , J=7.3 Hz),
1.76-1.90 (2H, s), 3.83 (3H, s). 3.89 (3H, s), 4.07
(2H, t , J=6.3 Hz), 6.39 (IH, d , J=7.1 Hz), 6.86-6.94
(IH, m), 7.13-7.17 (IH, m ), 7.68 (IH, d , J=7.1 Hz),
7.81 (IH, s), 11.23 (IH, brs) Example 65
3-(2,5-Dimethoxyphenyl)
-5-fluoro-8-propoxy-lH-quinolin-4-one Pale red powder
(ethyl acetate) Melting point 156-157C 1H-NMR (DMSO-
d6) dppm: 1.03 (3H, t , J=7.3 Hz), 1.80-1.90 (2H, m ),
3.65 (3H, s), 3.71 (3H, s), 4.09 (2H, t , J=6.3 Hz),
6.87-6.91 (4H, m ), 6.94-6.95 (IH, m ),7.73 (IH, s),
11.18 (IH, brs) Example 66
d-Cyclopropylmethoxy-l-ethyl-S-f luoro-3-
(4-methoxyphenyl) -IHquinolin- 4-one Brown powder
(ethyl acetate-n-hexane) Melting point 150-152 0C
1H-NMR (DMSO-Cl6) dppm: 0.34-0.38 (2H, m ), 0.57-0.64
(2H, m ), 1.27-1.39 (4H, m ), 3.75 (3H, s), 3.92 (2H,
d , J=7.2Hz), 4.60 (2H, q , J=6.8 Hz), 6.91-6.99 (3H,
m), 7.17 (IH, dd, J=4.5 Hz, J=8.9 Hz), 7.60 (2H, d ,
J=8.7 Hz), 7.98 (IH, s ) Example 67 5-Fluoro- 3-
(4-methoxyphenyl)
-2-methyl-8-propoxy-lH-quinolin-4-one 5-Fluoro-
3-iodo- 2-methyl- 8-propoxy- lH-quinolin- 4-one (400
mg, 1.11 mmol) , 4-methoxyphenyl boronic acid (504 mg,
3.3 mmol), 1,1' -bis (diphenylphosphino) ferrocene
dichloro palladium (II)-dichloro methane complex (PdCl
2(DPPF ) ) (100 mg, 0.12 mmol ) and a 2N sodium
carbonate aqueous solution (1 ml) were added to
1,2-dime thoxye thane (3 ml), and the mixture was
heated at 1700C for 10 minutes (microwave reactor) .
The reaction mixture was cooled to room temperature,
and filtration with Celite was carried out. The
filtrate was extracted with dichloromethane , and
washed with water. The organic layer was dried over
anhydrous magnesium sulfate, and then concentrated
under reduced pressure. The residue was then purified
by silica gel column chromatography (dichloromethane :
methanol = 100 : 0 (r) 40 : 1). The purified product
was concentrated under reduced pressure, and the
residue was recrystallized from ethyl acetate to
thereby obtain 230 mg of powdery white 5-fluoro-3-
(4-methoxyphenyl) -2-methyl -8-propoxy- IHquinolin-
4-one (yield: 61%) . Melting point 211-212C 1H-NMR
(DMSO-d 6) dppm: 0.98 (3H, t , J=7.3 Hz), 1.79-1.90
(2H, m ), 2.23 (3H, s ) , 3.76 (3H,s ) , 4 . 10 (2H, t
, J=6 . 5 Hz) , 6 . 93-6 . 95 (2H, m) , 7 . 07-7 .09
(2H, m) , 7 . 72-7 . 73 ( IH, m) , 7 . 83 ( IH, s ) ,
10 . 50 ( IH, brs ) The compounds of the following
Examples 68 to 85 were prepared in the same manner as
the above Example 67, using corresponding starting
materials. Example 68 5-Fluoro- 2-methyl- 8-propoxy-
3-pyridin- 3-yl- lH-quinolin- 4-one White powder
(ethyl acetate) Melting point 190-1920C 1H-NMR
(DMSO-dg) dppm: 0.99 (3H, t , J=7.5 Hz), 1.77-1.89
(2H, m ), 2.27 (3H, s), 4.12 (2H, t , J=6.7 Hz),
6.85-6.93 (IH, m ), 7.16-7.21 (IH, m ), 7.38-7.43 (IH,
m), 7.63-7.67 (IH, m ). 8.40-8.50 (2H, m ), 10.70 (IH,
brs) Example 69 5-Fluoro- 2-methyl- 8-propoxy-
3-pyridin- 4-yl-lH-quinolin- 4-one 



White powder (ethyl acetate) Melting point 265-2660C
1H-NMR (DMSO- d6) dppm: 0.99 (3H, t , J=7.5 Hz),
1.78-1.92 (2H, m ), 2.28 (3H, s), 4.12 (2H, t , J=6.8
Hz), 6.86-6.94 (IH, m ), 7.17-7.21 (IH, m ), 7.25 (2H,
d , J=6.0 Hz), 8.55 (2H, d , J=6.0 Hz), 10.72 (IH,
brs) Example 70 5-Fluoro-2-methyl-8-propoxy-3- (4-trif
luoromethoxyphenyl) -IHquinolin -4-one Pale yellow
powder (ethyl acetate) Melting point 167-168 0C 1H-NMR
(DMSO-d6) dppm: 0 . 99 (3H, t , J=7 . 3 Hz) , 1 . 78-1
. 92 (2H, m) , 2 . 25 ( 3H, s ) , 4 . 10 (2H, t , J=6
. 6 Hz) , 6 . 83-6 . 92 (IH, m) , 7 . 15-7 . 20 ( IH,
m) , 7 . 31-7 . 38 (4H, m) , 10 . 64 ( IH, brs)Example
71 3-(4-Ethylphenyl)
-5-fluoro-2-methyl-8-propoxy-lH-quinolin-4-one Pale
red powder (ethyl acetate) Melting point 221-222C
1H-NMR (DMSO- d5) dppm: 0.99 (3H, t , J=7.3 Hz), 1.18
(3H, t , J=7.5 Hz), 1.80-1.89 (2H, m ), 2.23 (3H, s),
2.58 (2H, q , J=7.5 Hz), 4.10 (2H, t , J=6.6 Hz),
6.82-6.89 (IH, m ), 7.08-7.22 (5H, m ), 10.53 (IH,
brs) Example 72
5-Fluoro-2-methyl-8-propoxy-3-thiophen-2-yl-lH-quinoli
n-4-one White powder (ethyl acetate) Melting point
233-234C 1H-NMR (DMSO-d6 ) dppm: 0 . 98 (3H, t , J=7 .
3 Hz) , 1 . 77-1 . 89 (2H, m) , 2 . 46 ( 3H, s ) , 4 .
11 (2H, t , J=6 . 8 Hz) , 6 . 86-7 . 20 ( 4H, m) , 7 .
52-7 . 55 ( IH, m) , 10 . 70 ( IH, brs) Example 73
3-(4-Dimethylaminophenyl)
-5-fluoro-2-methyl-8-propoxy-lHquinolin -4-one White
powder (ethyl acetate) Melting point 255-257 0C 1H-NMR
(DMSO-d6) dppm: 1 . 00 (3H, t , J=7 . 5 Hz) , 1 . 80-1
. 90 (2H, m) , 2 . 26 (3H, s ) , 2 . 91 (6H, s ) , 4 .
11 (2H, t , J=6 . 6 Hz ) , 6 . 72 (2H, d , J=8 . 7 Hz)
, 6. 80-6 . 89 ( IH, m) , 7 .00 (2H, d , J=8 . 7 Hz) ,
7 . 11-7 . 17 ( IH, m) , 10 . 45 (IH, brs) Example 74
5-Fluoro-3- (4-fluorophenyl)
-2-methyl-8-propoxy-lH-quinolin-4-one Pale brown
powder (ethyl acetate) Melting point 196-197 0C 1H-NMR
(DMSO-d6) dppm: 1 . 00 (3H, t , J=7 . 3 Hz) , 1 . 80-1
. 91 ( 2H, m) , 2 . 25 (3H, s ) , 4 . 12 (2H, t , 6 .
8 Hz) , 6 . 84-6 . 92 ( IH, m) , 7 . 15-7 . 29 (5H, m)
, 10 .06 ( IH, brs)Example 75 3-(2,4-Dimethoxyphenyl)
-5-fluoro-2-methyl-8-propoxy-lH-quinolin- 4-one Pale
brown powder (ethyl acetate) Melting point 100-101 0C
1H-NMR (DMSO-de) dppm: 0.99 (3H, t , J=7.5 Hz),
1.80-1.86 (2H, m ), 2.11 (3H, s), 3.65 (3H, s), 3.78
(3H, s), 4.10 (2H, t , J=6 .8 Hz), 6.51-6.59 (2H, m ),
6.80-6.94 (2H, m ), 7.11-7.17 (IH, m ), 10.47 (IH,
brs) Example 76 5-Fluoro -3-furan -2-yl-2-methyl
-8-propoxy- IH-quinolin -4-one Pale brown powder
(ethyl acetate) Melting point 203-204 0C 



