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UNIVERSAL COLLECTION MEDIUM

FIELD OF THE INVENTION

The present invention is generally related to the field of cytological and
molecular assays and specifically to the area of assays for the assessment of conditions

using cytological and molecular assays.

BACKGROUND OF THE INVENTION

ﬁe detection and diagnosis of human conditions is of obvious
importance for the treatment of disease. Numerous characteristics of diseases have
been identified and many are used for their diagnosis. Many diseases are preceded by,
and are characterized by, changes in the state of the affected cells. Changes can
include the expression of viral genes in infected cells, changes in the expression
patterns of genes in affected cells, and changes in cell morphology. The detection,
diagnosis, and monitoring of diseases can be aided by the assessment of such cell
states.

Routinely, for patients suspected of having one or more infectious
diseases, for example human papilloma virus or herpes simplex virus, a sample of cells
is taken from the patient for analysis. Generally, such a sample is in the form of a
swipe or cellular scrape from the area primarily affected by the disease. These swipes
usually collect a mixture of normal and diseased cells with a very limited total number
of cells. The collected cells are traditionally smeared onto a slide for further analysis.
‘When biochemical analysis was attempted, it was done at the expense of a cytological
analysis and was done via qualitative methods such as in situ hybridization.

Routinely, the cervical sample obtained for conventional cytology is
smeared onto a slide for morphological analysis. If this sample identifies potential
disease by cell cytology, the patient must return for colposcopy to have a second
sample collected for repeat cytology and/or genetic analysis and other molecular tests
such DNA, RNA or protein. Recently, liquid cytology media have appeared on the
market, which provide for enhanced morphology. These media were discovered to be
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amendable to molecular tests such as for HPV DNA, however, cells are routinely
collected into 10-20 ml of preserving agents, which excessively dilute DNA, RNA and
other asssayable biomolecules, making molecular testing less than ideal. Further,
while the current preserving reagents preserve cellular morphology these reagents
allow degradation of DNA and RNA, such that quantitative analysis becomes difficult

or impossible upon storage.

Thus, present day analysis requires at least two samples to be obtained
from a patient in order to determine cell morphology and quantitative genetic analysis.
Current cytology methods use large volumes of a preserving agent which excessively

dilute DNA, RNA and other assayable biomolecules. Further, while the current
preserving reagents preserve cellular morphology these reagents allow degradation of
individual biomolecules such as DNA, RNA and protein, such that quantitative

analysis becomes impossible.

Designing methods and media to preserve cells or tissue for analysis by
both morphological and biochemical analysis has proven problematic in the past. For
example, fixing cells or tissue for morphological analysis compromised the ability to
do biochemical analy51s Preserving cellular RNA was done at the expense of DNA
and morphological analysis. Similarly, preserving cellular DNA was done at the
expense of RNA and morpholbgical analysis. '

It is an object of the present invention to provide a general collection
medium for identifying cellular morphology and quantitatively preserving DNA, RNA
and other biomolecules from a single sample regardless of the disease to be detected.

It is another object of the present invention to provide a universal cell
collection medium for preserving cell morphology and nucleic acids, lipids,
carbohydrates, or proteins in a cell sample where limited numbers of cells are available

in the sample.

It is another object of the present invention to provide compositions and
methods for solution-based direct analysis of biomolecules of interest. The methods

and compositions of this invention solve problems encountered in non-solution-based
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methods such as in situ hybridization or non-direct methods which require separation
of the biomolecule of interest from other cellular components before analysis.

SUMMARY OF THE INVENTION

The present invention relates to the detection, analysis and monitoring
of cellular disease. A new cell collection medium is disclosed which preserves both
cell morphology and cellular. biomolecules for quantitative analysis in a cell sample so
that multiple assays can be carried out from a single patient sample. The state of the

cells can be assessed using a device for collecting cellular samples in a small volume.

One embodiment of the present invention involves examining the cell
morphology and detecting a specific DNA sequence or measuring the levels of
expression of genes involved in a cell state, and comparing their expression to each
other or to reference genes in a specific ratio, as an indication of the state of a disease
in the cells. This method can be used to detect and/or monitor the onset or progression
of any human condition which causes a change in cell morphology or in levels or
structures of specific biomolecules. For example, the present invention can be used to
assess predisposition to a particular disease or to assess the stage or risk of a disease as
indicated by the state of the cells. It can also be used to guide or assess the
effectiveness of a therapy for a disease by identifying appropriate therapy based on the
indicated cell state or by indicating any change in the state of cells subjected to the
therapy.

In an other embodiment of the invention, a universal cell collection
medium is disclosed. This medium allows simultaneous preservation of cell
morphology and biomolecules in a small volume. ‘Also embodied in the present

invention is a device for collecting such cell samples.

