US005962332A

United States Patent [ (1] Patent Number: 5,962,332
Singer et al. 451 Date of Patent: *QOct. 5,1999
[54] DETECTION OF TRINUCLEOTIDE [56] References Cited
REPEATS BY IN SITU HYBRIDIZATION
U.S. PATENT DOCUMENTS
[75] Inventors: EO!D;” HL S%ngef’ Sgew;?ury;b b of 4,888,278 12/1989 Singer et al. woocooooroocrrocorrre 435/6
rishan L. 1aneja, Northboro, both o 5.348.855 9/1994 Dattagupta et al. .oooooovroooerrrc. 435/6
Mass. 5,364,759 11/1994 Caskey et al. ..oooveovrevenrrresrrennnn. 435/6
. . . 5,427,910 6/1995 Kamentsky et al. .....ccoccvvvrencneee 435/6
[73] Assignee: University of Massachusetts, Boston, 5,449,616  9/1995 Campbell et al. .. 435/240.2
Mass. 5,578,450 11/1996 Thibodeau et al. ....oovovvveerrreeneeee 435/6
5,665,549  9/1997 Pinkel et al. ...ccceevvvriviiniiniiinnne 435/6
[*] Notice:  This patent issued on a continued pros-
ecution application filed under 37 CFR FOREIGN PATENT DOCUMENTS
1.53(d), and is sub!et:t to the twenty year WO 93/16196  8/1993  WIPO .
patent term provisions of 35 U.S.C. WO 93/17104  9/1993 WIPO .
154(a)(2).
OTHER PUBLICATIONS
[21] Appl. No.: 08/570,155
. Caskey, C., et al., “Triplet Repeat Mutations in Human
[22] Filed: Dec. 11, 1995 Disease,” Science, vol. 256, pp. 784-789, May 8, 1992.
Related U.S. Application Data . . .
Primary Examiner—Bradley L. Sisson
[63] Continuation-in-part of application No. 08/399,499, Mar. 7, Attorney, Agent, or Firm—¥ish & Richardson P.C.
1995, which is a continuation-in-part of application No.
08/214,823, Mar. 17, 1994, abandoned. [57] ABSTRACT
[51] Int. CLS .o, GO1N 33/00; GO1N 21/76; Disclosed is a method of detecting a trinucleotide repeat
C12Q 1/68; CO7H 21/04 expansion by in situ hybridization. The disclosed method
[52] US. CL s 436/94; 436/164; 436/172;  uses a sample of nucleated cells, a labeled trinucleotide
436/800; 436/805; 435/6; 536/23.1; 536/24.3; repeat-specific probe and detection of the hybridized probe
536/24.33 by a means whose sensitivity distinguishes between the
[58] Field of Search ... 435/6,91.1,91.2,  signal from probes hybridized to an expanded repeat and the

435/183; 536/23.1, 23.5, 24.3, 24.31, 24.32,
25.32, 25.6; 935/77, 78; 436/94, 164, 172,
806, 805, 808

signal from probes hybridized to a non-expanded repeat.

22 Claims, 3 Drawing Sheets

Copy provided by USPTO from the CSIR Image Database on 09-20-2001



U.S. Patent Oct. 5,1999 Sheet 1 of 3 5,962,332

Diagnostic test for trinucleotiode repeats:
Number of foci in nucleus

40
No of Cells
30 -
No of Cells
20 -
10 -
0.—
1 2 3 45 6 7 8 9 10 11 12 13
(SEQ ID NO:14) No. of Discrete Foci

FIG. 1

Copy provided by USPTO from the CSIR Image Database on 09-20-2001



U.S. Patent Oct. 5, 1999 Sheet 2 of 3 5,962,332

Copy provided by USPTO from the CSIR Image Database on 09-20-2001



U.S. Patent Oct. 5,1999 Sheet 3 of 3 5,962,332

@) O 0O

X Il
'-i/'/\i\ | H ""~~NH-C-CF3
@) N
H

FIG. 3A

O O
HN X NH-C-CF
NSNS NR-C-
Ly ‘°’
OZ~N
DMTO— "o
FIG. 3B
O-P-N(iPr)2
O-CNEt

Copy provided by USPTO from the CSIR Image Database on 09-20-2001



5,962,332

1

DETECTION OF TRINUCLEOTIDE
REPEATS BY IN SITU HYBRIDIZATION

The application is a continuation-in-part of U.S. appli-
cation Ser. No. 08/399,499, filed Mar. 7, 1995, which is a
continuation-in-part of U.S. application Ser. No. 08/214,
823, filed Mar. 17, 1994, abandoned.

GOVERNMENTAL SUPPORT

Work on this invention was supported in part by National
Institutes of Health Grants HB67022 and HD18066. The
government therefore has certain rights in the invention.

FIELD OF THE INVENTION

The invention relates to detection of genetic abnormalities
and diagnosis of genetic diseases.