1H-NMR (DMSO-de) dppm: 0.99 (3H, t , J=7.5 Hz),
1.78-1.89 (2H, m ), 2.47 (3H, s), 4.10 (2H, t , J=6.8
Hz), 6.52-6.54 (IH, m ), 6.67-6.69 (IH, m ), 6.86-6.95
(IH, m), 7.15-7.20 (IH, m ), 7.67-7.68 (IH, m ), 10.66
(IH, m ) Example 77 5-Fluoro-3- (4-methoxyphenyl)
-8-propoxy- 2-trifluoromethyl-lHquinolin -4-one White
powder (n-hexane- ethyl acetate) Melting point 170-171
0C 1H-NMR (DMSO-de) dppm: 1.00 (3H, t , J=7.3 Hz),
1.76-1.90 (2H, m ), 3.80 (3H, s), 4.11 (2H, t , J=6.5
Hz), 6.98 (2H, d , J=8.7 Hz), 7.15-7.25 (4H, m ),
10.11 (IH, brs) Example 78
5-Fluoro-3-furan-2-yl-8-propoxy-2-trifluoromethyl-lH-g
uinolin-4- one Pale yellow powder (n-hexane-ethyl
acetate) Melting point 134-136 0C1H-NMR (DMSO-d6)
dppm: 0.99 (3H, t , J=7.5 Hz), 1.76-1.90 (2H, m ),
4.11 (2H, t , J=6.6 Hz), 6.59-6.65 (2H, m ), 7.21-7.33
(2H, m ), 7.81 (IH, m ), 10.08 (IH, brs) Example 79
3-(4-Dimethylaminophenyl) -5-fluoro-8-propoxy-2-trif
luoromethyllH- quinolin-4-one Pale yellow powder
(n-hexane-ethyl acetate) Melting point 176-1770C
1H-NMR (DMSO-d6) dppm: 1.00 (3H, t , J=7.4 Hz),
1.76-1.91 (2H, m ), 2.94 (6H, s), 4.11 (2H, t , J=6.6
Hz), 6.75 (2H, d , J=8.8 Hz), 7.03 (2H, d , J=8.8 Hz),
7.21-7.24 (2H, m ), 10.00 (IH, brs) Example 80
3-(4-Ethylphenyl)
-5-fluoro-8-propoxy-2-trifluoromethyl-lHquinolin-
4-one White powder (n-hexane-ethyl acetate) Melting
point 187-188C 1H-NMR (DMSO-d6) dppm: 1.00 (3H, t ,
J=7.3 Hz), 1.20 (3H, t , J=7.5 Hz), 1.77-1.91 (2H, m
), 2.62-2.71 (2H, q , J=7.5 Hz), 4.12 (2H, t , J=6.6
Hz), 7.13-7.29 (6H, m), 10.23 (IH, brs) Example 81
5-Fluoro-3- (4-fluorophenyl)
-8-propoxy-2-trifluoromethyl-lHquinolin -4-one Brown
powder (n-hexane-ethyl acetate) Melting point 154-155C
1H-NMR (DMSO-d6) dppm: 1.02 (3H, t , J=7.3 Hz),
1.81-1.89 (2H, m ), 4.13 (2H, t , J=6.5 Hz), 7.10-7.31
(4H, m), 7.80-7.86 (IH, m ), 8.08 (IH, s ) , 10.24
(IH, brs)Example 82 5-Fluoro -8-propoxy- 3-(4-trifluor
omethoxypheny 1)-2- trifluoromethyl -IH-quinolin
-4-one Pale red powder (n-hexane-ethyl acetate)
Melting point 143-144C 1H-NMR (DMSO-de) dppm: 1.00
(3H, t , J=7.3 Hz), 1.77-1.91 (2H, m ), 4.12 (2H, t ,
3=6.6 Hz), 7.19-7.54 (6H, m ), 10.44 (IH, brs) Example
83 5-Fluoro-2-isopropyl-3- (4-methoxyphenyl)
-8-propoxy-lH-quinolin-4- one 



