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[571 ABSTRACT

‘Improved methodologies for in-situ hybridization and

detection of hybridized nucleic acid sequences in cell
cultures and tissue sections are provided which offer an
increase of speed, sensitivity, and simplicity unavailable
in previously known techniques. The invention detects
specific nucleic acids of interest, particularly RNA
sequences, within cells and tissues utilizing DNA of a
particular size as a probe to find those sequences which
are held substantially in common between the cell or
tissue and the probe. The cells are fixed preferably in
paraformaldehyde and then hybridized using a hybridi-
zation fluid for not less than 10 minutes but not substan-
tially more than 24 hours. A variety of identifying labels
are attached to the probe which permit quick and rapid
detection via measurement of radioactive isotope decay
or by colorimetric detection of enzymatic reaction
products. The invention is intended for use as a diagnos-
tic kit in clinical/diagnostic laboratory testing facilities
in that it permits a relatively unskilled person to accu-
rately and reproducibly detect a few molecules of a
specific nucleic acid of interest in-situ in 10 minutes.

3 Claims, 7 Drawing Sheets
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IN-SITU HYBRIDIZATION TO DETECT NUCLEIC
ACID SEQUENCES IN MORPHOLOGICALLY
INTACT CELLS

This is a continuation of co-pending application Ser.
No. 06/790,107 filed on Oct. 22, 1985 now abandoned.

FIELD OF THE INVENTION

The present invention is concerned generally with
improved methodologies for hybridization of nucleic
acids within cells and tissues and methods for detection
of such hybridization, and is specifically directed to
improved in-situ hybridization methods and detection
techniques for quantitative identification and analysis of

10

15

‘specific nucleic acid sequences within whole cells and- .

/or tissues.

Hybridization is a general technique in which the
complementary strands of deoxyribonucleic acid (here-
inafter “DNA”) molecules, ribonucleic acid (hereinaf-
ter “RNA”) molecules, and combinations of DNA and
RNA are separated into single strands and then allowed
to renature or reanneal and reform base-paired double
helices. At least three major classes of hybridization are
presently known and used: solution hybridization which
disrupts the individual cells and extracts the internal
nucleic acids into solution prior to hybridization; filter
or blot hybridization which transfers extracted DNA
(or RNA) fragments from agarose gels to filters or
blotters such as cellulose nitrate for subsequent hybridi-
zation with radioactive RNA and then detects the
amount of hybridization by radioautography or fluor-
ography; and in-situ hybridization which makes possi-
ble the detection and localization of specific nucleic
acid sequences directly within an intact cell or tissue
without any extraction of nucleic acids whatsoever.
Although each of these respective hybridization tech-
niques often employ cells, tissues, and certain reagents
in common, each technique is generally viewed and
accepted within this art as different and completely
distinguishable from any other.

In-situ hybridization is a technique which yields both
molecular and morphological information about intact
individual cells. Rather than requiring the investigator
to laboriously extract DNA and/or RNA from a heter-
ogeneous cell population, the technique permits detec-
tion of DNA and RNA in-situ and allows the investiga~
tor to identify those particular cells which contain spe-
cific DNA or RNA sequences of interest. This tech-
nique also allows one to determine simultaneously the
biochemical and/or morphological characteristics of
these cells. For this reason, the in-situ hybridization
methodology has direct application for many areas of
biomedical and clinical research including developmen-
tal biology, cell biology, genetics, clinical diagnosis, and
pathological evaluation. Not only does this technique
make possible the investigation of expression of a single
gene within a single cell, but it also allows for the detec-
tion of a specific DNA or RNA of interest such as those
found in a viral genome within the various kinds of cells
or tissues. Thus, in combination with the presently
available recombinant DNA technology whereby indi-
vidual nucleotide sequences can be precisely defined,
in-situ hybridization becomes a major tool for elucidat-
ing the molecular mechanisms for disease etiology or
the pathology of various diseases and disorders.

