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Abstract

A genomic DNA involved in rheumatoid arthritis, a method of
diagnosing rheumatoid arthritis or a method of judging onset risk of
rheumatoid arthritis, and a diagnostic kit for diagnosing rheumatoid arthritis
or judging onset risk of rheumatoid arthritis, which genomic DNA comprises at
least one of the following mutations in genomic DNA consisting of the base
sequence of SEQ ID NO: 1:

(1) substitution of thymine (t) for cytosine (c) at the position-1987;
(2) substitution of guanine (g) for thymine (t} at the position-3664; and

(3) substitution of cytosine (c¢) for adenine (a) at the position-3769.
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DESCRIPTION

Genomic DNAs involved in rheumatoid arthritis,
a method of diagnosing or judging onset risk of the same, and diagnostic

kit for detecting the same

Technical Field

The present invention relates to genomic DNAs with mutations, a
method of diagnosing human rheumatoid arthritis by using the mutations, a
method of judging onset risk thereof, and a diagnostic kit for detecting the

SAallne.

Background Art

Rheumatoid arthritis (RA) has a cardinal symptom of multiple erosive
osteoarthritis, and is also a systemic inflammatory disease with an unknown
etiology, simultaneously disturbing multiple organs. RA progresses chronically
with periods of repeated remission and exacerbation. Untreated RA causes a
destruction and a deformation of joint, later presenting functional disorders of
motor apparatus. Sometimes it threatens lives of patients. Consequently,

patients with RA have to bear large, lifelong physical and mental burdens.

RA results in a large variety of symptoms, and the diagnostic criteria of
the American College of Rheumatology are widely used for its diagnosis.
However, development of an onset state of RA is generally very slow, requiring
a period from several weeks to several months. According to a judgment by

means of an existence of rheumatoid factor, which is an objective index in the
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diagnostic criteria of American College of Rheumatology, a positive rate is 33%
within 3 months and around 88% even after 12 months or more (Chiryo, 73(3):
23-27, 1991]. This indicates that RA cannot be diagnosed definitively at
present. An attempt to diagnose rheumatoid arthritis by detecting a serum
rheumatoid arthritis associated antigen IgM in a patient through a reaction

with recombinant antigen has been performed (JP-A-10-513257).

[In a treatment of RA, a therapeutic procedure to be selected is
generally varied depending on a progression stage of symptoms in the disease
state. Generally, in an early stage during which a definite diagnosis cannot be
made, a nonsteroidal antiinflammatory drug (NSAID) is administered; and in a
case 1n which a definite diagnosis can be made, a disease-modifying
antirheumatic drug (DMARD]) 1s administered in addition to the NSAID. In
particular in an early stage of RA onset, since it is difficult to make a definite
diagnosis at present, the NSAID 1s administered, and at the same time, an
etfort 1s made to 1dentify this disease from other rheumatic diseases including
collagen disease, by carefully observing the symptom and procession. In a case
In which the symptoms continue to progress, steroids may be administered,
and a pharmacotherapy for pain together with a physiotherapy and an orthotic
therapy are performed in order to maintain and ameliorate joint functions. In
addition, in a case in which daily life is inconvenienced by a joint disruption, a

surgical therapy may be performed.

Though aspects of arthritis and joint disruption, which are the causes
of RA, 1n particular their pathological processes, are gradually being elucidated
through a variety of studies, RA is still thought to be a disease which develops
and progresses after an onset caused by cooperation with a large number of
causative factors including a living environment. For that reason, in order to
perform a more exact elucidation of the disease and a proper therapy thereof,

an essential part of interactions of the multiple factors involved has to be
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established. Since RA is a disease with an incident rate of 1% or less in the
world (N. Engl. J. Med., 322: 1277-1289, 1990), but siblings of the patient
develop the disease at a frequency of 8% or more (Cell, 85: 311-318, 1996}, one
of the causative factor 1s suspected to be some genetic factor. Further, since an
environment 1s thought to be one of the causative factors, the onset may be
delayed or prevented by paying attention to the daily life style such as diet,
viral infections and stress, if the onset risk can be known in advance. Further,
by making an earlier diagnosis and providing an appropriate treatment in an
earlier stage, progression of RA can be delayed and prognosis can be expected

to be improved.

In the international publication, W0O98/51794, the inventors of the
present invention performed linkage analyses of patients with RA and their
sibs using a microsatellite marker, and identified three gene loci involved
where genes causative of rheumatoid arthritis are positioned. The following
causative genes have been identified:

(1) A gene causative of rheumatoid arthritis located no more than %1
centimorgan apart from a DNA sequence hybridizable with microsatellite
markers D1S214 and/or D1S253 in human chromosome 1.

