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(57) ABSTRACT

A direct chemical lysis composition includes an assay com-
patible buffer composition and an assay compatible surfac-
tant. When combined with a specimen storage composition,
such compositions prevent undesired modifications to
nucleic acid and proteins lysed from cells in the biological
sample. Assays of samples from such compositions do not
require expensive and time-consuming steps such as centrifu-
gation and prolonged high temperature processing. The direct
chemical lysis composition of the present invention permits
direct nucleic acid extraction from the cells in the biological
sample without the need to decant off the transport media or
otherwise exchange the transport media with assay compat-
ible buffers. There is no need to combine the sample with
proteinase K or another enzyme to extract nucleic acids from
the cells. A method for lysing cells to obtain target nucleic
acid for assay and a kit for combining the direct chemical lysis
composition with a sample are also contemplated.
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Figure 2. ELISA detection of protein biomarkers in SiHa cells resuspended in HPV diluent
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METHODS AND COMPOSITIONS FOR
DIRECT CHEMICAL LYSIS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of the filing date
of U.S. Provisional Patent Application No. 61/239,553 filed
Sep. 3, 2009, the disclosure of which is hereby incorporated
herein by reference.

BACKGROUND OF THE INVENTION

[0002] Theinventionrelates generally to methods and com-
positions for conducting diagnostic testing on preserved bio-
logical samples, and, in particular to performing nucleic acid
extraction and amplification methods on such preserved
samples.

[0003] In the fields of medical diagnosis and medical
research, samples (e.g., tissues) are taken from a patient or
subject (e.g. a human patient, a human subject, an experimen-
tal animal model of a human disease) to determine the con-
dition of the subject in support of the research, determine the
current condition of the patient for making a medical diagno-
sis, determine the response of the patient to a current course of
therapy or treatment, etc.

[0004] Samples that are obtained for analysis, either for
performing medical diagnosis or for use in scientific research,
are often placed in a special transport/preservative medium to
keep the sample from degrading or decomposing when
removed from the subject. Thus, the sample will as closely as
possible be in the exact condition it was in when removed
from the subject. This ensures that the sample accurately
reflects the state of the patient or subject at the time of sam-
pling and will therefore yield the most accurate result in any
subsequent studies of the sample. Some of these studies will
involve nucleic acid (for example deoxyribonucleic acid
(DNA) or ribonucleic acid (RNA)) extraction and amplifica-
tion.

[0005] Extracting DNA and/or RNA from biological
samples requires, among other steps, lysis of the cell wall (in
the case of prokaryotic cells), lysis of the cell membrane (in
the case of certain eukaryotic cells) or lysis of the viral capsid
(in the case of viruses). Subsequent amplification requires, in
part, the attachment of primers to specific sites within the
target nucleic acid.

[0006] There are a number of protocols available for the
extraction and subsequent amplification of nucleic acid.
Some ofthese protocols utilize high throughput devices. High
throughput devices are automatic in the sense that a sample is
placed within the device together with appropriate chemicals
and the extraction and amplification steps take place without
further input from the operator (e.g. Viper™ XTR System by
Becton Dickinson® BD ProbeTec Q° Amplified DNA Assay
Package Insert, Becton Dickinson 2008). Other protocols
utilize less sophisticated equipment and are typically referred
to as manual procedures. However, regardless of the protocol,
the need to lyse the cells or viral capsids in order to release the
nucleic acid, the need to attach the nucleic acid to particles
such as ferric oxide in order to extract the nucleic acid from
the rest of the sample, and the need to attach primers to the
target nucleic acid in order to amplify the nucleic acid remain.
[0007] Transport media (e.g. liquid cytology media) typi-
cally contains one or more constituents that preserve certain
cells in one or more ways (e.g., prevent the breakdown of the
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cell wall or the cell membrane by cell lysis). In addition, some
of these constituents serve the dual purpose of preservation
and decontamination of the sample. These constituents are
known to interfere with the ability to lyse cell membranes and
walls, the ability for the extracted nucleic acids to attach to
particles utilized in nucleic acid extraction, and the ability to
amplify target nucleic acid.

[0008] Liquid based cytology compositions such as Sure-
Path® (Tripath Imaging, Inc., N.C.) solution or ThinPrep®
PreservCyt® solution (Hologic Inc., MA), adversely affect
the ability to extract amplifiable target nucleic acid from
samples exposed thereto. Many reasons have been suggested
to explain this observed adverse effect including: 1) degrada-
tion of the nucleic acids by constituents in the media; 2)
chemical alteration of the nucleic acids by constituents in the
media; and 3) inhibition of the cell lysing mechanism in the
tissue, which inhibits the release of the nucleic acids for
extraction and amplification. In order to avoid the adverse
effects of the liquid cytology compositions on extracted
DNA, cells are extracted from the compositions prior to lysis.
Typically, the extraction requires centrifugation to decant the
liquid cytology composition from the cells. The cells are then
resuspended in a buffer and lysed with an enzyme. Such extra
steps are not typically compatible with many high throughput
automatic devices such as, for example, the aforementioned
Viper™ System. Even in situations where automation is not
involved, such steps are nevertheless time-consuming. The
additional time required by these steps can delay obtaining
the test results and is preferably avoided.

[0009] One example of a media kit for purification of
nucleic acids is the QIAamp MinElute Media Kit from
Qiagen. This media kit is described in the QIAmp MinElute
Media Handbook dated February, 2004. The QIAamp proce-
dure is described as having 4 steps: lyse, bind, wash and elute.
In this procedure, the samples are lysed using proteinase K
followed by binding the nucleic acids to the QIAmp MinElute
column by absorption onto the silica-gel lysate. Although the
QIAamp procedure is a proven method, it is optimized for the
purification of only 250 ul of liquid cytology media and is
both labor intensive and time consuming (i.e. it requires steps
thatincludes 65 minutes of different temperature incubations,
5 centrifugation steps, 2 vacuum filtration steps and several
mixing steps). The use of such multi-step methods has here-
tofore been required to successfully purify nucleic acids from
fixed samples such as liquid cytology media and paraffin
embedded tissue. It is well known that purification of nucleic
acids from fixed media is more difficult than from fresh tissue
because the fixatives in the media introduce undesirable
chemical modifications of the target molecules in the sample.
The reactions can occur to crosslink or otherwise modify
nucleic acids in a sample. Other additives in the transport
media can also cause undesired cross-linking. For example,
cross-linking due to the presence of formalin in the transport
media is described in Rai, V. K., et al., “Modeling formalin
fixation and antigen retrieval with bovine pancreatic ribonu-
clease A:I-Structural and functional alterations,” Lab. Invest.
Vol. 84(3):292-299 (March 2004). Formaldehyde also pro-
duces cross-linking between nucleic acids and proteins as
described in Solomon, M. J., “Formaldehyde-mediated
DNA-protein crosslinking: A probe for in vivo chromatin
structures,” Proc. Natl. Acad. Sci. Vol. 82, pp. 6470-6474
(October 1983). As described in Sepp, R., et al. “Rapid tech-
niques for DNA extraction from routinely processed archival
tissue for use in PCR,” J. Clin. Pathol. Vol. 47:318-323
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(1994), DNA extraction from cells taken from formalin-fixed
paraffin wax typically requires processing steps (e.g. pro-
longed boiling) that can adversely affect the amount of DNA
for amplification. According to Sepp, R., et al. boiling the
sample is needed to, among other things, inactivate the pro-
teinase K. Furthermore, proteinase K is inhibited by the con-
stituents in many fixatives making its direct use of limited
effectiveness in breaking down protein cross-links.

[0010] Therefore, methods and compositions for extracting
DNA from tissues and other cells and cell components that
overcome the problems of cross-linking and other undesired
modifications to nucleic acid yet do not require prolonged
high temperature processing that can adversely affect the
sample or make the process more expensive and time con-
suming continue to be sought.

SUMMARY OF THE INVENTION

[0011] A direct chemical lysis composition for combina-
tion with a specimen storage composition includes an assay
compatible buffer composition and an assay compatible sut-
factant. Such compositions prevent undesired modifications
to nucleic acid lysed from cells in the biological sample and
assays of samples from such compositions do not require
expensive and time-consuming steps such as centrifugation
and prolonged high temperature processing.

[0012] Thedirect chemical lysis composition of the present
invention permits direct nucleic acid extraction from the cells
in the biological sample without the need to decant off the
cytology media or otherwise exchange the cytology media
with assay compatible buffers. Cell lysis can occur directly
when the sample is still combined with the direct chemical
lysis composition. There is no need to combine the sample
with proteinase K or some other enzyme to extract nucleic
acids from the cells.

[0013] In one embodiment, the direct chemical lysis com-
position is deployed as an additive to a liquid based cytology
(LBC) composition that is used for sample dilution, storage,
transportation, etc. The direct chemical lysis composition
allows for sample lysis as the sample is being pre-warmed or
incubated prior to NA extraction from the sample. Examples
of LBC include, but are not limited to, SurePath LBC and
ThinPrep PreservCyt LBC.

[0014] In one embodiment, the direct chemical lysis com-
position for combination with a specimen storage composi-
tion has an assay compatible buffer composition and an assay
compatible surfactant. In preferred embodiments, the assay
compatible buffer composition has a buffer component and a
metal salt component. In a preferred embodiment, the pH of
the direct chemical lysis composition is in the range of about
6.6 to about 10.

[0015] Examples of suitable metal salts include sodium
chloride (NaCl), potassium chloride (KCl), sodium acetate
(C,H;NaO,) and ammonium sulfate (NH,),SO,). In the
described embodiment, the concentration of the metal salt in
the direct chemical lysis composition is at least about 0.01 M.
Preferably the salt is NaCl and the salt concentration is in the
range of about 0.01 M to about 1 M.

