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(57) L ivention concemne un procede illustre en figure 1, (57) A method, as shown 1n the figure, of preparing
de preéparation de lames porte-objet fluorescentes pour  fluorescent 1n situ hybridization slides, comprising:
hybridation 1n situ. Ce procede consiste a preparer une providing a slide with a raised ring thereon; providing to
lame porte-objet avec un anneau surcleve sur cette the slide a DNA probe; providing to the slide cells and
demiere, placer une sonde d’ADN sur cette derniere, target DNA; providing to the shde a formamide-free
placer ensuite des cellules et un ADN cible sur cette mixture of 10 % +/- 2 % by weight dextran sulfate, and
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lame, puis deéposer sur cette derniere un melange
dépourvu d’amide formique, de 10 % +/- 2 % en poids de
sulfate de dextran, et de 15 %-25 % de glycerol et 0,9 %
en poids de sel ou une solution de 10 % +/-2 % en poids
de sulfate de dextran, 10-30 % par volume d’amide
formique et 0,9 % en poids de sel, et enfin, a placer une
lamelle couvre-objet sur 1’anneau. Le procede consiste
ensuite a assurer la denaturation et 1’hybridation de la
lame, puis a laver cette derniere une fois 1’hybridation
réalisée;
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15 %-25 % glycerol and 0.9 % by weight salt or a
solution of 10 % +/- 2 % by weight dextran sulfate,
10-30 % by volume formamide and 0.9 % by weight salt;
placing a coverglass on the nng; denaturing and
hybridizing the shde; and performing a post-
hybridization wash of the shide.
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(57) Abstract

A method, as shown in the figure, of preparing fluorescent in situ hybridization slides, comprising: providing a slide with a raised
ring thereon; providing to the slide a DNA probe; providing to the slide cells and target DNA; providing to the slide a formamide—free
mixture of 10 % +/~ 2 % by weight dextran sulfate, and 15 %-25 % glycerol and 0.9 % by weight salt or a solution of 10 % +/~ 2 %

by weight dextran suifate, 10~-30 % by volume formamide and 0.9 % by weight salt; placing a coverglass on the ring; denaturing and
hybridizing the slide; and performing a post-hybridization wash of the slide.

*(Referred to in PCT Gazette No. 26/1998, Section II)  **(Referred to in PCT Gazette No. 30/1998, Section II)




10

15

20

235

30

CA 02282702 1999-05-18

WO 98/15656 | PCT/US97/17968

IN SITU HYBRIDIZATION SLIDE PROCESSES

ROSS—R RED Q _RELATED APPLICATIONS
This application 1s a continuation~in-part application of U.S. Patent
Application Serial No. 08/418,704, entitled "In Situ Hybridization Solution
and Process", to Kim et al., filed on April 7, 1995, the teachings of which

are incorporated herein by reference.

This invention relates to fluorescence in situ hybridization.

Background Art:

In situ hybridization (ISH) 1s a powerful and versatile tool for the
detection and localization of nucleic acids (DNA and RNA) within cell or
tissue preparations. By the use of labeled DNA or anti-sense RNA probes,
the technique provides a high degree of spatial information in locating
specific DNA or RNA sequences within individual cells or chromosomes. ISH
is widely used for research and potentially for diagnosis in the areas of
prenatal genetic disorders, and molecular cytogenetics. 1In the general

area of molecular bioclogy, ISH is used to detect gene expression and over-

expression, to map genes, to identify sites of gene expression, to localize

target genes, and to identify and to localize various viral and microbial
infections. Currently, the application of the ISH technology research is
being expanded into tumor diagnosis, preimplantation genetic diagnosis for
in vitro fertilization, evaluation of bone marrow transplantation, and

analysis of chromosome aneuploidy in interphase and metaphase nuclei.

In ISH, labeled nucleic acids (DNA or anti-sense RNA) are hybridized to

chromosomes or mRNAs in cells which are immobilized on microscope glass
slides (In Situ Hybridization: Medical Applications (eds. G.R. Coulton and
J. de Belleroche), Kluwer Academic Publishers, Boston (1992); In Situ
Hybridization: In Neurobiology; Advances in Methecdology (eds. J.H.
Eberwine, K.L. Valentino, and J.D. Barchas), Oxford University Press Inc.,
England (1994); and In Situ Hybridization: A Practical Approach {ed. D.G.
Wilkinson), Oxford University Press Inc., England (1992)). Numerous non-
isotopic systems have been developed to visualize labeled DNA probes

including; a) fluorescence-based direct detection methods, b) the use of
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digoxigenin- and biotin-labeled DNA probes coupled with fluorescence
detection methods, and c¢) the use of digoxigenin- and biotin-labeled DNA
probes coupled with antibody-enzyme detection methods. When fluorescence-
labeled nucleic acid (DNA or RNA) probes are hybridized to cellular DNA or
RNA, the hybridized probes can be viewed directly using a fluorescence
microscope. By using multiple nucleic acid probes with different
fluorescence colors, simultaneous multicolored analysis (i.e., for multiple
genes or RNAs) can be performed in a single step on a single target cell.
Fluorochrome-directly—-labeled nucleic acid probes eliminate the need for
multi-layer detection procedures (e.g., antibody-based systems), which
allows fast processing and also reduces non-specific background signals.
Therefore, fluorescence in situ hybridization (FISH) has become an

increasingly popular and valuable tool in both basic and clinical sciences.