(2) A gene causative of rheumatoid arthritis located no more than *1
centimorgan apart from a DNA sequence hybridizable with microsatellite
marker D8S556 in human chromosome 8.

(3) A gene causative of rheumatoid arthritis located no more than *1
centimorgan apart from a DNA sequence hybridizable with microsatellite
markers DXS1001, DXS1047, DXS1205, DXS1227 and/or DXS1232 in

human chromosome X.

The present inventors further extended the study on the causative
gene (3) described above, and found that a specific mutation (2 Exon deleted

mutation) of the Dbl proto-oncogene of chromosome X [EMBO J. 7(8):
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2465-2473, 1988] was related to the onset state of RA. They then filed the
patent application (PCT/JP00/01697).

An object of the present invention is to elucidate further mutations in
human Dbl gene and their relations to an onset or an onset risk of RA; and
provides a method for precisely diagnosing the onset or the onset risk of RA by
utilizing such mutations. Another object of the present invention is to provide
a diagnostic kit useful for detecting a genomic DNA which is a mutated Dbl

gene associating with RA.

Disclosure of Invention

Under these circumstances, the present inventors have continued
extensive studies and found the following mutations in the genomic DNA
represented by SEQ ID NO: 1, which showed a base sequence of intron 24 -
exon 24 - intron 23 of the Dbl gene in cells obtained from examinees:(1}
Substitution of thymine (t) for cytosine (c) at the position-1987;

(2) Substitution of guanine (g) for thymine (t) at the position-3664; and

(3) Substitution of cytosine (c) for adenine (a) at the position-37609.

More specifically, the base (c) at the position-1987 is located in the
intron 24, and the bases (t} and (a) at the position-3664 and the position-3769
are located in the intron 23. Previously, it has been known that there are
several genomic genes involved in the onset of RA, and the mutated genomic
DNA of the present invention is now known to be partially the cause of the RA
onset. Such a relationship between single base substitution mutation and

diseases is known in other cases such as the gene causative of type Il diabetes

mellitus (Nature Genetics, 26: 163-175, 2000).
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The present inventors have found from these studies that a method of
diagnosing RA, a method of judging the onset risk of RA, and a diagnostic kit
for detecting these mutations, by using the mutations of the Dbl gene in cells
obtained from examinees as a index, are useful, and accomplished the present

5 1nvention. Further, the present invention is useful for developments of novel
preventive or therapeutic methods and drugs for the treatment of rheumatoid

arthritis.

In the present specification, unless otherwise specifially noted, a, c, g

10 and t mean the bases adenine, cytosine, guanine and thymine, respectively.

Further, SEQ ID NO: 1 corresponds to the sequence from the

position-55,823 to the position-39,696 of the sequence registered in

GenBank® as the human genome of the X chromosome, q25-26.3 region
15 containing the genomic DNA of the Dbl gene (GenBank® accession No.

AL033403). In this connection, the sequence registered in GenBank® has the

following properties: The complementary strand thereof is a +strand; it is

translated from the position-115,837 to 5’ direction; and it transcribes mRNA

of the GenBank® accession No. X12556.

20
The method of diagnosing RA, the method of judging onset risk thereof,
and the diagnostic kit for detecting the same in the present invention, detects
at least one of the mutations in the genomic DNA previously described.
25

Brief Description of Drawings

Fig. 1 is a schematic drawing showing a relationship between the

primers used for sequence determination of the causative gene of RA and the

30 genomic DNA.
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Fig. 2 is electrophoretic patterns after Hinf-1 treatment of PCR products
amplified by using the primers consisting of base sequences of SEQ ID NO: 2
and SEQ ID NO: 3. Lane 1 indicates a PCR product derived from a homologous
variant Dbl gene, lane 2 indicates PCR products derived from a normal (wild
type) Dbl gene, and lane 3 indicates PCR products derived from a heterologous

variant Dbl gene.

Best Mode for Carrying Out the Invention

Identification of a mutant genomic DNA and diagnosis of RA or

judgment of onset risk of RA can be made, for example, as described below.

A genomic DNA of an examinee can be obtained by the conventional
method from any human cells, for example, hair, various organs, peripheral
lymphocytes and synovial cells. It can also be obtained from cultured and
proliferated cells. In addition, the thus obtained genomic DNA can be used
after being amplified by using the conventional gene amplification methods
such as PCR (Polymerase chain reaction), NASBA (Nucleic acid sequence based
amplification), TMA (Transcription-mediated amplification) and SDA (Strand

displacement amplification).

Detection method for genomic variants is not particularly limited. It .
includes, for example, allele specific oligonucleotide probe method,
oligonucleotide ligation assay method, PCR-SSCP method, PCR-CFLP method,
PCR-PHFA method, invader method, RCA (Rolling circle amplification) method

and primer oligo base extension method.