White powder (ethyl acetate-n-hexane) Melting point
195-197C 1H-NMR (DMSOd6) dppm: 1 . 00 (3H, t , J=7 . 3
Hz) , 1 . 16 (6H, d , J=7 . 0 Hz) , 1 . 78-1. 92 ( 2H,
m) , 2 . 86-2 . 97 ( IH, m) , 3 . 77 (3H, s ) , 4 . 13
(2H, t , J=6 . 4 Hz) , 6 . 84- 7 . 22 (6H, m) , 8 . 98
( IH, brs) Example 84 5-Fluoro- 3-furan- 2-yl-
2-isopropyl- 8-propoxy- lH-quinolin- 4-one White
powder (ethyl acetate-n-hexane) Melting point
113-1140C 1H-NMR (DMSO-de) dppm: 0.99 (3H, t , J=7.5
Hz), 1.21(6H, d , J=7.0 Hz), 1.80-1.89 (2H, m ),
3.11-3.16 (IH, m), 4.12 (2H, t , J=6.4 Hz), 6.48-6.54
(2H, m ), 6.90-6.98 (IH, m ), 7.20-7.25 (IH, m ),
7.69-7.70 (IH, m ), 9.29 (IH, brs) Example 85
5-Fluoro-8-propoxy-3-thiophen- 2-yl- 2-trif
luoromethyl- lH-quinolin- 4-one Pale yellow powder
(ethyl acetate-n-hexane) Melting point 149-150 0C
1H-NMR (DMSO-de) dppm:1.00 (3H, t , J=7.4 Hz),
1.76-1.90 (2H, m ), 4.11 (2H, t , 6.4 Hz), 7.10-7.30
(4H, m), 7.72-7.75 (IH, m ), 10.52 (IH, brs) Example
86 5-Fluoro-8-furan-2-yl-3-(4-methoxyphenyl)
-lH-quinolin-4-one 8-bromo-5-f luoro-3-
(4-methoxyphenyl) -lH-quinolin-4-one (150 mg, 0.43
mmol) , 2-furan boronic acid (145 mg, 1.3 mmol) , 1,1'
-bis (diphenylphosphino )ferrocene dichloro palladium
(II)- dichlorome thane complex (PdCl2(DPPF)) (35 mg,
0.04 mmol) and a 2N sodium carbonate aqueous solution
(1 ml) were added to 1,2- dimethoxye thane (3 ml), and
the mixture was heated at 1800C for 10 minutes
(microwave reactor) . After the reaction mixture was
cooled to room temperature, dichlorome thane was
added, and then filtration with Celite was carried
out. The filtrate was extracted with dichloromethane
and washed with water. The organic layer was dried
over anhydrous magnesium sulfate, and then
concentrated under reduced pressure. The residue was
then purified by silica gel column chromatography
(dichloromethane) . The purified product was
concentrated under reduced pressure, and the residue
was recrystallized from n-hexane- ethyl acetate to
thereby obtain 100 mg of powdery slightly orange
5-fluoro-8- furan-2-yl-3-( 4-methoxyphenyl)
-lH-quinolin-4-one (yield: 70%). Melting point
209-2110C 1H-NMR (DMSO- d6) dppm: 3.79 (3H, s),
6.74-6.77 (IH, m ), 6.96-7.00 (3H, m ), 7.07-7.15 (IH,
m), 7.55-7.59 (2H, m ), 7.81-7.93 (3H, m ), 11.00 (IH,
brs) The compounds of the following Examples 87 and 88
were prepared in the same manner as the above Example
86, using corresponding starting materials. Example 87
5-Fluoro- 3-(4-methoxyphenyl )-8-thiophen- 3-yl-
lH-quinolin- 4-one Pale yellow powder (ethyl acetate)
Melting point 183-184C1H-NMR (DMSO- d6) dppm: 3.76
(3H, s), 6.93-7.09 (3H, m ), 7.30-7.32 (IH, m ),
7.49-7.54 (3H, m), 7.76-7.80 (3H, m ), 10.64 (IH, brs)
Example 88 8-Benzo [b ]thiophen- 2 -yl -5-fluoro -3-
(4-methoxyphenyl )-lH-quinolin- 4-one Pale yellow
powder (ethyl acetate) 



Melting point 276-277C 1H-NMR (DMSO-d 5) dppm: 3.76
(3H, s), 6.84-6.92 (3H, m ), 7.30-7.40 (2H, m ),
7.62-7.66 (2H, m), 7.84-7.99 (5H, m ), 11.03 (IH, brs)
Example 89
4-(5-Fluoro-4-oxo-8-propoxy-l,4-dihydroquinolin-3-yl)b
enzoic acid Methyl 4- (5-f luoro-4-oxo-8-propoxy-l
,4-dihydroquinolin- 3-yl)benzoate (330 mg, 0.93
iranol) was suspended in a mixed solvent of ethanol (3
ml) and THF (3 ml). A 1.24N lithium hydroxide aqueous
solution (2 ml) was added, and the mixture was stirred
at room temperature for 3 hours . Water was added to
the reaction mixture, and then the resulting mixture
was extracted with dichloromethane . The organic layer
was washed with water, dried over magnesium sulfate,
and concentrated to dryness under reduced pressure to
thereby obtain 300 m g of powdery white 4- (5-
fluoro-4-oxo-8-propoxy-l,4-dihydroquinolin-3-yl)benzoi
c acid (yield: 95%). 1H-NMR (DMSOd 6) dppm:
1.01-1.07(3H, t , J=7.3 Hz), 1.80-1.91(2H m ),
4.09-4.14(2H, t , J=6.4 Hz), 6.85-7.24(3H, m ), 7
.75-7.78(2H, m ), 7.92-7.95(2H, m ), 11.51(1H, brs),
12.84(1H, brs) Example 90 5-Fluoro-3- [4-(morpholine-
4-carbonyl) phenyl] -8-propoxy-lHquinolin- 4-one
4-(5-Fluor o -4-oxo -8-propoxy -1,4- dihydroquinolin
-3-yl)benzoic acid (260 mg, 0.76 mmol) , morpholine
(99.5 mg, 1.14 mmol) , WSC (189 mg, 0.99 prmol) and
HOBT (151 mg, 0.99 mmol) were added to DMF (10 ml),
and the mixture was stirred at room temperature for 15
hours. The reaction mixture was concentrated under
reduced pressure, and the residue was then purified by
silica gel column chromatography (dichlorome thane :
methanol = 30 : 1 ) . The purified product was
concentrated under reduced pressure, and the residue
was recrystallized from ethyl acetate to thereby
obtain 80 mg of powdery white 5-fluoro-3-[4-
(morpholine- 4-carbonyl) phenyl]
-8-propoxy-lH-quinolin-4-one (yield: 26%). Melting
point 234-236 0C 1H-NMR (DMSO- d6) dppm: 1.02 (3H, t ,
J=7.4 Hz), 1.80-1.89 (2H, m ), 3.40-3.60 (8H, m ),
4.09 (2H, t , J=6.5 Hz), 6.89-6.98 (IH, m ), 7.16-7.21
(IH, m ), 7.41 (2H, d , J=8.3 Hz), 7.69 (2H, d , J=8.3
Hz), 7.91 (IH, s), 11.41 (IH, brs) Example 91
5-Fluoro-3- (4-methoxyphenyl
)-l-methyl-8-propoxy-lH-quinolin-4-one Sodium hydride
(60% in oil, 76 mg, 1.9 mmol) was added to a DMF
solution (10 ml) of 5-fluoro-3-(4-methoxyphenyl) -8-
propoxy-lH-quinolin-4-one (400 mg, 1.22 mmol). The
mixture was stirred at room temperature for 15
minutes. Methyl iodide (225 mg, 1.6 mmol) was added
thereto, and then the resulting mixture was stirred at
room temperature for 19 hours. Water and ethyl acetate
were added to the reaction mixture to separate the
mixture into two layers. The organic layer was washed
with water, dried over anhydrous sodium sulfate, and
then concentrated under reduced pressure. The residue
was then purified by silica gel column chromatography
(n-hexane : ethyl acetate = 1 : 1). The purified
product was concentrated under reduced pressure, and
the residue was recrystallized from ethyl acetate to
thereby obtain 365 mg of powdery pale yellow 5-fluoro
-3-(4-methoxyphenyl )-1-methyl -8-
propoxy-lH-quinolin-4-one (yield: 72%).Melting point
147-148C 