Because of the importance of FISH technology in molecular biology and
cytogenetics, optimizing current FISH technology to improve the sensitivity
of hybridization (fluorescence) signals, to simplify and thus decrease the
time for the process, and to substitute toxic reagents with non-health-
hazard chemicals used in the FISH process is desirable. FISH technology
for DNA (or RNA) chromosomes 1s dependent on four major factors:

(a) optimal temperature for effective denaturation of double-strand DNAs
(separation of two DNA strands); (b) optimal temperature for annealing or
hybridization between target DNA (or RNA) and labeled DNA or RNA probes
(1.e., DNA or anti-sense RNA fragments with which enzymes, fluorochromes,
chromophores, chemiluminescers, bioluminescers, radiocisotopes, biotin or

avidin are conjugated); (c) selection of suitable solutions to enhance both

the denaturation and the hybridization processes; and (d) effective post-
hybridization washing conditions. It 1is essential that the structural
integrity of nuclei, chromosomes, cells, tissue sections and spatial
resolution of the fluorescence signals not be compromised during the FISH
process. Therefore, optimization of FISH technology should include

increased hybridization efficiency, increased detection sensitivity, and

preservation of cellular, tissue, nuclear, and chromosomal morphology.

Currently, FISH procedures performed by many laboratories around the

world are generally very similar to those of Kuo, et al., ("Detection of
Aneuploidy Invelving Chromosomes 13, 18 or 21, by Fluorescence in Situ
Hybridization to Interphase and Metaphase Amniocytes," Am. J. Hum. Genet.
49:112-119 (1991)); Klinger, et al., ("Rapid Detection of Chromosome

Aneuploidies in Uncultured Amniocytes by Using Fluorescence in Situ
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Hybridization (FISH)," Am J. Hum. Genet. 51:55-65 (1892)); and Ward,

4

B.E., et al. ("Rapid Prenatal Diagnosis of Chromosomal Aneuploidies by
Fluorescence in Situ Hybridization; Clinical Experience with 4,500

Specimens," Am. J. Hum. Genet. 52:854-86> (1993)). However, most
laboratories rely, for convenience, on kits available from two major
commercial sources: Oncor, Inc., "Rapid Chromosome In Situ Hybridization
System”, Edition 1, Oct. 1883; and Vysis, Inc. Bliological Detection
Systems / Amersham, Inc., provides only labeled DNA probes with a
recommended FISH protocol (Biological Detection Systems, Inc., 955 William
Pitt Way, Pittsburgh, PA 15238). All of these FISH procedures are time

consuming, labor intensive, extremely tedious, and of very limited

detection sensitivity. U.S. Patent No. 5,225,326, to Bresser, et al.,

teaches "“one step in situ hybridization," wherein both fixation and FISH
can purportedly be performed in 5 minutes to 4 hours. Haar, et al., "A

Rapid FISH Technique for Quantitative Microscopy,"” Bio Techniques, Vol.

17, No. 2, pp. 346-353 (Aug. 1994), discloses a technique which can "in

principle" reduce the time necessary for FISH to thirty minutes.

Scoring fluorescence signals using the FISH procedures described above
generally requires a 100X oil-immersion objective lens with a triple
bandpass filter due to lower signal sensitivity. The use of a high
concentration of formamide during the FISH process appears to incur
morphological destruction of cellular, nuclear or chromosomal structure.
Furthermore, all of these processes involve the use of formamide during
hybridization or the post-hybridization process. Formamide is an
expensive, toxic solvent and also a teratogen. Therefore, a formamide-free

FISH process 1is environmentally and hygienically desirable.

SUMMARY OF THE INVENTION

The present invention improves upon that disclosed in U.S. Patent
Application Serial No. 08/418,704. A rapid, simple, and highly sensitive
fluorescence 1in situ hybridization (FISH) procedure was developed on the
basis of two preferred denaturation-hybridization solutions: 1) with
formamide, 10% dextran sulfate/20% formamide/0.9% NaCl or KCl solution; and
2) formamide-free, 10% dextran sulfate/20% glycerocl/0.9% NaCl or KCl
solution. Labeled nucleic acid (DNA or anti-sense RNA) probes were

dissolved in one of these two denaturation-hybridization solutions. The

solution containing the labeled probes was applied to nuclei or

appropriately treated cells and tissue sections which were immobilized on
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microscoplc glass slides and then glass coverslips were gently placed to

allow uniform spreading of the probe solution.

Labeled nucleic acid probes and nucleic acids in chromosomes and
appropriately treated cells and tissue sections on the glass slides were
simultaneously denatured for approximately 1.5 + 0.5 minutes in an oven of
approximately 100° C % 5°C with or without a sealant between the coverslip
and the glass slide, and then immediately hybridized in an oven at a

temperature of approximately 55°C + 5°C for 5 minutes.

After removing the coverslips from the slides, the hybridized slides
were washed in 50% formamide in 0.45% NaCl for 3 minutes at 38°C, and then
for 5 minutes in 0.9% NaCl at 38°C. Alternatively, the hybridized slides
were washed in formamide-free 0.1-0.2% NaCl at 60 C for 5 minutes and then

for another 3 minutes in new 0.1-0.2% NaCl at 60°C.

