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Abstract of the Disclosure

INTRAOPERATIVE LYMPH NODE ASSAY

In an intraoperative lymph node assay for micrometastases, a surgeon identifies a sentinel
lymph node during surgery according to known methods. Sentinel nodes are removed and
prepared for the extraction of nucleic acid. Nucleic acid (e.g., RNA) is then rapidly
extracted from the sentinel nodes. Markers indicative of micrometastases, if present, are

then amplified and detected.
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INTRAOPERATIVE LYMPH NODE ASSAY

BACKGROUND

The invention relates to the field of molecular diagnostics.

Lymph node involvement is the strongest prognostic factor in many solid tumors, and
detection of lymph node micrometastases is of great interest to pathologists and surgeons.
Current lymph node evaluation involves microscopic examination of H&E-stained tissuc
sections and suffers from three major limitations: (a) single tumor cells, or small foci of
cells, are easily missed; (b} the result is not rapidly available, meaning that any positive
result in a sentinel [ymph node procedure requires a second surgery for removal of
axcillary lymph nodes and (c) only one or two tissue sections are studied, and thus the vast
majority of each node is left unexamined. Serial sectioning can help overcome the issue of
sampling error, and immunohistochemistry (II1C) can help identify individual tumor cells.
The combination of these methods, however, is too costly and time consuming for routine

analysis and is limited to special cases such as sentinel lymph node examination.

Surgical decisions are often based on intra-operative frozen section analysis of lymph
nodes; however, the sensitivity of these methods is relatively poor, ranging from 50-70%
relative to standard H&E pathology, leading to an unacceptably high rate of second
surgeries. The five-year survival of Stage 0 and I breast cancer patients who do not have
lymph node involvement are 92% and 87%, respectively. On the other hand, the five-year
survival of later stage breast cancer patients who do have lymph node involvement
decrease significantly. For example, the survival of Stage Il breast cancer is only 75%,
Stage III 46%, and Stage IV 13%. Although node negative breast cancer paticnts have
improved survival, 20-30% of histologically node negative patients suffer disease
recurrence. This is most likely due to the limitations of current techniques in the detection
of micrometastases including issues related to node sampling and poor sensitivity for

detecting individual tumor cells or small tumor foci,

In addition to a need for more accurate and sensitive detection of metastases in breast

cancer nodes, there is a similar need for a rapid and sensitive test in melanoma nodes as
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well as in the more accurate detection of surgical margins, particularly in the intraoperative

setting.

The polymerase chain reaction (PCR) is a powerful tool in the field of molecular biology
that could be usetul in this setting. This technique altows for replicating/amplifying small
amounts of nucleic acid fragments into quantities that can be analyzed in a meaningful
way. Furthermore with the development of real-time quantitative RT-PCR (Q-RTPCR),
this technology has become more reliable as well as amenable to automation. Q-RT-PCR
is less subject to contamination and provides quantitation of gene expression. Such
quantitation could be applied for the detection of micrometastases in intraoperative lymph
node assays. PCR in molecular diagnostics, despite its advantages, has several limitations
that make it difficult to apply in typical clinical diagnostic setting, particularly in the

intraoperative setting.

One such limitation is the time it typically takes to perform PCR diagnoses. Typical PCR
reactions take hours, not minutes. Decreasing the time it takes to carry out a PCR reaction
is necessary if the technique is to be useful intraoperatively. Further, although Q-RT-PCR
can provide quantitative results, to date there have been no known cutoff values for
distinguishing positive from negative results based on such technology nor has it been
clear which nucleic acid fragments are best detected and correlated to the presence of a
micrometastasis. Other methods for the amplification and detection of nucleic acid

fragments exist as well and each suffers from similar problems.

An intraoperative molecular lymph node assay that overcomes the existing difficulties

would be well accepted by the medical community.

SUMMARY OF THE INVENTION

The invention is an intraoperative lymph node assay for micrometastases. A surgeon
identifies a sentinel lymph node during surgery according to known methods. Sentinel
nodes are removed and prepared as described below. Nucleic acid (e.g., RNA) is then
rapidly extracted from the sentinel nodes. Markers indicative of micrometastases, if
present, are then amplified and detected. The surgeon then takes action based upon the

outcome of the detection of such Markers.
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The assay is most preferably based on a rapid PCR and RT-PCR method that permits
execution of a complete PCR reaction in minutes thereby permitting use of PCR in

intraoperative diagnoses for detecting micrometastases in sentinel lymph nodes.

In one aspect of the invention, an intraoperative molecular diagnostic method includes the
following steps conducted during the course of a surgical procedure: obtaining a tissue
sample from a patient; extracting RNA from the sample, analyzing the sample by nucleic
acid amplification and detection; and determining if the presence of one or more gene
expression Markers exceeds a cut-off value. The cut-off value can be an absolute value or

a value relative to the expression of a control gene.

In another aspect of the invention, the gene expression Markers are nucleic acid fragments

specific for particular tissue such as breast tissue.

In yet another aspect of the invention, the gene expression Markers are nucleic acid

fragments indicative of malignancy.

In yet another aspect of the invention lymph nodes samples are homogenized and then

diluted to assure that sufficient RNA is extracted despite an expedited extraction method.

In yet another aspect of the invention the Markers are those of mammaglobin (Scq. ID No.
17) and cither PIP (Seq. ID No. 18 ), B305D (particularly, isoform C, Seq. ID No. 14),
B726 (Seq. ID No. 15), GABA (Seq. ID No. 16) or O8E (Seq. ID No. __ ) in the case of
breast cancer diagnostics and tyrosinase (Seq. ID No. 22 ) and MART 1 (Seq. ID No. 21 )

in the case of melanoma.

In yet another aspect of the invention, micrometastases are detected intraoperatively by a
method that includes the steps of: obtaining RNA from a sentinel lymph node; performing
a quantitative RT-PCR method specific to one or more genes of interest and determining if
the presence of the Marker exceeds a predetermined cut-off. The cut-off value can be an

absolute value or a value relative to the expression of a control gene.

In a yet further embodiment of the invention, kits contain reagents for conducting

intraoperative lymph node assay for micrometastases.
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DETAILED DESCRIPTION

Intraoperative methods for cancer diagnostics are presented. These methods employ a
rapid method of extracting nucleic acids from a lymph node and a method of amplifying
and detecting nucleic acid fragments indicative of metastasis (such fragments are referred

to herein as “Markers™).

An important aspect of the inventive methods is the rapid amplification and detection of
Markers indicative of the expression of certain genes. Provided that such methods can be
conducted within a period acceptable for an intraoperative assay (i.e., no more than about
35 minutes), any reliable, sensitive, and specific method can be used. This includes PCR
methods, Rolling Circle Amplification methods (RCA), Ligase Chain Reaction methods
(LCR), Strand Displacement Amplification methods (SDA), Nucleic Acid Sequence Based
Amplification methods (NASBA), and others. The rapid molecular diagnostics involved
are most preferably quantitative PCR methods, including QRT-PCR.

Irrespective of the amplification method employed, it is important to adequately sample the
tissue used to conduct the assay. This includes proper excision and processing of the
sentinel lymph node as well as extraction of RNA from it. Once obtained, it is important

to process the nodes properly so that any cancerous cells present are detected.

A variety of techniques are available for extracting nucleic acids from tissue samples.
Standard practice in each case is time consuming and can be difficult even when using a
commercially available kit designed for this purpose. Typical commercially available
nuclcic acid extraction kits take at least 15 minutes to extract the nucleic acid. In the
methods of the instant invention, nucleic acid is extracted in less than 8 minutes and
preferably less than 6 minutes. These rapid extraction methods are the subject of a patent
application by R. Belly, J. Toner, and J. Backus of equal date and entitled “Rapid

Extraction Of RNA From Cells And Tissues™ which is incorporated herein by reference.

The successful isolation of intact RNA generally involves four steps: effective disruption
of cells or tissue, denaturation of nucleoprotein complexes, inactivation of endogenous
ribonuclease (RNAase) and removal of contaminating DNA and protein. The disruptive
and protective properties of guanidinium thiocyanate (GTC) and B-mercaptoethanol to
inactivate the ribonucleases present in cell extracts make them preferred reagents for the

first step. When used in conjunction with a surfactant such as sodium dodecylsulfate
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(SDS), disruption of nucleoprotein complexes is achieved allowing the RNA to be released
into solution and isolated free of protein. Dilution of cell extracts in the presence of high
concentrations of GTC causes selective precipitation of cellular proteins to occur while
RNA remains in solution. Centrifugation can clear the lysate of precipitated proteins and
cellutar DNA and is preferably performed through a column. Such columns also shear
DNA and reduce the viscosity of the sample. RNA purification is preferably conducted on
a spin column containing silica or other material. Manual cell and tissue disruption can be
by means of a disposable tissue grinder as described in US Patent 4,715,545,
Homogenization time is within 1 to 2 minute and is more preferably 30-45sec. The sample
can then processed with a shredding column (eg., QIlAshredder, QIAGEN Inc., Valencia,
CA, or suitable substitute) or with an RNA processing device such as the PCR Tissue
Homogenization Kit commercially available from Omni International (Warrenton, VA) to
reduce its viscosity. RNA is precipitated out via the spin column as described above and
centrifugation times arc no greater than 30 sec. When using commercial RNA extraction
kits such as those available from Qiagen, Inc., filtration is used instead of centrifugation
for all steps except for the column drying step. Typically, the sample is diluted with an
equal volume of 70% ethanol prior to application on the column. After washes by
filtration, the column is dried by centrifugation, and RNA is eluted in RNAase free water.
The RNA is selectively precipitated out of solution with ethanol and bound to a substrate
(preferably, a silica-containing membrane or filter). The binding of RNA to the substrate
occurs rapidly due to the disruption of the water molecules by the chaotropic salts, thus
favoring absorption of nucleic acids to the silica. The bound total RNA is further purified
from contaminating salts, proteins and cellular impurities by simple washing steps. Finally,
the total RNA is eluted from the membrane by the addition of nuclease-free water. The

total time of this rapid protocol is less than 8 minutes and preferably less than 6 min.

In summary the rapid RNA extraction method involves the following steps:
(a) obtaining a sample containing cells from the biological system,
(b) optionally, removing from the sample, cells without RNA of interest to produce
a working sample,
(c) lysing the cells containing RNA that is of interest and producing a homogenate
of them,
(d) optionally, diluting the homogenate,

30/04/04,eh 14095 5pc,6
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(e) contacting the wetted, homogenized working sample with a substrate
containing, or to which is affixed, a material to which RNA binds,
(f) allowing the sample to bind to the substrate,
(g) removing contaminants and interferents,
5 (h) drying the substrate, and
(i) eluting RNA from the substrate;
in instances in which centrifugation is used, it may occur after steps g, h, or I and

vacuum/filtration is preferably applied in exiraction steps.