In a further embodiment of the invention, methods and compositions
are provided wherein a sample is analyzed according to cell morphology and
j'biochemical analysis in solution phase. The biochemical analysis is either qualitative
or quantitative and directly analyzes RNA, DNA, protein, carbohydrate or any
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BRIEF DESCRIPTION OF THE DRAWINGS

Figl. UCM 127, baseline (12 hours at RT). CaSki cells.
Magnification x 200. Papanicolaou staining. o

Fig2. UCM 127, 3 weeks at RT. CaSki cells. Magnification x 200.
Papanicolaou staining.
Fig3. UCM 127, 6 weeks at RT. CaSki cells. Magnification x 200.
H&E staining.
Figd. UCM128,(12 hours at RT). CaSki cells. Magnification x 200.
Papanicolaou staining.
Fig5. UCM 128, 3 weeks at RT. CaSki cells. Magnification x 200.
Papanicolaou staining.
Fig6. UCM 128, 6 weeks at RT. CaSki cells. Magnification x 400.
' H&E staining
Fig7. UCM 130,baseline (12 hours at RT). CaSki cells.
“Magnification x 200. H&E staining. - |
Fig8. UCM 130, 3 weeks at RT. CaSki cells. Magnification x 200.
Papanicolaou staining.
Fig9. UCM 130, 6 weeks at RT. CaSki cells. Magnification x 400.
Fig 10. PreservCyt (134), baseline (12 hours at RT). CaSki cells.
Magnification x 200. H&E staining.

Fig 11. PreservCyt (134), 3 weeks at RT. CaSKki cells. Magnification x
200. H&E staining.

Fig12. PreservCyt (134), 6 weeks at RT. CaSki cells. Magnification x
400. H&E staining. '
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Fig13. CytoRich (135), baseline (12 hours at RT). CaSki celis.
Magnification x 200. Papanicolaou staining. '

Fig 14. CytoRich (135), 3 weeks at RT. CaSki cells. Magnification x
200. Papanicolaou staining.

Fig 15. CytoRich (135), 6 weeks at RT. CaSki cells. Magnification x
400. H&E staining.

Fig 16. UCM 141, 6 weeks at RT. CaSki cells. Magnification x 400.
H&E staining.

Fig 17. UCM 149, 6 weeks at RT. CaSki cells. Magnification x 400.
H&E staining.

Fig 18. UCM 141, baseline at RT. Normal epithelial and CaSki cells.
Magnification x 200.

Fig19. UCM 141, baseline at 4 °C. Normal epithelial and CaSki cells.
Magnification x 200.

Fig20. UCM 141, 10 days at RT. Normal epithelial and CaSki cells.
Magnification x 200.

Fig21. UCM 141, 10 days at 4 °C. Normal epithelial and CaSki cells.
Magnification x 200.

- Fig22. UCM 141, 10 days at RT. Normal epithelial and CaSki cells.
Magnification x 200.

Fig23. UCM 141, 10 days at 4 °C. Normal epithelial and CaSki cells.
Magnification x 200.

Fig 24. UCM 149, baseline at RT. Normal epithelial and CaSki cells.
Magnification x 200.

Fig25. UCM 149, baseline at 4 °C. Normal epithelial and CaSki cells.
Magnification x 200.
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Fig 26. UCM 149, 10 days at RT. Normal epithelial and CaSki cells.
Magnification x 200. -

Fig 27. UCM 149, 10 days at 4 °C. Normal epithelial and CaSki cells.
Magnification x 200.

Fig 28. UCM 149, 3 weeks at RT. Normal epithelial and CaSki cells.
Magnification x 200.

Fig29. UCM 149, 3 weeks at 4 °C. Normal epithelial and CaSki cells.
Magnification x 200.

Fig 30. PreservCyt, baseline at RT. Normal epithelial and CaSki cells.
Magnification x 200.

‘ Fig 31. PreservCyt, baseline at 4 °C. Normal epithelia].and CaSki
cells. Magnification x 200. '

Fig 32. PreservCyt, 10 days at RT. Normal epithelial and CaSki cells.
Magnification x 200.

Fig 33. PreservCyt, 10 days at 4 °C. Normal epithelial and CaSki
~ cells. Magnification x 200.

Fig34. PreservCyt, 3 weeks at RT. Normal epithelial and CaSki cells.
Magnification x 200.

Fig 35. PreservCyt, 3 weeks at 4 °C. Normal epithelial and CaSki
cells. Magnification x 200. ' '

Fig 36. CytoRich, baseline at RT. Normal epithelial and CaSki cells.
Magnification x 200. '

Fig37. CytoRich, baseline at 4 °C. Normal epithelial and CaSki cells.
Magnification x 200. '

Fig 38. CytoRich, 10 days at RT. Normal epithelial and CaSki cells.
Magnification x 200.
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Fig 39. CytoRich, 10 days at 4 °C. Normal epithelial and CaSki cells.
Magnification x 200.

Fig 40. CytoRich, 3 weeks at RT. Normal epithelial and CaSki cells.
Magnification x 200.

Figdl. CytoRich, 3 weeks at 4 °C. Normal epithelial and CaSki cells. -
‘Magnification x 200.

Fig 42. Conventional Pap smear (archival). Magnification x 120.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to a universal cell collection medium that
makes it possible to conveniently collect and preserve cells and their contents for
assessment of the existence or progression of a disease isolated from a single small

patient sample, using cytological assays, molecular assays, or both.

~ The instant universal cell collection medium preserves cell morphology
and presei'ves macromolecules in a cell sample for either qualitative or quantitative
analysis. One useful form of the disclosed cell collection medium preserves nucleic
acids in the cells. Such preservation can be limited to refrigerated samples.
Alternatively, preserved samples can be kept at ambient temperatures. Different forms
of the universal collection medium preserve a sample for days or weeks or more. The
universal cell collection medium can be used to collect cell samples for any purpose
and is not limited to use with any particular assay method. Some forms of the
universal collection medium contain a buffered saline isotonic solution or an alcoholic
solution such as methanol, ethanol, or a similar alcohol, an RNase inhibitor such as
RNasin, and a protease inhibitor such as pepstatin. Many different nuclease inhibitors
are known in the art, including, for example, vanadate complexes, chelating agents and
detergent-based compounds as well as specific inhibitors such as RNasin. Any known
nuclease and/or protease inhibitors can be employed in the present invention as a

component of the universal collection medium in order to preserve the particular
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molecules of interest in the a sample.