After air-dryving, slides were counterstained with 4, 6-diamidino-2-

phenylindole (DAPI) or propidium i1odide (PI) solution. Fluorescence
signals were visualized with a fluorescence microscope which was equipped
with a triple band-pass filter and a 20X or 40X dry objective lens. The
whole FISH process took from 5 minutes to 15 minutes. Advantages of these
procedures which are based on these two denaturation-hybridization
solutions are: 1) elimination of the step of a sealing coverslip to slide
with rubber cement during the entire FISH process; 2) simplification of
FISH processing steps by co—-denaturation (an ability to vary the
temperatures +/- 10 degrees without negatively affecting the outcome); 3) a
rapid FISH process in 15 minutes or less; 4) highly increased sensitivity

LY

of hybridization (fluorescence) signals; and 5) development of an entirely
formamide-free fluorescence 1in situ hybridization process. In addition,

this process can be used for other non-~fluorescence in situ hybridization

processes.

The primary objective of this invention 1is to provide three methods of
utilizing non~coated and DNA-coated slides which shorten the time for the
fluorscence in situ hybridization process to less than two minutes without
compromising cost, efficiency, or signal detection. This invention
utilizes the solutions, range of temperatures for denaturation and

hybridization and some of the post-hybridization washing conditions denoted

in U.S. Patent Application Serial No. 08/418,704.
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Other objects, advantages and novel features, and further scope of
applicability of the present invention will be set forth in part in the
detailed description to follow, and in part will become apparent to those

skilled in the art upon examination of the following, or may be learned by

practice of the invention.

3R DESCRIPTION C HE _DRRAWID
The accompanying drawings, which are incorporated into and form a part
of the specification, illustrate several embodiments of the present
invention and, together with the description, serve to explain the
principles of the invention. The drawings are only for the purpose of
illustrating a preferred embodiment of the invention and are not to be

construed as limiting the invention. In the drawings:
Fig. 1 illustrates a first embodiment of the invention;
Fig. 2A illustrates a second embodiment of the invention;
Fig. 2B illustrates a third embodiment of the invention;
Fig. 3 illustrates a fourth embodiment of the invention; and

Figs. 4-6 graphically illustrate temperature cycling according to the

invention.
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DESCRIE ON O1 L5 pPRE RRED EMBODIMENT
- f MODE FOR CARRYIN QU gt INVENTIC
The present invention is inclusive of that presented in U.S. Patent

Application Serial No. 08/418,704, and enhances the described FISH

S technology in that application. The present invention permits the
detection of one copy of target genes or RNA in cultured cells, tissue
sections, tumors, and on nitrocellulose or nylon paper for use in
association with blotting technology. The present invention permits the
detection of a signal in interphase nuclei, using more dilute solutions of

10 the probe than suggested in prior art (Oncor, Inc.; Vysis Inc.; BDS/
Amersham, Inc.), thus decreasing the cost of the procedure and increasing
the likelihood that screening large populations would be cost effective.
The present invention allows the entire procedure to be accomplished at
varying temperatures and times, without negatively affecting signal

15 detection, and makes the whole process more forgiving of minor deviations

and thus applicable to processing large numbers of samples. The speed and

reliability with which FISH can be accomplished with the present invention

makes it applicable to those instances where speed is of the essence, e.g.,

pre-implantation genetics.
20

Prior art FISH technologies, available from commercial sources, take at

least two hours to more than 12 hours. In addition, those procedures
involve various laborious steps, separate denaturation of target nucleic

aclds and labeled probes, separate denaturation and hybridization

25 procedures, and repeated dehydration of target nucleic acids with graded

alcohols, etc.

The present invention, in contrast, involves three steps and results in
a high detection sensitivity: denaturation; hybridization; and post-
30 hybridization wash. It takes a total of approximately two minutes to
perform the FISH process of the present invention. Conventional FISH
procedures require precise timing and temperature for the denaturing and

hybridization processes. The present invention allows variation in the

time and temperature with little effect on the high degree of sensitivity.
35
Conventional FISH procedures require the use of an oil-immersion.lOOX
objective lens for adequate enumeration of signals. In the present
invention because of the optimal composition of the denaturation-
hybridization solutions and optimal denaturation-hybridization conditions

40 (Eemperature and timings), the fluorescence signals become very bright.




10

15

20

25

30

33

40

CA 02282702 1999-05-18

WO 98/15656 | PCT/US97/17968

Commonly, SSC (saline scdium citrate) 1s used during the FISH process.
With SSC, the pH must be adjusted to around 7.0. Preparation of SSC is a
time conéuming process. Although SSC may be used instead of the saline
with the present invention, in the present invention, SSC may be entirely
replaced with saline. There is no need for adjusting the pH of saline for

post-hybridization washings, thus shortening and simplifying the FISH

process.

The preferred solution is known as solution G (see U.S. Patent

Application Serial No. 08/418,704), which comprises a formamide-free
mixture of 10% + 2% by weight dextran sulfate and 15%-25% (preferably 20%)
by weight glycerocl and 0.9% by weight NaCl, KCl or other salt. A 10%-20%

dextran sulfate solution or 20-50% glycerol solution alone, mixed with
labeled nucleic acid probes, will not result in effective hybridizatioﬁ.

