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Abstract

Methods of using probes and probe sets for the detection of high-grade dysplasia and carcinoma
in cervical cells are described. The chromosomal probes include probes specific for loci selected
from the loci 326, 8q24, Xp22, CEP15 and 20q13 Methods of the invention include hybridizing
one or more chromosomal probes to a biological sample obtained from a subject and detecting
the hybridization pattern of the chromosomal probes to the sample to determine whether the

subject has high grade dysplasia or carcinoma. Methods of the invention also include preliminary

screening the cells for a marker associated with a risk for cancer, and preferably involves

screemng for HPV infected cells by in situ hybridization using an HPV probe mixture.
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DUETECTION OF HIGH GRADE DYSPLASTA IN CERVICAL CELLS

Backeround of the Invention

Cervical cancer remains one of the most common cancer types affecting women worldwide.
The biological pathwav ¢ ical carct beg 1th mtraepithelial cells. anc

y gical pathway to cervical carcinoma begins with normal mtraepithelial cells, and
develops through low and then high grade dyspiasia before malignancy obtams. Cytologists
mark the passage to malignancy as progression from normal epithelial cells to atypical
squamous ceils of undetermined significance (ASCUS) to Low Grade squamous
intraepithelial lesions (LSIL) and then high grade squamous intraepithelial lesions (FHISIL)
before carcinoma in sitw and finally malignancy result. Histologists mark the progression

from normal cells to various grades of cervical intraepithelial neoplasia (CIN I, II and U1,

then to carcinoma 1 situ and finally malignancy. CIN Iis considered low grade dysplasia

OOV

comparable to LSIL. CIN I and III are considered high grade dysplasia comparable to HSIL.

The current standard of care includes regular cytologic testing with a Papanicolan (Pap)
smigar o dentify abnormalities as indicating dvsplasia or carcinoma in patient cells. When
high grade dysplasia is detected and confirmed by histological examination, the
ransformation zone of the patient’s cervix is removed immediately by loop excision or cone

blopsy. More radical procedures are required when carcinoma is detected. At the same time,

however, the progression from normal to malignancy is not strict and the presence of low
grade dysplasia does not necessarily indicate that the patient will progress to high grade
dysplasta or malignancy. Significantly, the negative predictive value of cytologic methods
(e.g., Pap smears) for detecting high grade dysplasia is poor. Thus, low grade dysplasia may
be musdiagnosed as high grade, thereby subjecting the patient to unwarranted treatment and
high grade dysplasia may be misdiagnosed as low grade dysplasia, therchy delaying
appropnate treatment. Accordingly, there is a need for a diagnostic method that will

accurately distinguish between low and high grade dysplasia.

Patient specimens typically comprise many thousands of cells for evaluation. Diagmosis
based on evaluation of individual celis can be enormously time consuming and tedious for
technicians to perform due to the large number of cells that are required for evaluation. Thus,

there 1s a need for a means to simplify a cell evaluanon method.
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Others have noted that genetic abnormalities (e.g., changes in chromosome [EZIONS Of

'\ i\.nr

changes n piocidy levels) accompany the progression from normal cells to cervical

malignancy. See, e.g., U.S. Patent No. 5,919,624 to Ried, et al. Ried et al. noted that

chromosornal abnormalities can be used to classify the progression of ~dysplastic cervical cells
in late stages, e.g., from noninvasive ¢ Cal tonvasive cervical carcinoma. Still others

have demonstrated that cervical cancer is assoeiated with infection by certain human
papilloma viruses (HPV) types, particularly HPV types 16, 18, 31, 33, 25 and 42. hee, e.2.,
Lazo, Bt I, Cancer, (1999) 80(12), 2008-2018. Additionaily, many cell cycle proteins such
as p16 and Cyclin E and cell proliferation markers such as the proteins Ki67 and PCNA are
also known to be highly active in neoplastic cells. Thus, cells containing abnormal amounts

of these markess have been suggested as good candidates for cells that WAy Progress to

malignancy.

PCL application WO 0024760 describes methods and reagents for de tecting HPV DINA In
Pap smears using in situ hybridization and brightficld microscopy. The probe consists of full
length DNA probes of HPV-16, -18, -31, -23, -35. and —51. The patent ciaums that this probe
mix detects other high-risk HPV types but not low-risk HPV. The abili iy of the discloses
HPV probe mixture to avoid hybridization 1o low-risk HPV types is achieved by moduialion
of the quantitics of each HPV DNA probe included on the probe mux. The HPV probes
disclosed are different than those described herein, In addition. the as 5ays of the imvention
modulate probe cross-hybridization by lowering the stringency of the hybridization
conditions while keeping the probe concentrations constant for all types. This application also
aoces not combine HPV probe with use of chromosomal vrobes to detect chromosome

abnormalities in the HPV infected cells,

Hopman ct al. (J of Pathology 2604; 202:23-33) anatyzed HPV status and chromosomal
aberralions i cervical bioysia: sections by FISH.  This work used only probes for HPV-16
and HPV-18 and genomic probes for chromosome 1 (1g12), 17, and X. In contrast to the
mventive assay that simultaneously detect HPV and chromosomal gaing i the same cells,
Hopman et al.’s detection of HPV posttive cells and chromosomal aberrations wase periormed

i paraliel tissue sections.
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To date Applicants are not aware of any publication that has demonstrated that any
chromosomal abnormality with or without the presence of another marker can be used to
distinguish low from high grade dysplasia or has combined such g diagnostic method with the

xnown association of HPV and cervical cancer,

Summary of the Invention

The invention is based on the discovery that certain chromosomal abnormalitics can be used
1o selectively detect high grade cervical intraepithelial neopiasia (CIN Il and CIN IID and
malignant carcinoma in cervical biopsy and Pap smear specimens without detectin g 10w
grade cervical intracpithelial neoplasia, The method can detect high grade cervical
witracpithelial neoplasia (CIN II and CIN 1) and malignant carcinoma at high sensitivity and
specificity levels, 1.8, about 95% each. The invention is based on the use of in sita
hybridization technology where Iabeled nucleic acid probes are allowed to hybridize to
cervical samples, Preferably, fluorescent in situ hybridization (FISH) is used and the nucleic
acid probes are DNA probes that are fluorescently labeled. The nybridization resulis are then
correlated with a clinical diagnosis of high geade cervical intragpithelial neoplasia (CIN 1

and CIN HT) and malignant carcinoma.