The formulations of this invention provide for the first time means for
performing cytological and molecular analysis on cells which are contained in a single
sample. The cells are obtained from a patient and stored in the UCM of this invention.

From this single sample, cells are extracted and a cytological examination is
performed, the cellular DNA is qualitatively or quantitatively examined, the cellular
RNA is qualitaﬁvely or quantitatively examined, or any combination of analysis is
performed. The different analyses are performed concurrently or, for example, after
the results of the cytological analysis are obtained, the cells are subjected to molecular
analysis days, weeks or even months later. Conversely, after molecular analysis of the '
cells contained in the UCM, for example by automated Screening, the sample is

- retrieved for cytological analysis, days, weeks or even months later.

In one embodim_ent_ of the invention the universal collection medium
(UCM) formulations of this invention are buffered, water-based solutions which
comprise a preservatlve such as a mixture of one or more alcohols, a cross-linking
| agent and an agent to inhibit degradahon of RNA, DNA and protem The use of the
* 'UCM formulation is further enhanced by the addition of an antimicrobial agent.

_ Nearly any non-viscous alcobol can be used to formulate the UCM, for
example, any C1 to C10 alcohols or mixtures thereof can be used. Preferred alcohols
include methanol, ethanol; propanols, butanols, and pentanols. Most preferred are
ethanol and n-butanol. The alcohol can comprise a significant percentage of the
formulation. For example, the alcohol(s) .compone'nt can comprise about 1% to about
75% of the UCM formulation. More preferred is the percentage range of about 1% to
about 50% alcohol and more preferred is about 5% to about 30% alcohol in the UCM
formulation.

The pH range of the UCM formulation is important for maintaining the
cellular biochemical and morphological integrity of the cells. A pH range of about 2.5
to about. 6 is used to formulate the UCM of this invention. More preferred is a pH
range of about 3 to about 5 ahd most preferred is a pH range of about 3.5 to about 4.5.
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Buffer(s) are used to maintain the pH of the UCM at a constant value. Any buffer that
has buffering capacity in the indicated pH range can be used in the UCM of this
invention. Non-limiting examples of buffer components include glycine, maleic,
phosphoric, tartaric, citric, formic, or acetic acids and the like.

The cross-linking agents of this invention comprise about 1% to about
25% of the UCM formulation. Preferably, the cross-linking agents comprise about 1%
to about 15% or from about 1% to about 10%. Most preferably, the cross-linking
agent comprises about 1% to about 5% of the UCM formulation. Cross-linking agents
(also known as fixatives) are well-known in the art (see, for example, Stedman's
‘Medical Dictionary, 25" Edition, Williams & Wilkins, Baltimore MD 1990 at page
592) and their use in the UCM formulation is now readily apparent to those of skill in
the art in light of the present invention. Non-limiting examples of the cross-linking
agents for use in the UCM formulation include aldehydes such formaldehyde,
glutaraldehyde and the like. A preferred cross-linking agent is glutaraldehyde- .
bisulfite.

Agents able to inhibit degradation of RNA, DNA and/or protein are
well-known in the art. They can work by either inhibiting enzymes or sequestering
metal ions or both. Nuclease or protease inhibitors such as RNasin or pepstatin or
chelating agents can be used according to this invention. Preferred agents to inhibit
degradation of RNA, DNA and/or protein are chelating agents. Chelating agents are
well-known in the art (see, for example, Data For Biochemical Research, Third Ed.,
Rex M. C. Dawson et al., Oxford University Press 1986, at chapter 17) and are known
to both attenuate metal ion-induced and enzymatic degradation of biopolymers. Non-
limiting examples of chelating agents for use in this invention include murexide,
chromotropic acid, 1-(1-hydroxy-2-napththylazo-2-hydroxy-5-nitronaphthalene-4-
sulphonic acid, EDTA (ethylenediaminetetraacetic acid), o-phenanthroline, thiourea
and the like. A preferred chelating agent is EDTA.

Antimicrobial agents for use in this invention are those known in the

art. Noh-limiting examples of antimicrobial agents are aminoglycosides, B8-lactams,
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cephalosporins, macrolides, penicillins, azides and the like. A preferred antimicrobial -

agent is sodium azide.

The universal collection medium can be used for a combination of two
or more assays of different characteristics related to a cell state of interest. As used
herein, the assay or assays refer to detection or measurement of specific characteristics, .
the results of which may be combined with other such measurements of other
characteristics to provide an overall assessment of a cell suspected of being infected
with one or more diseases. These assays may include, for example, a combination of
morphological analysis and quanitation of a particular RNA or DNA or protein or -
carbohydrate structure whose presence or levels provide a specific indication of the

presence or progression of a disease.