However, the combination of glycerocl and dextran sulfate enhances the

hybridization remarkably.

An alternative solution, known as solution F (see U.S. Patent
Application Serial No. 08/418,704), comprises 10% i,2% by weight dextran
sulfate, 10-30% (preferably 203%) by volume formamide and 0.9% by weight
NaCl, KCl or other salt. The formamide 1s only effective for hybridization
in conjunction with the dextran sulfate. Formamide concentrations lower
than 15% or higher than 25% can be used for fluorescence in situ
hybridization, but the use of these formamide concentrations requires
different denaturation temperature settings, different denaturation times.
Therefore, the preferred formamide concentration is 20% + 5% by volume. In
addition, a higher concentration of formamide (above 35%) promotes

structural destruction of cellular and nuclear morphology.

ide Method 1 —-- DNA coated slide.
With this embodiment of the invention, a defined area of a glass slide
is coated with a selected DNA probe. Glass slides with defined areas,

e.g., ring{s), are used. A defined area(s) on the slide 1is coated with

specific DNA probes. This can be accomplished by diluting the DNA probe in
TE buffer (Tris-EDTA) or other buffers in applying it to the slide and

allowing it to dry. The cell sample (target DNA) solution 1s placed on top
of the DNA probe in the previously defined locations and allowed to dry.

One of the previously described solutions, e.g., Solution F or G, is

layered over the previously defined area with the dried DNA probe and cell

sample (target DNA). A coverglass is placed on top of the defined area and
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-8-

then the dried probe/sample/solution layers on the slid are simultaneously

denatured and hybridized. Fig. 1 illustrates this embodiment of the

invention.

ho A

With these embodiments of the invention, the cells (target DNA) are
coated with DNA probe.

Slide Method Z2A —-- DNA-coated cells.

Glass slides with defined area(s), e.g., ring(s), are used. The cell
sample (target DNA) solution is applied to the slide within the defined
area and allowed to dry. The probe DNA in TE or other buffer is applied to

the same defined area and is allowed to dry. The cells are coated and thus

the DNA 1s concentrated on the cells. One of the previously described

solutions, e.g., Solution F or G, is layered on top of the DNA probe-coated
cells. A coverglass 1s placed over the defined area, and the sample is

simultaneously denatured and hybridized. This embodiment of the invention

is shown in Fig. 2A.

Slide Method 2B -—- DNA-coated cells.
An alternative method to slide method 2A is the following: The cell

sample solution is centrifuged to pellet the cells. The fluid is decanted.
DNA probe 1in TE buffer or other buffer is applied to the pellet, and the

cells are resuspended. The solution of DNA probe and cells is applied to

the defined area on the slide and allowed to dry.

Solution F or G is layered on top of the DNA probe coated cells. A

coverglass is applied and the sample is simultaneocusly denatured and

hybridized. This embodiment of the invention is shown in Fig. 2B.

Slide Method 3 -- Non-denatured probe.
With this embodiment, the DNA probe is not denatured. This is of

particular importance when working with unique sequence, short segment,

oligonucleotide probes (DNA), e.g., Vysis, Inc., LSI probes.

Glass slides with defined area(s), e.g., ring(s), are used. The cell
sample solution is applied to the slide within a defined area and allowed
to dry. Solution F or G (for example) is layered on top of the cell
sample. A coverglass 1s applied. The slide with the coverglassed sample

is denatured at appropriate temperatures and times (see U.S. Patent
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Application Serial No. 08/418,704). The coverglass is pushed to the side
and DNA probe in TE buffer or other buffer is added, the coverglass is
reapplied and sample hybridized. Fig. 3 illustrates this embodiment of the

invention.

With the slide methods described above, after hybridization, the
coverglass is removed, and a two-step post-hybridization wash is performed.
First, the sample is placed in a solution of 0.1% to 1% NP-40(noniodet
P-40) in 0.15% NaCl for thirty seconds to two minutes at 65°C and second
the sample is placed in a solution of 0.15% NaCl for three minutes to ten

minutes at 65°C.

The above description of the present invention defines the optimal
conditions under which the whole FISH process can be completed. Other
conditions may be used, for example, any temperature for denaturation and
hybridization can be used, as long as the temperature does not exceed
approximately 110°C. These other conditions for FISH are described in U.,S.
Patent Application Serial No. 08/418,704.

TG 21 Apolicability:
The invention is further illustrated by the following non-limiting

examples.

Xamp.le H performed wWitn ANC ® ONsS on various =11 and

o samples w S1m anegc dena ation/ hybridization of sample and
probes.

1) Materials

A mixed probe of Rhodamine-labeled specific DNA for X chromosome and
FITC (fluorescent isothiocyanate)-labeled specific DNA for Y chromosome
probes (or Rhodamine-labeled Y chromosome and FITC-labeled X chromosome DNA
probes) were obtained from a commercial source (Oncor, Inc., Vysis, Inc.,
BDS/Amersham, Inc.). The procbes were diluted with various denaturation-

hybridization solution F and G. (see U.S. Patent Application Serial
No. 08/418,704).
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2) Preparation of cell and tissue samples
a) Leukocytes were obtained from peripheral blood as follows:

Freshly collected blood from donors were subjected to routine Histopaque
centrifugation. Mononuclear and granulocyte cells were combined and washed
once with PBS (phosphate buffered saline). The washed cell pellets were
treated with cold methanol/acetic acid (3:1), and kept at -20°C until use
for FISH.

b) Metaphase spreads or interphase cells of cultured and
uncultured peripheral lymphocytes were immobilized on the glass slides

according to standard cytogenetic procedures; methanol/acetic acid treated

cells were placed on glass slides. Slides were air dried.