The method of the invention utilizes a set of one or more probes demonsirating a vector vajue

for discriminating between CIN 1 and CIN [ of zbout 60 or less, wherein the vector valie is
calculated by Vector = [(100-specificity)” + (100-sensitivity)*]", Preferred probes for use in
the method are probes to the genetic loci 3q26, 8q24, 20413, Xp22 and 3p21, and probes that
criamerate chiromosomes 3 and 15, Multiple probe sets comprising twao, three or more probes

can be used in the method of the invention. Preferred multiprobe sets comprise probes to the

genctic Joci 8q24 and 3q26; 3q26, 8424, Xp22, and chromosome 15; 3a24, 20g13, Xp22 and

chromosome 15; and the genetic loci 3p21, 3pl14, 3g26 and chromosome 3. Probes useful in
the tnvention can be incorporated into kits packaged, for example, with other reagents useful
in carrying out the methods of the invention. Such kits can COmMPprise One or more probes

nsetful with the invention.
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Probes can be selected using the steps of (a) providine a first pluraiity of chromosomal

probes (by plurality is meant one or more probes): (b} determining the ability of each of the

tirst plurality of probes to distinguish high (CIN TI, CIN I and carcinoma) irom low (CIN 1)

grade dysplasia in & cervical specimen; and (¢) selecting the probe or probes withm the first
plurality of probes that distinguish tigh from low grade dysp! piasia to vield a second plurality

14

of probes, wherein the second plurality of probes identifies the hi ¢h prade dvspla

C)‘}

specimens as compared to low grade specimens at a vector value of less than about 60.

Preferred probes can be selected by additionally: (d) determining the &bi}ity of 4 combination

G"Q

of probes selected from the second plurality of probes to di stinguish the high grade from low

grade specimens; and (e} selecting a combination of probes that identifies the high grade

specimen as compared to the low grade specimen with a vector vahie of less than about 40.
More preferred embodiments can be selected based on lower vector values (e 2., a vector

value of less than about 30).

The biological saraple used with the invention can contain a cervical DIOPSY specimen or 4
cervical smear such as a Pap smear or a ThinPrep! © sample prepared by the method of Cytye
Corp., Boxborough, MA. The probes used with the invention comprise detectably labeled
nucieic amd based probes, such as deoxyribonucleic acid (DMNA) probes or protem nucleic
acid (PNA) probes, which are designed/selected to hybridize to the specific de esigned
chiromosomal target. Fluorescent labels such as are used in fluorescent in situ hyoridization

are preferred but other detectable labels commonly used in hybndization technioues, e.g.,

enzymatie, chromogenic and isotopic labels, can also be used.

-

't
A

I another aspect of the Invention, the detection of the genetic abnormalities is facilitated hy
adoption of a preliminary cell screening techiugue wherebhy cervical cells are screened first
or the presence of a suitable associated marker, for example, such as the presence of
miection by HPV, e.g., high risk HPV, or abnormal amounts of cell cycle proteins such as
pl6 and Cyclin E or cell proliferation markers such as Ki67 and PCNA. Such screenin 2 can
be used to identify more suspicious cells for closer examination and may allow the time
required for specimen evaluation to be reduced by as much as 5~ 10 fold. After the
suspicious cells are identified, thess suspicious cells are then examined for the presence of

CRIOmMOosomal abnormalities. The ¢ presence of chromosomal abnormahities identified | Oy USe
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of the probes of the invention in cells also showing markers of potenbal malignancy, such as
HPV infection, identifies higher grade CIN or malignancy. Such initial screening techniques

are anaenable to automation, enabling grealer simplicily and speed in specimen evaluation.

A prelerred assay comprises the simultaneous detection of HPV infection and chromosomal
gains by tluorescence in situ hybridization in individual cells on cervical cviological
specimens to identity higher grade disease. This preferred assay comprises a method for
screening for high grade dysplasia in a subject, the method comprising: {a) obtaining a

ng the sample with 2 set of one or more

’--4 "

piological sample from the subject; (b) contact
chromosomal probes and with a mixture of HPV probes under conditions sufficient to enable

hybridization of the probes to chromosomes in the sample 1f any and sufficient to enable

)

detection of HPV infected cells present in the sample if any; (¢) detecting the presence of
HPYV infected cells in the sample; and (d) determining hybridization patiern of the

chromosomal probes in the HPV infected cells in the sample to determine whether the subject

has high grade dysplasia. Detection of HPV is preferably done with a mixture of six HPV
full-length genomic probes (HPV-16, HPV-1 S, BFPV-30, HPV-45, HPV-51, and HPV-58)
under low sitringency hybridization conditions. Use of this mixture under low siringency
conditions will detect the following HPV types: HPV-16, HPV-18, HPV-3 I, HPV-33, HPV-
35, HPV-39, HPV-45, HPV-51, HPV-52, HPV-56, HPV-58, HPV-59. HPV-26 , HPV-53, and

HEV-66. Preferably, the six HPV probes in the mixture are labeled 5o that the nrobes are
detected using a fluorescence labeled tyramide signal amphification system. Detection of
chromosomal gains preferably is done with three directly labeled probes, cach labeled in g
fluorescent color distinet from the others and from the HPV cocktail detection color: to
chromosomal locus 8q24 and 326 and to the centromere of chromosome 8. The
determination of a hybridization pattern indicative of the presence of chromosomal
abnormalities in cells infecied with high-risk HPV correlates with high-grade dysplasia,

' 4

Detatied Description Of The Invention

Tne invention includes (3) methods of using probes and (ii) probe sets for the detection of
high grade dysplasia and carcinoma in cervical ceils. The methods and prove sets allow for
the early detection of high grade dysplasia in biological samples, such as a cervical 0{0psies

and Smears.
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Surtable probes for use in the in situ hybridization methods utilized with the invention fall

into two broad groups: chromosome enumeration probes, i.e., probes that hybridize (0 a
chromosemal region, usually a repeat sequence region, and indicate the presence or absence
of an entire chromosome, and locus specific probes, i.e., probes that hybridize to a speciile
iocus on a chromosome and detect the presence or absence of a specific locus. Chromosome
arm probes, 1e., probes that hybridize to a chromosomal region and indicate the presence or
absence of an arm of a specific chromosome, may also be useful. Chromosomal nrobes and
combinations thereof are chosen for sensitivity and/or specificity when used in methods of
the mvention. Probe sets can comprise any number of probes, e.g., 1, 2, 3, 4 or more probes.
FThe number of probes useful with the invention is limited only by the user's ability to detect

he nrobes on an mdividaal basis,

b

As is well known in the agt, a chromosome enumeration probe can hybridize to a repetitive
sequence, located either near or removed from a centromere, or can hybridize to a amgue
scquernce located at any position on a chromosome. For example, a chromosome
enursration probe can hybridize with repetitive DNA associated with the centromere of 2
chromosome. Centromeres of primate chromosomes contain a complex {family of long
tandem repeats of DNA comprised of a monomer repeat length of about 171 base pairs, that
are referred to as alpha- satellite DNA. Non-limiting examples of chromosome enumeration

pﬂ?

probes wmclude proves to chromosomes 1,6,7, 8,9, 10, 11, 12, 15, 16, 17, 18 and ¥

Exaroples of several specific chromosome enumeration probes are described in Example 1.