[0016] In preferred embodiments, the buffer component
concentration is in the range of about 0.2 M to about 2M.
Examples of suitable buffer components include tris(hy-
droxymethyl)amino methane and the acid salt of tris(hy-
droxymethyl)amino methane.

[0017] In certain embodiments, the direct chemical lysis
composition also contains a non-ionic surfactant. Examples
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of suitable surfactants include polyethylene glycol based
non-ionic surfactants such as polyethylene glycol octylphe-
nyl ether (commercially available as Triton® x-100). Addi-
tional examples of suitable non-ionic surfactants include
polysorbate surfactants such as polyoxyethylene (20) sorbi-
tan monolaurate (known commercially as polysorbate 20 or
Tween® 20). Both Tween® 20 and Triton® x-100 are com-
mercially available. In preferred embodiments, the concen-
tration of the non-ionic surfactant is in the range of about 0.01
to about 2 percent (v/v).

[0018] Incertain embodiments, the directed chemical lysis
composition also includes glycine.

[0019] In one preferred embodiment the direct chemical
lysis composition of claim 10 wherein the buffer component
is the acid salt of tris(hydroxymethyl)amino methane and the
buffer component concentration is about 0.75 M, the NaCl
concentration is about 0.19 M and the polyethylene glycol
octylphenyl ether concentration is about 0.75 percent (v/v).

[0020] The present invention also contemplates a method
for analyzing samples stored in a specimen storage composi-
tion. In the method, a sample is combined with a direct chemi-
cal lysis composition as described above. At least a portion of
the sample is removed from the specimen storage composi-
tion along with at least some of the specimen storage com-
position. The sample combined with the specimen storage
composition is then incubated at a temperature of at least 80°
C. for a time sufficient to lyse at least a portion of the cells in
the removed portion of the sample. The nucleic acid is
extracted from the sample and then amplified. Extraction can
occur using either an automated or a manual process. In
certain embodiments the target nucleic acid is either RNA or
DNA.

[0021] In one embodiment the sample is combined with a
direct chemical lysis composition comprising a) an assay
compatible buffer composition; and b) an assay compatible
surfactant. At least a portion of the sample is removed from
the specimen storage composition wherein the removed por-
tion also includes the specimen storage composition. The
removed portion of the sample is incubated at a temperature
that is at least 80° C. for a time sufficient to lyse at least a
portion of the cells in the removed portion of the sample. The
nucleic acid is extracted and amplified as described above. In
this embodiment the removed portion of the sample is not
further separated from the specimen storage medium prior to
the steps of lysing and extraction. The extraction steps can be
either manual or automated.

[0022] Other embodiments of the present invention include
a diagnostic kit for extracting, by direct chemical lysis,
nucleic acids from a specimen removed from a specimen
storage composition. The diagnostic kit includes the direct
chemical lysis composition described above. The specimen
storage composition is provided to preserve a tissue sample.

[0023] Inoneembodiment, the diagnostic kit for extracting
nucleic acids includes a specimen storage composition with a
direct chemical lysis composition having: a) an assay com-
patible buffer component; and b) a non-ionic surfactant,
wherein the specimen storage is provided to preserve a tissue
sample. The assay compatible buffer composition has a buffer
component and a metal salt. In one embodiment, the metal
saltis NaCl and the concentration of NaCl in the direct chemi-
cal lysis composition is at least about 0.01 M and the buffer
component concentration is in the range of about 0.2 M to
about 2M. The pH of the direct chemical lysis composition is
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in the range of about 7 to about 9 and the concentration of the
non-ionic surfactant is in the range of about 0.01 to about 2
percent (V/v).

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIGS. 1A-D illustrate the effect of pH on the effi-
ciency of one embodiment of the direct chemical lysis com-
position.

[0025] FIG. 2 illustrates protein biomarker detection from
samples lysed using one entbodiment of the direct chemical
lysis composition and method disclosed herein.

DETAILED DESCRIPTION

[0026] Before explaining at least one embodiment of the
invention in detail, it is to be understood that the invention is
not limited in its application to the details set forth in the
following description or exemplified by the examples. The
invention is capable of other embodiments or of being prac-
ticed or carried out in various ways. Also, it is to be under-
stood that the phrasing and terminology employed herein is
for the purpose of description and should not be regarded as
limiting. The following are definitions of certain terms used in
this specification.

[0027] A direct chemical lysis composition is a composi-
tion that allows for lysis of the cellular components in the
sample for nucleic acid (NA) extraction thereof without the
need for intervening steps to separate the chemical lysis com-
position from the sample. The direct chemical lysis compo-
sition also allows for the assay/detection of other sample
constituents (e.g. protein biomarkers) without the need to
separate the chemical lysis composition from the sample
prior to assay/detection of those constituents.

[0028] Examples of NA are single or double-stranded DNA
and RNA. Further examples of NA that can be extracted by
the method include not only genomic DNA or RNA from
animals, plants, bacteria, viruses, fangi and parasitic organ-
isms, but also the DNA or RNA of mitochondria or ¢hloro-
plasts. Examples of other classes of NA that can be extracted
by the method include not only mRNA, but also transfer
RNA, ribosomal RNA, and small nuclear RNA as well as
plasmid DNA. DNA and RNA extracted by the method of the
invention may also be either wholly or partially single-
stranded or possess other tertiary or quaternary structure. A
sample containing NAs is exemplified by viable samples such
as leukocyte cells, the culture of host cells containing vectors
or the like that are typically prepared by gene recombinant
technology, cells infected with viruses or phages, viruses in
blood, and the culture of a sample microorganism. The cul-
ture may contain microorganisms but its supernatant alone is
sufficient. Not only an artificial culture but also a naturally
occurring culture is applicable. In case of a sample containing
lumps of microorganism, homogenization or sonication may
be performed as required to achieve good efficiency of extrac-
tion.

[0029] Alternative sample types include but are not limited
to biological specimens for the diagnosis of infectious or
non-infectious diseases, environmental specimens, or
samples of food or water. The target NA may be a particular
sequence or it may be a class of NA. A class of nucleic acid is,
for a particular assay method, those molecules of NA whose
chemical, physical or biological properties are such that they
can be expected to be extracted effectively in methods used
for NA extraction. Typically, but not necessarily, the NA of a
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class are all DNA or DNA analogs or all RNA or RNA
analogs. Other targets may be protein sequences such a pro-
tein biomarkers.

[0030] Targeted organisms can include but are not limited
to Chlamydia trachomatis, Neisseria gonorrhoeae, Human
Pappilloma Virus, Human Immunodeficiency Virus 1/2,
Hepatitis C Virus, Hepatitis B Virus, Severe Acute Respira-
tory Syndrome Virus, Influenza A/B, Herpes Simplex Viruses
1-6, Enteroviruses, West Nile Virus, Parainfluenza viruses,
Adenoviruses, Respiratory Syncytial Virus A/B, Mycobacte-
rium paratuberculosis, Mycobacterium avium-intracellulare
complex, Mycobacterium tuberculosis complex, Cytomega-
lovirus, Group B Streptococcus, Bordetella pertussis, and
Bordetella parapertussis.

[0031] Inoneaspect of the invention, the target nucleic acid
is a particular RNA or cDNA from one or more of the follow-
ing sources: bacterial pathogens, bacterial non-pathogens,
viral pathogens, viral non-pathogens, fungal pathogens, fun-
gal non-pathogens, yeast pathogens, yeast non-pathogens,
parasitic pathogens, parasitic non-pathogens, plants, animal
products, food, total RNA or cDNA within the sample matrix,
total prokaryotic RNA or ¢DNA, total eukaryotic RNA or
cDNA, or total viral RNA or cDNA.

[0032] Inanother aspect of the invention, the target nucleic
acid sought is DNA from one or more of the following
sources: bacterial pathogens, bacterial non-pathogens, viral
pathogens, viral non-pathogens, fungal pathogens, fungal
non-pathogens, yeast pathogens, yeast non-pathogens, para-
sitic pathogens, parasitic non-pathogens, plants, animal prod-
ucts, food, total DNA within the sample matrix, total genomic
prokaryotic DNA, total genomic eukaryotic DNA, or total
viral DNA.

[0033] In another aspect of the invention, the target is a
protein biomarker.

[0034] A specimen storage composition is any composition
that is used to store and or transport a biological sample prior
to the extraction of nucleic acid from the cellular components
in the sample. As noted above, specimen storage composi-
tions include LBC media, paraffin media, etc.

[0035] Assay compatible as used herein is any composition
that will not significantly adversely affect that assay to which
the samples (e.g., extracted nucleic acid/proteins) are sub-
jected. For example, an assay compatible composition will
not modify the extracted nucleic acid in the sample in a
manner that will adversely affect the ability of the down-
stream assay to detect the nucleic acid or other sample con-
stituents such as protein biomarkers.

[0036] In one embodiment, the direct chemical lysis com-
position described herein has a two component assay com-
patible buffer composition. The assay compatible buffer com-
position will not modify the extracted nucleic acid in the
sample in a manner that will adversely affect the ability of the
downstream assay to detect the nucleic acid either by itself or
when combined with other constituents of the chemical lysis
composition or with constituents of the extracted nucleic acid
(e.g. remnants of the specimen storage composition). The first
component of the assay compatible buffer composition is an
assay compatible buffer. Such buffers are well known to one
skilled in the art and are not listed exhaustively herein.
Examples of suitable buffers include tris(hydroxymethyl)
amino methane and the acid salt of tris(thydroxymethyl)
amino methane (Tris HCl herein). The final working concen-
tration of the buffer in the direct chemical lysis composition is
in range of about 0.2 M to about 2 M. Preferably the concen-
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tration of the buffer component is about 0.5 M to about 1 M.
All concentrations herein are expressed as final working con-
centrations (i.e. concentrations at which the direct chemical
lysis composition is combined with the sample).