10 The reagents involved in this rapid extraction process are:
Lysis/Binding buffer (preferably, 4.5M guanidinium-HC}, 100mM sodium
phosphate),
Wash buffer I (preferably, 37% ethanol in 5M guanidine-HCL, 20mM Tris-HCL),
Wash buffer II (preferably, 80% ethanol in 20mM NaCl, 2mM Tris-HCI),

15 Elution buffer, and

Nuclease-free sterile double distillcd water.

Since the distribution of cancer cells in nodes is non-uniform, it is preferable that multiple
sections of the node be sampled. Optionally, one or more nodes may also be examined

20  based on pathology. One method for accomplishing both a molecular based test and an
examination of the same node sample by pathology is to section the node into at least four
sections with one outer and inner section used for pathology, and one outer and inner
section for used for molecular testing. As the distribution of metastases and
micrometastases in tissues is not uniform in nodes or other tissues, a sufficiently large

25 sample should be obtained so that metastases will not be missed. One approach to this
sampling issue in the present method is to homogenize a large tissue sample, and
subsequently perform a dilution of the well-mixed homogenized sample to be used in

subsequent molecular testing.

30 A typical PCR reaction includes multiple amplification steps, or cycles that selectively
amplify target nucleic acid species. A typical PCR reaction includes three steps: a
denaturing step in which a target nucleic acid is denatured; an annealing step in which a set

of PCR primers (forward and backward primers) anneal to complementary DNA strands;
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and an elongation step in which a thermostable DNA polymerase elongates the primers, By
repeating this step multiple times, a DNA fragment is amplified to produce an amplicon,
corresponding to the target DNA sequence. Typical PCR reactions include 20 or more
cycles of denaturation, annealing and elongation. In many cases, the annealing and
elongation steps can be performed concurrently, in which case the cycle contains only two

steps.

In the inventive method, employing RT-PCR, the RT-PCR amplification reaction is
conducted in a time suitable for intraoperative diagnosis, the lengths of each of these steps
can be in the seconds range, rather than minutes. Specifically, with certain new thermal
cyclers being capable of generating a thermal ramp rate of at least abc;ut 5°C per second,
RT-PCR amplifications in 30 minutes or less are used. More preferably, amplifications are
conducted in less than 25 minutes. With this in mind, the following times provided for
each step of the PCR cycle does not include ramp times. The denaturation step may be
conducted for times of 10 seconds or less. In fact, some thermal cyclers have settings for"0
seconds” which may be the optimal duration of the denaturation step. That is, it is enough
that the thermal cycler reaches the denaturation temperature. The annealing and elongation
steps are most preferably less than 10 seconds each, and when conducted at the same
temperature, the combination annealing/elongation step may be less than 10 seconds. Some
homogeneous probe detection methods, however, may require a separate step for
elongation to maximize rapid assay performance. In order to minimize both the total
amplification time and the formation of non-specific side reactions, annealing temperatures

arc typically above 50 C. More preferably annealing temperatures are above 55 C.

A single combined reaction for RT-PCR, with no experimenter intervention, is desirable
for several reasons: (1) decreased risk of experimenter error, (2) decreased risk of target or
product contamination and (3) increased assay speed. The reaction can consist of either one
or two polymerases. In the case of two polymerases, one of these enzymes is typically an
RINA-based DNA polymerase (reverse transcriptase) and one is a thermostable DNA-based
DNA polymerase. To maximize assay performance, it is preferable to employ a form of
“hot start” technology for both of these enzymatic functions. US Patents 5,411,876 and
5,985,619 provide examples of different “hot start” approaches and are incorporated herein
by reference. Preferred methods include the use of one or more thermoactivation methods
that sequester one or more of the components required for efficient DNA polymerization.

US Patents 5,550,044 and 5,413,924 describe methods for preparing reagents for use in

30/04/04,ch14095.5pc, 8
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such methods. US Patent 6,403,341 describes a sequestering approach that involves
chemical alteration of one of the PCR reagent componcnts. All are incorporated herein by
reference. In the most preferred embodiment, both RNA- and DNA-dependent polymerase
activities reside in a single enzyme. Other components that are required for efficient
amplification include nucleoside triphosphates, divalent salts and buffer components. In

some instance, non-specific nucleic acid and enzyme stabilizers may be beneficial.

The specificity of any given amplification-based molecular diagnostic relies heavily, but
not exclusively, on the identity of the primer sets. The primer sets are pairs of forward and
reverse oligonucleotide primers that anneal to a target DNA sequence to permit
amplification of the target sequence, thereby producing a target sequence-specific
amplicon. The primers must be capable of amplitying Markers of the disease state of
interest. In the case of the instant invention, these Markers are directed to breast cancer

and melanoma.

In the case of breast cancer, the inventive method involves the amplification of a tissue
marker specific for either breast tissue or breast cancer tissue. A combination of at least
two Markers are used such that clinically significant and reliable detection of breast/and or
cancer cells in lymph nodes is detected when present. Preferably, the Markers are
amplified and detected in a single reaction vessel at the same time (i.e., they are
multiplexed). Most preferably, the primer sets are complimentary to nucleic acid
fragments spccific to those Markers. The Markers include mammaglobin (Seq. ID No. 17)
and one or more (preferably one) of the foliowing: B305D (Seq. ID No. 14), PIP (Seq. ID
No. 18), B726 (Seq ID No. 15), GABA (Seq ID No. 16) or O8E (Seq ID No. ). The
combination of a tissue specific marker and a cancer specific marker provide sensitivity
and specificity that exceeds 90 % and 95 % respectively. Some Markers exist in various
1soforms with certain of the isoforms being more specific for one tissue or cancer than
others. In the case of B305D, the most preferred isoform is B305D isoform C . It is also

the most preferred Marker in combination with the mammaglobin Marker.

In the case of melanoma, the inventive mcthod involves the amplification of markers
specific to melanoma cancer. Thus, the primer sets are complimentary to nucleic acid
fragments specific to those markers. The Markers include one or more (preferably two or
more) of the following: Tyrosinase (Seq. ID No. 22) and MART I (Seq. ID No. 21).

Thesc Markers provide sensitivity and specificity that exceeds 90 %.

30/04/04,2h14095.5pc,9
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The reaction must also contain some means of detection of a specific signal. This is
preferably accomplished through the use of a reagent that detects a region of DNA
sequence derived from polymerization of the target sequence of interest. Preferred reagents
for detection give a measurable signal differential when bound to a specific nucleic acid
sequence of interest. Often, these methods involve nucleic acid probes that give increased
fluorescence when bound to the sequence of interest. The progress of the PCR reactions of
the inventive method are typically monitored by analyzing the relative rates of amplicon
production for each PCR primer set. Monitoring amplicons production may be achieved by
a number of detection reagents and mcthods, including without limitation, fluorescent
primers, fluorogenic probes and fluorescent dyes that bind double-stranded DNA,
molecular beacons, Scorpions, and others. A common method of monitoring a PCR
reaction employs a fluorescent 5'nuclease assay. This method exploits the 5'nuclease
activity of certain thermostable DNA polymerases (such as Taq or Tfl DNA polymerases)
to cleave an oligomeric probe during the PCR process. The oligomer is selected to anneal
to the amplified target sequence under elongation conditions. The probe typically has a
fluorescent reporter on its S'end and a fluorescent quencher of the reporter at the 3’ end.

So long as the oligomer is intact, the fluorescent signal from the reporter is quenched.
However, when the oligomer is digested during the elongation process, the fluorescent
reporter is no longer in proximity to the quencher. The relative accumulation of free
fluorescent reporter for a given amplicon may be compared to the accumulation of the
same amplicons for a control sample and/or to that of a control gene, such as, without
limitation, B-Actin and PBDG (porphobilinogen deaminase) to determine the relative
abundance of a given cDNA product of a given RNA in a RNA population. Products and
reagents for the fluorescent 5'nuclease assay are readily available commercially, for

instance from Applied Biosystems.

The preferred detection reagents are commonly referred to as “Scorpions™ and are
described in US Patents 6,326,145 and 5,525,494 and incorporated herein by reference.
These reagents include one or more molecules comprising a tailed primer and an integrated
signaling system. The primer has a template binding region and a tail comprising a linker
and a target binding region. The target binding region in the tail hybridizes to
complementary sequence in an extension product of the primer. This target specific
hybridization event is coupled to a signaling system wherein hybridization leads to a

detectable change. In PCR reactions the target binding region and the tail region are

30/04/04,ch14095.5pc, 10
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advantageously arranged such that the tail region remains single stranded, ie. uncopied.
Thus the tail region is non-amplifiable in the PCR amplification products. The linker
comprises a blocking moiety which prevents polymerase mediated chain extension on the

primer tempiate.

Equipment and software also are readily available for controlling and monitoring amplicon
accumulation in PCR and QRT-PCR including the Smart Cycler thermocylcer
commercially available from Cepheid of Sunnyvale, California, and the ABI Prism 7700

Sequence Detection System, commercially available from Applied Biosystems.

In the preferred RT-PCR reactions, the amounts of certain reverse transcriptase and the
PCR reaction components are atypical in order to take advantage of the faster ramp times

of some thermal cyclers. Specifically, the primer concentrations are very high.

Typical gene-specific primer concentrations for reverse transcriptase reactions are less than
about 20 nM. To achieve a rapid reverse transcriptase reaction on the order of one to two
minutes, the reverse transcriptase primer concentration was raised to greater than 20 nM,
preferably at teast about 50 nM, and typically about 100 nM. Standard PCR primer
concentrations range from 100 nM to 300 nM. Higher concentrations may be used in
standard PCR reactions to compensate for Tm variations. However, for purposes herein,
the referenced primer concentrations are for circumstances where no Tm compensation is
needed. Proportionately higher concentrations of primers may be empirically determined
and used if Tm compensation is necessary or desired. To achieve rapid PCR reactions, the
PCR primer concentrations typically are greater than 250 nM, preferably greater than about
300 nM and typically about 500 nM.