Aciocus specific probe hybridizes to a specific, non-repetitive locus on a chromosome. Non-
muting examples of locus specific probes include probes to the following loci: 3¢26, Bg24,
20913, Ap22 and 3p21. Some of these loct comprise genes, e.g., oncogenes and ftumorn

suppressor genes that are altered in some forms of cervical cancer. Thus, probes that target

ol

these genes, either exons, introns, or regulatory chromosomal sequences of the genes, can be

Sy

used i the detection methods described hercin, Examples of target genes include: TERC

....4

4

(3426); MYC (8g24); STK6 (20g13.2-13.3) and MLH (3p21-p23). Additional examples are

identified i Bxample 1.

i
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Probes that hybridize with centromeric DNA and specific chromosomal loci are available
comnmercially from Vysis, Inc. (Downers Grove, IL) and Moleculat Probes, Inc. {Bugene,
OR) . Alternatively, probes can be made non-commercially using well known techniques.
sources of DNA for use in constructing DNA probes include genomic DNA, cloned DNA
sequences such as bacterial artificial chromosomes (BAC), somatic cell hybrids that contain
one or a part of a human chromosome along with the normal chromosome complement of the
nost, and chromosomes purified by flow cytometry or microdissection. The recgion of interest
can be 1solated through cloning or by site-specific amplification via the polymerase chain
reaction (PCR). See, for example, Nath, et al., Biotechnic Histochem, 1998, 73 (1): 6-22;
Wheceless, et al., Cytometry, 1994, 17:319-327; and U.S. Patent No. 5,491,224, Synthesized
oligomeric DNA or PNA probes can also be used.

The size of the chromosomal region detected by the probes used in the invention can vary, for
example, {rom the alpha satellite 171 base pair probe sequence noted above to a large
scgment of 150,000 bases. For locus-specific probes, that are directly labeled, it is preferred
to use probes of at least 100,000 bases in complexity, and fo use unlabeled blocking nucleic
acid, as disclosed in 1.8, 5,756,696, to avoid non-specific
binding of the probe. It is also possible to use unlabeled, synthesized oligomeric nucleic acid
or protein nucleic acid as the blocking nucleic acid. For targeting a particular gene locus, it is

preferred that the probes span the entire genomic coding locus of the gene.

Chromosomal probes can contain any detection moiety that facilitates the detection of the
probe when hybridized to a chromosome. Effcctive detection moieties include both direct

and indirect labels as described below.

Chromosormal probes can be directly labeled with a detectable label, Examples of detectable
labels include flucrophores, i.e., organic molecules that fluoresce after absorbin g iight, and
radioactive isotopes, ¢.g., *P, and “H. Fluorophores can be directly labeled following
covalent attachment to a nucleotide by incorporating the labeled nucleotide into the probe
with standard techniques such as nick translation, random priming, and PCR labeling.

Alternatively, deoxycytidine nucleotides within the probe can be transaminated with a linker.
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The fluoropore can then be covalently attached to the transaminated deoxycytidine
nucleotides. See, e.g., U.S, Patent 5,491,224 to Bittner, et al.

Usetul probe Iabeling techniques are described in Molecular Cytogenetics:
Protocols and Applications, Y.-S. Fan, Ed., Chap. 2, “Labeling Fluorescence In Situ
Hybridization Probes for Genomic Targets”, L. Morrison et.al., p. 21-40, Humana Press, ©

2002 (hereafter cited as “Morrison 2002”) .

Examples of fluorophores that can be used in the methods described herein are: 7-amino-4-
methylcoumarin-3-acetic acid (AMCA), Texas Red™ (Molecular Probes, Inc., Bugene, OR);
5-(and-6)-carboxy-X-rhodamiue, lissamine rhodamine B, 5-(and-6)-carboxyfluorescein:
finorescein-5-isothiocyanate (FITC); 7-diethylaminocoumarin-3-carboxylic acid, tetramethyl-
rhodamine-5-(and-6)-isothiocyanate; 5-(and-6)-carboxytetramethylrhodamine; 7-hydrox y-
coumarm-3-carboxylic acid; 6-[fluorescein 5-(and-6)-carboxamidolhexanoic acid; N-(4,4-
diffuoro-3,7-dimethyl-4-bora-3a, 4a diaza-3 -1ngacenepropionic acid; eosin-5-isothiocyanate;
erythrosine-3-isothiocyanate; 5-(and—6)-carboxyrhodamine 6G; and Cascade™ blue

acctylazide (Molecular Probes, Inc., Eugene, OR).

When multiple probes are used, flowrophores of different colors can be chosen such that each
chromosomal probe in the set can be distinctly visualized, Preferably the probe panel of the
mvention will comprise four separate probes, cach labeled with a separate fluorophore. Use
of four probes is preferred because Applicants believe this provides the best balance between
clinical sensitivity (sensitivity can increasc with added probes) and imaging/detection
complexity (complexity can increase with added probes). It is also within the scope of the
invention to use multiple panels sequentially on the same sample: in this embodiment, after
the first panel 1s hybridized, the results are imaged digitally, the sample is destained and then

is hybridized with a second panel.

Probes can be viewed with a fluorescence microscope and an appropriate {ilter for each
fluorophore, or by using dual or triple band-pass fiiter sets to observe multiple fluorophores.
See, e.g., U.S. Patent No. 5,776,688 to Bittner, et al.

Any suitable microscopic imaging method can be used to visualize the hybridized

probes, including automated digital imaging systems, such as those available from
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Metasystems or Applied Imaging., Alternatively, technigues such as flow cytometry can be

used Lo examine the hybridization patiern of the chromosornal probes.

Probes can also be labeled indirectly, e.g., with biotin or digoxyeenin by means well known
in the art. However, secondary detection molecules or further processing are then required (O
visualize the labeied probes. For example, 2 probe labeled with biotin can be detected Dy
avidin conjugated 1o a detectable marker, c.8., 4 fluorophore. Additionally, avidin can be
conjugated to an enzymatic marker such as alkaline phosphatase or horscradish peroxidase.
Such enzymatic markers can be detected in standard colorimetric reactions usin g & subsirate
for the enzyme, Substrates for alkaline phosphatase include 5-bromo-4-chloro-3-
indolylphosphate and nitro blue tetrazolium. Diaminobenzoate can be used as a substrate for
norseradish peroxidase. Fluorescence detection of a hybridized biotin or other indirect

labeled probe can be achieved by use of the commercially availabie tyramide amplification

system.

Detection of HPV can be done using one or more probes comprising the entire genomic
sequence of an HPV type or a partial genomic sequence, such as a mixture of whole genomic
probes to HPV types 16 and 18, The HPV probe mixture used should be sufficient to identify
the presence of the major high risk types, including HPV-16, HPV-18, 1P V=31, HPY-33,

HPV-35, HPV-39, HPV-45, HPV-S1, HPV-52, HPV-56, HPV-58 HPV-59, HPV-26. HPV.