[0037] The second component of the assay compatible
buffer is a salt. Examples of suitable salts include NaCl, KCl,
C,H;Na0, (sodium acetate) and (NH,),SO, (ammonium
sulfate). In preferred embodiments the salt is a metal salt and,
most preferably, NaCl. The concentration of the salt in the
directchemical lysis composition is in the range of about 0.01
Mto about 1 M. In preferred embodiments, the concentration
of the metal salt is about 0.1 M to about 0.5 M and most
preferably about 0.1 M to about 0.4 M. The salt concentration
in a particular direct chemical lysis composition depends
upon the buffer, pH and surfactants (if any) in the composi-
tion.

[0038] The direct chemical lysis composition also contains
an assay compatible surfactant. Examples of suitable surfac-
tants include the above-described Triton® X-100 and
Tween® 20 (polysorbate 20). Assay compatible is as defined
above. In a preferred embodiment, the assay compatible sut-
factant is a polyethylene glycol based non-ionic surfactant.
The concentration of the non-ionic surfactant is in the range
of about 0.01 to about 2 percent (v/v). In preferred embodi-
ments, the non-ionic surfactant is polyethylene glycol
octylphenyl ether. Assay compatible surfactants are well
known to those skilled in the art and are not discussed in detail
here.

[0039] The direct chemical lysis composition has a pH in
the range of about 6.6 to about 10. In preferred embodiments
the pH is in the range of about 7 to about 9.

[0040] The direct chemical lysis composition described
herein facilitates nucleic acid extraction from media-fixed
samples by reducing the cross-linking that typically occurs
between the NA and the media constituents to provide NA
that is both extractable and amplifiable. In one embodiment,
a sample is combined with the direct chemical lysis and
incubated at a temperature in the range of about 100° C. to
about 130° C. and for a time in the range of about 10 minutes
to about 30 minutes to chemically lyse at least a portion of the
cells and, to the extent NA cross-linking has occurred, de-
crosslink the NA. This is followed by extraction of the NA
from the sample. In preferred embodiments, the NA is DNA
and DNA extraction is accomplished via magnetic separation
of the DNA uvsing ferric oxide particles. In preferred embodi-
ments, the extraction protocol is compatible with the BD
Viper XTR™ platform. Such a protocol provides for binding
the DNA to the ferric oxide particles, washing the rest of the
sample from the particles and eluting the DNA from the
particles. The extracted DNA is the subjected to a suitable
amplification and detection assay (e.g. real time PCR).
[0041] In another embodiment, the sample is analyzed for
target antigens (e.g. protein biomarkers). Conventional
assays for detecting antigens extracted from a sample are well
known to one skilled in the art and are not described in
detailed herein. In one example, antibody capture molecules
are used to bind and assay target antigens. Antibody methods
for such capture are routinely used in a variety of different
formats. One of the most commonly practiced techniques is
the Enzyme Linked Immunosorbent Assay (ELISA) which is
routinely used in protein diagnostic applications. A desired
characteristic of protein detection methods is the ability to
both preserve and retrieve antigens from a cell such that they
can be exposed to the capture antibody and also in some cases
retain their native shape and allow conformationally-depen-
dent antibodies to specifically bind to the target antigen.
Another desired characteristic is the ability to permit the
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selective binding of the correct antibody molecules to the
target and allow non-specific interactions to be removed dur-
ing the wash steps. Protein biomarker detection therefore
requires that the assay compatible buffer be compatible with
and facilitate specific protein binding interactions. The direct
chemical lysis composition described herein is sufficiently
strong to lyse the cells, thereby liberating the protein contents
of those cells. The direct chemical lysis composition does not
adversely affect the liberated proteins, and protects the pro-
teins from proteolytic enzymes. Finally, the assay compatible
buffer is compatible with specific antibody binding and does
not interfere with this process due to denaturing effects, ionic
interactions etc.

[0042] The following are provided some examples to spe-
cifically illustrate the concepts described above. The follow-
ing examples are highly specific embodiments of the present
invention and are not to be construed as limiting the invention
in any way, except in a manner consistent with the appended
claims.

Example 1

Extraction of HPV DNA from a Patient Sample
Stored in SurePath LBC

[0043] Two solutions were compared to determine their
efficacy as direct chemical lysis compositions. The first was a
diluent that contained 1M Tris-HCI, 0.5M NaCl, 1% Triton
X-100 and had a pH of 9.0 (Diluent 1 herein). The second
diluent contained 330 mM Tris-HCI, 16.67 mM NaCl and had
a pH of 7.8 (Diluent 2 herein). Stock patient-derived cells
were harvested and stored in SurePath LBC for 21 days. Both
Diluent 1 and Diluent 2 are embodiments of the direct chemi-
cal lysis composition of the present invention.

[0044] Specifically, stock patient-derived cells were diluted
in SurePath LBC at a concentration of about 12,500 cells/ml.
Forty-eight sample tubes were prepared for assay on the
Becton Dickinson (BD) Viper™ tool. Twenty-four tubes had
0.85 ml of Diluent 1 and twenty-four had the same amount of
Diluent 2. Diluted patient-derived cells (0.25 ml) were added
into each of the 48 sample tubes. After combining with the
samples, the final working buffer concentrations were as fol-
lows: i) 0.77M Tris-HCl, 0.386M NaCl, 0.77% Triton X-100
(with a pH of approximately 9.0) in Diluent 1; and 1i) 0.255M
Tris-HCl, 0.0129M NaCl (with a pH of approximately 7.8) in
Diluent 2.

[0045] Eight samples from each group of twenty four were
incubated either at i) room temperature, ii) 80° C., or iii) 120°
C., all for twenty minutes. The samples were then cooled for
twenty-five minutes at room temperature. The samples were
then subjected to a modified Viper™ XTR DNA extraction
protocol using iron oxide (FEQO) particles and 0.8 ml of the
pre-warmed or incubated sample was used for extraction. The
extraction protocol for Viper™ XTR is commercially avail-
able and not described in detail herein. To the extent DNA was
extracted, DNA for the sample was eluted in 400 pl elution/
neutralization buffer. The eluate (20 ul) was mixed with 5 pl
of PCR master mix, and 20 copies/reaction of HPV 18 and
HPV 45 plasmid DNA targets were post-spiked into each
reaction for test of PCR inhibition. The real-time PCR assays
were used for detection of HPV 16, 18 and 45, and human
DNA endogenous control gene HBB. DNA detection was
determined by the resulting cycle threshold (Ct) values. The
Ct values less than about 30 represent strong positive reac-
tions indicative of abundant target nucleic acid in the samples.
Ct values of 30-35 represent moderate to low positive reac-
tions indicative of moderate to low amounts of target nucleic
acid in the sample. Ct values of 35-45 represent weak reac-
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tions that indicate minimal amounts of target nucleic acid in
the sample. Ct values above about 45 are expressed as “No
Ct”, indicating that no DNA was being detected.

TABLE 1

Extraction of HPV DNA from Patient
Samples stored in SurePath media

Diluent 2 Diluent 1
RT 80°C. 120°C. RT 80°C.  120°C.
HPV16
1 No Ct No Ct 32.57 No Ct 36.97 31.20
2 No Ct No Ct 3249 No Ct No Ct 30.56
3 No Ct No Ct 32.33 No Ct No Ct 30.40
4 No Ct No Ct 32.55 No Ct No Ct 30.34
3 No Ct No Ct 32.88 No Ct No Ct 30.65
6 No Ct No Ct 32.57 No Ct 36.99 30.54
7 36.73 No Ct 32.35 No Ct No Ct 30.94
8 No Ct No Ct 32.64 No Ct No Ct 30.56
AVG. 32.55 30.65
HPV45
1 33.88 33.08 32.87 32.90 33.49 33.37
2 33.61 3334 32.67 33.86 29.31 33.09
3 33.85 3438 33.92 33.39 32.96 32.80
4 34.14 33.54 3347 3346 35.02 33.14
3 34.26 34.11 33.60 32.10 34.39 33.64
6 33.18 3358 33.64 32.98 33.73 33.71
7 3339 3335 34.08 33.11 32.92 33.18
8 3344 33.86 34.04 33.60 33.92 32.69

AVG. 3372 33.66 33.54 33.18 33.22 33.20
HBB

1 No Ct No Ct 37.91 No Ct 42.51 34.85
2 No Ct No Ct 38.68 No Ct 41.67 35.48
3 No Ct No Ct 37.48 No Ct No Ct 34.34
4 No Ct No Ct 37.25 No Ct No Ct 34.95
5 No Ct No Ct 37.16 No Ct No Ct 349
6 No Ct No Ct 37.88 No Ct No Ct 35.48
7 No Ct No Ct 39.14 No Ct No Ct 35.22
8 No Ct No Ct 36.99 No Ct No Ct 34.99
AVG. 37.80 35.03
HPV18
1 34.55 34.77 34.78 3437 34.08 34.03
2 33.73 34.12 34.25 34.60 34.33 33.82
3 34.59 33.97 34.00 34.05 33.71 33.44
4 34.47 34.53 33.78 33.78 34.68 33.52
5 34.84 34.87 33.86 34.36 34.17 33.41
6 33.99 33.63 34.82 33.61 33.86 34.74
7 33.77 34.68 34.00 34,05 33.47 33.42
8 33.84 34.24 34.11 34.57 34.79 33.99

AVG. 3422 34.35 34.20 34.17 34.14 33.80

[0046] Incubation in Diluent 1 at 120° C. reduced the Ct
value of HPV 16 and HBB by 1.90 and 2.77 respectively
when compared with incubation in Diluent 2 at 120° C. Incu-
bation at room temperature or 80° C. in both diluents gave no
amplification for HPV16 and HBB. The detection of spiked
HPV 45 and HPV 18 confirmed that the assay itself worked
but that HPV16 and HBB were not detected at lower incuba-
tion temperatures, indicating that lysis, extraction or detec-
tion did not occur in these samples.