Commercially used diagnostics also preferably employ the use of one or more internal
positive controls that confirms the operation of a particular amplification reaction for a
negative result. Potential causes of false negative results that must be controlled for in an
RT-PCR reaction include: inadequate RNA quantity, degradation of RNA, inhibition of RT
and/or PCR and experimenter error. In the case of gene expression assays, it is preferable
to utilize a gene that is constitutively expressed in the tissue of interest. PBGD (Seq. ID
No. 20} is a gene that is commonly used as an internal control due to several factors: it
contains no know pseudogenes in humans, it is constitutively expressed in human tissues
and it is expressed at a relatively low level and therefore is less likely to cause inhibition of

the amplification of target sequences of interest. Use of PBGD as a control minimizes or

30/04/04,eh 14095 spe, 11
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eliminates reporting erroneous results arising from all potential sources of false negative

results.

In the commercialization of the described methods for QRT-PCR certain kits for detection

of specific nucleic acids are particularly useful. In one embodiment, the kit includes

reagents for amplifying and detecting Markers. Optionally, the kit includes sample
preparation reagents and or articles (e.g., tubes) to extract nucleic acids from lymph node
tissue. The kits may also include articles to minimize the risk of sample contamination

(e.g., disposable scalpel and surface for lymph node dissection and preparation).

In a preferred kit, reagents necessary for the onc-tube QRT-PCR process described above
are included such as reverse transcriptase, a reverse transcriptase primer, a corresponding
PCR primer set {preferably for Markers and controls), a thermostable DNA polymerase,
such as Taq polymerase, and a suitable detection reagent(s), such as, without limitation, a
scorpion probe, a probe for a fluorescent 5'nuclease assay, a molecular beacon probe, a
single dye primer or a fluorescent dye specific to double-stranded DNA, such as ethidium
bromide. The primers are preferably in quantities that yield the high concentrations
described above. Thermostable DNA polymerases are commonly and commercially
available from a variety of manufacturers. Additional materials in the kit may include:
suitable reaction tubes or vials, a barrier composition, typically a wax bead, optionally
including magnesium; reaction mixtures (typically 10X) for the reverse transcriptase and
the PCR stages, including necessary buffers and reagents such as dNTPs; nuclease-or
RNase-free water; RNase inhibitor; control nucleic acid (s) and/or any additional buffers,
compounds, co-factors, ionic constituents, proteins and enzymes, polymers, and the like
that may be used in reverse transcriptase and/or PCR stages of QRT-PCR reactions.

Optionally, the kits include nucleic acid extraction reagents and materials,

The following non-limiting examples help to further describe the invention.

Examples

Real-time PCR

Examples in the present invention are based on the use of real-time PCR. In real-time PCR
the products of the polymerase chain reaction are monitored in real-tine during the

exponential phase of PCR rather than by an end-point measurement. Hence, the

quantification of DNA and RNA is much more precise and reproducible. Fluorescence

30/04/04,ch 14095.5p¢, 12
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values are recorded during every cycle and represent the amount of product amplified to
that point in the amplification reaction. The more templates present at the beginning of the
reaction, the fewer number of cycles it takes to reach a point in which the fluorescent
signal is first recorded as statistically significant above background, which is the definition
of the (Ct) values. The concept of the threshold cycle (Ct) allows for accurate and
reproducible quantification using fluorescence based RT-PCR. Homogeneous detection of
PCR products are preferably performed based on: (a) double- stranded DNA binding dyes
(e.g., SYBR Green), (b} fluorogenic probes (e.g., Taq Man probes, Molecular Beacons),
and (c) direct labeled primers (e.g., Amplifluor primers).

Example 1. A comparison of RNA extracted by the Rapid Method and by prior art
Method based on real-time PCR with Tagman assays.

A total of 16 H&E posttive nodes and 15 H&E negative breast node samples were
purchased from Genomics Collaborative. Two 30 mg pieces of tissue were cut from each

node.

Part [ (Prior Art).One 30mg piece of tissue was processed as follows: 600ul of Buffer
RLT was added and the tissue sample was homogenized manually for 20-40 sec by means
of a disposable tissue grinder (cat 15704-126, VWR Scientific, West Chester, PA). The
tube was centifuged for 3min at maximum speed in Eppendorf model 5415C
microcentrifuge. The supernatant fluid was transferred to a new tube, and 1 volume of 70%

ethanol was added.

Sample (700uL) was applied to an RNeasy mini column placed on the QIAvac 24 vacuum
manifold and the vacuum was applied. Buffer RWI (700 pL) and allowed to filter through
the column. Buffer RPE (500 pL) was pipetted onto the column and allowed to filter
through. Another 500 pL of Buffer RPE was added to the column, and allowed to filter
through. The RNeasy column was placed in a 2 ml collection tube and centrifuged in a
microfuge at maximum speed for 1min. The RNA was then eluted from the column, by
transfering the RNeasy colum to a new 1.5 ml collection tube, adding 50ul of RNAase-free
water, and centrifuging for Imin at

8000 X g.

30/04/04,eh 14095 spc, 13
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Part I1 (Rapid Extraction).The second 30 mg piece of breast node tissue was processed
by a rapid protocol as follows: (1)The tissue piece was added to 600 pL of Buffer RLT and
homogenized manually for 20-40 sec by means of a disposable tissue grinder. (2) The
homogenate was centrifuged through a QIAshredder column for 30sec at maximum speed.
(3) 1 volume of 70% ethanol was added to the lysate and mixed by pipetting. (4) The
sample was then applied to an RNeasy mini column placed on the QIAvac 24 vacuum
manifold and a vacuum was applied. (5) 700ul of Buffer RWI was added to the column,
and allowed to filter through the column. (6) 500ul of Buffer RPE was added onto the
column and allowed to filter through. (7) The column was transferred to a 2ml collection
tube, and centrifuged for 30 sec at 10,000 rpm. (8) 25uL of RNAase-free water was added
to the membrane and the column was centrifuged for 30sec at 10,000rpm to elute the RNA.,
All centrifugation steps in the rapid protocol were performed on a model 10MVSS VWR

centrifuge.

Extracted RNA was reverse transcribed, and RNA and ¢cDNA were quantified as described

previously.

For Tagman assays, Taqman Core Reagent Kit, Gene Amp 10X PCR Buffer 1, Amp Erase
Uracil N-glycosidase, and AmpliTaq Gold DNA Polymerase were purchased from Applied
Biosystems, Foster City, CA. All other reagents were from commercial sources described
in example 1. Glycerol was purchased from Sigma Chemical Co (St. Louis, Mo.) and

Tween 20 from Eastman Organic Chemicals (Rochester, NY)

Mammaglobin primers (SEQ ID NO. 3 and SEQ ID NO. 4) were synthesized by Invitrogen
Corp.(Carlsbad, CA) and the mammaglobin Tagman prebe (SEQ ID NO. 7) from Epoch
Biosciences (San Diego, CA). PBGD primers (SEQ ID NO 8 and SEQ ID NO. 9) were
synthesized by QLIAGEN Operon (Alameda, CA), and the probe (SEQ 1D NO. 23) by
SYNTHEGEN, LLC (Houston, TX). B305D primers (SEQ ID NO. 11 and SEQ ID NO,
12) were synthesized at Invitrogen Corp and the probe (SEQ 1D NO. 13) by

Applied Biosystems, Inc. For all Tagman probes, carboxyfluorescein (FAM) and
carboxytetramethyirhodamine TAMRA) were used as the dye and quencher pair.

SEQIDNO.3 CAAACGGATG AAACTCTGAG CAATGTTGA

30/04/04,ch14095 spe, 14
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SEQIDNO.4 TCTGTGAGCC AAAGG TCTTG CAGA
SEQIDNO.7 6-FAM-TGTTTATGCA ATTAATATAT GACAGCAGTC TTTGTG-
TAMRA

SEQIDNO.8 CTGAGGCACC TGGAAGGAGG
SEQ ID NO. 9 CATCTTCATG CTGGGCAGGG
SEQ ID NO. 23 6- FAM-CCTGAGGCAC CTGGAAGGAG GCTGCAG TGT-TAMRA

SEQIDNO. 11 TCTGATAAAG GCCGTACAATG
SEQID NO. 12 TCACGACTTG CTGTTTTTGC TC
SEQ ID NO. 13 6-FAM-ATCAAAAAACA AGCATGGCCTA CACC- TAMRA

For the Tagman assays, a master mix was prepared by adding 10uL of 10X PCR Buffer#1,
14 uL of 25mM MgCl,, 8uL of 10mM dNTP’s, 1uL of AmpErase UNG (1U/uL), 16pl. of
gycerol, 1uL of 1%w/v Tween 20, 0.75uL. of AmpliTaq Gold (5U/pL), 6uL of each primer
from a SuM stock, 0.4uL of a 10uM stock of probe, and water to a final volume of 96pL..
Master mix (48 pL) and 2uL of cDNA from each node sample were added to each optical
reaction microtiter plate well. After capping with optical caps, the plates were processed in
an ABI Prism 7900 HT Sequence Detection System (Applied Biosystems, Inc., Foster
City, CA). Commercial reagents including Tagman PCR Core Reagent Kit, Tagman DNA
Template Reagents, and Tagman B-actin Dectection Reagents were purchased from
Applied Biosystems (Foster City, CA) and the assay was performed according to the
protocol recommended by the manufacturer. A threshold value of 0.02 was used for
analysis with the mammaglobin assay, 0.03 for the B305D assay, 0.08 for the B-actin
assay, and 0.1 for the PBDG assay. The average of triplicate determination by Tagman

assays are shown in Tables 3 and 4.

A comparison of the real-time measurement of the housekeeping genes B-actin and PBDG
are shown in Table 1 in 15 H&E negative node samples as well as 16 H&E positive nodes
and two control ¢DNA samples are shown in Table 1. Resulis of these experiments
indicate good agreement between Ct values obtained with the rapid method of this
invention and standard commercial methods (QIAGEN) confirming that RNA extracted by

the rapid RNA extraction protocol is capable of being reverse transcribed and PCR
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amplified to a similar extent as RNA extracted based on a standard commercial protocol.

Table 2 compares gene expression results based on Ct value for the breast cancer markers
mammaglobin and B305D with the same breast node samples evaluated in Table 1. To
determine whether a correlation can be made between H&E positive and H&E negative
breast node samples based on real-time PCR results, the lowest Ct value for each marker in
the H&E negative node samples was identified for both mammaglobin and B305D. An
arbitrary, but conservative, cut-off of 2.5Ct values less than this lowest value among H&E
negative samples was applied to the H&E positive samples. Samples that are shaded in the
Table 2 have higher expression for these two breast markers, in that Ct value is at least
2.5Ct values lower than a Ct value observed among H&E negative samples. There was a
good correlation in expression of these markers using both the rapid method of this

invention and the commercial manufacturer recommended protocol (QIAGEN).