23, and HPV-66, A preferred mixture comprises six full-length HPV genomic probes (HPV-
16, HPV-18, HPV-30, HPV-45, HPV-51, and HPV-58) which is used under low siringency
hybridization conditions. These six probes were selected based on sequence homology
analysts with other high-risk HPV types, Based on sequence honmlogy and on the
assumption that HPV types with 50% or higher homology to these six HPV types will show
cross-bybnidization, use of this preferred nuxture under Jow stringency conditions will detect
the tollowing HPV types: HPV-16, HPV-18, HPV-31, HPV-33, HPV-35, HPV-39, HPV-45,
HPV-51, HPV-52, HPV-56, HPV-3§, HPV-59, HPV-26, HPV-53, and HPV-66. In this
preferred mixture, the concentrations of each of the six HPV probes is maintained at

approximately equal amounts, whicli is preferably less than a 5 percent difference in the

imdividual probe amounts by weight. Preferably, the six HPV probes m the mixture are



CA 02916808 2016-01-07

labeled so that the probes are detected using a fluorescence labeled tyramide signal

ampilification system.

Lhe probes and probe sets useful with the methods of the invention can be packaged with
other reagents into kats to be used in carrying out the methods of the invention. Useful kits
can comprise one or more probes from the group of probes to the genetic lock 3g26, 8g24,
20g13, Xp22 and 3p21, and probes that enumerate chromosomes 3 and 15. A preferred Xt of
the invention comprises four probes: (i) a biotin labeled mixture of six HPV probes (for HPY
types 16, 18, 30, 45, 51 and 58); (i1) a chromosomal probe to TERC gene locus at 3g26; (Gi1) a
chromosomal probe to the criyc gene locus at 8g24; and (iv) a chromosomal probe to the

centromere of chromoesome K.

Determining the Presence of High Grade Dysplasia

Pre-Selection of Cells |

Cell samples can be evaluated preliminarily by a varisty of methods and using a variety of
critesia. The probes and methods described herein are not limited to usage with a particular
screening methodology. One example is the “scanning method” wherein the observer scans
hundreds to thousands of cells for cytologic abnormalities, e. g, as viewed with a DAPI filter,
The nuraber of cells assessed will depend on the cellularity of the specimen, which varies
from patient to patient. Cytologic abnormalities commonly but not invar ably assoclated with
dysplastic and neoplastic cells include nuclear enlargement, nuclear uregularity, and
abnormal DAP] staining (frequently mottled and lighter in color). In the scannng steyp, the
observer preferably focuses the evaluation of the cells for chromosomal abnormalities {as
demonstrated by FISH) to those cells that also exhibit cytological abnormalities. In addition,
a proportion of the cells that do not have obvious cytologic abnormalities can be evaluated
since chromosomal abnormalities also occur in the absence of cytologic abnormalities. This

scanning method 15 described in further detail in U.S. Patent No. 6,174,681 to Halling, et al.

More preferably, the observer can scan the cells for a marker associated with.cancer. For

example, the cells can be scanned for the presence of an associated marker such as the

10
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presence of IPV or high risk PV {e.g., one or more of HPV types 16, 18, 31. 33, 35 or 433,
Additionally, cells with abnormal amounts of the cell eycle proteins pl16 and Cyclin E or the
proliferation markers Ki67 and PCNA are likely to be suspicious and ¢ood candidates for
closer examination. Cells can be scanned for the presence of these markers using well know
methods. Cell scanning is generally amenzble to automation. Auntomated scanning perinits
mereased efficiency by permitting assays to be performed more rapidly and eltminating much

of the tedium present in manual scanning,

ggfggara'iim} of S&I"Q@E&‘E

The presence or absence of high grade dysplasia and carcinoma can be determined by
identifying chromosomal aberration in the cells. This can be accomplished by in situ

»

nybridization. In general, in situ hybridization includes the steps of fixing a biological

sample, hybridizing a chromosomal probe to target DNA contained within the fixed sample.
washing to rexove non-specifically bound probe, and detecting the hybridized probe. The in
sifu hybridization can also be carried out with the specimen cells in lignid suspension,

followed by detection by flow cytometry.

Abnormal cells are characterized by abnormal numbers of chromosomes within the cells
and/or structural alterations within the cells’ chromosomes. Structural alterations can include
gains or losses (¢.g., bemizygous or homozygous loss) of a specific chromosomal region,
such as a locus or centromeric region as indicated in Example 1. Positive test indicators can
be developed accordingly. For example, a cell having one or more chromosomal gains, i.e.,
three or more copies of any given chromosome, can be considered to test positive in the
methods described herein. Cells exhibiting monosomy or nullisormy may also be considered

test posihive under certan clrcumstances.

A biological sample is a sample that contains cells or cellular material, e.g., cells or material
dertved (rom the utez‘iné cervix of the uterus. bExamples of cervical specimens include
cervical biopsies, smears, scrapes and the like. Typically, cells are harvested from a
brological sample and prepared using technigues well known in the art. Numercus methods
are avallable for collecting cervical cells for evaluation. For example, cells from the

ectocerviX and endocervix/transtormation zone are collected using well-known devices such

I
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as endocervical brushes (or “brooms”) or wooden and plastic spatulas. Conventional smears
are prepared by spreading cells evenly and thinly onto a glass slide. The slide is then fixed
'l t

rapidly by imimersion into 95% ethanol or spraying with a commercial fixative aceo rding 1o

manufacturer instructions.

For the ThinPrep® collection method (Cytye Corp., Boxborough, MA), cells are transferred
from the cervix into the fixative Pmsez’vaa@. This allows cells to be preserved until ready
for turther processing. Cells are then gmi}} dispersed, randonuzed and collected onto a
TransCyt® membrane filter by drawing the sarple across the filter with a vacuam until an
optimal mamber of cells is dapmzf;ad mto the filter. The cells can be further processed as
desirable. In another method, the cells collected into PreservCyt® or other fixative solution
can be further washed by cents ?mgénga rernoving the supernatant and resuspending |
Camoys soiution (3:1 Methanol:Acetic acid), repeating (e.g., three times) as desived. Cells
are then transferved to a glass slide by dropping a small aliquot of cell suspension directly

onto the shde. Slides are typically dried overnight.

Dotoetion ui“ Chromosomal Abnormalities

Gain or oss of chromosomes or chromosomal regions within a cell is assessed by examining
the hybridization pattern of the chromosomal probe or set of chromosomal probes (e.¢., the
number of signals for each probe) in the cell, and recording the number of signals. Test
samples can comprise any number of cells that is sufficient for a clinical diagnosis, and
Lypically contarn at least about 100 cells. In a typical assay, the hybridization pattern is
assessed 1 about 25-3,000 cells. Test saraples are typicaily considered “test positive” when
found to contain a plurality of chromosomal abnormalities, e.2., cells present gains or losses

Of one or more chiromosomes, loci or chromosomal arms as described herein. Criteria for

(;*':

test posiuve” can inchude testing positive with one, two, three, four or more probes. Testing
positive with one probe 1s a typical fest criterion; testing positive with two probes is niore

; _nf-\;f}. - 5_./-1 ey e 3 .ti f v v o ¥ v*{_;;.f-‘p n g i l ! 79 - i- }:1 pY 1 STa k = e .‘“1 o
PI‘C 3 TOC s alij{} VV} 1 (}‘{.}1 1N H}.GBE pl CRIOYICOl,  AX “ ‘{ IO’VI WICTY IAU £ }J*{, ;\}‘.} o Al USEC LOSE
positive can include detection of abnormal hybridization patterns with a subsel of probes,
e.g., & combination of gains or losses of a subset of the probes, e.g., two or thiee probes of a

full set of four probes. Hybridization patierns can be assessed in sequence for subsets of

probes. For example, the patiern of an initial subset of probes {(e.g., probes to the 3¢26 and

12
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§q=24 locy) can be assessed and, if a positive resalt is indicated from the subset of probes the
test can be taken as positive overall. However, if the initial result is not positive, the pattern
for an additional subset of probes (e.g., probes 1o the Xp22 locus and chromosome 13) cau be
assessed to complete the test. If the combined result for all probes indicates a POSItive Lest

resull, the lest can be taken as positive overall.