The universal collection medium can be used to collect any desired cell
sample. Cell samples are collected in any suitable manner, including scrapings,
biopsy, or washings, and from anj suitable source. Numerous cell collection -
techniques are known and any can be used with the present invention. Generally; the
source of cells for a cell sample is chosen based on the known or likely tissue affected
by the cell state of interest. '

Cell samples for use in the presé_nt invention can be collected and stored
in liquid medium. Examples of useful cell collection media are PreservCyt® (Cytyc),
and CytoRich™ (Aﬁtocyte). These media were developed for the collection of -
cytological samples but can be adapted for use with molecular assayé when modified -
as described herein.

Nucleic acid detection generally benefits from the use of a reagent
capable of preventing nucleic acid degradation prior to performing the assay if the
assay is not performed soon after sample collection. A useful medium is a
preservative based collection medium that has stabilizers for nucleic acids (both RNA -
and DNA) and proteins and that preserves cell mbrphology, such as the universal .

collection medium of the present invention.

One method useful with the present invention involves measuring the
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levels of expression of genes involved in a disease state, and comparing their
expression to each other or to reference genes, as an indication of the state of the cells.
Such measurements can be combined with other assays to increase the accuracy and
reliability of the assessment of the disease state. The present invention can be used to
" assess the stage of a disease as indicated by the state of the cells. This embodiment
can also be used to guide or assess the effectiveness of a therapy for a disease by
identifying appropriate thex_'apy based on the indicated disease state or by indicating
any change in the sfate of cells subjected to the therapy. Also disclosed is a cell
collection medium for preserving cell morphology and cellular biomolecules in a cell

sample so that multiple assays can be carried out on the same sample.

Many diseases and other human conditions are characterized by specific '
cellular phenotypes and gene expression patterns. Such diseases and conditions can be -
identified and/or monitored by assessment of specific cellular morphology or levels or
structures of particular biomolecules. For example, neoplastic and cancerous cells
generaily exhibit certain distihcﬁire morphologies and growth characteristics.
Molecular characteristics, such as gene mutations and gene expression patterns are -
also a good indicator of disease progression. Virally infected cells can exhibit
different morphologies and gene expression patterns, including expression of viral
genes. Using the present invention, the characteristics of the cell state, such as

- changes in cell x?xo_rphq_logy and/or expression of genes can be determined froma -
patient s_ample. |

. The characteristics to be detected are specific to the cell state of interest
and the disease suspected of being present in the cell sample. Such characteristics can
be generally divided into two types, cytological characteristics and molecular -
characteristics. As used herein, cytological characteristics are characteristics such as, -
for example, overall cell shape and appearance of the cell and its organelles. The
primary identification and classification of many neoplastic and cancerous cells has
traditionally been accomplished using cytological characteristics. Identification of
cytological characferistics is generally slow, requires a relatively high level of training,
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and generally cannot be easily automated. As used herein, molecular characteristics
are the presence and/or absence and state of particular molecular species, such as
proteins, nucleic acids, carbohydrates and metabolites. Such molecular characteristics
are generally identified by detecting and/or quantifying the particular molecules of
interest.

‘The present invention allows both cytological and molecular
characteristics to be analyzed from a small patient sample. The characteristics assayed
can include additional or surrogate marker characteristics that are not a direct cause or
result of the disease but that are related to certain disease and cell states. Examples of
such additional markers include polymorphic markers, human leukocyte antigens
(HLA) such as B7 that predispose women for cervical carcinomas, oncogenes, p53
mutations, BRCA1/2 mutations, other cancer markers, oncosuppressors, cytokines,
growth factor receptors, and hormones. Such markers can be present in, or absent
from, cells exhibiting state- or disease-s;pecific characteristics, and such presence or
absence can be indicative of, for example, a more severe or less severe disease state.
These markers can be used in conjunction with disclosed methods to infer either
higher or lower risk of neoplastic disease depending on the number of abnormal scores
or the magnitude of change in quantitative markers. -

Examples of disease states for assessment using the present invention
‘include, but are not limited to, autoimmune disorders, neoplasias, and cancer. Other
disease states of interest include HPV-based disease including HPV infection, cervical
intraepithelial neoplasia (CIN), and cancer, atypical squamous cells of undetermined
significance (ASCUS), warts, epidermo dysplasia verruciformis and other skin
diseases, laryngeal papilloma, oral papilloma, conjunctival papilloma and prostate
disease including enlarged prostate and prostate cancer, chlamydia, and viral infections
such as HIV and herpes.
A cell sample as the term is used herein is primarily a collection of cells

from a patient. One method of obtaining cells is through non-invasive means, which is
defined herein as obtained without the puncturing of a patient. Examples of non-
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invasive means are, for example, cell samples obtained from urine or a nasal,
epithelial, cervical or other cell surface scrape. Other methods for obtaining a cell
sample are by needle biopsy, or tissue biopsy. The cells are collected into volumes of
less than 10 ml. More preferably, the cells are collected into volumes of less than
about 5 ml, and most preferred the cells are collected into volumes of less than about 2

ml.

Combinations of multiple assays may be used with the media and
device of the present invention and can be carried out from the collection and use of a
single sample. An important aspect of the combination of assays is the use ofa
universal cell collection mediuin that allows a single cell sample to be used for
multiple assays of different types with a minimum number of assay-specific
processing steps required. For example, cells for assaying cytological characteristics
are typically collected in a large volume of liquid which leaves the cell sample too
dilute for most assays of molecular characteristics. Prior art methods do not provide -
for direct methods for both cytological and molecular analysis. The prior art methods
require several extra steps, such as a separate concentration step, which is inconvenient -
and may result in many of the molecular components of the cell being degraded.
Cytological cell samples, while optimized for preserving cell morphology, generally
d§ not preserve nucleic acids well; thus making the salnple unusable for many

molecular assays.