Using mammaglobin as a marker, Ct values in two samples among the 15 H&E nodes
samples did not strictly correlate between the rapid method of this invention and QIAGEN
RNA extraction protocois. In one of these samples, GCLNC-24, the difference in Ct value
was 0.4 which is within experimental error. The second sample showed a larger difference
in Ct. larger differences in Ct valuc with both mammaglobin and B305D may be due to
difficulties in spectrally quantifying RNA in these samples as well as to possible sampling
problems due to the well established non-uniform distribution of metastases in nodes.
(Cserni. 1999. Metastases in axillary sentinel lymph nodes in breast cancer as detected by

intensive histopathological work up. J. Clin Pathol, 52:0922-924.)
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Table 1: Comparison of RNA extracted by the rapid method and Prior Art Method as

measured by Tagman Assays for the Housekeeping Genes B-actin and PBDG

B-Actin Ct Values| PBGD Ct Values

Sample] Template Qiagen Rapid Qiagen | _Rapid
7 | GCLNN-10 | 207 1.9 26 341

2 | GOINN-T1 | 205 210 3.7 327

3 | GCINN-2 | 217 25 28 28

4 | GCLNN4 | 212 19.1 2.1 31.0

€ 75 o5 | 198 213 25 2.9
S [ 6 [ GoNNe | 224 230 29.9 39.1
> 7 | GoiNN20 | 178 186 317 30.9
® T8 [ oIz | 214 19.2 3.1 31.4
Z 5 [ GoINNZa | 214 261 %9 370
Eg 10 | GCLNN25 | 191 214 32.7 331
T [ 11 | GCINN26 | 238 26.7 20.0 39.7
12 | CBLNN-274 | 201 19.8 315 307

13| CBLNN-257 | 204 26 328 340

14| CBLNN-258 | 234 276 331 354

15 | CBLNN-262 | 230 236 330 321

B | GCLNC1 | 187 18.5 28.8 29.1

17 | GOLNGS | 204 216 313 31.0

18 | GCLNCE | 200 19.9 314 302

19 | GCLNCZ | 206 282 20.3 21

: 20 | GCLNG-11 | 189 195 31.2 309
$ 21 [GoNCi2| 261 238 326 312
£ 72 [conci3 | 205 189 308 277
@ [ 23 | GCING16 | 205 27 311 305
& 24 [ cancir |21 194 | 400 | 291
w |25 | GCINC20 | 200 195 319 296
o8 | 26 | GCING21 | 214 213 35 22
T [ =z [concz | 242 29 293 21
28 | GCLNG23 | 184 20.7 206 355

29 | GOLNG24 | 191 195 20.4 30.1

3 ALNC-1 211 194 302 30.8

2 | ALNNZ 8.9 195 314 30.0

33 | CBLNN247 | 182 207 315 311
Cut Off Values 337 375 36.1 36.1
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Table 2: Comparison of RNA extracted by the rapid method and by the Prior Art Method as measured by

by Tagman Assays for the Cancer Genes Mammaglobin and B305D

MG Ct Values | B305D-A/C Ct Values
Sample Template Qiagen Rapid Qiagen Rapid
1 GCLNN-10 | 40.0 40.0 40.0 40.0
2 GCLNN-11 | 40.0 40.0 40.0 40.0
3 GCLNN-12 | 40.0 40.0 39.7 39.9
2 GCLNN-14 | 40.0 40.0 39.6 39.9
g 5 | GGLNN15 | 400 | 40.0 396 40.0
";‘, 6 GCLNN-19 40.0 40.0 40.0 40.0
o 7 GCLNN-20 [ 40.0 40.0 38.6 38.6
o 8 GCLNN-23 | 40.0 40.0 39.0 40.0
< 9 | GCLNN-24 | 400 | 40.0 40.0 200
g 10 GCLNN-25 | 40.0 20.0 20.0 20.0
T 11 GCLNN-26 | 36.2 40.0 40.0 40.0
12 | CBLNN-274 | 40.0 40.0 39.3 39.5
13 | CBLNN-257 | 40.0 40.0 40.0 39.5
14 | CBLNN-258 | 40.0 40.0 40.0 40.0
15 | CBLNN-262 | 40.0 40.0 396 395
16 GCLNC-1 20.8 22.8 27.1 27.9
17 GCLNC-5 39.7 40.0 29.2 36.6
18 GCLNC-6 23.7 22.7 26.8 26.3
19 GCLNGC-7 27.9 28.3 30.0 31.0
20 GCLNG A1 | 32.5 32.8 28.2 28.4
$ |21 | GCiNcA2 | 334 | 307 38.6 36.1
s 22 GCLNC-13 | 40.0 39.7 38.9 38.3
@ 33 GCLNGC-16 | 20.8 27.7 36.5 35.0
o 24 GCLNC-17 | 30.7 28.7 32.3 24.9
w 25 GCLNC-20 | 30.6 30.1 7268 27.8
o 26 GCLNC-21 | 400 38.9 34.0 35.0
T 27 GCLNC 22 | 39.4 36.3 36.4 31.4
28 GCLNC-23 | 33.0 33.8 30.1 30.8
29 GCLNC 24 | 37.6 37.2 28.0 29.7
31 ALNC-1 23.8 74.8 256 28.6
32 ALNN 2 37.7 27.6 23.4 539
33 | CBLNN-247 | 359 38.2 29.8 30.1
Cut Off Values = 33.7 37.5 36.1 36.1

Example 2. Evaluation of a QIAshredder Column

It is the purpose of this example to demonstrate that the Q}Ashredder column can be used

after homogenization of lymph node tissue, and that centrifugation of the homogenate for

only 30 seconds yields acceptable RNA extraction.
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A breast axillary node that was H&E —negative was obtained from Genomics
Collaborative (Cambridge, MA). A 490mg slice of tissue was mixed with 5.5 ml of
Buffer RLT, and the node was homogenized. Six hundred microliters of homogenate was
removed and RNA was extracted using the rapid extraction described in Example 1. Asa
control, another 600 pL. of homogenate was treated using the same rapid RNA extraction
method except that a 3min centrifugation was used instead of the QIAshredder column.
The RNA from each reaction was reverse transcribed and quantified as described in

Example 1. Real-time PCR was performed using Tagman probes.

Results of these studies indicated similar RNA yields of 0.31ug/ulL in the protocol
involving the QIAshredder protocol as compared to 0.34 pug/uL in the centrifugation
protocol. Identical 260/280nm ratio’s of 2.1 were obtained in both samples indicating high
quality RNA. Real-time PCR assays also indicated similar Ct values for Mammaglobin
with RNA extracted by the QIAshredder column as compared to the protocol involving
(22.5 versus 22.0), as well as with B305D (26.7 versus 26.6) as well as with the
housekeeping genes PBDG (29.1 versus 29.0), and B-actin (SEQ ID NO 19, 18.5 versus
18.2).

In summary, this experiment indicates similar RNA yield, quality and real-time PCR
amplfication results with the protocol involving a QlAshredder instead of a 3min
centrifugation step after homogenization. This reduces the time required to perform RNA
extraction by 2.5 minutes, which is important in developing protocols suitable for
intraoperative and other applications in which fast results are required to impact patient

care.

Example 3. Effect of Diluting of Lysate on RNA yield and precision

The following example illustrates the effect of dilution of the lysate on RNA yield and
precision of RNA recovery. In this example, 20mg, 10mg or 5 mg of frozen pig node tissue
was cut. Tissue was ground using a SOml Disposable Tissue Grinder for 30 sec, and the
samples were vortexed. Three replicates were performed for each node weight. One ml of
each lysate was transferred to a 1.7 ml microcentrifuge tubc which was then centrifuged in
an Eppendorf microfuge at maximum speed (14,000RPM) for 30 sec. Seven hundred

microliters was centrifuged through a QIlAshredder column and the samples were
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centrifuged at maximum speed for 30 sec. The column was then washed, the column dried,
and RNA eluted as described previously in Example 2, Part I steps 4-8. RNA was
quantified by means of a Gene Spec II. Results of these studies are shown in Tables 3 and
4, and illustrates excellent precision at an initial node tissue weight of 2.5mg homogenized
in 600ml of homogenization bufler, as compared to samples with higher weights including
10mg and 20mg node tissue. These results indicate that improved precision of RNA
recovery can be obtained at lower node weight. Also, it would be expected that more
dilute homogenates would be filtered faster through the column, and that there would be

even fewer potential problems with filter clogging.
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Table 3. Effect of Dilution of Lysate on RNA recovery

Total RNA Recovery: Rapid Extraction Technique
5 40 -
* 35
<}
n 30 *.
E
& 25 Y + Brrg/mi
? 20 — |®16mgm
10 2 . 32mg/mi
E
g 10 —_—
2 s
0 - : | ; . : ; .
0 5 10 15 20 25 30 35
15 Lysate Concentration (mg tissue/ml lysis buffer)
Table 4. Effect of Dilution.
20
"Dilution” RNA Extraction: Elimination of
Homogenate Spin and Qiashredding
2 8
7 T
o
3 BES51- Cem e e e o - --—{ |aHomog. Spin + Qiashredder
E, 4l I =] o O No Spin + Qiashredder
g "]'_' O Spin + No Qiashredder
= 3¢ - — - ~——— |0 Na Spin + No Qiashredder
m
°
2 ) - - -
3 [
1] - e —— Ty
0 T - -
Bmg/m 4mg/mi 2mg/ml 1mg/mi
4 Milligrams of Tissue/mIl Buffer RLT
Example 4: TagMan testing of RNA from lymph node samples
45

Reverse transcription
cDNA was synthesized from 20 ug total RNA at 42 C for 60 min in a 250ul reaction
containing 50 mM Tris-Cl pH 8.3, 75 mM KCI, 3 mM MgCl,, 10 mM DTT, 2000U
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Superscript, 400U Rnasin, 2ug oligo dT primer, 0.08 mg/ml BSA and 0.2 mM each dACT,
dCTP, dGTP and TTP. The resulting cDNA was diluted 1:8 in water.