1H-NMR (DMSO-d6) dppm: 0 . 98 (3H, t , J=7 . 5 Hz) , 1
. 77 (2H, m) , 3 . 76 (3H, s ) , 3 . 98 (2H, t , J=6 .
4 Hz) , 4 . 08 ( 3H, s ) , 6 . 91-7 . 01 (3H, m) , 7 .
19-7 . 24 (IH, m) , 7 . 57-7. 61 (2H, m) , 7 . 96 (IH,
s ) The compounds of the following Examples 92 to 94
were prepared in the same manner as the above Example
91, using corresponding starting materials. Example 92
l-Ethyl-5-fluoro-3- (4-methoxyphenyl)
-8-propoxy-lH-quinolin-4-one White powder (ethyl
acetate) Melting point 123-125C 1H-NMR (DMSO-d6) dppm:
1.00 (3H, t , J=7.3 Hz), 1.29 (3H, t , J=6.8 Hz),
1.79-1.88 (2H, m ), 3.76 (3H, s), 4.03 (2H, t , J=6.5
Hz), 4.52 (2H, q , J=6.8 Hz), 6.91-7.02 (3H, m ),
7.22-7.27 (IH, m ), 7.60 (2H, d , J=8.7 Hz), 8.00 (IH,
s ) Example 93 1- (2-Ethoxyethyl) -5-fluoro-3-
(4-methoxyphenyl) -8-propoxy- IHguinolin -4-one White
powder (ethyl acetate) Melting point 108-1090C 1H-NMR
(DMSO-d6) dppm: 0.96-1.09 (6H, m), 1.77-1.89 (2H, m ),
3.65 (2H, t , J=5.0 Hz), 3.78 (3H, s), 4.02 (2H, t ,
J=6.8 Hz), 4.72 (2H, t , J=5.0 Hz), 6.94-7.04 (3H, m
), 7.23-7.29 (IH, m ), 7.57 (2H, d , J=8.7 Hz), 7.93
(IH, S ) Example 94 l-Cyclopropylmethyl-5-f luoro-3-
(4-methoxyphenyl) -8-propoxy- IHquinolin- 4-one Pale
yellow powder (n-hexane)Melting point 60-62 0C 1H-NMR
(DMSO-U6) dppm: 0 . 36-0 . 51 (4H, m) , 1 . 07 (3H, t
, J=7 . 4 Hz ) , 1 . 26-1 . 30 ( IH, m) , 1 . 86-1. 94
( 2H, m) , 4 . 09 (2H, t , J=6 . 5 Hz) , 6 . 96-7 . 08
(3H, m) , 7 .28-7 . 33 (IH, m) , 7 . 61-7 . 66 (2H, m)
, 8 . 05 (IH, s ) Example 95 5-Fluoro-3-
(4-hydroxyphenyl) -8-propoxy-lH- f iinolin-4-one A
dichloromethane solution (5 ml) of 5-fluoro-3-(4-
methoxyphenyl )-8-propoxy-lH-quinolin-4-one (249 mg,
0.76 mmol) was cooled to -100C in a methanol -ice
bath. A IN boron tribromide (4.08 ml) was added
thereto, and the mixture was stirred at room
temperature for 6 hours . Ice water and
dichloromethane were added to the reaction mixture,
and the resultant insoluble matter was collected by
filtration. The filtrate was separated and the organic
layer was concentrated under reduced pressure. The
residue and the substance remaining on the filter were
mixed, and the mixture was purified by silica gel
column chromatography (dichloromethane : methanol = 60
: 1 (r) 25 : 1). The purified product was concentrated
under reduced pressure. Ethyl acetate was added to
crystallize the residue. The crystals were collected
by filtration, washed with ethyl acetate, and then
dried to thereby obtain 220 mg of powdery pale yellow
5-fluoro-3-(4-
hydroxyphenyl)-8-propoxy-lH-quinolin-4-one (yield:
92%). Melting point 271-272C 1H-NMR (DMSO- d6) dppm:
1.03 (3H, t , J=7.3 Hz), 1.78-1.87 (2H, m ), 4.08 (2H,
t , J=6.4 Hz), 6.77 (2H, d , J=8.6 Hz), 6.87 (IH, dd,
J=8.8 Hz, J=12.1Hz), 7.12 (IH, dd, J=3.9 Hz, J=8.8
Hz), 7.41 (2H, d , J=8.6 Hz), 7.77 (IH, s), 9.43 (IH,
brs), 11.20 (IH, brs) 



Example 96 5-Fluoro-8-hydroxy-3- (4-hydroxyphenyl)
-lH-quinolin-4-one 5-Fluoro-8-methoxy-3-
(4-methoxyphenyl) -lH-quinolin-4- one (1.0 g , 3.34
mmol) was suspended in dichloromethane (40 ml).and the
suspension was cooled to -100C in a methanol-ice bath.
A IN boron tribromide (17 ml) was added thereto, and
the resulting mixture was stirred at room temperature
for 15 hours. Ice water and dichloromethane were added
to the reaction mixture, and the resultant insoluble
matter was collected by filtration. The substance
remaining on the filter was washed with water, dried
and purified by silica gel column chromatography
(dichloromethane : methanol = 20 : 1 (r) 8 : 1 (r)
ethyl acetate : methanol = 4 : 1). The purified
product was concentrated under reduced pressure and
ethyl acetate was then added to crystallize the
residue. The crystals were collected by filtration,
washed with ethyl acetate, and dried to thereby obtain
360 mg of powdery pale gray 5-fluoro- 8-hydroxy-
3-(4-hydroxyphenyl )-lH-quinolin- 4- one (yield: 40%).
Melting point 303-3050C (decomposition) 1H-NMR (DMSOd
6) dppm: 6.74-6.82 (3H, m ), 6.94 (IH, dd, J=4.1 Hz,
J= 8.5 Hz), 7.41 (2H, d , J=8.3 Hz), 7.74 (IH, s ) ,
9.46 (IH, brs), 10.70 (IH, brs), 11.32 (IH, brs)
Example 97 5-Fluoro-3- (4-hydroxy-2-methoxyphenyl)
-8-propoxy-lH-quinolin-4- one Aluminum chloride (108
mg, 0.81 mmol) was added to a dichloromethane solution
(5 ml) of 5-fluoro-3-(4-isopropoxy-2-
methoxyphenyl)-8-propoxy-lH-guinolin-4-one (120 mg,
0.31 mmol). The mixture was stirred at room
temperature for 1 hour. Water and dichloromethane were
added to the reaction mixture, and separated. The
organic layer was then washed with water. The washed
organic layer was dried over anhydrous magnesium
sulfate, and concentrated under reduced pressure. The
residue was then purified by silica gel column
chromatography (dichloromethane : methanol - 10 : 1).
The purified product was concentrated under reduced
pressure, and the residue was recrystallized from
ethyl acetate to thereby obtain 100 mg of powdery
white 5-fluorb-3-(4-hydroxy-2-methoxyphen g
l)-8-propoxy-lH-quinolin-4-one (yield: 90%). Melting
point 251-253 0C 1H-NMR (DMSO-de) dppm: 1.01-1.07(3H,
t , J=7.4 Hz), 1.77-1.88(2H, m ), 3.63(3H, s ) , 4.07-
4.12(2H, t , J=6.6 Hz), 6.33-6.43(2H, m ), 6.84-6.
90(1H, m ), 7.02- 7.11(2H, m), 7.61-7.64(1H, m ),
9.39(1H, s), 11.07(1H, brs) The compound of the
following Example 98 was prepared in the same manner
as the above Example 97, using corresponding starting
materials. Example 98 5-Fluoro-3-
(2-hydroxy-4-methoxyphenyl) -8-propoxy-lH~quinolin-4-
one White powder (ethyl acetate) Melting point
208-209C 1H-NMR (DMSO-d 6) dppm: 1.02 (3H, t , J=7.5
Hz), 1.81-1.90 (2H, m ), 3.73 (3H, s), 4.11 (2H, t ,
J=6.5 Hz), 6.43-6.51 (2H, m ), 6.98-7.06 (IH, m ),
7.16-7.25 (2H, m), 7.95 (IH, s ) , 10.23 (IH, s),
11.93 (IH, brs) Example 99 5-Fluoro-8-hydroxy-3-
(4-methoxyphenyl) -lH-quinolin-4-one 2N Hydrochloric
acid (6.0 ml) was added to an ethanol solution (18 ml)
of 5-fluoro-8-methoxymethoxy-3- (4- 