Example 2

Extraction of HPV DNA from SurePath Using Dif-
ferent Diluents and Individual Diluent Components

[0047] Stock patient-derived cells were diluted in SurePath
LBC at 12500 cells/ml. Forty-eight BD Viper sample tubes

Mar. 10, 2011

were prepared. There were eight tubes in each group, with six
groups (a-f) total. In each group 0.85 ml of one of the follow-
ing buffers were added:

[0048] a.1M Tris, (pH 9.0) only;

[0049] b.0.5M NaCl;

[0050] c. 1% Triton X-100;

[0051] d. a+b+c;

[0052] Diluted patient cells (0.25 ml) were added to each of

the 48 sample tubes. After combining with the samples, the
final working buffer concentrations were as follows: 0.77M
Tris-HCl in group a; 0.386M NaCl for group b; 0.77% Triton
X-100 in group c; and 0.77M Tris-HCI, 0.386M NaCl, and
0.77% Triton X-100 in group d (the combination of buffers of
a, b, and c). All sample tubes were incubated at 120° C. for 20
min. The samples were then cooled for 25 minutes to room
temperature. The samples were then loaded onto the BD
Viper™ XTR tool and 0.8 ml was used for extraction as
describe above. DNA was eluted from the samples in 400 pl
elution/neutralization buffer. Eluate (20 wl) was mixed with 5
wl of PCR master mix. Twenty copies/reaction of HPV 18 and
HPV 45 plasmid DNA targets were post-spiked into each
reaction as a control to test of PCR inhibition. The real-time
PCR assays were used for detection of HPV 16, 18 and 45,
and human DNA endogenous control gene HBB.

TABLE 2

Extraction of HPV DNA from SurePath LBC media using HPV
diluents and individual component buffer

IM Tris (a)  0.5M NaCl(b) 1% Triton (¢) at+b+c
HPVI16
1 3527 35.86 34.56 3243
2 37.07 36.62 36.55 31.03
3 3427 No Ct 36.68 31.30
4 3452 No Ct 35.65 3095
5 No Ct No Ct 34.37 31.62
6 3590 No Ct 33.71 31.21
7 3426 No Ct 34.46 31.20
8 34.09 35.66 35.12 30.80
AVG. 35.05 36.05 35.14 31.33
HPV45
1 3347 34.61 34.19 3522
2 33.76 34.17 33.90 33.39
3 3401 33.56 34.01 33.69
4 33.80 31.61 34.29 33.98
5 33.01 32.86 33.23 33.57
6 3259 33.49 33.44 3343
7 3337 32.56 33.44 33.05
8 3275 33.25 35.33 3392
AVG. 3335 33.26 33.98 33.78
HBB
1 No Ct No Ct No Ct 4235
2 No Ct No Ct 4425 41.29
3 No Ct No Ct 43.81 40.94
4 No Ct No Ct No Ct 40.38
5 No Ct No Ct No Ct 41.67
6 4334 No Ct 42.17 40.63
7 4452 No Ct 4487 41.02
8 No Ct No Ct No Ct 40.70
AVG. 4393 43.78 41.12
HPVIR
1 3499 34.94 34.05 3434
2 3394 34.56 33.84 34.18
3 34.80 34.68 34.65 3427
4 3397 34.52 33.80 33.74
5 3395 35.75 33.89 3425
6 35.17 33.90 34.27 3435
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TABLE 2-continued
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TABLE 3-continued

Extraction of HPV DNA from SurePath LBC media using HPV
diluents and individual component buffer

Comparison of DNA Extraction: i) using Diluent 1 with 120° C.
incubation; and ii} Diluent 2 at room temperature incubation.

IM Tris (a) 0.5M NaCl (b) 1% Triton (c) a+b+c
7 34.39 34.56 34.41 33.64
8 33.87 34.94 34.03 34.32
AVG. 34.38 34.73 34.12 34.14

[0053] HPV types 16, 18 and 45 were detected using d)
above with incubation at 120° C. The other individual diluent
components (1M Tris, 0.5 M NaCl and 1% Triton) did not
provide for consistent DNA detection, regardless of HPV
Type. Each individual component contributed to improve
DNA extraction. The best result was achieved when compo-
nents a, b and ¢ were combined together.

Example 3

Comparison of DNA Extraction from SurePath LBC
Using Diluent 1 at 120° C. and Diluent 2 with Room
Temperature Incubation

[0054] Thirty-six SurePath samples were collected and
extracted according to the following two protocols.

1) The no heat experiment. Thirty-six BD Viper™ sample
tubes were prepared by adding 0.85 ml of the Diluent 2
described in Example 1. SurePath clinical sample (0.25 ml)
was added into each tube. After combining with the samples,
the final working buffer concentrations were as follows:
0.255M Tris-HCI, 0.0129M NaCl (with a pH of approxi-
mately 7.8) for Diluent 2. The thirty-six tubes were loaded
onto the BD Viper™ and 0.8 ml of the sample was used for
extraction. DNA was eluted from the sample in 400 pl elution/
neutralization buffer. The eluate (20 ul) was mixed with 5 pl
of PCR master mix. A real-time PCR assay was used to detect
for HPV 16, 18 and 45, and human DNA endogenous control
gene HBB.

2) The heat experiment. Thirty-six BD Viper™ sample tubes
were prepared to which were added 0.85 ml of the Diluent 1
described in Example 1. SurePath clinical sample (0.25 ml)
was added into each tube. After combining the diluent with
the samples, the final working buffer concentrations were as
follows: 0.77M Tris-HCI, 0.386M NaCl, and 0.77% Triton
X-100 (with a pH of approximately 9.0) in Diluent 1. All
sample tubes were incubated at 120° C. for 20 min and then
cooled for 25 min to room temperature. The thirty-six tubes
were loaded onto the BD Viper™ and 0.8 ml of the sample
was used for extraction. DNA was eluted from the sample in
400 pl elution/neutralization buffer. The eluate (20 pl) was
mixed with 5 pl of PCR master mix. A real-time PCR HPV
assays was used to detect for HPV 16, 18 and 45, and human
DNA endogenous control gene HBB. HPV 45 and HPV 18
were not detected.

TABLE 3

Comparison of DNA Extraction: i) using Diluent 1 with 120° C.
incubaticn; and ii) Diluent 2 at room temperature incubation.

HPV16 BB
No heat Heat No heat Heat ACt
1 No Ct No Ct 25.28 23.97 1.31
2 No Ct No Ct 32.25 28.30 3.95
3 No Ct No Ct 3178 27.92 3.86

HPV16 HBB

No heat Heat No heat Heat ACt

4 No Ct 41.33 34.78 29.83 4.95
5 No Ct No Ct 34.69 29.74 4.95
6 No Ct 41.09 37.51 3131 6.20
7 No Ct No Ct 32.24 26.82 5.42
8 No Ct No Ct 31.93 26.88 5.05
9 No Ct No Ct 31.74 28.88 2.86
10 No Ct No Ct 28.88 25.59 3.29
11 No Ct No Ct 29.41 2493 4.48
12 No Ct No Ct 35.21 29.66 5.55
13 No Ct No Ct 28.54 25.23 3.31
14 No Ct No Ct 30.66 27.54 3.12
15 No Ct 35.16 3231 26.86 5.45
16 No Ct No Ct 36.29 29.39 6.90
17 25 21.07 32.54 28.00 4.54
18 No Ct No Ct 3546 29.89 5.57
19 No Ct 34.90 32.18 29.19 2.99
20 No Ct No Ct 28.83 24.56 4.27
21 No Ct No Ct 31.64 26.72 4.92
22 No Ct No Ct 28.14 24.40 3.74
23 No Ct No Ct 26.67 25.68 0.99
24 No Ct 31.33 29.38 25.09 4.29
25 No Ct No Ct 32.74 31.56 1.18
26 No Ct No Ct 3291 26,57 6.34
27 No Ct No Ct 32.96 28.30 4.66
28 No Ct No Ct 35.79 29.64 6.15
29 No Ct No Ct 29.96 27.84 2.12
30 No Ct No Ct 32.76 28.77 3.99
31 No Ct No Ct 31.37 24.60 6.77
32 No Ct No Ct 32.79 29.07 3.72
33 No Ct 42.28 309 27.83 3.07
34 No Ct No Ct 34.58 3051 4.07
35 No Ct No Ct 36.73 28.06 8.67
36 36.36 32.38 22,78 21.22 1.56

[0055] On average, the heated incubation/Diluent 1 proto-
col shortened, by 4.29 Ct, the detection of HBB compared to
the protocol using Diluent 2 at room temperature incubation.
Samples that had the Type 16 HPV DNA (all samples are
presumed to have the HBB control DNA whereas not all
samples will have HPV of one or more types) exhibited detec-
tion with shortened Ct values and therefore became more
detectable when using the protocol with heated incubation
and Diluent 1 compared with using room temperature incu-
bation and Diluent 2.