C) 5% paraformaldehyde-treated cells were treated with cold
methanol/acetic acid (3:1), and kept at -20°C for at least 30 minutes.
Then, the methanol/acetic treated cells were applied on glass slides. When

the slides were dried, proteinase K (50 pg/ml) was applied to each cell

smear and the slides were incubated for 10 minutes at 38°C. Then the

slides were washed with 0.05M Tris buffer, pH 7.4, and then air dried.

d) Paraformaldehyde-fixed, paraffin-embedded tissue sections

were deparaffinized according to the standard procedures (with xylene and

graded alcohols). The deparaffinized sections were treated with proteinase

K as described above. The slides were air dried.

3) Preparation of denaturation-hybridization solutions: solutions F
and G

a) Solution F: See U.S. Patent Application Serial
No. 08/418,704.

b) Solution G: See U.S. Patent Application Serial
No. 08/418,704.

4) Simultaneous denaturation/hybridization of samples and probes

In this invention, "labeled probes" represent DNA or anti-sense RNA to
which relatively heat-stable enzymes and ligands, fluorochromes, (e.g.,
FITC, rhodamine, Texas Red) chromophores, chemiluminescers, bioluminescers,

or radiolsotopes were covalently conjugated. The labeled probes were
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diluted with solution F or G or TE buffer to an appropriate concentration.

Thus, the "probe solution" represents labeled probes.

In slide method 1 (see Fig. 1) (DNA-coated slides), 5 to 30 ul of
diluted probe solution is placed on the slide and allowed to dry. The cell
sample is placed on top of the DNA probe and allowed to dry. Solution F

or G is layered over the cells/DNA probe area and covered with a

coverglass.

In slide method 2A (see Fig. 2A) (DNA-coated cells), 5 to 30 ul of the
diluted probe solution was spotted on nucleli, or appropriately treated
cells or tissue sections on the glass slides and allowed to dry. Solution

F or G is layered on top and a coverglass was gently applied to cover the

solution.

In slide method 2B (see Fig. 2B), the diluted probe solution is added

to the pellet of cells in which the supernatant fixative has been decanted.

The cells are resuspended and applied to the slide and allowed to dry.

Solution F or G is layered on top of the DNA-covered slide.

The slides are placed in a thermal cycler where the DNA is denatured
for about 1% minutes at 100°C and then hybridized by rapidly reducing the

temperature and cycling the temperature for about one minute to one hour.

Figs. 4-6 illustrate example cyclings.

The temperature and time for denaturation/hybridization can vary as

described in U.S. Patent Application Serial No. 08/418, 704.
5) Post-hybridization washings

After hybridization, the coverslips were removed from glass slides and
the slides were immersed in 0.1% to 1% NP-40 for thirty seconds to two

minutes and 0.1%-0.2% NaCl solution for three minutes.
6) Visualization of fluorescence 1in situ hybridization signals.

After post-hybridization washings, a small amount of counterstain
(200 ng/ml of propidium iodide (PI) or 20 ng/ml of 4,6-diamidino-2-
phenylindole (DAPI) in antifade) was spotted on the slide to counterstain

nuclei. Hybridization signals in the nuclel were viewed using an Olympus

inverted fluorescence microscope.
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cxample 2: 5lide Technoloc on—-denatured probe
In this example, a unique sequence, short segment, oligonucleotide
probe (DNA) was used on cultured and uncultured, male, peripheral blood

leukocytes. The purpose was to perform FISH procedures.

1) Materials and preparation of cell and tissue sample and
preparation of denaturation/hybridization Solutions F and G were prepared

as set forth in Example 1.

2) The cell sample solution is applied to the slide and allowed to

dry. Solution F or G is layered on top of the cell sample and covered with

a coverglass.

The sample is denatured at 100°C for 1)} minutes in the thermal cyler.
The thermal cycler is paused and the slide removed. The coverglass is
pushed to the side, and the DNA probe in TE buffer is added. The
coverglass 1s reapplied and the sample placed in the thermal cycler and

cycle-hybridized.

The temperature and time for denaturation and hybridization can vary as

described in U.S. Patent Application Serial No. 08/418,704.

3) Post-hybridization wash is carried out as set forth in Example 1.
Example 3: DNA FISH in fixed paraffin-embedded tissue sections using

direct—-labeled fluorescent and indjrect labeled DNA probes.

In thlis example, paraffin embedded tissue sections were deparaffinized

and dehydrated. (See U.S. Patent Application Serial No. 08/418,704.)

For FISH, the tissue sections (target DNA) were treated as set forth in
Example 1, slide method 2A.