methoxyphenyl) -lH-quinolin-4-one (350 mg, 1.06 mmol)
. The mixture was stirred at 55C for 1 hour. The
stirred mixture was cooled to room temperature, and IN
sodium hydrate (11.6 ml) was added thereto to obtain a
pH of 3 to 4 . The mixture in which pH was adjusted
was concentrated under reduced pressure, and the
residue was then purified by silica gel column
chromatography (dichlorome thane : methanol = 50 : l
(r) 20 : 1). The purified product was concentrated
under reduced pressure, and the residue was
crystallized from ethanol, collected by filtration,
washed with ethanol, and dried to thereby obtain 165
mg of powdery paledark brown
5-fluoro-8-hydroxy-3-(4-methoxyphenyl)-lH-quinolin-4-
one (yield: 54%). Melting point 270-272 0C 1H-NMR
(DMSO-d 6) dppm: 3.75 (3H, s), 6.79 (IH, dd, J=8.5 Hz,
J= 12.1Hz), 6.90-6.97 (3H, m), 7.53 (2H, d , J=8.6
Hz), 7.77 (IH, s ) , 10.60 (IH, brs), 11.40 (IH, brs)
Example 100 5-Fluoro-3- (2-hydroxymethylthiophen-3-yl)
-8-propoxy-lH-quinolin- 4-one 3-(5-Fluoro- 4-oxo-8
-propoxy- 1 ,4-dihydroquinolin- 3-yl )
thiophene-2-carbaldehyde (120 mg, 0.39 ramol) was
suspended in ethanol (5 ml), and sodium borohydride
(19.24 mg) was added to the suspension. The resulting
mixture was stirred at room temperature for 1 hour.
Dichlorome thane was added to the reaction mixture,
which was washed with water. The organic layer was
dried over anhydrous magnesium sulfate and
concentrated under reduced pressure. The residue was
then purified by silica gel column chromatography
(dichlorome thane : methanol = 30 : 1). The purified
product was concentrated under reduced pressure, and
the residue was recrystallized from ethyl acetate to
thereby obtain 110 m g of powdery white
5-fluoro-3-(2-hydroxymethylthiophen-3-
yl)-8-propoxy-lH-quinolin-4-one (yield: 82%). Melting
point 181-184C 1H-NMR (DMSO-de) dppm: 1.01 (3H, t ,
J=7.3 Hz), 1.79-1.88 (2H, m ), 4.07 (2H, t , J=6.4
Hz), 4.47 (2H, d , J=5.4 Hz), 5.48 (IH, t , J=5.4 Hz),
6.87-6.96 (IH, m ), 7.11-7.19 (2H, m), 7.39-7.40 (IH,
m ), 7.88 (IH, s), 11.36 (IH, brs) Example 101
5-Fluoro-8- (3-hydroxypropoxy) -3- (4-methoxyphenyl
)-lH-quinolin-4- one 8- (3-Benzyloxypropoxy) -5-f
luoro-3- (4 -methoxyphenyl) -IHquinolin-4-one (1.95 g
, 4.49 mmol) and a 10% palladium carbon (720 ing) were
added to ethanol (50 ml). The mixture was stirred at
500C for 7.5 hours under a hydrogen atmosphere (1
atmosphere) and subjected to a catalytic reduction.
The reaction mixture was cooled to room temperature,
and filtration with Celite was conducted to remove the
solvent. The filtrate was concentrated under reduced
pressure. The residue was then purified by silica gel
column chromatography (dichlorome thane : methanol =
80 : 1 - 20 : 1). The purified product was
concentrated under reduced pressure, and the residue
was concentrated to dryness to thereby obtain 820 m g
of pale dark brown amorphous solid 5-fluoro-8-(3-
hydroxypropoxy) -3- (4-methoxyphenyl)
-lH-quinolin-4-one (yield: 53%). 1H-NMR (DMSOd 6)
dppm: 1.92-2.02 (2H, m ), 3.65 (2H, t , J=5.9 Hz),
4.20 (2H, t , J=6.2Hz), 4.59 (IH, brsj, 6.84-6.95 (3H,
m ), 7.14 (IH, dd, J=3.9 Hz, J= 8.8 Hz), 7.55 (2H, d ,
J=8.7 Hz), 7.80 (IH, s), 11.27 (IH, brs) 