In the case of detecting mutations by using the PCR method, a PCR

primer, which can amplify the region containing the mutated positions in SEQ
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ID NO: 1, is synthesized; and then direct sequencing of the PCR product
amplified from a genomic DNA of the examinee is carried out to determine the
mutation. By detecting at least one mutation described above in the genomic
DNA of SEQ ID NO: 1, diagnosis of RA of the examinee or onset risk thereof can

then be judged precisely.

The primer used in the present invention can be prepared

conventionally by using a DNA synthesizer or the like.

Further, the mutations described above can also be detected by using a
microarray equipped with oligonucleotides consisting of a normal sequence

and a mutated sequence in the mutation site penumbra.

Moreover, the mutation (t-g) at the position-3664 can also be detected,
as shown in the Examples, by amplifying a +strand of the genomic DNA using
a synthetic oligonucleotide containing the mutation site thereof (SEQ ID NO: 2
and SEQ ID NO: 3) as a primer in PCR, cleaving the PCR product with the
restriction enzyme Hinf-I, and examining whether the PCR product is
fragmented into two fragments or not (RFLP analysis). Namely, the normal
sequence penumbral to the position-3664 in the complementary strand of SEQ
ID NO: 1 1s S-gaatc-3’, and is cleaved by Hinf-I (recognition sequence: 5-g!
antc-3}. On the other hand, the mutated sequence penumbral to the
position-3664 in the complementary strand of SE ID NO: 1 1s S’-gcatc-3’, and is

not cleaved by Hinf-I.

A diagnostic kit of the present invention 1s not particularly limited as
long as it contains a reagent such as primer and probe, which can detect at
least one mutation of the genomic DNA described above, and can be obtained

by further combining other additional reagents.
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Examples of the kit include a combination of a primer which 1s
designed to amplify the genomic region containing at least one mutation
described above, and further at least one reagent necessary for detecting the
mutation including a prove which 1s designed to detect the genomic region
containing at least one mutation described above, a restriction enzyme and a
reagent used for base sequence determination methods such as
Maxam-Gilbert method and chain termination method. Preferably, a kit
comprising a fluorescence labeled dideoxynucleotide is further included.

Diagnosis of RA or onset risk thereof can be performed precisely by
using the diagnostic kit.

The diagnostic kit of the present invention can be constructed, for
example, in the case of a kit for RFLP analysis of the mutation at the
position-3664, by a primer set consisting of base sequences of SEQ ID NO: 2
and SEQ ID NO: 3, restriction enzyme Hinf-I, DNA synthase, and the like.
Further, proper buffer, washing solution and the like, which do not disturb the

detection of mutation, may be added.

Examples

The present invention will be further explained in detail and
specifically with illustrating Examples, but is not construed to be limited to the

following Examples.

Example 1

Specifying gene mutation

Ninety subjects from 30 genealogies, each genealogy consisting of 2
patients with RA and one healthy subject, were selected for analysis. Genomic

DNA was extracted from the peripheral blood. After amplifying the region with
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about 5.3 kbp penumbral to the exon 23 and 24 which correspond to 223 bp
deficient region of Dbl gene cDNA by PCR, the base sequence was determined
by Dye Terminator method using a sequence primer (Fig. 1) which was
designed based on the previously known genomic sequence (Acc. No.
ALO33403.1). In the statistical analysis, chi-square test (x2-test) by the
percentage method was used for the test of significance. Base sequence of each
primer set used for the PCR is shown as follows:
FS/RE1l: 5’-taacagaacgggataagt-3’ (SEQ ID NO: 4}
S’-ccaagtgggtagatttccaa-3’ (SEQ ID NO: 5)
FE1/RE2: 5’- caaaagctcacttagtt-3’ (SEQ ID NO: 6)
S’-ggcttactectaatgge-3’ (SEQ ID NO: 7)
FE2/55: OS’-cttctcaccttgtggtaaat-3’ (SEQ ID NO: 8)
o’-catttgggaaacggtaaagt-3’ (SEQ ID NO: 9)
S6AS /S2: 5’-gtggcgcatgectgtaat-3’ (SEQ ID NO: 10)
o’-gcaaggtcaacctacatt-3’ (SEQ ID NO: 11}
S3AS/R1: 5-tggtatataggttacatctattgata-3’ (SEQ ID NO: 12]
S’-gctacttgecatttgac-3’ (SEQ ID NO: 13)