The number of cells identified with chromosomal abnormalities and used to classify a
particular sample as positive, in general will vary with the number of cells in the sample. As
low as one cell may be sufficient to classify a sample as positive. It is preferred to identify at
least 30 cells as positive, rore preferred to identify at least 10 cells, and most preferred (o
wdentify at least 5 cells as positive. The number of cells used for a posttive classification is

ed further below.

03

also known as the cut-off value, which is discus

Sereening and Moo g Patients for Hioh Grle | svaolasi and Cerviead Carcinomn

the methods described herein can be used to sereen women for high grade dysplasia as a
predecessor to cervical carcinoma. For example, women at risk for cervical cancer, e.g.,
women with abnormal PAP smear, women who are infecled with a HPV, e.g., high risk HPV,

Or women that show abnormal amounts of cell cycle proteins such as pl6 and Cycelin B or cell

"i

proliferation proteins such as KiG7 and PCNA can be regularly screened with the ooal of
carly detection of progression to high grade dysplasia. For example, general probes and
methods to detect infection by HPV in a sample can be used, such as, for exampie, a whole
genomie HPV probe. Type specific probes can also be developed to detect infection by
speciftc HPV types such as one or more of the high risk HPV types HPV 16, 18, 31, 33, 35,
43, 51, 52 and 58. Alternatively, antibodies arc know and can be adapted to detect the
presence of specific proteins such as the pl6 and Ki67 proteins in a sample. In this
cmbodiment, the sample 1s first assayed with the HPY probe or the antibody probe o identfy
particuiar celis. The labeled cells are then assessed as to the chromosomal status using 2
probe panel of the Invention. The HP'V or antibody step can be performed simultaneously or

sequentially with the chromosomal probe panel.

The screening test can be meorporated into the routine care of women, e.g., as an adjunct to

evaltiation of routine Pap smears. The methods described here can also be used to adjust

13
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treatment strategies tor women. As a more reliable test than the conventional tests, e.g., Pap
tests, patients can be directed more reliably to the invasive remediation (removal of the
transformation zone of the patient’s cervix) as necessary, Patients testing negative for high

grade dysplasia by the test methodology can be spared this invasive procedure more reliably.

Probe Selection Methods

The selection of individual probes and probe sets for use with the invention can be performed
using the principles described in the examples. Each probe selected for a probe set should
have the ability on ils own to discriminate between high and low grade dysplastic cells.
Probes with high discrimination ability are preferred. The discrimination analysis described
herein comprises calculating the sensitivity and specificity of each probe individually for
identifying high and low grade dysplasia. Various cutoff values of cell percentages for
targets gained and lost are employed. The primary metric for combined sensitivity and
specificity will be a quantity called ‘vector’, which is defined as the magnitude of the vector
drawn between the points on a sensitivity versus specificity plot representing the ideal
(sensitivity = specificity = 100) and the measured sensitivity and specificity of the particular

probe or probe set, as measured in a cohort of abnormal and normal samples, As described in

Example 2, the vector value ranges from 0 for the ideal case to 141.4 for the worst case.
Statistical analyses can also be used to compare means and standard deviations between high
and low grade dysplastic cells as described in U.S. Publication No. 2003-0087248

by Morrison, et al. filed February 20, 2002

For multiple probes sets, each probe should be selected to complement the other probes in the
set. [hat s, each probe should identify additional high grade dysplasia markers that the other
probe(s) {ail 1o identify. One method for identifying the best complementing set of probes is
to take the probe with the lowest vector value, remove the group of tumor specimens it
identitied from the full set of tumor specimens, and then determine the probe with lowest
vector value on the remaining tamor specimens. This process can be continued as necessary
to obtain a complete probe set. The approach described here of generating all possible probe
combinations, and calculating the sensitivity and specificity of each, predicts the performance
of all possible probe sets and allows selection of the minimal probe set with the highest

performance characteristics. Also, a variety of combinations with similarly high performance

14
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characteristics is obtained. Considering the possible errors due to the finite number of
specimens tested, several of the high ranking probe combinations can be compared based on
other practicai characteristics such as relevance to disease prognosis or difficulty 1n making

the probe.

However, regardiess of the measured ability to complement other probes, each probe must
preferably identify a statistically different percentage of test positive cells between the high
and low grade adjacent specimen sets. If this condition is not met, then a probe might be
selected erroneously based on apparent complementation. Moreover, data from combinations
of fewer probes is more reliable than data from combinations of more probes, e.g,, data from
combinations of two probes is miore reliable than data from combinations of three probes.

{
[

This results from the reduced ability to make correlations between greater numbers of probes

with the finite number of specimens tested

The dependence of probe and probe combination performance as a function of cutoff value
must also be considered. “Cutoff value” can refer to the number or percentage of cells in a
population that myust have gaing or losses for the sample to be considered positive. Therefore,
a sample can be considered positive or negative depending upon whether the number (or
pemmtage ) of celis 1 the specimen is above the cutoff value or equal to or less than the
cutoff value, respectively. In general, the combined specificity and sensitivity of probes 18
better at low cutoff values. However, when the high grade dysplasia cells are disiributed
within a matrix containing many nonunal and low grade cells, such as from a cervical smear,
proves performing best at high cutoffs are more likely to be detected. This is because g00d
performance at high cutoffs indicates a higher prevalence of cells containing the abnormality.
Examples of cutoff values that can be used in the determinations include about 5, 25, 56, 100
and 250 cells or 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 50% and 60% of cells in the
sampie population. In the preferred assay combining identification of HPV infected cells and
determination of chromosomal abnormalities present in the HPV infected cells, a cutoff value

of three (3) positive cells is preferred.

Measurement of gain of a target chromosome or chromosome region 1s preferred over

measurement of a target chromosome or chromosome region loss, because overlapping

M
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targets or poor/failed hybridization to some cells can falsely suggest loss. Locus-specific or
clwomosomal arm probes designed to detect deletions are also generally smaller than Jocus-
specific or chromosomai arn probes designed 1o detect gains since the deletion probes must
not extend beyond the minimally deleted region. If too much of the “deletion probe” extends
beyond the deieted sequence, enough signal may be produced in the assay to be falsely
counted. Since “defetion probes™ are usually kept small their signals are not as intense as

Fa
(TN
N

signals for targets typically gamed. This in turmn makes it more likely that real signals from
targets being monitored for deletion may be misc:@zzmc:d. Likewise, repetitive sequence
probes, like some chromosome enumeration probes used here are preferable to single locus
probes because they usually provide brighter signals and hybridize faster than locus specific
probes. On the other hand, repefitive sequence probes are more sensitive to polvmorphisms

than locus specific probes.