PCR amplification

2ul of each diluted cDNA was amplified on the Applied Biosystems 7900 with a total
volume per well of 50 ml. The amplification was carried out with the following protocol:
50°C for 2 min and 95°C for 10 min, then 40 cycles of 95°C for 15 seconds (sec), 60°C for
1 min (58°C for B726) and 68°C for | min. The reaction mix components and final
concentrations are as follows: 1X TagMan buffer A (ABI), 3.5 mM MgCl2, 0.2 mM of
dGTP, dCTP and cATP, 0.4 mM dUTP (ABI), 0.01 uw/ul AmpErase UNG {ABI),
0.0375U/ul AmpliTaq Gold (ABI), 8% Glycerol (Sigma), 0.01% Tween 20 (Kodak), 0.3
uM each primer (Invitrogen), RNase/DNase free water (Sigma) and 40 nM 5°-FAM, 3’
TAMRA oligonucleotide probe {Synthegen). A threshold of signal relative to an internal
reference dye (ROX) was assigned to cach primer/probe set in the logarithmic linear range
of the increase in fluorescent intensity caused by the increase in PCR product. The
resulting Ct values were utilized to determine relative expression of the genes across all

samples tested.

Primers utilized:

Mammaglobin

Primer 1, SEQ IDNO 3 - CAAACGGATGAAACTCTGAGCAATGTTGA

Primer 2, SEQ ID NO 4 - TCTGTGAGCCAAAGGTCTTGCAGA

Probe, SEQ ID NO 7 - FAM-TGTTTATGCAATTAATATATGACAGCAGTCTTTGTG-
TAMRA

B305D

Primer 1, SEQ ID NO 11 - TCTGATAAAGGCCGTACAATG

Primer 2, SEQ ID NO 12 - TCACGACTTGCTGTTTTTGCTC

Probe, SEQ ID NO 24 - FAM ATCAAAAAACAAGCATGGCCTCACACC

PBGD

Primer 1, SEQ ID NO 25 - CTGCTTCGCTGCATCGCTGAAA
Primer 2, SEQ ID NO 26 - CAGACTCCTCCAGTCAGGTACA
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Probe, SEQ ID NO 23 - FAM-CCTGAGGCACCTGGAAGGAGGCTGCAGTGT-
TAMRA

PIP
Primer 1, SEQ ID NO 27 - GCTTGGTGGTTAAAACTTACC

Primer 2 SEQ ID NO 28, - TGAACAGTTCTGTTGGTGTA

Probe, SEQ ID NO 29 - FAM-CTGCCTGCCTATGTGACGACAATCCGG-TAMRA

GABA

Primer 1, SEQ ID NO 30 - CAATTTTGGTGGAGAACCCG

Primer 2, SEQ ID NO 31 - GCTGTCGGAGGTATATGGTG

Probe, SEQ ID NO 32 - FAM CATTTCAGAGAGTAACATGGACTACACA TAMRA

B726

Primer 1, SEQ ID NO 33 - GCAAGTGCCAATGATCAGAGG

Primer 2, SEQ ID NO 34- ATATAGACTCAGGTATACACACT

Probe, SEQ ID NO 35 - FAM TCCCATCAGAATCCAAACAAGAGGAAG

Results:

The attached table contains the Ct values obtained for 11 histology-negative and 24
histology-positive lymph nodes. A cut-off for positivity for each marker was determined
by subtracting 2.5 cycles from the lowest Ct observed with the histology-negative samples.
Positive samples are denoted shading. Based on these criteria, detection rates for the
individual markers were determined. Optimal complementation is seen with mammaglobin
combined with B305D A/C, a combination that detects 23/24 histology-positive samples.
A combination of mammaglobin, B305D and GABA detected all 24 samples. See Table 5.
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Sample MG PIP B305D GABA B726 PBGD Actin
N1 50.0 36.2 35.8 36.5 50.0 30.6 216
N2 50.0 387 39.0 37.0 50.0 30.4 21.1
N3 50.0 37.8 39.6 381 50.0 28.6 23.1
N4 36.3 36.4 39.8 40.0 50.0 324 19.8
N5 48.4 40.0 40.0 40.0 50.0 35.8 21.1
N6 45.9 34.8 38.9 36.1 50.0 285 20.3
N7 50.0 352 40.0 384 50.0 278 203
N8 38.8 38.5 36.9 375 50.0 204 217
N9 50.0 37.0 37.9 36.4 50.0 30.6 20.1
N10 50.0 40.0 38.1 40.0 50.0 31.0 223
N11 50.0 394 358 399 50.0 29.4 19.7
c1 25.7 251 259 36.7 258 28.8 217
c2 36.0 325 356 27 2 415 29.0 232
c3 262 30.7 268 372 35.2 29.9 24.1
ca 25.7 229 29.7 30.4 37.9 27.3 20.5
c5 25.9 233 348 38.0 39.1 27.8 21.1
cé 29.7 36.6 288 29.9 40.4 26.2 204
C7 35.0 339 254 23.4 427 27.1 225
C8 22.7 253 793 38.0 378 27.8 18.9
[ 19.2 26.6 277 36.3 36.0 26.2 211
C10 20.2 30.0 27.4 338 39.7 204 232
c1 30.4 332 29.0 26.2 40.7 27.9 214
Ci2 18.6 27.7 24.3 36.0 33.5 28.8 19.4
C13 23.4 17.0 23.1 38.2 24.3 274 21.8
c14 35.9 30.7 28.0 39.3 42.3 313 217
Ci5 27.0 28.1 256 346 25.5 29.7 211
Ci6 32.5 34.5 36.9 235 46.1 27.7 27.6
C17 38.8 35.7 27.5 26.3 374 28.8 297
cie 36.9 34.8 29.2 24.7 50.0 26.4 22.0
c1g 315 29 24.5 38.0 39.1 28.9 247
C20 223 276 214 32.6 329 27.0 216
cz1 19.3 24.8 25.1 36.2 28.9 28.4 213
C22 322 284 258 37.9 37.3 30.6 235
c23 20.7 242 27.2 37.4 27.4 28.9 226
C24 33.0 271 326 243 40.4 26.4 200

cutoff 33.8 32.3 33.3 336 3756
Positive samples detected 19724 17124 21124 10/24 11/24
Table 5
5
10
Example 5 Multiple Markers
15

Reverse transcription
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c¢DNA was synthesized {rom 20 ug total RNA at 42 C for 60 min in a 100ul reaction
utilizing anchored oligo dT primers. 20 ng of each diluted cDNA was amplified on the
Applied Biosystems 7900 with a total volume per well of 50 ml. The amplification was
carried out with the following protocol: 94 C for 2 min then 50 cycles of: 94 C for 15 sec,
62 C for 15 sec and 72 C for 45 sec. The reaction mix components and final concentrations
are as follows: 1X PCR Buffer (ABI), 2.5 mM final MgCi2, 0.05 mM of dGTP, dCTP and
cATP and TTP, 0.05U/ul Taq polymerase containing a 5-20X excess of 2 anti-Taq
antibodies (TP4-9 and TP1-12), 0.2 uM each primer (Invitrogen), RNase/DNase free water
(Sigma) and a 1:20000 dilution of a SYBR Green stock (Sigma). Amplification primer
sequences were identical to those employed in TaqMan testing of lymph nodes. A common
threshold of 275 fluorescence units was utilized to determine Ct values. Ct values were
then converted into quantitative gene expression and plotted relative to a cut-off that was
assumed to approximate the minimum level of gene expression required to differentiate

metastatic lymph nodes from background expression .

1Primers utilized:

Mammaglobin

Primer 1, SEQ ID NO 3 - CAAACGGATGAAACTCTGAGCAATGTTGA
Primer 2, SEQ ID NO 4 - TCTGTGAGCCAAAGGTCTTGCAGA

B30s5D

Primer 1, SEQ IDNO 11 - TCTGATAAAGGCCGTACAATG

Primer 2, SEQ ID NO 12 - TCACGACTTGCTGTTTTTGCTC

This data displayed in Table 6-8 shows the power of combining genes mammaglobin and

B305D signatures for obtaining coverage of the vast majority of breast cancer samples.
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Expression of Mammaglobin in Different Breast Cell Types
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Table 7
Expression of B305D in Diflerent Breast Cell Types
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Table 8
Combined Expression of Mammaglobin & B305D in Difierert Breast Cell Types
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Example 5: Rapid RT-PCR from purified RNA

Mammaglobin in vitro transcript RNA (100,000 copies) was diluted into 20 ng white blood
cell RNA and subjected ta one-step RT-PCR amplification in a Cepheid Smart Cycler I in
a reaction containing the following: 50 mM Bicine / KOH, pH 8.2, 115 mM Potassium
Acetate, 8% v/v Glycerol, 0.2 mg/ml BSA, 150 mM Trehalose, 0.2% v/v Tween 20, 0.2
mM Tris-Cl pH 8, 3.5 mM MnS04, 0.3 mM dATP, 0.3 mM dCTP, 0.3 mM dGTP, 0.3
mM TTP, 100 U/ml Tth, 20 ug/ml Antibody TP6-25.3, 0.45 uM Mammaglobin Scorpion

and 0.5 uM Mammaglobin Primer.

The PCR conditions were as follows (the asterisk denoted the portion of cycling in which

the fluorescence was measured:

Condition A - 95 C for 3 sec, 60 C for 7 min, 7¢ C for 2 min, then 40 cycles of: 95 C for 3

sec, 54 C for 6 sec* and 68 C for 6 sec — total time = 34 min

Condition B - 95 C for 3 sce, 60 C for 3 min, then 40 cycles of: 95 C for 3 sec, 54 C for 6

_sec* and 68 C for 6 sec — total time = 29 min

Condition C - 95 C for 3 sec, 60 C for 3 min, then 40 cycles of: 95 C for 3 sec, 58 C for 6

sec* and 68 C for 6 sec ~ total time = 26 min

The results of this assay are shown in the following table:

Total Assay Time

Cond template mean Ct (min)

A IVT-RNA 30.47 34.00

A NT 50.00 !

B IVT-RNA 30.26 29.00

B NT 50.00 "

c IVT-RNA 31.15 26.00

C NT 50.00 !
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As can be seen from the data, reducing the length of the reverse transcription step from 9
min to 3 min has no discernable impact on assay performance. Increasing the annealing
temperature to 58 C has only a minimal impact of amplification and reduces the total RT-
PCR time to 26 minutes. Further reductions in cycling time can be accomplished by primer

and probe construction with higher optimal assay temperatures.