Cell samples for use in the method of the present invention can be fixed
or processed in any manner consistent with the assays to be performed. For example,
both cytological and molecular assays can be performed using cells fixed on a solid
substrate such as a slide. Preferably, however, molecular assays are done in solution.
The requirements of the assays to be performed will generally determine the sample
processing to be used. |

The types of comparisons described above can also be used with many
different genes and disease states. That is, the measured level of expression of a gene

of interest can be compared, for example, to the'level of expression of the same type of
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gene in a different cell sample (such as an earlier cell Sample from the same source or
appropriate reference cells), to the level of expression of a different type of gene in the

same or a different cell sample, to the level of expression of a reference gene in the

same cell sample, or to the level of expression of a reference gene in reference cells.

Expression of genes of interest cah be aésessed using any suitable
method. For example, RNA can be detected using hybridization, amplification, or
sequencing techniques, and protein, like carbohydrate, can be detected using specific
antibodies. Many techniques for the specific detection of gene expression, by
detection of expression products, are known and can be used with the disclosed UCM.

One technique for detecting and measuring the level of expression of genes of interest
is detection of RNA transcribed from the genes of interest. For the most reliable -
comparisons, expression levels that are to be comj)aied should be measured using the

same technique and be performed in the same manner.

- Useful techniques for measuring the level of expression of a gene of
interestin a ceﬂ sample include the hybﬁd capture technique described in WO
93/10263 by Digene, PCR in situ hybridization techniques described by (Nuovo,
1997)), branched DNA assays (Chemoff (1 997)), transcription mediated émpliﬁcation
(TMAY); Stoflet (1988)), and polymerase chain reaction (PCR), ligase chain reaction
(LCR), self-sustained sequence replication (3SR), hucleic acid sequence based
amplification (NASBA), strand displacement amplification (SDA), and amplification
with QB replicase (Birkenmeyer and Mushahwar, (1991); Landegren, (1993)).
Numerous assays for the detection and measurement of gene expression products are
known and can be adapted for the determination of the level of expression of genes of
interest using the UCM-collected samples.

The present invention provides methods for analyzing cells that
previously were unavailable. For example, a combination of cancerous and non-
cancerous cells were placed in a Universal Collection Medium according to this
invention. The morphology of the cells was examined after storage at either 4 °C or
room temperature for periods of 12 hours, 10 days, 3 weeks and 6 weeks. Slides were
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prepared by staining using procedures well-known in the art, for example,
Papanicolaou staining and Hematoxylin and Eosin (H&E). When the slides were
examined under a light microscope, all the features characteristic for cancer cells were
visible and well-preserved in all cases. The slides showed large and hyperchromatic
nuclei, usually with oval shape and irregular, granular chromatin, scanty cytoplasm,
multinucleated cells, presence of nucleoli and presence of mitotic figures. In addition, |
the slides showed that there was good cell dispersion and no cell clumping. Both
types of cells (normal and cancerous) had distinct and sharp shapes of both the nuclei
and cytoplasm. The nuclei were well-stained and the normal cells showed a different
color of cytoplasm depending.oh the maturity of the cell.

In one embodiment of the present invention RNA was analyzed directly
by solution based procedures. The cells were first lysed by adding a proteolytic
enzyme to the cells contained in wells of a microtiter plate. Non-limiting examples of
enzymes for use in the present invention include proteinase K or Pronase. Cells can
also be subjected to detergent lysis or osmotic lysis or a French Press. After
incubation, biotinylated DNA probes were added to each well. The RNA:DNA
hybrids were captured onto a solid phase by transferring to streptavidin coated
microplates. Alkaline phosphatase-conjugated antibodies to RNA:DNA hybrids were
added to each well in the hybridization microplate and signals were generated by
adding a chemiluminescent reagent such as CDP-Star™ with Emerald II (Tropix) to
each well. The signal was read from the microplate. The solution based DNA analysis
was performed similarly to the RNA analysis except that the microtiter plates were
coated with anti-RNA:DNA hybrid antibodies and the probes were unlabeled RNA
probes.

. 'The present invention can be conveniently performed using kits that
include one or more of the materials needed for the method, such as reagents and
sample collection and handling materials. For example, kits can include cell collection
medium including sample preserving reagents, reagents for specific detection of DNA
sequences, RNA sequences and/or expression products (nRNA or protein) of one or
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more DNA sequences, and sample handling containers. Useful reagents for detection .
of DNA sequences and/or RNA sequences are nucleic acid probes or protein nucleic
acid probes for those sequences. Useful reagents for detection of DNA sequence
expression products (proteins) are antibodies. Aberrant carbohydrate antigens
associated with cancerous cells can also be detected by antibodies. A kit may also
contain control samples or reagents, or reagents and materials for performing other

assays to be combined with the disclosed assay.

The present invention can be performed using devices adapted to the
method. Numerous devices for performing similar assays are known and in use and
can be adapted for use with the'._diéél(')sed' UCM formulations, assays and methods. For
-example, devices are known for automating all or a part of sample assays and sample

- handling in assays.