A probe or combination of probes used with the present invention preferably provides an
nnprovenient over conventional methods such as eytology, Useful probes or probe
combinations of the invention 1dentafy at least about 70% and preferably above about 85% of
samples with high grade dysplasia and carcinoma (sensitivity), Similarly, useful probes or
prove combinations identify as negaiive by test al least about 80% and preferably above

about Y5% of negative sarnples (specificity).

The invention is further described in the following examples, which are not intended to lmit

the scope of the invention described in the claims.

1. Initial Probe Selection., Thirty-five chromosomal regions, identified in Table 1 below,
known to show some level of amphification or deletion in cervical cancer or dyspiasia
were seiccled for evaluation. ‘fThe colors in Uable | refer to the flucrescent label usaed for

each of these probes.

Table 1. Probes and Gene Tarvet Localions Used for Probe Selection.
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Thirteen of these regions were detected using chromosome enumeration probes (CEP®
probes in Table 1)) targeting repetitive centromeric seguences. Twelve of the CEP®
probes used are commercially available from Vvsis, Inc, (Downers Grove, IL). The other
twenty-two regions were detected with locus specific probes targeting unigue sequences

within amplified or deleted chromosomal regions.

Seven of these locus specific probes used are commercially available, Jabeled with
SpectrumOrange™ label, from Vysis, Inc. {marked with an asterisk in Table 1.} The
commercial STS probe was used. For the other six probes, the same starting DNA
material as used to make the commercially available probes was nsed. Instead of the
spectrumOrange label, the starting DNA was transaminated and then chemically labeled
using 5-{and-6)-carboxyrhodamine 60, succinimidy! ester (Molecular Probes) {or the c-
myc and CCNI> probes, and fluorescin succinimidyl ester for the other four. The
transamunation and labeling process used is described in Bittner et al., U.S. 5,491,224 .

{Tne CEP 11 probe labeled in gold was produced using

V7
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the starting DINA material of the comunercially available CEP 11 probe from Vsis, Inc.,

and using the same procedure as for the c-mye probe.

[he remaining 14 probes were produced from BAC clones sourced as shown i Table 2.

18
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Table 2. Experimental probe details.
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The HER-4, FHIT, DDX15 and DAB2 probes were also produced using the same

method as the c-myc probe. The remaining unigue sequence probes were all



CA 02916808 2016-01-07

produced using the nick translation method described in Morrison 2002, 1d, at p. 27-
30, and the labeled nucleotides Spectrum Orange dUTP, SpectrumRed dUTP or
Spectrum Green dUTP (all Vysis, Inc.).

The labeled probes were then separated into sets of three or four probes each for evaluation as
indicated in Table 1. The probe sets were made up of the individual probes, COT1 DNA
{Invitrogen), human placental DNA (Signa), and LSYWCP Hybridization Buffer (Vysis,
Inc.). 10 ul of each of the probe sets were hybridized to ten samples each of cervical biopsy
samples. 'The probe sets each typically contamed about 0.5 pg COT1 DNA and 2 ug human
piacental DNA. The probe set hybridization ymuxes also contained 50 nanograms of
SpectrumAqua labeled human placental DNA to provide a background staining of the nuclei

in the sampie, as described in U.S. Patent 5,785,161, Morison et al.

CIN I, CIN I-1I and mvasive cervical squamous carcinoma (CA) samples were
obtained from the Cooperative Human Tissue Network (CHTN) supported by the National
Cancer Institute. The samples were prepared for hybridization and hybridized with the probe
sets as follows. Paraffin embedded tissue sections were placed in xylene solution for 5 min.
This procedure was repeated 3 times. Slides were then washed in 100% ethano] twice for |
min each wash. Slides were then soaked for 15 min in 45%/0.3% peroxide solution, rinsed in
water and incubated for 10 min in Pretreatment solution. After rinsing, slides were incubated
with a proteinase, e.g., proteinase K or pepsin, for 5-30 min to digest excess proteins and
make the DINA more accessible. The slides were then dehydrated in ethanol series, air dried
and hybridized with DNA probes usnally overnight at 37°C. After hybridization, unspecific

probes were washed out in post-hybridization wash solutions such as for example, wash for 2

minutes in 73+£1°C 2x 8ST/0.3% NP4, Slides were then washed in a second wash solution
such as 2xSsC/0.1% NP40. A DAPIDNA stain was then applied {o the slides to facilitate

sample evaluation.

The procedure perrnitted all probes to hybridize to the samples. The majority of probes
showed good signal intensity relative to background. The epithelial layers of the biopsy
samples were evaluated under a fluorescence nucroscope to 1dentity any cells that showed
amplification (more than two signals) or deletion (less than two signals) of the DNA target.

(rains were recorded for each sample that showed ampiification in {ive or more celis for a

20
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particular probe; {osses were recorded for each sample that showed a deletion in five or more

cells. Samiples showing neither gains nor losses were considered disomic.

The sensitivity, 1.e., the percentage of samples showing the condition tested, of each probe for

CIN I, CIN B-III and invasive carcinoma was determined for gaing, losses and disomies.

Losses were found to oceur very infrequently in CIN II-I samples and so were not generally

useful as markers for CIN I-TI1 and invasive carcinoms. Probes were further assessed for

their ability to show maximum frequency of gains for CIN I-I and minimum frequency of
gaips 1or CIN L The results are presented in Table 3. Probes for the targets 8g24, 20q13,
3p21, 3926, 1p31, Xp22 and CEP 15 were considered the most informative and were selected
for further evaluation. The 3p14 probe showed significant loss in the CIN -] and invasive
carcinoma samples, The ratio of the relative gain of 3q26 to 3p14 was also evaluated as a

measure of the relative gain of the q arm of chromosome 3 to its p arm.
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Table 3 (Continued)

2. Discriminate Analysis of In Sita Hybridization Data and Selection of Probe Sets.
Additional paratfin embedded biopsy samples classed as normal (WNL), CINI, CIN 1L, CIN
1l and Squamous cell carcinoma (CA) were obtained from the University of ‘Texas
Southwestern Medical Center, Dallas, TX (Dr. Raheala Ashfaq). The samples were prepared

L
1

and hybridized to two sets of probes (CEP 15, 8924, Xp22 and 20q13; and CEP 3, 3q

-
e

N

pmad

3

3q14 and 3p21) as before. Six of the probes used — 8g24, Xp22, CEP 15, 20q13, 3p21 and

3q20 — were taken from the preferred probes identified in Example 1. Two others — CEP 3

o

and 3pl4 - were compared with probes to 3p21 and 3g20 to better assess the relationship of

chromosome 3 111 the progression to cervical cancer.