Example 6: Rapid multiplex RT-PCR assay for detection of lymph node metastasis
(Prophetic)

In this example, purified lymph node RNA (> 100 ng total RNA per 100ul reaction utilized
to reduce the number of cycles required to generate a positive result) is subjected to one-
step RT-PCR amplification in a Cepheid Smart Cycler II. The reaction contains the
following components: 50 mM Bicine / KOH, pH 8.2, 115 mM Potassium Acetate, 8% v/v
Glycerol, 0.2 mg/ml BSA, 150 mM Trehalose, 0.2% v/v Tween 20, 0.2 mM Tris-Cl pH 8,
3.5 mM MnSO4 or Mn(acetate), 0.3 mM dATP, 0.3 mM dCTP, 0.3 mM dGTP, 0.3 mM
TTP, 100 U/ml Tth, 20 ug/ml Antibody 'T'P6-25.3, 0.4-0.8 uM each Scorpion and primer.
Scorpion and primer sequences are designed such that non-specific priming events are
minimized and such that they arc compatible with multiplexed amplification / detection
with the following rapid RT-PCR profile;

95 C for 3 sec, 60 C for 3 min, then 32 cycles of: 95 C for | sec, 65 C for 6 sec* and 72 C

for 3 sec — total amplification time = 16 min.

The rapid sample preparation method described is utilized that takes < 4 min to complete

(refer to sample prep example in application), leading to a total assay time of <20 min.

For detection of metastasis of breast cancer 1o lymph nodes, the following genes are
amplified: mammaglobin, B305D and PBGD. Mammaglobin and/or B305D signal is
indicative of metastasis, while PBGD is utilized as a housekeeping gene. In this example,
Ct values for cancer-positive lymph nodes range from 12-30 for mammaglobin and 12-28
for B305D - detection of either gene in this Ct range is indicative of a cancer-positive
lymph node. In this example, Ct values for the control gene PBGD must fall in the range of

24-30 cycles in order for a cancer-negative result to be considered valid.
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For detection of metastasis of melanoma cancer to lymph nodes, the same conditions are
utilized, with the following exceptions: (1) lymph nodes suspected of containing melanoma
are processed and (2) the following genes are amplified: MART1, tyrosinase and PBGD.
MART1 and/or tyrosinase signal is indicative of metastasis of melanoma to the lymph
nodes, while PBGD is utilized as a housekeeping gene. In this example, Ct values for
cancer-positive lymph nodes range from 18-30 for tyrosinase and 12-27 for MART1 -
detection of either gene in this range is indicative of a cancer-positive lymph node. In this
example, Ct values for the control gene PBGD must fall in the range of 24-30 cycles in

order for a cancer-negative result to be considered valid.
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The claims defining the invention are as follows:

1. A method of conducting an intraoperative molecular diagnostic assay comprising the
steps of: obtaining a lymph node tissue sample from a patient; analyzing the sample by
nucleic acid amplification and detection; and determining if the presence of more than one

Marker exceeds a cut-off value.

2. The method of claim 1 used for detecting micrometastasis.

3. The method of claim 1 used for detecting breast cancer metastasis.
4. The method of claim 1 used for detecting melanoma metastasis.

5. The method of claim 1 wherein the Markers detect the expression of a gene
corresponding to Seq. 1D 17 and one or more of the group consisting of Seq ID Nos 14-16
Seq ID No 18.

6. The method of claim 1 wherein all of the steps are conducted during the course of a

surgical procedure.

7. The method of claim ! wherein nucleic acid amplification and detection is conducted by
PCR.

8. The method of claim 7 used for detecting micrometastasis.

9. The method of claim 7 used for detecting breast cancer metastasis.

10. The method of claim 7 used for detecting melanoma metastasis.

11. The method of claim 10 wherein the Markers are Seq ID No 21 and Seq ID No 22.
12. The method of claim 7 wherein said PCR is RT-PCR.

13. The method of claim 12 wherein the reverse transcription reaction is conducted for less

than 9 minutes.

14. The method of claim 13 wherein the reverse transcription reaction is conducted for

about 3 minutes.

15. The method of claim 12, wherein one or more internal control reagents is added to the

reverse transcription reaction.

30/04/04,ch14095.5pc, 32
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16. The method of claim 1 wherein RNA is extracted from the lymph node by:
(a)lysing the cells containing RNA that is of interest and producing a homogenate
of them,
(b) optionally, diluting the homogenate,
{c) contacting the wetted, homogenized working sample with a substrate
containing, or to which is affixed, a material to which RNA binds,
(d) allowing the sample to bind to the substratc,
(e) removing contaminants and interferents,
(f) drying the substrate, and
(g ) eluting RNA from the substrate;

and employing filtration in extraction steps.

17. A kit for conducting an intraoperative lymph node assay comprising: nucleic acid

amplification and detection reagents.

18. The kit of claim 17 wherein said reagents comprise primers having sequences for
detecting the presence of a group of Markers selected from the group consisting of Seq. ID

No. 14-18 and Seq ID No 21-22.

19 The kit of claim 18 wherein the primers are selected from the group consisting of Seq
ID Nos 1-6, 8-12, 25-28, 30, and 33-35.

20. The of claim 17 comprising RT-PCR reagents.

21. A method comprising conducting an intraoperative molecular diagnostic assay and
treating a patient in accordance with the outcome of such assay wherein the assay
comprises the steps of: obtaining a lymph node tissue sample from the patient; analyzing
the sample by nucleic acid amplification and detection; and determining if the presence of

more than one Marker cxceeds a cut-off value.

Dated this 30™ day of April, 2004
VERIDEX, LLC

By Their Patent Attorneys
CALLINAN LAWRIE

[otan

30/04/04,eh14095 spc,33

-35-




15

20

25

30

40

45

50

55

60

SEQUENCE LISTING

<110>

Johnson & Johnson

Atkins, David
Backus, John
Belly, Robert
Reosen, Steven
White, Robert

<i20> INOPERATIVE LYMPH NODE ASSAY
<130»> CDS 5009

<160> 35

<17C0> PatentlIn version 3.1

<210> 1

<21il> 23

<212> DNA

<213> Artificial

<220>

<223> Artificial sequence is a Primer
<400> 1

atgactgect tgectectea gta 23
<210> 2

<211> 26

<212> DNA

<213> Artificial

<220>

<223> Artificial sequence is a Primer
<400> 2

ggctgtiget tggactictc taaaga 26
<210> 3

<z211> 29

<212> DNA

<213> Artificial

<220>

<223> Artificial sequence is a Primer
<400> 3

caaacggatg aaactctgag cezatgttga 29
<210> 4

<211> 24

<212> DNA

<Z13> Artificial

<220>

<223> Artificial sequence is a Primer

30/04/04 £h 14095 sp2, 1
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<400>

4

tctgtgagece aaaggtcttg caga

<210>
<2il>
<212>
<213>

<220>
<223>

<400>

5

23

DNA
Artificial

Artificial sequence i1s a Primer

5

ggccaacaaa gctcaggaca aca

<210>
<211>
<212>
<213>

<220>
<223>

<400>

6

25

DNA
Artificial

Artificial sequence is a Primer

-

©

gcagtgactt cgtcatttgg acgta

<210>
<211>
<212>
<213>

<220>
<223>

<400>

2
36

DNA
Artificial

Artificial sequence is a Probe

7

tgtttatgca attaatatat gacagcagtc tttgtg

<210>
<211>
212>
<213>

<220>
<223>

<400>

8

20

DNA
Artificial

Artificial sequence is a Primer

C]

ctgaggcacc tggaaggagg

<210>
<21i>
212>
<213>

<220>
<223>

<400>

g

20

DNA
Artificial

Artificial secuence is a Primer

g

24

23

25

36

20

30/04/04,ch 14095.5pc,2
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catcttcatg ctgggcaggy 20
<210> 10

<211> 29

<212> DNA

<213> Artificial

<220>

<223> Artificial sequence is a Primer

<400> 10

ctgaggcace tggaaggagyg ctgcagtgt 29
<210> 11

<211> 21

<212> DNA

<213> Artificial

<220>

<223> Artificial sequence is a Primer

<400> 11

tctgataaag gccgtacaat g 21
<210> 12

<211> 22

<212> DNA

<213>» Artificial

<220>

<223> Artificial seguence is a Primer

<400> 12

tcacgacttg ctgtttttge tc 22
<210> 13

<21ll> 26

<212> DNA

<213> Artificial

<220>

<223> Artificial secquence is a Probe

<400> 13

atcaaaaaac aagcatggcc tacacc 26
<210> 14

<211> 1155

<212> ©LCNA

<213> Human

<400> 14

atggtggttg aggttgattc catgeccggct gectettetg tgaagaagec atttggtctce 60
aggagcaaga tgggcaagtg gtgctgeecgt tgcttcccet getgcaggga gagocggecaag 120

30/04/04,ch 14095 ape.3
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agcaacgtgg gcacttctgg agaccacgac gactectgeta tgaagacact caggagcaag 180
atyggcaagt ggtgccgcca ctgcttccce tgctgcaggg ggagtggcaa gagcaacgtg 240
5 ggcgettectg gagaccacga cgactctgct atgaagacac tcaggaacaa gatgggcaag 300
tggtgctgec actgecttcce ctgctgeagyg gggagcagca agagcaaggt gggcgcttyg 360
ggagactacg atgacagtgc cttcatggag cccaggtacc acgtecgtgg agaagatctg 420
0 gacaagctcc acagagctgce ctggtggggt aaagtcccca gaaaggatct catcgtcatg 480
ctcagggaca ctgacgtgaa caagcaggac aagcaaaaga ggactgctct acatctggec 540
15 tctgccaatg ggaattcaga agtagtaaaa ctcctgctgg acagacgatg tcaacttaat 600
gtccttgaca acaaaaagag gacagctctg ataaaggccq tacaatgcca ggaagatgaa 660
tgtgcgttaa tgttgectgga acatggcact gatccaaata ttccagatga gtatggaaat 720
2 accactctge actacgectat ctataatgaa gataaattaa tggccaaage actgetctta 780
tatggtgctg atatcgaatc aaaaaacaag catggcctca caccactgtt acttggtgta 840
25 catgagcaaa aacagcaagt cgtgaaattt ttzattaaga azaaagcgaa tttaaatgca 900
ctggatagat atggaaggac tgctctcata cttgctgtat gttgtggatc agcaagrata 960
gtcagccttce tacttgagca aaatattgat gtatcttctc aagatctatc tggacagacyg 1020
¥ gecagagagt atgetgtttc tagtcatcat catgtaattt gecagttact ttctgactac 1080
aaagaaaaac agatgctaaa aatctcttct gaaaacageca atccagaaaa tgtctcaaga 1140
35 accagaaata aataa 1155
<2i0> 15
<211> 3865
40 <212> DNA
<213> Human
<400> 15
tccgagetga ttacagacac caaggaagat gctgtaaaga gtcagcagec acagccctgg 60
® ctagctggcc ctgtgggecat ttattagtaa agttttaatg acaaaagctt tgagtcaaca 120
cacccgtggg taattaacct ggtcatcccc accctggaga gccatcctge ccatgggtga 180
50 tcaaagaagg aacatcltyca ggaacacctg atgaggctge acccttggeg gaaagaacac 240
ctgacacagc tgaaagettyg gtggaaaaaa cacctgatga ggctgeacece ttggtggaaa 3C0
gaacacctga cacggctgaa agcttggtgg aaaaaacacc tgatgaggct geatccttgg 360
» tggagggaac atctgacaaa attcaatgtt tggagaaagc gacatctgga aagttcgaac 420
agtcagcaga agaaacacct agggaaatta cgagtcctgce aaaagasaca tctgagaaat 480
60 ttacgtggcee agcaaaaygyga agacctagga agatcgcatg ggagazaaaa gaagacacac 540