The compound of the following Example 102 was prepared
in the same manner as the above Example 101, using
corresponding starting materials. Example 102 5-Fluoro
-8-(2-hydroxypropoxy )-3 - (4 -me thoxyphenyl )-IH
-quinolin -4- one White powder (ethyl acetate) Melting
point 216-218C 1H-NMR (DMSO-de) dppm: 1 . 19 (3H, d ,
J=6 . 2Hz) , 3 . 76 (3H, s ) , 3 . 82-4 . 12 (3H, m) ,
5 . 25 ( IH, brs) , 6 . 84-6 . 96 (3H, m) , 7 . 12 (
IH, dd, J=3 . 9 Hz , J = 8 . 8 Hz) , 7 . 56 (2H, d ,
J=8. 8 Hz) , 7 . 86 ( IH, s ) , 11 . 20 ( IH, brs) The
compounds of the following Examples 103 and 104 were
prepared in the same manner as the above Example 1 ,
using corresponding starting materials.Example 103
5-Chloro-3- (4-methoxyphenyl)
-8-propoxy-lH-quinolin-4-one Pale brown powder (ethyl
acetate) Melting point 194-196C 1H-NMR (DMSO- d6)
dppm: 1.03 (3H, t , J=7.3 Hz), 1.80-1.87 (2H, m ),
3.76 (3H, s), 4.11 (2H, t , J=6.4 Hz), 6.93 (2H, d .
J=8.6 Hz), 7.12 (IH, d , J=8.5 Hz), 7.17 (IH, d ,
J=8.5 Hz), 7.54 (2H, d , J=8.6 Hz), 7.80 (IH, s ) ,
11.23 (IH, brs) Example 104 5-Bromo -8-cyclopentyloxy-
3-(4-methoxyphenyl )-IH-quinolin -4-one Pale brown
powder (ethanol) Melting point 213-215C 1H-NMR
(DMSO-de) dppm: 1 . 59-1 . 70 (2H, m) , 1 . 71-2 . 00
(6H, m) , 3 . 75 (3H, s ) , 4 . 97-5 . 00 ( IH, m) , 6
. 94 (2H, d , J=8 . 7Hz) , 7 . 04 ( IH, d , J=8 . 5
Hz) , 7 . 40 ( IH, d , J=8 . 4 Hz) , 7 . 53 (2H, d ,
J=8. 7 Hz) , 7 . 81 ( IH, s ) , 11 . 20 ( IH, brs)
Pharmacological Test 1 Evaluation of improvement of
mitochondrial dysfunction using human neuroblastoma
cell lines SH-SY5Y treated with l-methyl-4- phenylpyr
idinium (MPP+) In human neuroblastoma cell lines
SH-SY5Y in which mitochondrial activity was injured by
MPP + treatment (Bollimuntha S . et al., J Biol Chem,
280, 2132-2140 (2005) and Shang T . et al., J Biol
Chem, 280, 34644-34653 (2005)), improvement of the
mitochondrial dysfunction was evaluated on the basis
of the measurement value of the mitochondrial
oxidation reduction activity using Alamar Blue
fluorescent dye after the compound addition (Nakai M .
et al, Exp Neurol, 179, 103-110 (2003)). The human
neuroblastoma cell lines SH-SY5Y were cultured in
Dulbecco 's Modified Eagle 's Medium containing 10%
fetal bovine serum (DMEM containing 50 units/ml
penicillin and 50mg/ml streptomycin a s antibiotics)
at 37C in the presence of 5% carbon dioxide. Cells
were scattered on a poly-D-lysine-coated 96-well black
plate at a concentration o f 3-6 x 104 cells/cm 2
(medium amount: 100 ml/well) , and cultured in the
above medium for two days . Further , the medium was
changed to a DMEM containing a 1% N 2 supplement (N2
-DMEM) or to a medium (100 ml/well) in which 1.5 itiM
MPP + was dissolved. The cells were cultured therein
for 39 to 48 hours, and then subjected to a
mitochondrial oxidation reduction activity measurement
system. A sample compound that had been previously
dissolved in dimethyl sulfoxide (DMSO) was diluted
with N2-DMEM, and added in a volume of 10 ml/well 24
hours before the activity measurement (final compound
concentration: 0.01 to 1 mg/ml) . 



After removal of the medium by suction, a balanced
salt solution containing 10% Alamar Blue (154 rtiM
sodium chloride, 5.6 m M potassium chloride, 2.3 mM
calcium chloride, 1.0 mM magnesium chloride, 3.6 m M
sodium bicarbonate, 5 m M glucose, 5 mM HEPES, pH 7.2)
was added in a volume of 100 ml/well, and reacted in
an incubator a t 37C for 1 hour. The fluorescent
intensity was detected using a fluorescence detector
(a product of Hamamatsu Photonics K .K ., excitation
wavelength 530 nm, measurement wavelength 580 nm) to
thereby measure the mitochondrial oxidation reduction
activity. The fluorescent intensity of the well of the
cells cultured in a medium containing MPP + and in
each of the sample compounds was relatively evaluated
based on a 100% fluorescent intensity of the well of
the cells cultured in a medium containing DMSO alone
(final concentration: 0.1%). When the MPP +- induced
cell groups exhibited higher f lorescent intensity
than the cell groups cultured in DMSO alone, the test
compound was judged to have the improved activity of
the mitochondrial dysfunction .Table 1 Evaluation of
Improvement of mitochondrial dyfunction using human
neuroblastoma cell lines SH-SY5Y treated with
1-methyl- 4 - phenylpyridinium (MPP+) Test Compound
Fluorescence Intensity (%) Concentration 0 0.01 0.03
0.1 0.3 1 (mg/ml) Compound of 50 51 62 70 66 64
Example 1 Compound of 51 54 63 70 78 74 Example 3
Compound of 47 56 61 70 72 59 Example 4 Compound of 53
59 71 85 88 83 Example 6 Compound of 46 52 59 63 74 57
Example 21 Compound of 54 60 70 82 78 84 Example 24
Compound of 41 46 56 66 50 24 Example 25 Compound of
46 50 54 69 64 56 Example 30 Compound of 38 45 45 57
59 48 Example 31 Compound of 60 69 74 77 78 87 Example
34 Compound of 63 75 88 99 95 65 



Example 35 Compound of 59 63 65 74 71 91 Example 36
Compound of 57 64 73 78 70 61 Example 37 Compound of
54 66 67 86 81 78 Example 38 Compound of 53 60 64 76
70 72 Example 40 Compound of 49 51 58 71 73 82 Example
47 Compound of 48 53 56 67 60 67 Example 53 Compound
of 50 53 56 67 66 54 Example 59 Compound of 61 70 65
85 80 86 Example 61Table 1 (continued) Test Compound
Fluorescence Intensity (%) Concentration 0 0.01 0.03
0.1 0.3 1 (mg/ml) Compound of 55 66 62 79 84 80
Example 62 Compound of 56 58 65 74 75 85 Example 63
Compound of 56 55 65 74 72 77 Example 64 Compound of
57 66 72 83 77 60 Example 66 Compound of 53 56 57 67
71 63 Example 70 Compound of 50 56 61 73 78 72 Example
71 Compound of 46 52 59 68 61 39 Example 86 Compound
of 58 63 66 79 63 51 Example 87 Compound of 55 65 69
81 82 83 Example 91 Compound of 55 63 75 77 69 55 