All or part of the disclosed method can be controlled or managed using
special purpose computer programs. “The data collected from the disclosed method,
and data from any other assay used in combination, can be compiled, analyzed, and

" output in various forms and for various purposes using special purpose computer
programs. Such programs can be used with, or combined into, other p'atient or data
management computer programs. The usefulness of such a program increases with the
number of measureme:its or assessments to be combined, and the relative importance
of each type of measurement to the overall assessment. Computer programs for use
with the disclosed method can be used on general purpdse computers, or can be
incorporated into special purpose computers or computerized devices for controlling
the disclosed method, handling and analyzing data from the disclosed method, or both.
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-EXAMPLES

The examples herein are meant to exemplify the various aspects of "

carrying out the invention and are not intended to limit the invention in any way.
Formulations
Formulation 127

20% Ethanol

0.05% NaN,

5mM EDTA

2.5% Glutaraldehyde-Sodium-Bisulfite (G-S-B)
0.2 M NaOAc-HOAc

pH 3.7

Formulation 128

20% Ethanol

0.05% NaN,

5 mM EDTA :

2.5% Glutaraldehyde-Sodium-Bisulfite (G-S-B
0.2 MNaOAc-HOAc :
pH 4.1

Formulation 130

7% Butanol

0.05% NaN,

5mM EDTA

2.5% Glutaraldehyde-Sodium-Bisulfite (G-S-B)
0.2 M NaOAc-HOAc -

pH3.7

Formulation 134

PreservCyt® (Cytyc Corporation)

Contains buffered methanol _

Storage limits with cytologic samples: 3 weeks at 4 °C - 37 °C
Formulation 135

‘CytoRich™ (AutoCyte Corporation)

Contains less than 24% alcohol
Storage 15°C-30°C
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Formulation 141

20% Ethanol

0.05% NaN,

5 mM EDTA

2.5% Glutaraldehyde-Sodium-Bisulfite (G-S-B)
0.2 M NaOAc-HOAc

pH 4.4

Formulation 149

10% Butanol

0.05% NaN,

SmM EDTA _ :
2.5% Glutaraldehyde-Sodium-Bisulfite (G-S-B)
0.2 M NaOAc-HOAc

pH4.4

Example 1: General Methods for Nucleic Acid Analysis
The assay for nucleic acids follows in general principle the method for

detecting HIV RNA by the Digene Hybrid Capture HIV Test, described in WO
93/10263 by Digene. Briefly, following lysis, 50 pl of probe mix (containing DNA
biotinylated probe) was added to each well. The plate was sealed and incubated at 65
°C for 1.5 hours for hybridization to occur. After hybridization, samples were
transferred to a strepavidin-coated microplate, and 25 pL of anti-hybrid antibody was
added to each well. The plate was agitated at 1100 RPM, for 1 hour, at room
temperature. Wells were washed 6X times with 65 °C wash buffer, followed by one
wash using distilled water. 100 pl of a chemiluminescent substrate was added to each
well and the plate was incubated at room temperature for 30 minutes. The plate was
then read in the DML 2000 luminometer. The data was then expressed as
signal-to-noise. Using a calibration curve, the cherniiuminesceﬁt signal generated by

each specimen was converted into mRNA copies per cell.
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Example 2: General Methods for Mogphologjcgl Analysis

HPYV 16 positive cancer cells (CaSki) were placed in UCM 127, 128,
141, 130, 149 and in two commercially available fixatives PreservCyt (Cytyc Corp.)
and CytoRich (AutoCyte). The samples were then stored at ambient temperature. The
baseline slides were prepared after 12 hours of storage. Then slides were prepared
after 3 and 6 weeks. In addition slides were prepared from UCM 141 and 149 after 6
weeks at RT. The slides were prepared by spotting 200 ul of cell suspension onto

~ polycarbonate filter. The filter was then placed on the glass slide and blotted. The
filter was then removed and the slides fixed in 95% ethanol for 5 minutes. The slides
§vere stained using routine Papai;iéolaou staining and Hematoxylin and Eosin (H&E).
The slides were evaluated under a light microscope using different magnifications, and
documentation in the form of color pictures was prepared. Additionally a smaller
sfudy was performed using a mixture of normal human cervical cells and CaSki cells.
This mixture was placed in two UCM formulations 141 and 149 and in PreservCyt and
CytoRich controls. Each sample was split into two tubes and placed at RT and at 4 °C.
After 12 hours (baseline), 10 days and three weeks of storage, slides were prepared
and stamed with Papanicolaou staining. The following features were evaluated for the -
morphology study: cell dispersion, cell shape, nuclear shape, chromatin pattern and
staining intensity, nuclear/cytoplasm ratio, presence of nucleoli, cytoplasm shape and
staining color. Figures 1-24 show the morphology of CaSki celis stored in
different UCM and in PreservCyt and CytoRich controls stored at RT for 12 hours, 3
weeks and 6 weeks. All features characteristic for CaSki cells (carcinoma cells) were
- visible and well preserved inall fixatives tested after 3 and 6 weeks: large and

hyperchromatic nuclei usually with oval shape and irregular granular chromatin,
scanty cytoplasm, multinucleated cells, presence of nucleoli and presence of mitotic
figures. In addition, the slides showed that there was good cell dispersion and no cell
clumping in all media tested.