Despite the potential of in-situ hybridization as a
molecular analytical technique, the development of
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specific protocols and procedures has been largely hap-
hazard and disjointed. Since first described in 1969 by
Gall et al. [PN.A.S. U.S.A. 63:378-383 (1969); Methods
In Enzymol. 38:470-480 (1971)], the in-situ approach has
been used primarily for the localization of specific
DNA sequences such as the mapping of genes to Dro-
sophila polytene chromosomes. In more recent years,
cytological hybridization has begun to be applied to the
investigation of cellular RNA to obtain molecular infor-
mation concerning the primary products of gene ex-
pression. These developments are exemplified by the
following publications: Harrison et al., J. Cell Biol
165:54-59 (1974); John et al., Cell 21:501-508 (1977);
Brahic and Haase, P.N.A.S. USA 75:6125-6129 (1978);
Capco and Jeffrey, Devel. Biol. 67:137-151 (1978); An-
gerer et al., Nucleic Acids Res. 9:2819-2840 (1981); Ve-
nezky et al., Cell 24:385-391 (1981); Singer and Ward,
P.N.AS. USA 79:731-7335 (1982); McAllister et al.,
Science 222:800-808 (1983); Edwards and Wood, Dev.
Biol. 97:375-390 (1983); Moon et al., Devel. Biol
95:447-458 (1983); Hafen et al., EMBO J. 2:617-623
(1983); Cox et al., Devel. Biol. 101:485-502 (1984); Lan-
ger et al, Proc. Natl Acad. Sci. USA 78:6633-6637
(1981); Leary et al, Proc. Natl Acad. Sci. USA
80:4045-4049 (1983); and the references identified
within each of these respective publications.

Despite the extensive investigations described within
these publications, the presently available in-situ hy-
bridization techniques share a large number of defects
and deficiencies in common, many of which have not
been appreciated, investigated, or explored in detail
previously. For example, the development and applica-
tion of in-situ hybridization has been largely qualitative
rather than quantitative in nature; although several
investigators have developed a quantitative approach
using autoradiography on cells to which a probe has
been hybridized [Gee and Roberts, DNA 2:157-163
(1983)], all of the described methods are-limited to test-
ing only a very few samples at one time and are enor-
mously time consuming and laborious. Equally impor-
tant, the critical protocol parameters such as choice of
fixation, the need for cell pretreatment, the size of the
probes utilized, the concentration of probe and the time
required for hybridization, vary markedly among the
different protocols. Moreover, the presently known
protocols are highly complex procedures requiring
many manipulative steps, many of which are destruc-
tive to the cell by their ability to dissociate the cellular
components such as cellular RNA and the general mor-
phology and integrity of the cell. Overali therefore, the
presently known detection methods are widely diver-
gent protocols which are uniformly time consuming
and laborious; do not allow for extensive analysis or
detection of critical parameters within any single proce-
dure; and do not permit testing of large numbers of
samples. Most importantly, the protocols vary exten-
sively in their general effectiveness and reproducibility.
For these many reasons, there remains a generally rec-
ognized and continuing need within this art for a ratio-
nally derived in-situ hybridization methodology and
detection methodology having a simplified, efficient
protocol that is rapid, sensitive, and reproducible such
that a relatively unskilled person can perform it and yet
remains non-destructive to cellular nucleic acids and
cell morphology.
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SUMMARY OF THE INVENTION

The present invention provides a rapid method for
in-situ hybridization and several rapid methods for de-
tecting a specific nucleic acid of interest in one or more
test samples. The novel in-situ hybridization method
comprises the steps of obtaining at least one sample
containing tissues or cells; fixing the sample using a
fixative which preferably preserves and retains the nu-
cleic acids of the cellular matrix such that the sample
remains substantially in a condition for probe penetra-
tion; preferably avoiding proteolytic pretreatment of
the sample; preparing a hybridization fluid comprising a
labeled probe having at least one predetermined nucleo-
tide sequence and an identifying label, this labeled probe
ranging from about 20-4000 nucleotides in size; and
combining the hybridization fluid with the fixed sample
for not substantially less than 10 minutes and not sub-
stantially more than 24 hours.

The method for detecting a specific nucleic acid of
interest within a sample comprises the steps of: obtain-
ing at least one sample containing cells or tissues whose
cellular nucleic acids have been hybridized in-situ using
a radiolabeled probe comprising a predetermined nucle-
otide sequence and a radionuclide; and detecting the
amount of radiolabel retained within the sample by
radiation counting, the amount of radiolabeled probe
retained by the sample being a measure of the nucleic
acids of interest present within the sample which are
substantially similar in composition to the predeter-
mined nucleotide sequences of the probe.