BACKGROUND OF THE INVENTION

Trinucleotide repeat sequences in transcripts of affected
genes have been found in fragile X-syndrome (“Fra-X;”
CGG repeats in the 5' untranslated region), muscular atrophy
(“SBMA;” CAG repeat in the coding region), myotonic
dystrophy (“DM;” CTG repeat in the 3' untranslated region),
and Huntington’s disease (“HD;” CAG repeat in the coding
region). These repeats appear to be present in the normal
gene as well, but the number of tandem trinucleotide repeats
is increased in the disease state. Therefore, the disease-
causing genetic defect is called an “expanded trinucleotide
repeat” or a “trinucleotide repeat expansion”. The extent or
degree of trinucleotide repeat expansion associated with the
disease state varies for different genetic diseases. In each
disease, however, there appears to be a relatively consistent
number of tandem repeats below which the patient has no
symptoms, and above which disease symptoms begin to
appear. In general, increasing severity of disease symptoms
correlates with an increased degree of repeat expansion (i.e.,
a greater number of tandem trinucleotide repeats) once the
maximum normal number is exceeded (Harley et al., 1992,
Nature, 355:545-46; Buxton et al., 1992, Nature, 355:547,
Aslanidis et al., 1992, Nature, 355:548; Brook et al., 1992,
Cell, 68:799-808; Mahadevan, 1992 Science, 255:1253-56;
Fu et al., 1992, Science, 255:1256-58; Tsilfidis et al., 1992,
Nature Genetics, 1:192-95).

The mechanisms for trinucleotide repeat expansion are
not known, but many of the genetic diseases associated with
this phenomenon exhibit “anticipation”. That is, the severity
of symptoms increases in succeeding generations, suggest-
ing that replication errors may contribute to the repeat
expansion.

An example of such a disease is myotonic dystrophy, a
human neuromuscular genetic disease inherited in an auto-
somal dominant fashion. The genetic defect has multisystem
effects, including myotonia and weakness, cardiac conduc-
tion defects, cataracts, male baldness, hypersomnia, abnor-
mal glucose response and male testicular atrophy as well as
abnormalities in other systems. The clinical presentation of
myotonic dystrophy is variable and has been well charac-
terized (P. S. Harper, 1989, Myotonic Dystrophy, Saunders,
London, and Philadelphia, 2nd ed.). While the genetic bases
of the disease are not known, the trinucleotide repeat
sequence (CTG), has been found in the 3' -untranslated
region of myotonic-protein kinase (Mt-PK) mRNA. The
severity of the disease may increase from one generation to
the next (anticipation) and is related to expansion of the
(CTG),, repeat sequence.
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Biochemical studies have not shown any mutated or
defective protein associated with myotonic dystrophy, but
defects in membrane structure and function have been
found. There is also evidence of reduced phosphorylation of
membrane proteins in red blood cells (Roses et al., 1973,
PNAS, 70:1855) and sarcolemmal membranes from muscle
biopsies of DM patients (Roses and Appel, 1974, Nature,
250:245). Fu et al., 1993, Science, 260:235-38 have shown
that the amount of Mt-PK mRNA and the corresponding
protein decreases with increased repeat expansion in the
myotonic dystrophy patient. The regulatory role of protein
kinase in development and the physiological modulation of
channel proteins is also reduced in myotonic dystrophy
patients (J. Wang et al, 1992, Narure, 359:739; J. W. West,
1991, Science, 254:866). Fu et al., supra, have suggested that
the decrease in myotonic protein kinase contributes to the
severity of the disease by disrupting signal transduction and
amplification pathways. In contrast, another study has
shown no difference in mRNA levels in myotonic dystrophy
patients (Brook et al., 1992, Cell supra).

The CTG trinucleotide repeat sequence is polymorphic in
the normal population and undergoes various degrees of
expansion in myotonic dystrophy patients (Brook et al.,
1992, Cell, 68:799). The average number of CTG repeats in
normal cells is about 5 (48%)—27. DM patients have at least
50 copies, and up to several hundred copies. More severe
cases are associated with higher number of repeats. One
possible explanation for the expansion of the trinucleotide
repeat may be errors in DNA replication during meiotic cell
division or in the rapidly dividing cells of the early embryo.
That is, replication of five trinucleotide repeat alleles may be
stable, whereas duplication or triplication may occur when
27 repeat alleles are involved due to error in the DNA
replication step from one generation to the next. The CTG
trinucleotide repeat is transcribed from the gene and is
located about 500 bp upstream of the poly(A) signal in the
mRNA. The gene is expressed in many tissues of the
myotonic dystrophy patient and encodes a protein (Mt-PK)
having a strong homology with the protein kinase gene
family. Normal Mt-PK protein is encoded by a gene having
a genomic sequence of 11.5 kb. The gene contains 14 exons
and has been mapped to chromosome 19. It is not known at
the present time whether expansion of the trinucleotide
repeat affects transcription, transport or function of the
mRNA.

Many genes and RNAs contain sequences similar or
identical to the trinucleotide repeats known to be expanded
in genetic diseases. Probes and primers directed to the repeat
sequence hybridize to these sequences, which are unrelated
to the genetic disease of interest, creating smears on North-
ern and Southern blots or producing non-specific target
amplification. For example, both the rRNA genes and the
histone genes are GC rich and can be expected to hybridize
to trinucleotide repeat probes. Probes to the trinucleotide
repeat sequences have therefore previously been used only
for hybridization to isolated nucleic acid segments, such as
for screening cDNA libraries (Li et al., 1992, Am. J. Hum.
Genet., 51:(4 Suppl.), A41; Riggins et al., 1992, Am. J. Hum.
Genet., 51:(4 Suppl.), A4l). Because a variety of short
trinucleotide repeat sequences can be found all over the
genome, previous methods for detection and analysis of
repeat expansion in uncloned DNA have focused on the use
of probes and primers which hybridize to unique sequences
flanking or otherwise closely linked to the trinucleotide
repeat of interest. This approach for specific analysis of
repeat expansion in a gene of interest has been applied to
diagnosis of Huntington’s Disease (The Huntington’s Dis-

Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



Copy provided by USPTO from the CSIR Image Database on 09-20-2001