30/04/04,ch14095 spe.4
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ctagyggaaat
gaagacctag
czagagtaac
gtcctacaas
ccaaacaaga
caaagattca
aagtagaaga
ctgttccaaa
tcccaccaga
gtgagactgt
ataaaataaa
gcggaatgaa
aagcagagcc
tcccaaataa
catcagaatc
agactgttte
aaataaatgg
gaatgaaagt
cagagcctce
caaataaagc
cagaatccaa
ctgtttcaca
taaatggaaa
tgaaagttte
agcctcecga
ataaagcctt
aatcaaaaca
tttcacagaa
gtggaaaatt
aaagagcaag

tgaaaaagaa

tatgagtccee
gaagatcgca
atctaataaa
agaatcatct
ggaagatgaa
agtgtgtata
gcctcectaag
taaagccttt
atccazacaa
ttcacagaag
tggaaaatta
agtttctatt
tcecggggaag
agccttggaa
caadacaaaaqg
acagaaggat
aaaattagaa
ttctattcca
cgagaagceca
cttggaatty
acaaaaggac
gaaggatgtg
attagaagag
tattccaact
gaagccatct
ggaattgaag
aaagaasgtt
ggatgtgtgt
agaagattca
ggaacttcaa

gttttgrugta

gcaaaagaaa
tgggagaaaa
actaaagttt
acaaaagcaa
gaatattctt
cctgagtcta
aagccatctg
gaattgaaga
aaggactatg
gatgtgtgtt
gaagagtctc
ccaactaaag
ccatctgecect
ttgaaaaatg
gactatgaaqg
gqtgtgtttac
gggtctcecctg
actaaagcct
tetgeettog
aagaatgaac
tatgaagaaa
tgtttaccca
tctectgata
aaagccttag
gccttcecgage
aatgaacaaa
gaagaaaatt
gtacccaagg
actagcctat
aaagatcact

ctgaazaaga

-5-
catctgagaa
aagaaacacc
tggaaaaagg
gtgccaatga
gtgattcteg
tatatcaaaa
ccttcaagcece
atgaacaaac
aagaaaattce
tacccaagge
ctaataaaga
ccttagaatt
Tcgagcctge
azcaaacatt
aaagttcttg
ccaaggctre
ttaaagatgg
tagaattgat
agcctgccat
aazcattgag
gttcttggga
aggctrcrca
atgatggttt
aattgatgga
ctgccattga
cattgagage
cttgggattc
ctacacatca
caaaaatctt
gtgaacaacg

aactgtcaga

atttacgtygg
tgtaaagact
aagatctaag
tcagaggtte
gagtctcttt
agtaatggag
tgccattgaa
attgagagca
ttgggattct
tacacatcaa
tggtcttctg
gaaggacatg
cactgaaatg
gagagcagat
ggattctgag
rcatcaaaaa
tcttctgaag
ggacatgcaa
tgaaatgcaa
ageagatgag
ttctgagagt
tcaaaaagaa
tctgaaggcet
catgcaaact
aatgcaaaag
agatcagatg
tgagagtctc
aaaagaaatg
ggatacagtt
tacaggaaaa

agcaaaagaa

gcagcaaaag
ggatgcgtyg
atgattgcat
ccatcagaat
gagagttctg
ataaatagag
atgcaaaact
gatccgatgt
gagagtctcet
aaagaaatag
aaggctacct
caaactttca
caaaagtctg
gagatactece
agtctctgtyg
gaaatagata
gctaactgeg
actttcaaag
aagtctgttc
atactcccat
ctctgtgaga
atagataaaa
ccctgcagaa
ttcaaagcag
tctgttccaa
ttececettcag
cgtgagactg
gataaaataa
cattcttgtg
atggaacaaa

ataaaatcac

30/04/04,¢h 14095.5pe, 5

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1689

1740

1800

1860

1929

1980

2040

2100

2160

2220

2280

2340

2400
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agttagagaa
accaagaaya
taggaagaat
ctctcagaat
acactcatga
ccatgctaaa
actttgagga
tgaaagagga
tagctgagaa
aggcagaaat
ttgtgacatc
aaagaaaaat
cactttectga
atgctctaag
agtgtcaaat
acactgaaca
ggcttcaaca
ttgatattca
agatatttaa
cagaaacaga
ccagatcttt
atcttaccaa
tcctgaagee
aagctgcaca
aatctcgetc
<210>
<211>

<212>
<213>

i6
3282
DMNA
Huma

<400> 16

ccaaaaagtt
agagaagaga
cgaagagcag
acaagatata
aaatgaaaat
actggaaata
cattaagatt
atcattaact
cacaatgctc
tgaatcacac
aagaaaaaqgt
gaatgttgat
agctcaaagg
agaaaataca
gaacgaagct
gcaggagtct
gcaattagtt
ttttcttgag
ttacaataac
aaactcatga
actcacaact
tagtctgtgt
tacagacata
ggattcccat

tgtcactcag

n

aaatgggaac
dagaaatgeccg
cataggaaag
gaattgaaga
tatctcttac
gccacactga
ttaaaagaaa
aaaagggcat
acttctaaat
catcctagac
caagaacctg
gtgagtagta
aaatccaaaa
ttggtttcag
gaacacatgt
ctagatcaga
catgecacata
aggaaaatgc
catttaaaaa
gagacaagca
catgctagga
czacagaata
aaataacagt

ctaccctgat

gctgyg

-6-

aagagctetg
atatattaaa
agttagaagt
gtgtagaaaqg
atgaaaatig
aacaccaata
agaatgctga
ctcaatatag
tgaaggaaaa
tggcttctge
ctttccacat
cgatatataa
gcctaaaaat
aacatgcaca
atcaaaacga
aattatctca
agaaagctga
aacatcatct
accgtatata
gtaagaaact
ggccagtcct
cttattttag
gtgaagaatt

gatgcagcag

cagtgtgaga
tgaaaaaatt
gaaacaacaa
tzatttgaat
catgttgaaa
ccaggaaaag
acttcagatg
tgggcagcett
acaagacaaa
tgtacaagac
tgcaggagat
caatgaggtyg
taatctcaat
aagagaccaa
acaagataat
actacaaagc
caacaaaagc
cctaaaagag
tcaatatgaa
tettttggag
agcatcacct
azgaaaaatt
acttgttcac

acatcattca

ttgactttaa
agggaagaat
cttgaacaqg
caggtttctc
aaggaaattg
gaaaataaat
accctaaaac
aaagttctga
gaaatactag
catgatcaaa
gcttgtttge
ctccatcaac
tatgcmggag
cgtgaaacac
gtgaacaaac
aaaaatatgt
aagataacaa
aaaaatgagy
aaagagaaag
aaacaacaga
tatgttgaaa
catgatttct
gaattgcata

atccaacecag

gggacagggc tgaggatgag gagaaccctg gggacccaga agaccgtgcc ttgcccggaa

gtcctgcetyg taggectgaa ggacttgeocc taacagagec tcaacaacta cctggtgatt

30/04/04.¢h14095.5pc,6
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2520

2580

2640

2700

2760

2820

2880

2940

3000

3080

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3865

60

120
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cctacttcag
ttegrgtgte
gaggtcggea
aacaaatttce
attgcaagta
cgacagcgct
gceegecteg
ttectecaty
ctgtatgcce
atggacacac
gagttcacct
cagtacacca
tacactagat
acctacgtte
gattcagtcc
atgatcgggt
tacctgggga
tacagttcct
gtcagtatta
gccagcattg
gacaagttca
caaaacccca
gccaatgtat
tgccataggt
accceacatcee
atgaagctcce
tagaaacatc
ttacazatgt
aagaatggga

tatacatgtt

cceettggtyg
tgagtctctt
gazgtgacaa
tcaggcccaa
tctctagecat
ggatggacca
Tggagttect
aagtcactgt
tcagaatcac
agacatgcaa
ggctgagagg
tagagcggta
tggtcttaca
cttcecacttt
ctgcaagaac
ccegeactte
tctgetttag
tacagcagat
ctaatatcat
aaatttccag
aglttgtett
gtaatgttga
tttactggac
cttcaacagg
aatggtgcta
aaccattgtt
agtccattee
actcagggc:
aggagaccat

ttttactaaa

tgagcagcett
cactgagagg
gctttceectg
tttitggtgga
ttcagagagt
gcggetggtyg
ctgggtgeca
gggaaacagqg
gacaactgtt
qgttgcagetg
gaacgactct
tttcacctta
gtttgagett
cctggtggtg
ctgcattgga
tcttcccaac
ctttgtgttt
ggcagccaaa
caacagctcc
cgacaacgtt
ccgagaaaaqg
tcactattcc
atactacatg
acaagataat
caagtgacty
ctaagctgtg
tcttteate:
ctttattcgg
tgggtaaccc

tetectgeagt

-7-

ctcaacatga
atgtgcatce
cctggeittyg
gaacccgtac
aacatggact
tttgaaggca
gatacttaca
ctcatcecgec
gcatgtaaca
gaaagetggg
gtgcgtggac
gtcaccagat
cggaggaatg
tigtcctggg
gtgacgaccg
accaactgcet
ggggccttyge
gataggggga
atctccagct
gactacagtg
atgggcagga
aaactactgt
tatttttgag
gatgtaaatg
zaataatatt
tagaagtect
taatcaagga
tggctcectg
tcaagtgtca