Another rapid detection method is also provided
which utilizes the affinity binding proteins of biotin and
avidin to detect a specific nucleic acid of interest within
a hybridized sample using an enzymatic detection pro-
cedure. Both the in-situ hybridization method and the
rapid detection methods may be performed by employ-
ing diagnostic kits whose prepared reagents are utilized
in the above-described manner to provide in-situ hy-
bridizations and detection of labeled probes with speed,
efficiency, accuracy, and without substantial cellular
destruction or changes in cell morphology.

DETAILED DESCRIPTION OF THE DRAWING

The present invention may be more fully and easily
understood when taken in conjunction with the accom-
panying drawing, in which:

FIG. 1is a graph illustrating the effects of the fixation
protocol on cellular RNA retention and on hybridiza-
tion;

FIGS. 2A and 2B are individual graphs illustrating
the effect of proteinase digestion on hybridization and
RNA retention; )

FIGS. 3A and 3B are individual graphs illustrating
the effect of increasing hybridization times;

FIG. 4 is a graph illustrating the effect of increasing
concentrations of probe on hybridization efficiency;

FIG. § is a graph illustrating the effect of probe size
on hybridization;

FIG. 6 is a schematic illustration showing the effect
of junction pieces in the formation of probe networks;

FIG. 7 is a graph illustrating hybridization efficiency
using biotin labeled probes and radiolabeled probes; and

FIGS. 8A and 8B are individual graphs illustrating
the effects of probe size upon biotin labeled probes and
radionuclide labeled probes.
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DETAILED DESCRIPTION OF THE
INVENTION

The novel and unique in-situ hybridization method
and detection methodologies described herein are pro-
tocols which allow the use of recombinant DNA (or
RNA) probes with cells, microorganisms, or tissues
whose structures are compatible with microscopic ex-
amination such as is routinely performed in bacteriol-
ogy, histology or pathology laboratories. The present
invention applies a DNA probe of predetermined nucle-
otide sequence to the sample cells (or tissues) and then
examines the sample by microscopy to determine how
many or in which type of cells (or tissues) within the
population contain the specific nucleic acids of interest.
Thus, for cells (or tissues) expressing a particular gene,
the products of that gene and the RNA responsible for
the making of the protein or polypeptide which the
gene encodes can be detected even within a single cell;
similarly, for cells and tissues infected by a virus, the
product of a viral infection, the viral RNA, or even the
viral DNA itself can be detected within the infected
cells or tissues. Such protocols provide enormous
amounts of useful diagnostic and/or scientific informa-
tion because the presence or absénce of the specific
nucleic acid of interest can be correlated, directly and
indirectly, with one or more cells of observable struc-
ture and morphology and in this way provide a basis for
a clinical diagnosis and/or prognosis.

It is apparent even to the casual reader that the pres-
ent invention as a whole is heavily dependent upon a
thorough knowledge and understanding of recombinant
DNA technology and its many applications within mo-
lecular biology and clinical/diagnostic situations. The
recombinant DNA techniques employed when making
and using the present invention are well established and
constitute recognized methods for the isolation of spe-
cific plasmids; for the use of restriction endonucleases;
for ligation of DNA fragments in-vitro; for the prepara-
tion of predetermined nucleotides in sequence as hy-
bridization probes; and for the various methods of label-
ling such DNA (or RNA) probes using a variety of
labels such as radionuclides. Accordingly, it is pre-
sumed that the reader is familiar with the applications
and limits of the various techniques and will recognize
that minor changes in reagents, concentrations, temper-
ature, reaction times, and similar alterations of known
methods are merely obvious variations of choice. Any
major differences from the published and accepted
techniques will be identified and described in detail as
necessary. However, no description or repetition of the
many compositions, protocols, and manipulative tech-
niques will be given here for these well known proce-
dures. For a complete description and recitation of the
protocols and for more detailed information regarding
recombinant DNA techniques and expression vectors,
the reader is directed to the following publications:
Maniatis et al., Molecular Cloning, A Laboratory Man-
ual, Cold Spring Harbor Laboratory (1982); Davis et
al., Advanced Bacterial Genetics, Cold Spring Harbor
Laboratory (1982); Primrose and Dimmock, Introduc-
tion To Modern Virology, Second Ed. (1980); and Old
and Primrose, Principles Of Gene Manipulation (1980),
the texts of which are expressly incorporated herein by
reference.

In addition it is presumed and understood that the
terminology, technical and otherwise, used herein fol-
lows their usual, well understood meanings as they are
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