Lhe ability of individual probes and certain probe combinations to discriminate between hi oh
and low grade dysplasia fn cervical cells was evaluated by determiinmg the number of
specumens correctly identified by each probe or probe set, A cutoff number of five cells with
gams or losses was used to evalvaie samples. A sample was called positive or negative for
high grade dysplasia or carcinoma depending upon whether the number of cells in the samplc
was above the cutoff value or equal to or less than the cutoff value, respectively, The
accuracies of wdentifying the positive samples (sensitivity) and negative samples (speciiicity)
were then used to select the best probes and probe combinations. Table 3a lists the

specificity and sensitivity of gain aud loss for certain probe targets.

a2

4 34 § i s » :
I Gain | L.oss bi’iﬁiﬂﬂ'}ﬁ;l Gain | Loss |Disomy| Gain
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;
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(CEPIS 110000 | 8947 9474 4815 16000 15789 5535
8924 19524 17368 8 f“”ﬁo 19630 19500 F 100,00 19710
Xpz2 110000 {8947 (9474|5926 7000 | 94da | 7467
Soa1sTI0000 ,m§ R R T TR i A L
CBP3 110000 18421 9211  |5556 | 70.00  [88.45 8466
L:?fi%‘s?ww mmmmmm 10000 | 73.68 8684 [ 7778 10000 |100.00 [8926
0000|7805 |94 (B3 [s000 (157 363
;MB ? ;1 B 10 G 0 Q R léi%mwg 92 11 37 U% “§%QO§2“}LOS . 3&@03

Cyain 3 ‘Cp‘,t | 00 GO 1 10[}{_}{} EE)U 0(3 7 31 . wfggfi}@ . z 78§}5M WNF_,BB%,,E:

- 4 NS AR SR R RGN A A AN A A

Ratio 3q26 100.00 138947 19474 12963 | 70.00
| CEP3> '

. . .- ... DA . . .
AV AR S SO AN AL L, ‘s---\-f- R I e L N e

Ratio SQZ{M 9524 8421

?
3pi4 3 ~- f
;.r : r ‘ i i
<; Z:: ) (
: . % e cr=F cearsricassieasruinrrassnst DU R A, et o % BT, R VW ersarsisies teaR iYL et

89.73 66.67 | 80.00 04,74 | 80.47

I'he ability to discriminate between cellular types depends on the overall specificity and
sensitivity. Good discritnination requires good specificity and sensitivity. Table 3b presents
results for a combined measure of specificity and sensitivity designated “vector”. Vector i
caiculated as

Vector = [{100-specificity)” + (100-sensitivity)*]'*

specilicity and sensitivity are defined as percentages and range from 100% (perfect

for no specificity (or sensitivity) at all, Hence, vector values range from 0 {or perfect

S5

pecliicity and sensitivity fo 141 for zero specificity and sensitivity,

Table 3b 15 sotted by incraasing vector value for each sample category. Individual probes
showing a high ability 1o diseriminate (low vector value) include 3928, 8624 and CEP 3,

Other prodes showing a useful ability to discriminate high grade dysplasia and carcinoma

Uw

g N‘E. QM‘,
25.63 15,00 89,47 4470
»

frofm iow grade dysplasia are 20q 13, Xp22, CEP 15 and 3p21. Vectors detecmined for probe

ratios such as 3q26/CEP (determined to be > 1) and 3q26/3p14 (determined to be >1) can also

be usetul. Other methods for evaluating and selecling probes using discriminate and

~
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combinatorial analytical techmiques are described in U.S, Serial No. 10/08 1,393 by Morrison,
et al., filed February 20, 2002 .

Table 3b. Vector value for sample grades.
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Based on results from discriminate analysis and probe complementartty as described above,
preferred probes for use in distinguishing hich from low grade dysplasia in cervical samples
include probes to the loci 326 and 8q24 and the CEP 3. Sets of probes comprising the
probes 3q26 and 8q24; 3¢26, 8q24, Xp22, and CEP 13; 8g24, 20q13, Xp22 and CEP 15 and
3p21, 3pl4, 3g26 and CEP 3 are particularly preferred.

3. Combined HPV andChmmﬁsa‘m'ziﬁ‘am

....................................................

A fluorescence in situ hybridization

assay to detect the presence of HPV infection and chromosomal gains in the same cell(s) was

developed and tested

HPV plasmids and probe composition

Plasmids containing the full cading sequence of HPV-16, HPV-18, HPV-30, HPV-45 HPV-5] and
HPV-38 were used to generate biotin labeled DNA probes by nick translation using a convention

protocol. HPV plasmids were obtained from the following sources; HPV-16 and HPV-18 were

purchased from the American Type Tissue Collection (ATTC), HPV-30 and HPV-45 were obtained
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from Dr. Ethel-Micbele de Villiers (DKFZ, Germany), and HPV-51 and HPV-58 plasmids were
obtained from Klara Abravaya (Abbott Laboratories). The original sources {or the HPV-51 and
HPV-58 plasmids are Dr. Saul Silverstein {Columbia University) and Dr. Toshihiko Matsukura

(Japan), respeciively.

These six HPV probes were combined with Jocus specific 8624 (emye) and 326 (TERC)
probes and the centromeric probe CEP-8. The locus specific $¢24 and 3326 probes used
were those described above in Example 1., except that the 8924 probe was labeled in
spectrum Red and the 326 prebe was labeled in Spectrum Yellow using the method

described in bxample 1.

The composition of the probe mix 1s: 1% LST buffer, 2X SSC, 7.5 ng/ml of Spectram Red
crayce (3¢24), 10.0ug/ml of Spectium Yellow THRC (3¢g26), 2.5 pg/mi of Spectrum Agua
CEP-5, 2.50g/ml each of Biotin fabeled HPV-16, HPV-18, HPV-30, HPV-45, HPV-51 and

HPV-38, 200ug/ml of human placenta DNA, and 100ugini of Cot-1 DNA.

Sample pmpm*&é%en and assay protocol

rReswdual Thin-Prep preserved cervical specimens were obtained from Mayo Clinic. Thin-Prep
siides from the preserved cervical specimens were prepared following the manufacturers
mstructions (Cytyc). The samples were prepared for hybridization as follows. 1hin-Prep slides
were soaked i 2x55C at 73°C {or 2 munutes, followed by incubation in pepsin (D.5mg/ml in 10mM
HCL) at 37°C for 10 minutes. The slides were then washed in 1X PBS at room temperature for 5
mnutes, Hixed i 1%

NBEF (NBE-ncutral buffer formalin) room temperature for {five minutes, and rinsed in 13X PBS

al room lernperature for 5 minutes. After rinsing, the slides were dehydrated in ethanol

series, alr dried and hybridized with the combined HPV and chromosomal probe mix

A
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overnight af 37°C. After hybnidization, excess probes were washed in pos t-hyvbridization
wash consisting of 2x SSC/0.3% NP4 {or 2 minutes at 48°C and then 2x SSC/0.1% NP-40

for 1 mnute af room lemperaturs

Detection of the Biotin labeled HPPV probes was performed using the Alexa Fluor™ 488 Tyramide

b 2

gnal amphtication kit (Molecular Probes) following the manufacturer’s directions. Bricfly,
endogenous peroxidase activity was blocked by incubatlion in 3% H;O4 for 30 minuies at room

"Q

temperature and slides were washed in 1X PBS for 5 minutes at room temperatore. Slides wers
then ncubated with 1% Blocking Reagent in PBS at 37°C for 25 minutes followed by Sweptavidin-
HRP at 37°C for 25 munutes. After washing the slides 3 times in 1X PBS, the biotin labeled HPV
probe / Streptavidin-HRY complex was visualized by incubation with Alexa Fluor 488 labeled

tyvatnide for 10°at room temperature. The slides were then washed in 1 X PBS, the nucisar

countersiain DAPI was applied and slides were coverslipped.