Example 4: DNA FISH in Peripheral blood mononuclear cells (PBMC) and
volvmorphonuclear cells PM. using different fixatives and direct-labeled
ljorescer and i1ndirect-labeled DNA probe

In this example, different fixatives were used with the direct-labeled
fluorescent and indirect labeled DNA probes. The purpose was to
demonstrate the versatility of the present invention with various
fixatives. Peripheral blood was collected in an anticoagulant tube and the

PBMN and PNM separated as described in prior art and fixed in several

fixatives: 1) 3:1 Methanol:Glacial acetic acid (MeOH:Hac) fixative for a

m“‘mw;w?.-n-fl R TR T b T Eo P . . .
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minimum of 30 minutes at -20°C; 2) 4% paraformaldehyde for 30 minutes to

3 hours and then applied to slides which were air dried for processing; and

3) Methanol for 30 minutes minimum at -20°C,.

5 Methods of fixation were as follows:
(1) The 3:1 MeOH:Hac fixation method i1s previously described in
Example 1.
10 (2) In the paraformaldehyde fixation method, the

paraformaldehyde-fixed cells on air dried slides were treated with

proteinase K at 2.5ug/ml to 1l0ug/ml and digested for 30 minutes to
1 1/2 hours at 37°C and washed 3 times in PBS.

15 {3) In the methanol fixation method, the sample cells were vortexed
at a high speed, and -20°C methanol was added a few drops at a time to a
total of B ml; the samples were then placed in a ~20°C freezer for a

minimum of 30 minutes.

20 Following each fixative method described above, the samples were
processed by the optimal methods previously described herein (see
Example 1l). The slides were viewed with a Texas red triple bandpass filter

on a fluorescent microscope; signals were observed with a 40X dry objective

in the interphase nuclei.
29

SH in fetal 2] ] ¢ O o mate

Maternal peripheral blood was collected in an anticocagulant tube and

30 the fetal cells separated as described in prior art and fixed in 3:1
MeOH:Hac fixative for a minimum of 30 minutes at ~20°C. The samples were
centrifuged at 1000 ¢g’s for 10 minutes, and 10 ul of sample applied to each

slide until a density of cells was reached sufficient for analysis.

'35 The samples were processed by previously described optimal methods
(Examples 1, 2 and 3). The slide was viewed with a Texas red triple

bandpass filter on an epiflucrescent microscope.
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Example 6: _ [ in o1z and non-cultured Amnjocvtes fixed in + 1 MeOF

| A {4

using direct labeled fluorescent and indirect labeled DNA probes.

The preparation of sperm and noncultured amniocytes for FISH was

identical.

The preparation of sperm and non-cultured amniocytes for FISH were

identical. Aliquots of sperm or amniocytes were placed into 15 ml

centrifuge tubes. PBS—-containing Z2mM Dithiothreitol (DTT) was added to

sperm or amniocytes at a concentration of 10 to 20x10° per ml for 6.5
minutes at room temperature to decondense the chromatin. The samples were
then centrifuged at 160gs for 5 minutes. Supernatant was discarded and

8 ml -20°C 3:1 MeOH/Hac were added and the sample vortexed. The samples
were fixed at -20°C 3:1 MeOH:Hac for a minimum of 30 minutes. Preferable
fixation time is overnight at -20°C. After this fixation, the sperm or
amniocyte samples were centrifuged at 1000 ¢g’s for 10 minutes. The
supernatant was removed. samples were resuspended in an appropriate volume
of 3:1 MeOH:Hac; and 10 ul of sample suspended in fixatives were placed on

each slide (12 mm circle) assuring an even distribution. The slides were

air dried for a minimum of 5 minutes.

The samples were processed by previously described preferred method
(see Example 1). The samples were viewed and counted using a fluorescence

microscope with a Texas red triple band pass filter 60X dry lens.

The preceding examples can be repeated with similar success by
substituting the generically or specifically described reactants and/or
operating conditions of this invention for those used in the preceding
examples. Although the invention has been described in detail with
particular reference to these preferred embodiments, other embodiments can
achieve the same results. Variations and modifications of the present
invention will be obvious to those skilled in the art and it is intended to
cover in the appended claims all such modifications and equivalents. The
entire disclosures of all references, applications, patents, and

publications cited above, are hereby incorporated by reference.
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CLAIMS
What is claimed is:
1. A method of preparing a fluorescent in situ hybridization

slide, the method comprising the steps of:

a) providing a slide comprising a raised ring
thereon;

b) providing to the slide a nucleic acid probe;

C) providing to the slide a target nucleic acid:

d) providing to the slide a hybridization solution

selected from the group of hybridization solutions consisting of: a
formamide-free mixture of 10% + 2% by weight dextran sulfate and 15%—-25%
by weight glycerol and 0.9% by weight salt; and a solution of 10%

T 2% by weight dextran sulfate, 10-30% by volume formamide and 0. 9% by
weight salt;

e) placing a coverglass on the ring;
f) denaturing the slide;
qg) hybridizing the slide; and
h) performing a post-hybridization wash of the
slide.
2. A fluorescent in-situ hybridization slide prepared by the
method of claim 1.
3. The method of claim 1 wherein the step of providing a

nucleic acid probe further comprises coating the slide with the probe to
form a first layer, the step of providing a target nucleic acid further
comprises layering the target nucleic acid on top of the probe coating to
form a second layer, and the step of providing a solution further comprises

layering the solution on top of the first layer of probe coating and the

second layer of target nucleic acid.