Example 4

Comparison of DNA Extraction from SurePath and
ThinPrep PreservCyt LBC with or without Heat

[0056] Stock patient-derived cells were diluted in one of
either SurePath or ThinPrep negative clinical specimens at
12500 cells/ml. Thirty-two BD Viper™ sample tubes were
prepared to which were added 0.85 ml of Diluent 1. SurePath
spiked with patient cells (0.25 ml) was added to 16 sample
tubes and ThinPrep spiked with patient cells (0.25 ml) was
added to the other 16 sample tubes. After combining the
diluent with the samples, the final working buffer concentra-
tions were as stated in Example 1. Eight sample tubes from
each group were incubated at room temperature and eight
were incubated at 120° C. for 20 minutes. The heated tubes
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were cooled for 25 minutes to room temperature. The sample
tubes were then loaded on the BD Viper™ platform and 0.8
ml of the samples were used for DNA extraction. The DNA
was then eluted in 400 pl elution/neutralization buffer. The
eluate (20 ul) was mixed with 5 pul of PCR master mix. Twenty
copies/reaction of HPV 18 and HPV 45 plasmid DNA targets
were post-spiked into each sample for testing the PCR inhi-
bition. The real-time PCR assays were used for detection of
HPV 16, 18 and 45, and human DNA endogenous control
gene HBB.

TABLE 4

DNA Extraction from SurePath and ThinPrep PreservCyt LBC
with or without heat

ThinPrep SurePath
No Heat Heat No Heat Heat
HPVI16
Rep
1 31.24 31.99 No Ct 31.64
2 30.89 31.37 No Ct 31.63
3 30.98 31.66 No Ct 32.16
4 31.39 31.58 No Ct 31.71
5 31.02 31.15 No Ct 31.16
6 31.26 3144 No Ct 31.16
7 31.44 31.16 No Ct 3148
8 31.85 31.33 No Ct 31.58
Avg. 31.26 31.46 31.57
HPV45
Rep
1 32.25 3222 32.67 32.56
2 3242 32.24 32.06 32.89
3 33.2 33.15 32.54 3191
4 32.13 32.06 3244 31.97
5 3248 33.03 32.19 32.85
5 31.63 33.36 3247 32.07
7 33.65 32.17 32.69 31.53
8 3243 32.96 32,6 322
Avg. 32.52 32.65 3246 32.25
HBB
Rep
1 27.73 27.52 3333 29.02
2 27.99 27.09 33.63 28.88
3 28.08 27.17 3343 29.25
4 28.21 26.89 33.28 28.71
5 28.12 26.98 3338 28.37
65 27.98 27.04 343 28.36
7 27.99 27.02 34.07 28.29
8 28.43 27.38 33.96 27.84
Avg, 28.07 27.14 33.67 28.59
HPVIR
Rep
1 33.68 33.94 3497 33.88
2 33.38 33.86 33.87 33.88
3 3432 34.72 34.84 33.58
4 33.35 34.11 3422 33.81
5 33.89 34.16 34.55 33.97
6 334 32.88 32.96 33.68
7 3444 342 34.02 33.61
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TABLE 4-continued

DNA Extraction from SurePath and ThinPrep PreservCyt LBC
with or without heat

ThinPrep SurePath
No Heat Heat No Heat Heat
8 33.82 34.1 33.96 34.83
Avg, 33.79 34.00 34.17 33.91

[0057] Incubating the specimens at 120° C. in Diluent 1
significantly shortened HBB Ct value for both the ThinPrep
and SurePath samples. The reduction (compared to the room
temperature incubation) was 0.93 Ct for the ThinPrep
samples and 5.08 Ct for the SurePath samples. Heat had no
statistically significant effect on the detection of HPV16 from
ThinPrep, but significantly improved the detection of HPV16
from SurePath.

Example 5

DNA Extraction from SurePath Using Diluent 1 at
Varied pH, Temperature and Time

[0058] The incubation protocol at 114° C. for 10 minutes
was used in conjunction with Diluent 1 described in Example
(i.e. IM Tris, 0.5M NaCl and 1% Triton x100). Samples with
different pH’s (9.0 and 7.8) were used and tested at varied
incubation temperatures and times. The different pHs were
also evaluated against Diluent 2 of Example 1 (16.67 mM
NaCl and 330 mM Tris).

[0059] Stock patient-derived cells were diluted in SurePath
at a concentration of 12500 cells/ml. Fifty-six sample tubes
were prepared for use in BD Viper XTR™ Platform. There
were eight samples in each of seven groups. Each of the
following buffers (0.85 ml) was added into one of the seven

groups group:

[0060] a.Diluent 1, pH 9.0 (incubation at 120° C., 20 min)
[0061] b. Diluent 1, pH 9.0 (incubation at 120° C., 10 min)
[0062] c.Diluent 1, pH 9.0 (incubation at 114° C., 20 min)
[0063] d.Diluent 1, pH 9.0 (incubation at 114° C., 10 min)
[0064] e.Diluent 1, pH 7.8 (incubation at 120° C., 20 min)
[0065] f. Diluent 2, pH 7.8 (incubation at 120° C., 20 min)
[0066] g. Diluent 2, pH 9.0 (incubation at 120° C., 20 min)
[0067] Aliquots (0.25 ml) of the diluted patient samples

were added into each tube of each group. After combining the
diluent with the samples, the final working buffer concentra-
tions are as set forth in Example 1. Each group was incubated
at its specified temperature and time above. All tubes were
then cooled for 25 minutes to room temperature. The tubes
were than loaded onto the BD Viper XTR™ and 0.8 ml was
used for DNA extraction from the samples. The DNA was
eluted in 400 pl elution/neutralization buffer. The eluate (20
ul) of each was mixed with 5 pl of PCR master mix. Twenty
copies/reaction of HPV 18 and HPV 45 plasmid DNA targets
were post-spiked into each reaction to test for PCR inhibition.
The real-time PCR assays were used for detection of HPV 16,
18 and 45, and human DNA endogenous control gene HBB.
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TABLE 5
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DNA Extraction from SurePath using Diluent 1 with different

pH and at different temperature and time

Diluent 1 Diluent 1 Diluent 2
120°C. 114°C. 120° C. 120° C.
pH920' pHO9,10' pH, 920 pHY,10 pH7.820° pH7.8.20° pH 9,20’
HPV16
1 32.36 33.57 33.4 No Ct 30.79 335 3521
2 31.29 33.24 33.11 No Ct 30.56 3279 33.11
3 3118 33.23 34.02 34.84 30.55 33.05 37.78
4 31.31 32,75 3273 No Ct 3096 3348 3443
5 32.09 31.98 33.92 34.84 30.58 349 3515
6 31.37 32.68 32.69 No Ct 30.67 3453 3432
7 30.74 3231 32.4 No Ct 3031 3443 35.81
8 31.91 33.02 32.65 36.58 30.85 33.12 No Ct
Avg. 3153 32.85 33.12 3542 30.66 3373 3512
HPV43
1 33.2 34.66 34.08 341 3371 3441 3397
2 33.35 3431 33.56 3371 34.03 34.18 345
3 34.32 33.32 33.05 345 3447 3342 3492
4 34.56 32.84 33.71 34.28 3221 33.81 34.09
5 33.22 34.63 34.48 3343 34.61 33.89 33.72
6 34.11 34.8 34.11 33.98 3347 3415 33.99
7 34.65 31 34.45 34.53 34.12 3447 33.59
8 34.8 3438 33.98 3347 3224 3423 34.09
Avg. 3403 33.87 33.93 34.00 33.61 3407 3411
HBB
1 32.52 36.54 33.5 37.33 3138 33.61 36.89
2 32.27 34.4 34.54 No Ct 31.23 32.89 3548
3 31.97 33.51 33.66 36.54 31.23 3339 36
4 32.42 3279 33.87 No Ct 31.83 34.63 35.84
5 33.12 3297 32.88 3512 31.64 35.88 3694
6 32.86 34.05 34.01 No Ct 3142 3671 36.63
7 31.79 33.53 33.41 37.14 31.33 3426 No Ct
8 32.79 3422 34.13 31.23 31.8 3441 No Ct
Avg. 3247 34.00 33.75 3547 3148 3447 3630
HPV18
1 322 3435 35.13 3431 33.57 33.16 3419
2 33.16 3321 32.69 33.33 33.08 3432 33.96
3 34.08 334 33.22 331 33.66 3329 3491
4 31.86 33.99 33.92 33.15 34.12 33.72 34.48
5 33.14 3391 33.53 3336 3335 32.72 33.18
6 33.46 34.18 33.28 3327 333 333 3449
7 33.37 33.5 33.39 3342 333 3492 33.51
8 33.46 34.47 35.07 32.68 3371 34.84 3335
Avg.  33.09 33.88 33.78 33.33 33.51 33.78 3401
[0068] The incubation protocol (114° C., 10 minutes) did Example 6
notyield the degree of detection for HPV 16 that was obtained Effect of pH on Efficacy of Diluent
when the higher heat protocol was used. However, the same ) ) ) )
degree of detection was obtained for the spiked HPV 45 and [0069] ~ Stock patient-derived cells were diluted in SurePath

HPV 18, irrespective of the incubation protocol that was used.
From this it was concluded that the 114° C. protocol provided
alower degree of DNA extraction than the 120° C. incubation
protocol. Similarly, incubation at 120° C. for 10 minutes was
not as effective for extracting HPV 16 DNA as incubation at
120° C. for 20 minutes. Extraction and detection of HPV 16
DNA using Diluent 1 at pH 7.8 showed a near 1 Ct improve-
ment compared to extraction and detection using Diluent 1
with a pH 9.0 (for incubation at 120° C. for 20 minutes).
Extraction following incubation at 120° C. in Diluent 1
resulted in a significant reduction in assay variability as mea-
sured by the standard deviation in detected PCR replicates.