Example 92 Compound of 58 66 79 86 80 69 Example 93
Compound of 51 56 67 69 59 41 Example 94 Compound of
53 56 56 71 73 84 Example 100 Pharmacological Test 2
Evaluation of dopaminergic neuronal protective
activity using C57BL/6 mouse treated with 1-methyl-
4-phenyl 1,2,3 ,6-tetrahydro pyridine (MPTP) Using a
mouse having MPTP- injured dopaminergic neurons (Chan
P . et al., J Neurochem, 57,348-351 (1991)), the
dopamine neuroprotective activity was evaluated based
on dopamine contents and protein levels of tyrosine
hydroxylase (TH) and dopamine transporter (DAT) (i.e.,
dopaminergic neuronal marker proteins) in the brain
corpus striatum region after the compound
administration (Mori A . et al., Neurosci Res, 51,
265-274(2005)). A male C57BL/6 mouse (provided by
Japan Charles RiverInc, 10 to 12 weeks) was used as a
test animal. MPTP was dissolved in a physiological
salt solution so that the concentration became 4
mg/ml, and then administered to the mouse
subcutaneously in a volume of 10 ml/kg. The test
compound was suspended in a 5% gum
arabic/physiological salt solution (w/v) so that a
compound having a concentration of 1 mg/ml could be
obtained. Each of the test compounds or solvents
thereof was orally administered to the mouse after 30
minutes, 24 hours, and 48 hours of the MPTP
administration. The mouse was decapitated after 72
hours of the MPTP administration, the brain was
removed, and each side of the striatum was dissected.
The left striatum was used as a sample to detect the
protein level by Western blot analysis. Each tissue
was homogenized in a HEPES buffer sucrose solution
(0.32 M sucrose, 4 mg/ml pepstatin, 5 mg/ml aprotinin,
20 mg/ml trypsin inhibitor, 4 mg/ml leupeptin, 0.2 mM
phenylmethanesulfonyl fluoride, 2 mM
ethylenediaminetetraacetic acid (EDTA) , 2 mM ethylene
glycol bis (b aminoethyl ether) tetraacetic acid, 20
mM HEPES, pH 7.2), and assayed for protein using a
bicinchoninic acid kit for protein assay (provided by
Pierce Corporation). Each homogenized sample, having
an equal amount of protein which had been dissolved in
a Laemmli sample buffer solution, was subjected to
electrophoresis through sodium dodecyl sulfurate
polyacrylamide gels. The protein separated by
electrophoresis was electrically transferred to
polyvinylidene fluoride membranes. The membranes were
reacted with specific primary antibody for TH, DAT,
and housekeeping proteins, i.e., the al subunit of
Na+/K+-ATPase and actin (Na+/K+- ATPase , a product of
UpState Biotechnology Inc .; others are products of
Chemi-Con Corporation) . Subsequently, a horseradish
peroxidase -labeled secondary antibody (a product of
Amersham K .K .) for each primary antibody was fixed,
and the shemiluminescence associated with enzyme
activity of peroxidase was detected using X-ray film.
The density of the protein band on the film was
analyzed using a densitometer (a product of Bio-rad
Laboratories Inc.) to obtain the TH value relative to
Na+/K+-ATPase and the DAT value relative to actin. The
right striatum, the tissue weight of which was
measured immediately after dissection, was used as an
analysis 



sample for determining the dopamine content. Each
tissue was homogenized in a 0.1 N perchloric acid
solution containing isoproterenol as an internal
standard substance of the measurement, using an
ultrasonic homogenizer while being cooled with ice.
The supernatant obtained from 20,000 g of homogenate
that had been centrifuged at 4C for 15 minutes was
subjected to a high performance liquid chromatography
with a reversed phase column (a product of Eicom
Corporation). A mobile phase 15% methanol 0.1 M citric
acid/0.1 M sodium acetate buffer solution (containing
190 mg/1 1-sodium octane sulfonate, 5 mg/1 EDTA, pH
3.5) was flowed at a rate of 0.5 ml/min, and the
dopamine peak of each sample was detected using an
electrochemical detector (applied voltage +750 mV vs.
Ag/AgCl, a product of Eicom Corporation) . With
reference to the identified dopamine peak, the
dopamine content per tissue weight was calculated in
each sample using analysis software (a product of
Gilson Inc.). In both analyses, the value of the
sample derived from the MPTP -induced mice in which
only the test compound or the solvent was administered
was expressed relative to the value of the sample
derived from the mice without MPTP treatment (100% ).
Values were analyzed statistically using a nonclinical
statistical analysis system. Values of significance
probability < 0.05 were defined as statistically
significant. In the MPTPinduced mice, when the test
drug group showed an increase in protein level
compared to the solvent group, and a significant
difference was observed between these groups at
t-assay, the test drug was judged to have dopamine
neuroprotective activity.CLAIMS 1 . A quinolone
compound represented by General Formula (D or a salt
thereof, wherein R i represents a hydrogen atom, a
lower alkyl group, a cyclo C3_8 alkyl lower alkyl
group, or a lower alkoxy lower alkyl group; R2
represents a hydrogen atom, a lower alkyl group, or a
halogen-substituted lower alkyl group; R3 represents a
phenyl group, a furyl group, a thienyl group, or a
pyridyl group, each of the groups optionally being
substituted with one or more groups selected from the
group consisting of the following (1) to (16) on the
aromatic or heterocyclic ring represented by the above
R3: (1) lower alkyl groups, (2) lower alkoxy groups,
(3) halogen -substituted lower alkoxy groups, (4) a
phenoxy group, (5) lower alkylthio groups, (6) a
hydroxy group, (7) hydroxy lower alkyl groups, (8)
halogen atoms, (9) lower alkanoyl groups, (10 ) lower
alkoxycarbonyl groups , (11) amino groups optionally
substituted with one or more lower alkyl groups.(12)
carbamoyl groups optionally substituted with one or
more lower alkyl groups, (13) cyclo C3- alkyl lower
alkoxy groups, (14) pyrrolidinyl carbonyl groups, (15)
morpholinyl carbonyl groups, and (16) a carboxyl
group; R4 represents a halogen atom; 



R5 represents a hydrogen atom or a halogen atom; R6
represents a hydrogen atom; and R7 represents any one
of groups (1) to (15) below; (1) a hydroxy group, (2)
a halogen atom, (3) a lower alkoxy group, (4) a
halogen -substituted lower alkoxy group, (5) a hydroxy
lower alkoxy group, (6) a lower alkoxy lower alkoxy
group, (7) an amino group optionally substituted with
one or more members selected from the group consisting
of lower alkyl groups, lower alkoxy lower alkyl
groups, and cyclo C3_8 alkyl groups, (8) an amino
lower alkoxy group optionally substituted on the amino
group with one or more members selected from the group
consisting of lower alkyl groups, lower alkanoyl
groups, lower alkyl sulfonyl groups, and carbamoyl
groups optionally substituted with one or more lower
alkyl groups, (9) a cyclo C3-8 alkyloxy group, (10) a
cyclo C3_a alkyl lower alkoxy group, (11) a
tetrahydrofuryl lower alkoxy group, (12) a lower
alkylthio group, (13) a heterocyclic group selected
from the group consisting of morpholinyl groups,
pyrrolidinyl groups, furyl groups, thienyl groups, and
benzothienyl groups, (14) a phenyl lower alkoxy lower
alkoxy group, and (15) a pyrrolidinyl carbonyl group.
2 . A quinolone compound of General Formula (1) or a
saltthereof according to claim 1 , wherein R1
represents a hydrogen atom or a lower alkyl group ; R2
represents a hydrogen atom or a lower alkyl group; R3
represents a phenyl group or a pyridyl group, each of
the groups optionally being substituted with one or
two groups selected from the group consisting of the
following (1), (2), (6), and (8) on the aromatic or
heterocyclic ring represented by the above R3: (1)
lower alkyl groups, (2) lower alkoxy groups, (6) a
hydroxy group, and (8) halogen atoms; R 4 represents a
halogen atom; R s represents a hydrogen atom; R6
represents a hydrogen atom; and R7 represents any one
of groups (3), (4), and (7) below: (3) a lower alkoxy
group, (4) a halogen-substituted lower alkoxy group,
and (7) an amino group optionally substituted with one
or two lower alkyl groups 3 . A quinolone compound of
General Formula (1) or a salt thereof according to
claim 2 selected from the group consisting of:
5-fluoro-3-(4-methoxyphenyl )-2-methyl-8-propoxy-
lH-quinolin -4-one ,
5-fluoro-3-(4-methoxyphenyl)-l-methyl-8-propoxy-lH-qui
nolin-4-one, 3- (2,4-dimethoxyphenyl)
-5-fluoro-8-propoxy-lH-quinolin-4-one,
5-fluoro-8-isopropoxy-3- (4-methoxyphenyl
)-lH-quinolin-4-one, 3-(2, 4-dichlorophenyl)
-5-fluoro-8-propoxy-lH-quinolin-4-one,
8-ethoxy-5-fluoro-3- (4 -methoxyphenyl)
-lH-quinolin-4-one, 5-fluoro-3-(4-methoxy-
2-methylphenyl )-8-propoxy- lH-quinolin- 4-one , 