4. The method of claim 3, wherein the steps of denaturing the

slide and hybridizing the slide are performed simultaneously.
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5. The method of claim 1 wherein step (¢} is performed before
step (b) and further comprises applying the target nucleic acid to the slide
to form a layer, step (b) further comprises coating the first layer of
target nucleic acid with the probe to concentrate the nucleic acid probe on
the target nucleic acid, and the step of providing a solution further

comprises layering the soclution on top of the probe-coated target nucleic

acid.

6. The method of claim 5, wherein the steps of denaturing the

slide and hybridizing the slide are performed simultaneously.

7. The method of claim 1 wherein step (¢) 1is performed before
step(b) and further comprises providing a target nucleic acid in solution,
centrifuging the solution containing the target nucleic acid to pellet the

target nucleic acid, and decanting the solution;

step (b) further comprises applying the nucleic acid probe
to the pelleted target nucleic acid to form a coating, resuspending the
probe-coated target nucleic acid in a first solution, and applying the

first solution to the slide to form a first layer; and

the step of providing a solution further comprises
providing a second solution and layering the second solution on top of the

probe-coated target nucleic acid to form a second layer.

8. The method of claim 7, wherein the steps of denaturing the

slide and hybridizing the slide are performed simultaneously.

9. The method of claim 1 wherein

step (c) is performed before step(b) and further comprises
providing a target nucleic acid in solution to the slide and allowing the
applied target nucleic acid to dry on the slide,

step (d) is performed before step (b) and further comprises
applying the solution as a layer on top of the target nucleic acid on the
slide,

steps (e) and (f) are performed before step (b), and

the step of providing a nucleic acid probe further
comprises pushing aside the coverglass, applying the nucleic acid probe to

the denatured target nucleic acid and solution, and replacing the

coverglass.

10, The method of claim 1 wherein said solution further

comprises diethylpyrocarbonate.
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11. The method of claim 1, wherein steps (a) through (h) are

performed in two minutes or less.

12. The method of claim 1, wherein the step of providing a

probe further comprises diluting the probe before application.

13. The method of claim 12, wherein the step of diluting the

probe further comprises diluting the probe with buffer.

14. The method of claim 13, wherein the buffer comprises Tris-
EDTA buffer.

15. The method of claim 1, wherein the salt is selected from

the group consisting of NaCl, KCl and saline sodium citrate.

16. The method of claim 1, wherein the steps of denaturation

and hybridization are performed simultaneously.

17. The method of claim 1, wherein the steps of denaturation

and hybridization are conducted in 5 minutes or less.

18. The method of claim 1, wherein the step of denaturation is

conducted within about 1 to 2 minutes.

19. The method of claim 18, wherein the step of denaturation is

conducted at a temperature between about 95° C and 1050°C.

20. The method of claim 1, wherein the step of performing a

post-hybridization wash is conducted within about 5 to 10 minutes.

21. The method of claim 20, wherein the step of performing a

post-hybridization wash is conducted at between about 55°C and 65°C.

22. The method of claim 1, wherein the step of performing a
post-hybridization wash further comprises the steps of:

removing the coverglass

washing the slide in a first solution comprising a salt;

and

washing the slide in a second solution comprising a salt.
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23. The method of claim 22, wherein the first solution further

comprises NaCl and noniodet P-40.

24. The method of claim 23, wherein the first solution further

comprises 0.15% NaCl and 0.1-1% noniodet P-40.

25. The method of claim 22, wherein the step of washing in the

first solution is performed for 30 seconds to £ minutes.

20, The method of claim 25, wherein the step of washing in the

first solution is performed at a temperature of 65°C.

27. The method of claim 22, wherein the second solution further

comprises NacCl.

28. The method of claim 27, wherein the second solution further

comprises 0.1-0.2% NaCl.

29. The method of claim 22, wherein the step of washing in a

second solution is performed for 3-10 minutes.

30. The method of claim 29, wherein the step of washing in the

second solution is performed at a temperature of 65°C.

31. The method of claim 1, wherein the step of denaturation 1s

conducted in a thermal cycler for 1.5 minutes at 100°C.

32. The method of claim 1, wherein the step of hybridization 1is
conducted in a thermal cycler and further comprises the steps of rapidly

reducing the temperature after the step of denaturation and cycling the

temperature until hybridization is completed.

33. The method of claim 32, wherein the step of cycling the

temperature is conducted for about 1 minute to 1 hour.

34. The method of claim 1, wherein the steps of denaturation

and hybridization are conducted at a temperature not exceeding about 110°C.

35. The method of claim 1 wherein the steps of denaturation and

hybridization occur in the absence of a the step of providing a fixative to

the slide.
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36. The method of claim 1, wherein the step of placing a

coverglass on the ring occurs in the absence of the step of providing a

sealant for the coverglass on the slide.

37. The method of claim 1 wherein the step of performing a

post-hybridization wash comprises washing in the absence of formamide.

38. The method of claim 1 wherein the step of hybridization is

conducted under a controlled descent from the denaturation temperature to

ambient room temperature.

39. The method of claim 1 wherein the step of hybridization is
conducted under a non-controlled descent from the denaturation temperature

to ambient room temperature.