LBC media at 12500 cells/ml. Forty sample tubes were pre-
pared for the BD Viper XTR™ platform. They were separated
into five groups. Diluent 1 as described in Example 1 (0.85
ml) with a different pH was added to the tubes in each group.
The diluents used were:

[0070] a.Diluent 1, pH 6.6;

[0071] b. Diluent 1, pH 6.7,

[0072] c.Diluent 1, pH 7.3;

[0073] d. Diluent 1, pH 8.0;

[0074] e. Diluent 1, pH 9.0; and

[0075] f. Diluent 1, pH 10.0.

[0076] Thediluted stock patient cells (0.25 ml) were added

to each tube of each group. Each group was incubated at 120°
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C. for 20 minutes, and then cooled for 25 minutes to room
temperature. The samples were then loaded on the BD Viper
XTR™ and 0.8 ml of the samples was used for extraction.
DNA was eluted from the samples in 400 pl elution/neutral-
ization buffer and the eluate 20 ul was mixed with 5 ul of PCR
master mix. Twenty copies of HPV 18 and HPV 45 plasmid
DNA targets were post-spiked into each sample to test for
PCR inhibition. The real-time PCR assays were used for
detecting HPV 16, 18 and 45, and human DNA endogenous
control gene HBB.

TABLE 6

Effect of pH on efficacy of Diluent 1

pHé66 pH67 pH73 pH8D pH90 pHI10
HPV16
Rep
1 33.64 3346 3147 31.21 33.79  35.68
2 34.06 3496  31.67 31.36 3186 34.32
3 34.58 33.10 3233 31.70 3199 36.30
4 33.66 33.15 3240 31.49 31.61 35.73
5 33.46 3490 3232 31.85 32.00 3436
6 34.41 33.14 3212 31.61 3196 3451
7 34.66 3493 3225 31.58 3212 3515
8 34.15 3418 3227 31.57 3236 35.83
Avg. 34.08 3398 3210 31.55 3221 35.24
HPV4S
Rep
1 33.78 32.88 3338 33.28 3409 3335
2 34.56 3295 3440 3341 32.83 33.56
3 34.08 33.69 34.69 329 3341 33.84
4 33.15 3345  33.65 3441 34.11 34.64
5 35.39 33.27 3359 33.74 33.45 33.70
] 33.21 3251 3539 33.77 3414 3438
7 34.19 3277 3293 33.59 3349 3321
8 34.6 3392 3424 33.58 3429  33.89
Avg. 34.12 33.18  34.03 33.59 33.73 33.82
HBB
Rep
1 33.21 35.08 3356 32.84 3569 3828
2 35.82 3528 33.79 33.93 3451 No Ct
3 3537 3487 3425 3341 3429 36.61
4 35.38 35.00 3423 33.61 3447  37.64
5 35.64 3512 3421 33.96 3445 37.68
6 35.50 36.04 3415 33.70 3480  37.98
7 35.58 3516 3490 3334 34.53 38.37
8 35.80 36.08 3442 33.56 35.01 40.15
Avg. 35.66 3533 3416 33.54 3472 3810
HPV18
Rep
1 34.18 33.19 3410 33.69 3470 33.59
2 33.87 3336 34.28 34.07 3478 34.36
3 32.54 3417 3401 3342 34.05 34.17
4 33.42 3436 3497 34.02 31.75 34.96
5 34.5 3464 3437 33.96 3451 34.08
6 33.58 33.89 3573 34.28 3382 3370
7 34.22 3427 3416 3431 3449 33.20
8 34.63 3483 3411 3542 34.33 34.55

Avg, 33.87 3409 3444 34.15 3405 3433

[0077] Referring to the results in FIGS. 1A-D, the Diluent
1 with a pH in the range of about 7.3-9 provides the best
results in terms of the degree of HPV detection from the
sample. This indicates that extraction of DNA from the
sample is best when the diluent having a pH in this range is
used. Since the detection of spiked HPV 18 and 45 was
basically the same at all pH’s the improvement in detection of
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HPV16 and HBB is attributed to better DNA extraction
obtained at pH’s in range of 7.3 and 9.0.

Example 7
Comparison of DNA Extraction Protocols

[0078] Patient-derived cells were harvested and separated
into two equal groups. One-half were stored in ThinPrep and
the other half SurePath LBC. Both groups had a concentration
of 1.14x107 cells/ml. A stock with a cell concentration 2.5x
10” cells/m] was prepared from the 1.14x107 cells/m1 stock in
SurePath media. This stock was used for the following extrac-
tion protocols. All extraction protocols were followed by
DNA extraction using the BD Viper XTR™ platform.

[0079] In the first protocol, eight 226 pl samples of the
SurePath stock were spun for 5 minutes at a force of 13,000 g.
The resulting supernatant was decanted and resuspended in 1
ml of the Diluent 2 (described in Example 1) that also con-
tained a proteinase K in a concentration of 2 mg/ml. The eight
samples were transferred into sample tubes for use with the
BD Viper XTR™ platform and incubated at 70° C. for 1 hour.
This was followed by extraction on the BD Viper XTR™
platform as described below.

[0080] Inthe second protocol, eight samples (226 ul) of the
SurePath stock were diluted (1:4) by adding to the samples
774 wl of Diluent 2 that also contained a proteinase K in a
concentration of 2 mg/ml. The eight samples were transferred
into sample tubes for use with the BD Viper XTR™ platform
and incubated at 70° C. for 1 hour. This was followed by
extraction on the BD Viper XTR™ platform as described
below.

[0081] In the third protocol, eight samples (250 ul) of the
SurePath stock were combined with 850 ul of the diluent
(described in Example 1). The eight samples were transferred
into sample tubes for use with the BD Viper XTR™ platform
and incubated at 120° C. for 20 minutes. This was followed by
extraction on the BD Viper XTR™ platform as described
below.

[0082] In the fourth protocol, eight samples (250 pl) of the
SurePath stock were combined with 850 pl of Diluent 1
(described in Example 1). The eight samples were transferred
into sample tubes for use with the BD Viper XTR™ platform
and incubated at 120° C. for 20 minutes. This was followed by
extraction on the BD Viper XTR™ platform as described
below.

[0083] Foranegative control, eight 850 ul aliquots of Dilu-
ent 2 were combined with 250 pl of clean SurePath media.
This was followed by extraction on the BD Viper XTR™
platform as described below

[0084] All samples were loaded on the BD Viper XTR™
and 0.8 ml of the samples was used for extraction. DNA was
eluted from the samples in 400 pl elution/neutralization
buffer and the eluate 20 ul was mixed with 5 ul of PCR master
mix. The real-time PCR assays were used for detecting HPV
16 and human DNA endogenous control gene HBB.
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TABLE 7
Comparison of the heat treatment and
Proteinase K (PK) treatment Protocol
Protocol
1 2 3 4 3
Condition

Spin, PK, No Spin,

70°C.in PK, 70° C.in 120°C. in 120°C. in Non-target

Diluent 2 Diluent 2 Diluent 2 Diluent 1 controls
Target HBB HPV16 HBB HPV16 HBB HPVI6 HBB HPVI6 HBB HPV16
Repl 3138 2949 NoCt 3285 3219 2997 2994 2801 No NoCt
Rep2 3138 29.48 3285 3121 3130 29.35 2945 2775 §Z No Ct
Rep 3 31.00 2892 3226 3040 31.62 29.88 29.83 27.96 ﬁ(t) No Ct
Rep 4 3055 28.66 3239 30.66 31.01 29.02 29.72 27.56 IEI:(t) No Ct
Rep 5 30.12 2837 3216 3006 31.88 29.61 30.16 28.26 E(t) No Ct
Rep 6 30.68  28.86  32.15 3036 31.62 2949 29.79 27.83 E(t) No Ct
Rep 7 31.09 289 32.26 3015 31.56 2951 2995 28.22 ﬁz No Ct
Rep 8 3055 28.66 3226 3023 31.61 2932 30.19  28.57 Iflj(t) No Ct
Avg. 30.84 2892 3233 3074 31.60 29.52 29.88 28.02 “

[0085] Incubationin Diluent 1 at 120°C.yielded the lowest
CT values on average for HPV 16. This indicates that, of the TABLE 8A

protocols tested, the incubation in Diluent 1 provided for the et of Blood on Assa (SurePath)

best extraction of DNA from the sample. The protocol that
used Diluent 2 with incubation at 120° C. yielded a better Media SurePath

result than the result from proteinase K incubation at 70° C.