5-fluoro-3- (4-methoxyphenyl)
-8-propoxy-lH-quinolin-4-one, 5-fluoro-3-(2-fluoro
-4-methoxyphenyl )-8-propoxy- lH-quinolin- 4-one
,5-fluoro-3- (4-hydroxyphenyl)
-8-propoxy-lH-quinolin-4-one, d-cyclopropylmethoxy-5-f
luoro-3- (4-methoxyphenyl) -lH-quinolin-4- one,
5-fluoro- 8-propoxy- 3-pyridin- 4-yl- lH-quinolin-
4-one , 5-fluoro-3- (4-methoxyphenyl) -8-
(N-methyl-N-propylamino) -IHquinolin- 4-one, and
5-fluoro-3- (4-methoxyphenyl) -8- (4 ,4
,4-trifluorobutoxy) -IHquinolin -4-one . 4 . A
pharmaceutical composition comprising a quinolone
compound of General Formula (1) or a salt thereof
according to claim 1 as an active ingredient and a
pharmaceutically acceptable carrier . 5 . A
prophylactic and/or therapeutic agent for
neurodegenerative diseases, diseases induced by
neurological dysfunction, or diseases induced by
deterioration of mitochondrion function, comprising as
an active ingredient a quinolone compound of General
Formula (1) or a salt thereof according to claim 1 . 6
. A prophylactic and/or therapeutic agent according to
item 5 , wherein the neurodegenerative disease is
selected from the group consisting of Parkinson's
disease, Parkinson's syndrome, juvenile parkinsonism,
striatonigral degeneration, progressive supranuclear
palsy, pure akinesia, Alzheimer's disease. Pick's
disease, prion disease, corticobasal degeneration,
diffuse Lewy body disease, Huntington's disease,
chorea- acanthocytosis, benign hereditary chorea,
paroxysmal choreoathetosis , essential tremor,
essential myoclonus, Gilles de Ia Tourette's syndrome,
Rett's syndrome, degenerative ballism, dystonia
musculorum deformance, athetosis, spasmodic
torticollis, Meige syndrome, cerebral palsy, Wilson's
disease, Segawa's disease, Hallervorden-Spatz
syndrome, neuroaxonal dystrophy, pallidal atrophy,
spino-cerebellar degeneration, cerebral cortical
atrophy. Holmes -type cerebellaratrophy,
olivopontocerebellar atrophy, hereditary
olivopontocerebellar atrophy, Joseph disease,
dentatorubropallidoluysian atrophy,
Gerstmann-Straussler- Scheinker disease, Friedreich's
Ataxia, Roussy-Levy syndrome, May-White syndrome,
congenital cerebellar ataxia, hereditary episodic
ataxia, ataxia telangiectasia, amyotrophic lateral
sclerosis, progressive bulbar palsy, spinal
progressive muscular atrophy, spinobulbar muscular
atrophy, Werdnig- Hoffmann disease, Kugelberg-Welander
disease, hereditary spastic paraparesis,
syringomyelia, syringobulbia, Arnold- Chiari
malformation. Stiffman syndrome, Klippel-Feil
syndrome, Fazio-Londe syndrome, lower myelopathy.
Dandy-Walker syndrome, spina bifida, Sjogren- Larsson
syndrome, radiation myelopathy, age-related macular
degeneration, and cerebral apoplexy selected from the
group consisting of cerebral infarction and cerebral
hemorrhage. 7 . A prophylactic and/or therapeutic
agent according to claim 5 , wherein the disease
induced by neurological dysfunction is selected from
the group consisting of spinal cord injury,
chemotherapy- induced neuropathy, diabetic neuropathy,
radiation damage, and demyelinating diseases selected
from the group consisting of multiple sclerosis, acute
disseminated encephalomyelitis, transverse myelitis,
progressive multifocal leucoencephalopathy, subacute
sclerosing panencephalitis, chronic inflammatory
demyelinating polyneuropathy and Guillain-Barre
syndrome . 8 . A prophylactic and/or therapeutic agent
according 



to claim 5 , wherein the disease induced by
deterioration of mitochondrion function is selected
from the group consisting of Pearson's syndrome,
diabetes, deafness, malignant migraine, Leber's
disease, MELAS, MERRF, MERRF/MELAS overlap syndrome,
NARP, pure myopathy, mitochondrial cardiomyopathy,
myopathy, dementia, gastrointestinal ataxia, acquired
sideroblastic anemia, aminoglycoside -induced hearing
loss, complex III deficiency dueto inherited variants
of cytochrome b , multiple symmetrical lipomatosis,
ataxia, myoclonus, retinopathy, MNGIE, ANTl disease.
Twinkle disease, POLG disease, recurrent
myoglobinuria, SANDO, ARCO, complex I deficiency,
complex II deficiency, optic nerve atrophy, fatal
infantile complex IV deficiency, mitochondrial DNA
deficiency, mitochondrial DNA deficiency syndrome,
Leigh's encephalomyelopa thy , chronic -progres sive
-external -ophthalmoplegia syndrome (CPEO),
Kearns-Sayre syndrome, encephalopathy, lactasidemia,
myoglobinuria, drug-induced mitochondrial diseases,
schizophrenia, major depression disorder, bipolar I
disorder, bipolar II disorder, mixed episode,
dysthymic disorders, atypical depression, seasonal
affective disorders, postpartum depression, minor
depression, recurrent brief depressive disorder,
intractable depress ion/chronic depression, double
depression and acute renal failure. 9 . Use of a
quinolone compound of General Formula (1) or a salt
thereof according to claim 1 as a drug. 10. A method
for treating or preventing neurodegenerative diseases,
diseases induced by neurological dysfunction, or
diseases induced by deterioration of mitochondrion
function, comprising administering a quinolone
compound of General Formula (1) or a salt thereof
according to claim 1 to a human or an animal. 11. A
'process for producing a quinolone compound of General
Formula (1)or a salt thereof, wherein Ri, R2, R3, R4,
R5, R and R7 are each defined above in claim 1 ,
comprising reacting a compound represented by General
Formula (4) wherein Ri, R4, R5, R6 and R are each
defined above in claim 1 , with a compound represented
by General Formula (5) wherein R 2 and R3 are each
defined above in claim 1 , and R8 represents a lower
alkoxy group, thereby giving an intermediate compound
represented by General Formula (6)wherein Ri, R2, R3,
R4, R5, Re, R7 and R8 are each defined above; and
subjecting the resulting compound to a cyclization
reaction. 