Figures 25-72 show the morphology of normal human cervical cells
mixed with CaSki cells and stored in UCM 141, 149 and PreservCyt and CytoRich
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controls for 12 hours, 10 days and 3 weeks at room temperature and at 4 °C. The
evaluation of these slides showed that the morphg gy was well preserved in UCM
and in PreservCyt and CytoRxch controls. After I3 AL eeks at 4 °C and room temperature

- both types of cells (normal cervical and CaSki oe__lls) :had distinct and sharp shapes
(both nuclei and cytoplasm). The nuclei were well stained and the normal cells
showed a different color of cytoplasm dependmg on the maturity.

Figures 73-75 were taken from archived routine Pap smears to show the
morphology and staining of samples stored fixed to slides for comparison.

Example 3: HC I1 HPV DNA Assay Results
UCM formulations 127, 128, 130 and the STM™ (Digene) control were
tested using the Hybrid Capture Il HPV DNA Test. A standard HC II HPV Test kit
| , (Digene cataloé number 5101-1096) was used. Each collection medium (1 mL) was

spiked with 0.8 x 10° CaSki cells (~500 copies/cell). This concentration of CaSki cells.
was chosen because an adequate clinical specimen usually contains about 1 x 10° cells.
The same stock of CaSki cells was then used for morphology study and DNA and

. RNA testing. A standard volume Qf 50 pl was used per assay as described in the:
Package Insert, without any sample preparation modification. A similar STM sample

. 'was prepared by spiking the same number of CaSki cells into 1 mL of Digene Sample -
Transport Medium (STM — this medium is the current medium used for HPV testing.
It preserves DNA and RNA but not cell morphology). The HC Il HPV test was
performed at day “0” (baseline) and after one and six weeks of storage at room
temperature. Table 1 shows the results obtained for each medium at the baseline and

after one and six weeks expressed as S/N ratios.

UCM formulations 127 and 128 had the highest S/N ratios comparable
to the STM control S/N ratios at the baseline and retained these values after storage at -
RT for six weeks. The S/N ratios for UM 130 obtained at the baseline were slightly
lower when compared to UCM 127 and 128. UCM 130 retained its signal after 6

weeks.
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Tablel.  Signal to Noise ratios obtained for UCM 127, 128, 130
and STM at baseline and after one week and six weeks storage at RT.

Baseline Week 1 Week 6
Medium S/N SN Y%of original | S/N %of original
' signal signal
127 5666 5852 103 6298 | 111
128 5760 5669 98 5032 103
130 4407 5135 117 5500 125
ST™M 5557 6151 110 6127 110

Formulations UCM 141 and 149, used in the smaller morphology
study, were tested in the HC I HPV DNA assay at baseline and then after one, two
and four weeks of storage at room temperature. CaSki cells (1.5 x 10°) were spiked in
these media and 50 pl were used per assay. Table 2 shows the S/N ratios. Both
formulations retained close to 100% (UCM 141 98.4% and UCM 149 97.3%) of the
original signal after four weeks of storage at room temperature.

Table 2. S/N ratios obtained for formulations UC 141 and 149 at baseline and
after 1, 2 and 4 weeks of storage atRT.

.| Week 1 Week 2 Week 4 :
UCM | Baseline | S/N % original | S/N % original | S/N % original
SN signal signal signal
141 10875 11006 | 1012 10427 | 959 10703 | 98.4
149 9443 8159 86.4 8035 853 9188 973

In addition, samples stored in PreservCyt and CytoRich were examined
according to the protocols of this example. Both the PreservCyt and CytoRich media
were found to be deficient in their ability to provide DNA for satisfactory analysis.

Example 4: HC II RNA Assay Results
The aliquots of all formulations (CaSki cells 0.8 x 10°) were stored at 4
°C instead of room temperature and were tested in the HC Il HPV RNA assay. The
prototype RNA assay used in this study utilized biotinylated single-stranded DNA
probes specific for HPV 16 E6/E7 RNA. UCM formulations 127, 128 and 130 were

~ SUBSTITUTE SHEET (RULE 26)
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tested at baseline and after one and six weeks storage at 4 °C. UCM formulations 141
and 149 were tested at baseline and after one, two and four weeks of storage at 4 °C.
Tables 3 and 4 show the results.

Table 3. Results obtained for UCM 127, 128 and 130 in HC II RNA assay at
baseline and after one and six weeks of storage at 4 °C.

Week 1 . | Week 6 - -
Medium | Baseline [ S/N % oniginal | S/N % original
SN - _ signal _ | signal
127 937 1157 | 123 990 106
128 981 1139 | 116 1192 122
130 845 1261 149 1278 151

All UCM formulations tested had comparable S/N ratios when tested at
the baselme UCM 127, 128 and 130 retained a 100% signal after six weeks of storage
at 4 °C in comparison to baselme results. RNA in cells in both UCM formulations 141
and 149 appears to be stable at 4 °C for four weeks giving S/N ratios close to the
baseline results (UCM 141 108% and UCM 149 89%). | '

Table 4. Results obtained for UcM 141 and 149in HCII RNA assay at baselme
and after one, two and four weeks of storage at 4 °C.

T Week 1 Week2 - Week 4
UCM | Baseline % original % original % original
: S/N S/N | signal S/N signal S/N signal
141 10745 [1029 |96 1137 | 106 1164 108
149 1243.5 1786 | 144 1843 148 ' 1103 89

In addition, samples stored in PreservCyt and CytoRich were examined
according to the protocols of this example. Both the PreservCyt and CytoRich media
were found to be deficient in their ability to provide RNA for satisfactory analysis.