; ) . ; Blood (%) 0 1 2 5 10
without spin down. Specifically, Diluent 1 reduced the aver-
age Ct value of HPV 16 by 0.90, 2.72 and 1.5, respectively, ! 2862 2866 2897 3866 No O
2 3002 2899 2934 2976 2878
and reduced the average Ct value of HBB by 0.97, 2.45 and 3 2863 2865 2863 2873 2852
1.72, respectively, when compared with i) proteinase K treat- 4 2834 2843 2881 2861 28.28
ment (following spin down) at 70° C.; ii) proteinase K treat- 2 iggi ;S-g? 32-22 ;g-;g ;S-gi
ment (No spin down); and iii) incubation at 120° C. in Diluent 7 308 2913 1809 2861 3876
2. 8 2848 2892 2946 2815 2873
Avg, 2854 2881 2886  28.83 28.54
Example 8
Extraction from Samples Spiked with Blood TABLE 8B
[0086] Pooled SurePath and ThinPrep clinical negative Effect of Blood on Assay (ThinPrep PreservCyt)
specimens were combined with whole blood. The samples Media ThinPrep PreservCyt
had 1%, 2%, 5% and 10% (volume of blood per volume of
sample). All samples were incubated at 120° C. in Diluent 1 Blood (%) 0 1 2 5 10
described in Example 1 for 20 minutes. This was followed by 1 3199 3099 3116 3075 3038
extraction on the BD Viper XTR™ platform using the proto- 2 3208 31.67 3028 3040 29.98
col described in the previous examples. All samples were i 212 g 1?; i?i fg'ii gg'ig
" . . . JUL .
loaded on the BD Viper XTR™ and 0.8 ml of the samples was 5 3155 3143 3079 3010 30.06
used for extraction. DNA was eluted from the samples in 400 6 3190  31.04 30.63 3014 30.49
wl elution/neutralization buffer and the eluate 20 pl was mixed 7 3131 3140 3053 3029 29.96
ith 5 pl of PCR master mix. The real-time PCR HPV assa s EEC ¢ SO oo 288
with s ulo . - y Avg. 3173 31335 30.80 3024 30.16

was used for detecting human DNA endogenous control gene
HBB.
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[0087] The assay was not affected by high concentration of
whole blood, a substance often found in LBC specimens and
known inhibitor of PCR reactions. This DNA extraction
method delivers suitable DNA for PCR amplification even
with high concentration of whole blood present in the clinical
samples.

Exaniple 9

DNA Extraction from Formalin-Fixed, Paraffin-Em-
bedded Tissue Slice

[0088] Formalin-fixed, paraffin-embedded cervical biopsy
tissue slices were incubated at 120° C. in 2 ml of Diluent 1
described in Example 1 for 25 minutes. The samples were
then cooled to room temperature. After cooling, the samples
were subjected to the previously described extraction proto-
col on the BD Viper XTR™ Platform. All samples were
loaded on the BD Viper XTR™ and 0.8 ml of the samples was
used for extraction. DNA was eluted from the samples in 400
W elution/neutralization buffer and the eluate 50 ul was added
into PCR master dry mix. The real-time PCR assays were
used for detecting HPV subtypes 16, 18, 45, 31, 51, 52, 59,
(33,58,56,66), (39,68,35) and human DNA endogenous con-
trol gene HBB.

TABLE 9
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results indicate that there was no obvious PCR inhibition
associated with the current DNA extraction method. The fail-
ure to detect beta globin signal in one sample and both beta
globin and HPV signal in a second may have been due to lack
of sufficient target cells in the section processed for DNA
extraction.

Example 10

Extraction of HPV DNA from Patient-Derived Cells
Stored in SurePath and ThinPrep LBC Media Using
Diluent 1 for Direct Chemical Lysis

[0090] Stock patient-derived cells were diluted in SurePath
and Thinprep LBC at 5000 cells/ml. Sixteen tubes of each
sample type had 0.50 ml of the following diluent: 1.5M Tris,
0.386M NaCl and 1.5% Triton X-100(v/v). The diluent had a
pH of 7.9. Diluted patient-derived cells (0.5 ml) in SurePath
and ThinPrep were added into each of the sample tubes with
diluent. After combining with the samples, the final working
buffer concentrations were as follows: 0.75M Tris-HC],
0.193M NaCl, and 0.75% Triton X-100(v/v) (with a pH of
approximately 7.9). The combined solution was incubated at
120° C. for 20 minutes as direct chemical lysis. Following
incubation, the samples were prepared for extraction on the

Viper DNA extraction from Formalin-Fixed, Paraffin-Embedded

Tissue slice

Pre-Cancer/Cancer Beta Globin
Sample ID  Pathology Grade Result HPV Result
DHO727 Squamous Cell Carcinoma Positive HPV 16
DHO847 Squamous Cell Carcinoma Positive HPV 16
DHO848 Poorly differentiated Carcinoma Positive HPV 18,52
DHO856 Squamous Cell Carcinoma Positive HPV 18,31
DHOR67 Cervical Intraepithelial Neoplasia ~ Positive HPV 16

(CIN) III
DHO869 Cervical Intraepithelial Neoplasia ~ Positive High Risk HPV

(CIN) IIT Negative
DHO870 Cervical Intraepithelial Neoplasia ~— Negative HPV Indeterminate

(CIN) III
DHO873 Cervical Intraepithelial Neoplasia ~ Positive HPV 16

(CIN) III
DHO874 Cervical Intraepithelial Neoplasia ~ Positive HPV 16

(CIN) III
DHO880 Cervical Intraepithelial Neoplasia ~ Positive HPV 16

(CIN) III
DHO0892 Squamous Cell Carcinoma Positive HPV 16
DHO896 Squamous Cell Carcinoma Positive HPV (33, 58, 56, 66
DHO0898 Squamous Cell Carcinoma Positive HPV 16,45
DHO0900 Squamous Cell Carcinoma Positive HPV 45
DHO0902 Squamous Cell Carcinoma Positive HPV 16
DHO0903 Squamous Cell Carcinoma Positive HPV 16
DH0904 Squamous Cell Carcinoma Positive HPV 16
DHO0905 Squamous Cell Carcinoma Positive HPV 16,59
DHO0910 Cervical Intraepithelial Neoplasia ~ Positive HPV 16

(CIN) III
DHO0911 Cervical Intraepithelial Neoplasia ~ Positive HPV 16

(CIN) III
DH0914 Cervical Intraepithelial Neoplasia ~ Positive HPV 16

(CIN) III
DH1408 Cervical Intraepithelial Neoplasia ~ Positive HPV 16, 59

(CIN) III
[0089] In 20 of 22 individual samples, some subtype(s) of ~ BD Viper™ XTR platform. The extraction protocol previ-

HPV DNA were successfully detected. The human endog-
enous beta-globin gene was detected in 21 of 22 samples.
Real-time PCR and HPV subtype specific primers and beta-
globin specific primers for HBB were used. The beta globin

ously describe was used. That is, all samples were loaded on
the BD Viper XTR™ and 0.8 ml of the samples was used for
extraction. Half of the samples were with lysis step during
extraction and half of the samples were not. DNA was eluted
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from the samples in 400 pl elution/neutralization buffer and
the eluate 20 pl was mixed with 5 pl of PCR master mix.
Twenty copies of HPV 18 and HPV 45 plasmid DNA targets
were post-spiked into each sample to test for PCR inhibition.
The real-time PCR assays were used for detecting HPV 16, 18
and 45, and human DNA endogenous control gene HBB. The
results of the assays are provided below.

TABLE 10

Using pre-warm in diluent as direct chemical lysis followed
by DNA Extraction with and without lysis

SurePath ThinPrep

No Lysis Lysis No Lysis Lysis
HFV16
Rep
1 31.77 3215 31.67 32.06
2 31.83 3143 32.04 31.68
3 31.55 31.95 31.76 31.93
4 31.76 3235 31.86 32.00
5 32.05 32.19 31.67 32.36
6 31.73 32.02 31.46 31.55
7 31.95 31.96 31.64 32.28
8 32.18 32.30 31.85 3141
Avg. 31.85 32.04 31.74 31.94
HPV45
Rep
1.00 33.26 32.82 33.12 32.83
2.00 33.10 33.03 32.92 32.61
3.00 32.45 31.90 32.49 33.06
4.00 31.89 32.99 32.40 33.17
5.00 33.47 31.92 32.63 32.13
6.00 33.38 32.66 32.89 31.66
7.00 32.53 3232 32.04 32.48
8.00 32.98 32.95 32.23 33.47
Avg. 32.88 3257 32.59 32.69
HBB
Rep
1 31.63 32.10 31.50 32.11
2 30.37 31.64 31.16 31.67
3 31.57 31.75 31.24 31.93
4 31.69 31.68 31.48 31.77
5 31.49 31.99 31.06 31.87
6 32.08 31.15 3145 3145
7 31.95 31.37 31.50 31.02
8 32.05 32.06 31.94 31.38
Avg. 31.60 31.72 3142 31.65
HPVIZ
Rep
1.00 33.93 3421 34.17 33.91
2.00 34.06 33.53 3341 33.20
3.00 33.00 33.05 33.71 33.47
4.00 33.99 33.40 33.64 33.15
5.00 33.77 33.45 30.55 33.40
6.00 33.69 29.50 33.40 32.60
7.00 33.23 3271 33.65 33.62
8.00 33.57 33.43 33.79 33.58
Avg. 33.66 3292 33.29 33.37

[0091] The DNA vyield for both the extracted DNA (i.e.

HPV 16 and HBB) and the spiked DNA (i.e. HPV 45 and
HPV 18) is about the same for both the lysis and the no lysis
during NA extraction (i.e. direct chemical lysis using one
example of the composition and method described herein.
This held true for both ThinPrep (TP) and SurePath (SP)
media. This indicates that the composition and method
described herein serves as a direct chemical lysis of the cells
in the sample without need of other enzymatic or chemical
lysis steps.
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Example 11

Viper DNA Extraction Capability from Patient-De-
rived Cells Stored in SurePath LBC Media Using
Diluent for Direct Chemical Lysis

[0092] C33A cellsthathad been stored in SurePath LBC for
amonth were diluted to 108, 107, 10°,10°, 10*, 10°, 500, 250,
125, 62.5,31.25 cells/ml. Four (4) replicates were included in
each concentration. 0.25 ml of each concentration of Sure-
Path cell stocks (0.25 ml of each concentration) were mixed
with 0.75 ml of an HPV diluent (1.0M Tris, 0.257M NaCl,
and 1.0% Triton X-100(v/v); pH of 7.9). Triton X-100(v/v);
pH of 7.9). After the diluent was combined with the samples,
the final working concentration of the direct chemical lysis
composition was 0.75M Tris-HCl, 0.193M NaCl, and 0.75%
Triton X-100(v/v) (with a pH of approximately 7.9). The
samples in diluent were pre-warmed at 120° C. for 20 min-
utes, and then cooled to room temperature. These samples
(0.8 ml) were extracted using the Viper XTR instrument and
eluted in 400 pL final volume. DNA eluate (20 pL) was mixed
with PCR master-mix (5 uL) in real-time PCR to quantitate
the copy number of extracted HBB DNA. Purified human
genomic DNA was added to PCR at 100,000, 10,000, 1000,
100, 10, 1 copy/reaction and used for sample DNA quantifi-
cation. Extraction efficiency was calculated from the ratio of
extracted HBB copies quantitated by real-time PCR and total
HBB copies based on the input cell number.