Hybridized slides are analyzed under a fluorescence microscope. HPV probe is visualized
1ISing the green Jlfﬁd and the stammmg couid appear as a diffuse staining throughout the cell

;-:m{:if 18, I’}Uﬂbhit“‘ statning or miixed staining (punciuate and diffuse). Probe for Spectrum

Yelion

32018 detected using a gold filter, Spectrum Red 8924 is detected using a red filter, and

spectrum Aqua ULPS 1s detected using an aqua filter. Al filters used are commercialty

avatlable {rom Vysis, Inc., Downers Grove, Tl

HPV- Chromosomal Gain Assay Results

Residual Thin-Frep preserved cervical specimens were obtained from dayo Chinie.

hu&

Fifty-seven specimens diagnosed with LSTL or ¥ISIL cytology were analvzed. After

v&

b Rt
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nybridization and washing as described ahove, the slides were evaluated using tluorescence
microscopy for the presence of Hi'V and chromosomal gains. Results were correlated with
avallable histology and clinical follow up. ohide analysis was performed as follow: ( 1} The

whole surface area of the slide was analyzed using 40x magnification to identify HPV
posIve

cells, (2) Ior zach positive cell the HPV pattern {diffuse, punctate, or mix) and the
chromosomal

counts Tor each probe were recorded, (3) In addition, chromosomal gains were analvzed

wiependent of the HPVY status of the cell. Cells with 3 or more si gnais for the MYC or
TERC ”

probe were recorded. The results are set out in Tables 4 and S,

Lable 4. Characteristics of the cytological aroups of specimens
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Table 5. Data Analysis for CINZ2+ and CIN1 Groups
SENSITIVITY AND THE SPECIFICITY OF CERVICAL TEST USING

DIFFERENT MOLECULAR MARKERS
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As shown in Table 5, the combined HPV chromosomal abnonmality assay was able (o
identify

high grade dysplasia at high sensitivity of 90% using a cutoff value of three positive cells,
Whiie

retaining acceptable speceificity.



THE EMBODIMENTS OF THE INVENTION FOR WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A method for screening for cervical high grade squamous intraepithelial lesion (HSIL) in
a human subject, the method comprising:

a. contacting a cervical sample containing a plurality of cervical cells obtained from
the subject with a set of two or more chromosomal probes comprising a
chromosomal probe specific for locus 326 and locus 20g13 able to detect HSIL
under conditions sufficient to enable hybridization of the probes to any
chromosomes in the sample and wherein each probe further comprises a
fluorescent label attached to the probe; and,

b. detecting the hybridization pattern of the chromosomal probes to the plurality of
cells in the sample, wherein said hybridization pattern is indicative of
amplification of locus 326 and locus 20q13 and correlating said amplification of

locus 326 and locus 20q13 with the presence of cervical HSIL in said subject.

2. The method of claim 1, wherein cervical cells from the cervical sample are prescreened

for infection by human papilloma virus (HPV).

3. The method of claim 1, wherein the sample comprises a biopsy.

4. The method of claim 1, wherein the sample comprises a cervical smear or cervical scrape

sample.

5. The method of claim 1, wherein the set of one or more chromosomal probes additionally

comprises one or more probes specific for Spl3, 3p21, 3pl4 and CEP 3.

6. The method of claim 1, wherein the set of one or more probes additionally comprises a

probe specific for Spl5.

30
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7. The method of claim 1, wherein the sample 1s screened for infection by one or more of the

high risk HPV types selected from the group consisting of 16, 18, 31, 33, 35, 52 and 58.

8. The method of claim 1, wherein cervical cells from the cervical sample are prescreened

for the presence of a cell cycle protein, wherein the cell cycle protein is p16 or Cyclin E.

9. The method of claim 1, wherein cervical cells from the cervical sample are prescreened
for the presence of a cell proliferation marker, wherein the cell proliferation marker 1s the

protein Ki67 or the protein PCNA.

10. A method for screening for cervical high grade squamous intraepithelial lesion (HSIL) in
a human subject, the method comprising:

a. contacting a cervical sample containing a plurality of cervical cells obtained from
the subject with a set of two or more chromosomal probes comprising a
chromosomal probe specific for locus 3q26 and locus 20q13 able to detect HSIL
and a mixture of HPV probes under conditions sufficient to enable hybridization
of the probes to any chromosomes in the sample and sufficient to enable detection
of any HPV infected cells present in the sample and wherein each probe turther
comprises a fluorescent label attached to the probe;

b. detecting the presence of HPV infected cells in the sample;

c. determining hybridization pattern of the chromosomal probes in the HPV infected
cells in the plurality of cervical cells in the sample, wherein said hybridization
pattern is indicative of amplification of locus 3q26 and locus 20q13 and

correlating said amplification of locus 3g26 and locus 20g13 with the presence of
cervical HSIL.

11. The method of claim 10, wherein the mixture of HPV probes consists of probes
complementary to the full coding sequence for each of HPV-16, HPV-18, HPV-30 and
HPV-38.
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12. The method of claim 10, wherein the set of one or more chromosomal probes additionally

comprises one or more probes specific for 5plJ, 3p21, 3p14 and CEP 3.

13. The method of claim 10, wherein the set of one or more probes additionally comprises a

probe specific for 5pl3.

14. The method of Claim 10, wherein the set of two or more chromosomal probes further

comprises a probe for 8q24 and the centromere of chromosome 8.
15. The method of claim 11, wherein hybridization conditions are sufficient to detect the

presence of any of HPV-31, HPV-33, HPV-35, HPV-39, HPV-52, HPV-56, HPV-38,
HPV-59, HPV-26, HPV-53, and HPV-66.

16. The method of claim 11, wherein each of the HPV probes in the mixture comprise a biotin

label.

17. The method of claim 12, wherein the detecting of the presence of HPV intection and the
determination of the hybridization pattern of the chromosomal probes 1s performed using

digital imaging.

18. The method of claim 12, wherein presence of a hybridization pattern indicative of the

presence of cervical HSIL is identified in three or more HPV infected cells.

19. The method of claim 1, wherein the sample 1s contacted with two to four chromosomal

probes.

20. The method of claim 1, wherein each probe is labeled with a different fluorescent label.
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