Publications cited herein and the material for which they are cited are
specifically incorporated by reference.

Those skilled in the art will recognize, or be able to ascertain using no
more than routine experimentation, many equivalents to the specific embodiments of

the invention described herein. Such equivalents are intended to be encompassed by

» . _—_———//_
the following claims.
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WE CLAIM
1. A cell or tissue collection medium (universal collection
medium), wherein the cells or tissue contained in the medium can be analyzed directly
by both cytological and molecular methods, wherein the molecular method of analysis
comprises either RNA or DNA or protein analysis or the analysis of both RNA and

DNA, and wherein the medium is water based and comprises a preservanve, a cross-
linking agent and an anti-degradation agent.

2. The universal collection medium of claim 1, wherein the
medium consists of a volume of less than 10 ml.

3. The universal collecnon medlum of claim 1, wherein the
medium consists of a volume of less than about 5 ml.

4.  The universal collection medium of claim 1, where in the

medium consists of a volume of less than about 2 ml.

5. The universal collection medium of claim 1 wherein the
universal collection medium comprises a buffer component, at least one alcohol
component, a cross-linking agent and an agent to inhibit degradation of at least one of
the group consmtmg of RNA, DNA and protein.

6. The universal collection medlum of claim 5, wherem the buffer
component has a buffering capamty within a pH range of about 2.5 to about 6.

7.  The universal collection medium of claim 6, wherein the buffer
component has a buffering capacity within a pH range of about 3 to about 5.

8. The universal collection medium of claim 7, wherein the buffer
component has a buffering capacity within a pH range of about 3.5 to about 4.5.

9. The universal collection medium of cl_aim 5, wherein the alcohol

component comprises a C1 to C10 alcohol.

10.  The universal collection medium of claim 9, wherein the alcohol

component is selected from the group consisting of methanol, ethanol, propanols,

* c L M S *
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butanols, and pentanols.

11.  The universal collection medium of claim 10, wherein the

alcohol component comprises ethanol or n-butanol.

12.  The universal collection medium of claim 5, wherein the cross-
linking agent comprises an aldehyde.
13. The universal collection medium of claim 12, wherein the cross-

linking agent is selected from the group consisting of formaldehyde and
glutaraldehyde.

14.  The universal collection medium of claim 12, wherein the cross-
linking agent comprises glutaraldehyde-bisulfite.

15.  The universal collection medium of claim 5, wherein the agent
to inhibit degradation of at least one of the group consisting of RNA, DNA and protein -

comprises at least one agent selected from the group consisting of a nuclease inhibitor,
a protease inhibitor and a chelating agent.

16.  The universal collection medium of claim 15, wherein the agent
to inhibit degradation of at least one of the group consisting of RNA, DNA and protein - -
comprises a chelating agent.

17.  The universal collecuon medium of claim 15, wherein the
chelatmg agent is selected from the group consisting of murexide, chromotropic acid,
1-(1-hydroxy-2-napththylazo-2-hydroxy-5-nitronaphthalene-4-sulphonic acid, EDTA
(ethylenediaminetetraacetic acid), o-phenanthroline and thiourea.
18.  The universal collection medium of claim 12, wherein the
chelating agent comprises EDTA (ethylenediaminetetraacetic acid).

19. A method of performing morphological and biochemical

analysis on a cell or tissue, wherein the method comprises:

obtaining cells or tissues from a patient;

AR
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preserving the cells or tissue in a water-based medium

comprising a preservative, a cross-linking agent and an anti-degradation agent;

directly analyzing the morphology of the cells or tissue
preserved in the medium; and

directly analyzing either RNA or DNA or protein contained in

the cells or tissue preserved in the medium.

20. A universal collection medium comprising water, a preserving
~ agent, a buffer, a cross-linking agent and an agent capable of inhibiting the degradation
of at least one of the group consisting of RNA, DNA and protein.

21.  An article of manufacture for preserving a cell sample of limited

-cell number comprising:

a container holding less than 2 ml of the medium according to

claim 20; and
a lid fitting said container.
22.  The article of manufacture of claim 21 further comprising a cell

* collecting device having an clongated member wherein a distal end of the elongated
2

member has a non-absorbent increased surface area.

23. The article of manufacture of claim 22 wherein the distal end of
‘the elongated member is a brush.

24. A method of cell sample collectxon that allows detectlon of cell
morphology and quantitative analysis of at least one of the group consisting of RNA,
DNA and protein from a single sample, said method comprising

collecting cells from a patient wherein the cell sample is limited in size;

storing collected cells in the medium according to claim 20;

removing an aliquot of cells in the medium for cell morphology

| analysis; and

removing a second aliquot of cells in the medium for a quantitative

_—_—
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analysis selected from the group consisting of DNA analysis, RNA analysis, protein
analysis and carbohydrate analysis. |
- 25 The method of claim 24, wherein the cells are stored in a sample
‘of less than 10 mL. R
26, Themethod of claim 24, wherein the method of claim 24,
wherein the cells are stored in a sample of less than about 5 ml.

r 2 The method of claim 24, wherein the cells are stored in a sample
ofless thanabout2ml. - ' :
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