TABLE 11

Viper DNA extraction capability utilizing direct chemical
lysis followed by DNA Extraction

Input Cell Count Extraction Efficiency

2x 107 0.440
2 x 108 0322
2x10° 0526
2x10% 0.809
2x 103 0.731
200 0967
100 0.499
50 0.656

25 0.614
12.5 0511
6.25 0.345
Avg. 0.584

[0093] The extraction capability from the SurePath Media
is illustrated in Table 11 using the diluent described above.
Table 11indicates that direct chemical lysis followed by DNA
extraction yields greater than 6 logs of linear dynamic range
with an average efficiency of 58% using human cervical
carcinoma cell line in SurePath media as a model system.

Example 12

Compatibility of Direct Chemical Lysis HPV Diluent
with Enzyme Linked Immunosorbent Assay(ELISA)
Protein Bio-Marker Detection

[0094] SiHa cells were resuspended at room temperature in
HPV diluent at a working concentration of 6.7x10° cells/ml
and were used undiluted and serially two-fold in 1% Bovine
Serum Albumin (BSA) in phosphate buffered saline 0.1%
Tween. Target antigen was detected in a standard sandwich
enzyme linked immunosorbent assay (ELISA). Target anti-
gen was bound to the surface of microwell plates using a
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primary antibody before being detected using a secondary
antibody conjugated with Streptavidin and horseradish pet-
oxidase and a chemiluminescent substrate. FIG. 2 shows
results for each of four target analytes (pl6INK4a, HPV16
E1E4, MCM2 and MCM6), where the target antigen was
readily detected. Antigen integrity was confirmed by Western
immunoblotting for two of the target antigens (MCM2 and
MCMS6) where both the target proteins were found to be full
length (approximately 100 Kilodaltons) with no significant
degradation products (data not shown). These results demon-
strate that HPV diluent buffer is compatible with the recovery
and detection of protein bio-markers and could be used for
primary nucleic acid detection followed by or preceded with
protein bio-marker detection to further improve or refine dis-
ease detection.

[0095] All references cited herein are incorporated herein
by reference in their entirety and for purposes to the same
extent as if each individual publication or patent or patent
application was specifically and individually indicated to be
incorporated by reference in its entirety for all purposes.
[0096] Many modifications and variations of this invention
can be made without departing from its spirit and scope, as
will be apparent to those skilled in the art. The specific
embodiments described herein are offered by way of example
only, and the invention is to be limited only by the terms ofthe
appended claims along with the full scope of equivalents to
which such claims are entitled.

What is claimed is:

1. A direct chemical lysis composition for combination
with a specimen storage composition, the direct chemical
lysis composition comprising:

a) an assay compatible buffer composition; and

b) an assay compatible surfactant.

2. The direct chemical lysis composition of claim 1
wherein the assay compatible buffer composition further
comprises a buffer component and a metal salt component.

3. The direct chemical lysis composition of claim 2
wherein the pH is in the range of about 6.6 to about 10.

4. The direct chemical lysis composition of claim 2
wherein the metal salt component is selected from the group
consisting of sodium chloride (NaCl), potassium chloride
(KC1), sodium acetate (C,H;NaO,) and ammonium sulfate
((NH,),S0,) and the concentration of metal salt in the direct
chemical lysis composition is at least about 0.01 M.

5. The direct chemical lysis composition of claim 4
wherein the buffer component concentration is in the range of
about 0.2 M to about 2M.

6. The direct chemical lysis composition of claim 5
wherein the metal salt component is NaCl and the NaCl
concentration is in the range of about 0.01 M to about 1 M.

7. The direct chemical lysis composition of claim 6
wherein the buffer component is selected from the group
consisting of tristhydroxymethyl)amino methane and the
acid salt of tris(hydroxymethyl)amino methane.

8. The direct chemical lysis composition of claim 7
wherein the non-ionic surfactant is a polyethylene glycol
based non-ionic surfactant.

9. The direct chemical lysis composition of claim 7
wherein the concentration of the non-ionic surfactant is in the
range of about 0.01 to about 2 percent (v/v).

10. The direct chemical lysis composition of claim 9
wherein the non-ionic surfactant is selected from the group
consisting of polyoxyethylene (20) sorbitan monolaurate and
polyethylene glycol octylpheny] ether.
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11. The direct chemical lysis composition of claim 10
wherein the buffer component is the acid salt of tris(hy-
droxymethyl)amino methane and the buffer component con-
centration is about 0.75 M, the NaCl concentration is about
0.19 M and the polyethylene glycol octylphenyl ether con-
centration is about 0.75 percent (v/v).
12. The direct chemical lysis composition of claim 11
further comprising glycine.
13. A method for analyzing samples stored in a specimen
storage composition comprising:
combining the sample with a direct chemical lysis compo-
sition comprising a) an assay compatible buffer compo-
sition; and b) an assay compatible surfactant;

removing at least a portion of the sample from the speci-
men storage composition wherein the removed portion
also includes the specimen storage composition;

incubating the removed portion of the sample at a tempera-
ture that is at least 80° C. for a time sufficient to lyse at
least a portion of the cells in the removed portion of the
sample;

extracting the target from the removed portion of the

sample; and

assaying the target in the removed portion of the sample.

14. The method of claim 13 wherein the target is a target
nucleic acid and the assay is an amplification assay for the
target nucleic acid.

15. The method of claim 14 wherein the target nucleic acid
is DNA.

16. The method of claim 14 wherein the target nucleic acid
is RNA.

17. The method of claim 13 wherein the sample is a blood
sample.

18. The method of claim 13 wherein the sample is cells
selected from the group consisting of vaginal cells, cervical
cells, endocervical cells, anal cells, exfoliated cells, oral cells,
throat cells and peritoneal cells.

19. The method of claim 18 wherein the cells are collected
by a swab, brush, broom, or biopsy.

20. The method of claim 13 wherein the specimen storage
composition has at least one constituent selected from the
group consisting of formaldehyde, formic acid, methanol,
ethanol, buffered formalin, EDTA, polypeptides, poly amino
acids, and polysaccharides.

21. The method of claim 20 wherein the transport medium
comprises buffered formalin.

22. The method of claim 13 wherein the removed portion of
the sample is not further separated from the specimen storage
medium prior to the steps of lysing and extraction.

23. The method of claim 13 wherein the pH of the direct
chemical lysis composition is in the range of about 6.6 to
about 10.

24. The method of claim 13 wherein the assay compatible
buffer composition comprises a buffer component and ametal
salt.

25. The method of claim 22 where the metal salt is NaCl
and the concentration of NaCl in the direct chemical lysis
composition is at least about 0.01 M.

26. The method of claim 25 wherein the buffer component
concentration is in the range of about 0.2 M to about 2M.

27. The method of claim 26 wherein the NaCl concentra-
tion is in the range of about 0.01 M to about 1 M.

28. The method of claim 13 wherein the concentration of
the non-ionic surfactant is in the range of about 0.01 to about
2 percent (v/v).
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29. The method of claim 26 wherein the buffer component
is the acid salt of tris(hydroxymethyl)amino methane and the
buffer concentration is about 0.75 M, the NaCl concentration
is about 0.19 M and the polyethylene glycol octylphenyl ether
concentration is about 0.75 percent (v/v).

30. The method of claim 13 wherein the step of extracting
is performed by a manual process.

31. The method of claim 14 wherein the step of amplifying
step is performed by a manual process.

32. The method of claim 14 wherein the step of extracting
and amplifying steps are performed in an automated process.

33. The method of claim 13 wherein the target is a protein
and the assay is a detection assay for the protein.

34. The method of claim 33 wherein the protein is a biom-
arker.

35. The method of claim 34 wherein the biomarker is
selected from the group consisting of antibodies and antigens.

36. The method of claim 33 wherein the assay is an Enzyme
Linked Immunosorbent Assay (ELISA).

37. A diagnostic kit for extracting target molecules from
cellular components comprising a specimen storage compo-
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sition with a direct chemical lysis composition comprising a)
an assay compatible buffer component; and b) a non-ionic
surfactant, wherein the specimen storage is provided to pre-
serve a tissue sample.

38. The diagnostic kit of claim 37 wherein the assay com-
patible buffer composition comprises a buffer component and
ametal salt.

39. The diagnostic kit of claim 38 wherein the metal salt is
NaCl and the concentration of NaCl in the direct chemical
lysis composition is at least about 0.01 M.

40. The diagnostic kit of claim 37 wherein the buffer com-
ponent concentration is in the range of about 0.2 M to about
2M.

41. The diagnostic kit of claim 40 wherein the direct chemi-
cal lysis composition has a pH in the range of about 7 to about
9.

42. The diagnostic kit of claim 40 wherein the concentra-
tion of the non-ionic surfactant is in the range of'about 0.01 to
about 2 percent (v/v).
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