As the results, 15 positions of SNPs in the intron region were confirmed.
Each frequency is shown 1in Table 1. According to the results of chi-square test,
a significant difference in the frequency between the patient with RA and the
healthy subject was recognized (p<0.05) in three positions, i.e. nt2632+106(t~
g), nt2632+211(a-c) and nt2745+576(g—a). A nomination, e.g. nt2632+106(t—~

g), iIndicates that the intron base t at the 106-position from the genomic base
(terminal base in the exon) corresponding to the base at the 2632-position in
cDNA sense strand 1s mutated to g. This corresponds to a—c mutation at the
position-3769 1in SEQ ID NO: 1. Similarly, nt2632+211(a-c) corresponds to t-
g mutation at the position-3664 in SEQ ID NO: 1, and nt2745+576(g—a)

corresponds to c»t mutation at the position-1987 in SEQ ID NO: 1.
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Example 2
RFLP analysis of t—-g mutation at the position-3664 in SEQ ID NO: 1

A genomic DNA consisting of 371 bp was isolated by PCR using DNA
S  primers represented by the following sequences:
DblF15: 9-ttggaaatctacccacttgg-3' (SEQ ID NO: 2]
DblR11: S-aaaccaacggtaagtgaaatg-3' (SEQ ID NO: 3)
which were synthesized according to the known sequences, as well as using

the reaction composition and conditions as follows.

10 Genomic DNA 1yl
PCR butffer II (Applied Biosystems Inc.) 2.5
25 mM MgCl; 1.5
2 mM dNTP 2.5
10 pmol/pl sense primer 0.5

15 10 pmol/ul antisense primer 0.5
Gold Taqg polymerase 0.25
Sterilized water 16.25

Reaction conditions: (95°C/12 min.) x 1
(94°C/30 sec., 50°C/30 sec., 72°C/1 min.) x 30
20
The thus obtained DNA-amplified reaction mixture was reacted at 37°C
for 1 hour with a restriction enzyme Hinf-I (New England Biolabs Inc.,
recognition sequence: 5-GJ1 ANTC-3’) using the reaction composition described
below to digest completely, and analyzed by the conventional manner using

25  2.0% agarose gel electrophoresis and ethidium bromide staining.

PCR reaction mixture 10 ul
Hinf-1 2 ul
Reaction buffer (NE Buffer II) 1.5 pl
Sterilized water 1.5 ul

30

11
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Results are shown in Fig. 2. Lane 2 is an electrophoretic pattern of the
PCR product after the Hinf-I treatment obtained by using the normal Dbl gene
as a template wherein the sequence is cleaved to 227 bp and 144 bp by the
Hinf-I recognition sequence {5’-gaatc-3’) at the position-3664 (nt2632+211})
penumbra. Lane 1 1s an electrophoretic pattern of the PCR product derived
from the homologous variant Dbl gene wherein no cleavage occurs due to
disappearance of the Hinf-I recognition sequence by t-g mutation at the
position-3664 (a—»c mutation of nt2632+211). Lane 3 is an electrophoretic
pattern of the PCR product derived from the heterologous variant Dbl gene.
Since a fragment having the Hinf-I recognition sequence and a fragment
without having the Hinf-I recognition sequence were amplified, 3 fragments
consisting of a non-cleaved fragment of 377 bp and further cleaved 2

fragments of 227 bp and 144 bp were simultaneously detected.

Industrial Applicability

The present invention relates to genomic DNAs with mutations
associated with human rheumatoid arthritis, a method of diagnosing human
rheumatoid arthritis by using these mutations, a method of judging onset risk
thereof, and a diagnhostic kit for detecting the same. The present invention is
useful for detecting onset of rheumatoid arthritis or onset risk thereof precisely,
simply and exactly. Further, the present invention is useful for developing
novel preventive and therapeutic methods and therapeutic drugs for

rheumatoid arthritis.

12
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CLAIMS

1. A genomic DNA involved 1in rheumatoid arthritis, which comprises at

least one of the following mutations in genomic DNA consisting of the base
sequence of SEQ ID NO: 1:
(1) substitution of thymine (t) for cytosine (c) at the position-1987;
(2) substitution of guanine (g) for thymine (t) at the position-3664; and
(3) substitution of cytosine (¢) for adenine (a) at the position-3769.
2. A method of diagnosing rheumatoid arthritis or a method of determining

onset risk of rheumatoid arthritis, which comprises detecting the genomic DNA of

claim 1.

3. A diagnostic kit for diagnosing rheumatoid arthritis or determining onset
risk of rheumatoid arthritis, which comprises a PCR reagent comprising a primer
set consisting of nucleic acid sequence of SEQ ID NO: 2 and 3, and a restriction

enzyme Hinf-1.

4, The genomic DNA according to claim 1, comprising any two of the

mutations selected from the group consisting of: (1), (2) and (3).

13
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