40. The method of claim 1 wherein nucleic acids are detected in
nuclei or cytoplasm of fixed paraffin-embedded tissue, frozen tissue
sections, cultured or uncultured cells, and on nitrocellulose or nylon

paper or other media used in association with blotting technology.

41. A method of preparing a fluorescent in situ hybridization

slide, the method comprising the steps of:

a) providing a slide comprising a raised ring
thereon;

b) providing to the slide a nucleic acid probe;

c) providing to the slide a target nucleic acid;

d) providing to the slide a hybridization solution

selected from the group of hybridization solutions consisting of: a
formamide-free mixture of 10% t 2% by welght dextran sulfate and 15%-25%
by weight glycercl and 0.9% by weight salt; and a solution of 10% + 2% by
weight dextran sulfate, 10-30% by volume formamide and 0.9% by weight salt;

e) placing a coverglass on the ring;

f) denaturing the slide at a temperature of
between 95°C - 105°C;

g) hybridizing the slide at a temperature of

between 45°C - 60°C; and

h) performing a post-hybridization wash of the
slide,

wherein denaturization, hybridization and post

hybridization are all completed within 1% minutes.
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42. The method of claim 41 wherein the solution further

comprises diethylpyrocarbonate.

43, The method of claim 41, wherein the salt is selected from

the group consisting of NaCl, KCl and saline sodium citrate.

44 . The method of claim 41 wherein the steps of denaturation

and hybridization occur in the absence of a step of providing to the slide

a fixative.

45. The method of claim 41, wherein the step of placing a

coverglass on the ring occurs in the absence of providing a sealant for the

coverglass on the slide.

46. The method of claim 41 wherein the step of post-

hybridization comprises washing in the absence of formamide.

477 . A method of preparing a fluorescent in situ hybridization

slide for mRNA, the method comprising the steps of:

a) providing a slide comprising a raised ring
thereon;

b) providing to the slide a nucleic acid probe;

C) providing to the slide a target nucleic acid;

d) providing to the slide a hybridization solution
selected from the group of hybridization solutions consisting of: a

formamide-free mixture of 10% + 2% by weight dextran sulfate and 15%-25% by

weight glycerol and 0.9% by weight salt; and a solution of 10% % 2% by
weight dextran sulfate, 10-30% by volume formamide and 0.9% by weight salt;

e) placing a coverglass on the ring;

f) prehybridizing the slide at a temperature.of
between 37°C - 55°C;

g) denaturing the slide at a temperature of
between 95°C - 105°C;

h) hybridizing the slide in 5 minutes or less at a
temperature of between 45°C - 85°C; and

1) performing a post-hybridization wash of the

slide,
wherein denaturation, hybridization and post hybridization are all

completed within 15 minutes.
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48. A method of preparing a fluorescent in situy hybridization
slide for mRNA, the method comprising the steps of:

a) providing a slide comprising a raised ring
thereon;

b) providing to the slide a nucleic acid probe;

c) providing to the slide a target nucleic acid;

d) providing to the slide a hybridization soclution

selected from the group of hybridization solutions consisting of: a
formamide-free mixture of 10% + 2% by weight dextran sulfate and 15%-25% by
welght glycerol and 0.9% by weight salt; and a solution of 10% 4+ 2% by
welght dextran sulfate, 10-30% by volume formamide and 0.9% by weight salt;

e) placing a coverglass on the ring;

f) prehybridization;

q) hybridization in 5 minutes or less; and
h) post-hybridization

wherein the steps of prehybridization, hybridization and

post-hybridization are completed within 24 hours.

49, The method of claim 48, useful for mRNA in the nuclei of
fixed paraffin-embedded tissue.

50. The method of claim 48, wherein the mRNA is derived from

the nuclei of cultured or non-cultured cells.
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ol. A method of preparing a fluorescent in situ hybridization

slide for mRNA, the method comprising the steps of:

a) providing a slide comprising a raised ring
thereon;

b) providing to the slide a nucleic acid probe;

C) providing to the slide a target nucleic acid;

d) providing to the slide a hybridization solution
selected from the group of hybridization solutions consisting of: a

formamide-free mixture of 10% + 2% by weight dextran sulfate and 15%-25%
by weight glycerol and 0.9% by weight salt; and a solution of 10% + 2% by
weight dextran sulfate, 10-30% by volume formamide and 0.93% by weight salt;

e) placing a coverglass on the ring;

f) prehybridization at a temperature of between
37°C and 55°C;

g) hybridization in 5 minutes or less at a

temperature of between 45°C and 85°C; and
h) post-hybridization,
wherein the steps of prehybridization, hybridization and post-

hybridization are completed within 24 hours.

S52. The method of claim 51, wherein mRNA 1s detected in nuclel

or cytoplasm of at least one member selected from the group consisting of

fixed paraffin-embedded tissue, frozen tissue sections, cultured cells, and

uncultured cells.

53. The method of claim 51, wherein mRNA 1s detected on at
least one medium selected from the group consisting of nitrocellulose

paper, nylon paper and blotting technology media.

54. The method of claim 51, wherein mRNA is detected in nucleil
or cytoplasm of at least one member selected from the group consisting of
fixed paraffin-embedded tissue, frozen tissue sections, cultured cells, and
uncultured cells, and on at least one medium selected from the group

consisting of nitrocellulose paper, nylon paper and blotting technology

media.
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