gcttatacaa

actacagcct
aggggagtca
agaaccicac
agatagcget
acacagccac
acaagagctt
ttgtggagtce
tcttetecaa
tggatctgtc
gctatgatgg
tggaacacct
cgcagcagga
ttctgtattt
tttcatittyg
tgttatcaat
tcatcaagge
tagaatatgc
czacaaagga
ttaaacggaa
acttgacaat
ttgttgatta
ttcetttgat
tcaatgttaa
gtattttagg
tgagtctttc
agcaltatag
cattcccatg
gtttgcattt
gaagttgttt

tacattgttg

ccacttggcc
gttcaacgtc
agcaggatat
gactctggac
catatacctc
cactctggat
caagaagtcc
tggcacggtce
taaataccce
aaatgatgtg
gcggettget
gacaggaaat
cattttggaa
gatctcicte
gaccacactg
catcgatgtg
agttgctcac
agtagaagaa
gatcagcttt
gaaaaccagc
tttcacaatt
ttttatgcta
atttettgea
ccaagtgtgce
tgctcaaaga
gatcttgtaa
gagcccaaga
acctcatata
ctaaagtaac

cctatttagg
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240

300

360

420

5490

600

660

720

780

200

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920
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gagtaacatt
ttggaagtca
ataccacaac
agtgaagaaa
ggattccecca
tttattatta
ggaaatggaa
aggcttgeag
aaagtactgg
gagcaacact
tgctctaatg
ggcttagett
tgagtggett
aacaatgaga
ccagccagag
agtgtgccag
ttaatttectt
accaaggctc
cttttcccat
acaaaatatt
tatgagccaa
aaccccactt
aatataccat
<210>
<211>

<212>
<213>

17
503
DNA

<400> 17

gacagcggct
atgaagttgc
ggctgeccect

gaatacaaag

ttctagtttt
atgcactaac
agaattatcc
aaattagtag
tactggaagg
tacacacatc
gatttttttg
aattgagtcc
gttgactcaqg
ctcececactgg
atcaggaatg
aagtaaactt
atcccgceatg
cacgttacag
atgcacattc
ggtaaaggct
agettectgt
taaaagatga
tatacttctc
tctaacggga
tcatatttgt
aagcattgtt

attagctace

Human

tecttgatce
tgatggtccet
tattggagaa

aacttcttea

tgtttctggt
tcaataccaa
ccaatttcca
atcaacaatc
actctgagge
catcctaaac
taacttgtte
attttctage
agagtcgetg
cagatcccct
atgcttatta
ggctttgcte
agcaggagcyg
aacctatgtt
cteggccagt
tcecagttcag
tctaataaat
tttceettet
acaattcagt
atgggtggga
gattctttaa
tttatataaa

caccaaaasaa

ttgccacceg
catgctggcg
tgtgatttec

agagttcata

-8-
taaaatgaaa
gatgagttct
ataagtccta
taaacaaatc
tttattccee
tatactaaag
tagaagtctt
tgcetttatt
tcattctgtc
gtatcattcc
gaaaacaaac
agatccctga
tgetggecet
caggttgcgg
ctcageccaac
cctcagttat
gcacggettt
gtaactcccect
ttctatgagt
gtgctggtga
aaaaagttta
aacaatgata

aaaaaaaaaa

cgactgaaca
gcectetece
aagacaatca

gacgacaatg

tatgggctta
taaataatga
tcattgaaaa
cctcggttcet
cactatgcat
ccetttteee
aatatgggct
cacatagtga
attgctacta
aagaggagca
tgcttgaccce
teccttecage
gagtactgaa
gtgagctgcc
agtaccaaaa
tttagacaat
acctttectg
agagccacag
ttgatcacct
aaagagatga
aaaggaaata
aagatgtgaa

aa

ccgacagcaqg
agcactgcta
atccacaagt

ccactacaaa

tgtcaattca
atattattta
ttcaaatata
aagatacaat
atcttatcat
atgcatggat
gttgccatga
tggggtacta
ctctaacact
ttcatcectt
aggaacaagt
tggtctgctc
ctttctgagt
ctcteccaaat
gtgatttttg
ctcgccatct
tcagaaataa
gttcteatte
gattttttta
aatgtggttg
tetgttetga

ctgtgaaata

cagcctcacc
cgcaggctct
gtectaagact

tgccatagat

30/04/04,ch 14095 .5pc,§

1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2949
3000
3060
3120
3180
3240

3282

60

120

180

240
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20
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35
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45
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55

60

gaattgaagg
atgcaattaa
gctcacagaa
ctctttctta
tttattttaa
18

503
DNA

<210>
<211>
<212>
<213>

<400> 18
gacagcggct

atgaagttgc
ggctgceect
gaatacaaag
gaattgaagy
atgcaattaa
gctcacagaa
ctctttctta
tttattttaa
<210>
<21i>

<212>
<213>

19

DNA
<400> 19

cgcgtccgece
ccgecagete
gtgcaaggcce
gcgeeccagg
cgaggcccag
caccaactgg
ggctcecegag
cgagaagatg
ccaggcectgtg

tgacggggtc

1793

aatgttttet
tatatgacag
ctgcagggta
tgtcttttta

taaattgatg

Human

teccttgatcee
tgatggtcct
tattggagaa
aacttcttca
aatgttttct
tatatgacag
ctgcagggta
tgtcttttta

taaattgatg

Human

ccgcgagcac
accatggatg
ggcttegegg
caccagggcg
agcaagagag
gacgacatgg
gagcacceccg
acccagatca
ctatccctgt

acccacactg

taaccaaacg
cagtctttgz
tggtgagaaa
Ctacaaacta

gca

ttgecaccceg
catgctggeg
tgtgatttcc
agagttcata
taaccaaacg
cagtctttgt
tggtgagaaa
ctacaaacta

gca

agagcctege
atgatatcgce
gcgacgatge
tgatggtggg
gcatcctcac
agaaaatctg
tgctgctgac
tgtttgagac
acgcctctgg

tgcccatcta

-9.

gatgaaactc
gatttatttt
ccaactacgg

caagacaatt

cgactgaaca
geecctctece
aagacaatca
gacgacaatg
gatgaaactc
gatttatttt
ccaactacgg

caagacaatt

ctttgccgat
cgcgctegte
cceccgggec
catgggtcag
cctgaagtac
gcaccacacc
cgaggcececce
cttcaacacc
ccgtaccact

cgaggggtat

tgagcaatgt
aactttctge
attgctgcaa

gttgaaacct

ccgacagcag
agcactgcta
atccacaagt
ccactacaaa
tgagcaatgt
aactttctge
attgctgcaa

gttgaaacct

ccgecgeeceg
gtcgacaacy
gtcttcececet
aaggattcct
cccatecgage
ttctacaatg
ctgaaccccea
ccagccatgt
ggcatcgtga

gcecetececee

tgaggtgttt
aagacctttg
accacacctt

gctatacatg

cagccteace
cgcaggctet
gtctaagact
tgccatagat
tgaggtgttt
aagacctttg
accacacctt

gctatacatg

tccacacccyg
getoceggeat
ccatcgtggg
atgtgggcga
acggcatcgt
agctgegtg:
aggccaaccyq
acgttgctat
tggactccgg

atgccatcct

30/04/04,¢h 14095.5pc.9

300

360

420

480

503

180

240

300

360

420

480

503

60

120

180

240

300

360

420

480

540

600
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10

20

25

30

40

45

50

55

60

gegtetggac
cggctacage
gtgctacgtc
ggagaagagc
ctgeectgag
aactaccttc
cacagtgctg
gatcactgce
gtactccgtg
gatcagcaag
ggcggactat
acaagatgag
tttttggett
gcgageatce
ttaatagtca
ccaccccact
tgatagcatzt
acttttttat
gtcccccaac
agggcttacc
<2.0>
<211>

<212>
<213>

20

DNA
<400> 20

cacacagcct
gaagaaaaca
cgcatacaga
gaaatcattg
ggagagaaaa
ctggttgtic

gccatctgea

1377

ctggctggece
ttcaccacca
gccctggact
tacgagctgce
gcactcttcece
aactccateca
tctggcggea
ctggcaccca
tggatcggeg
caggagtatg
gacttagttg
attggcatgg
gactcaggat
cceaaagtte
ttccaaatat
tctctctaag
gctttocgtgt
tttgttttat
ttgagatgta

tgtacactga

Human

actttccaag
gcccaaagat
cggacagtgt
ctatgtccac
¢gcctgtttac
actccttgaa

agcgggaaaa

gggacctgac
cgocegageg
tcgagcaaga
ctgacggcca
agcctteceTt
tgaagtgtga
ccaccatgta
gcacaatgaa
gctecateet
acgagtccgg
cgttacaccc
ctttatttgt
ttaaaaactg
acaatgtgge
gagatgcatt
gagaatggce
aaattatgta
tttgaatgat
tgaaggecttt

cttgagacca

cggagccatg
gagagtgatt
ggtggcaaca
cacaggggac
caaggagctt
ggacctgecc

ceeteatgat

-10-

tgactacctc
ggaaatcgtg
gatggccacg
ggtcatcacc
cctgggeatg
cgtggacatc
ccctggeatt
gatcaagatc
ggeetegetg
cccetecate
tttcttgaca
tttttttgtt
gaacggtgaa
cgaggacttt
gttacaggaa
cagtcctctc
atgcaaaatt
gagccttegt
tggtetocet

gttgaataaa

tctggtaacg
cgegtgggta
ttgaaagcect
aagattcttg
gaacatgccc
actgtgcttce

gctgttgtct

atgaagatce
cgtygacatta
gctgettcea
attggcaatg
gagtcctgtg
cgcaaagacce
gcecgacagga
attgctcctc
tccaccttee
gtccaccgca
aaacctaact
ttgttttggt
ggtgacagca
gattgcacat
gtececttgec
ccaagtccac
tttttaatct
gcceceectt
gggagtgggt

agtgcacacc

gcaatgcgygc
cccgcaagag
cgtaccctgg
atactgcact
tggagaagaa
ctecetggett

ttcacccaaa

tcaccgagcg
aggagaagct
gcteectecet
agcggttceg
gcatccacga
tgtacgccaa
tgcagaagga
ctgagcgcaa
agcagatgtg
aatgcttcta
tgcgcagaaa
tttttettet
gtecggttgga
tgttgtrett
atcctaaaag
acaggggagg
tcgecttaat
cccecttttt
ggaggcagcc

tta

tgcaacggey
ccagcttget
cctgragttt
ctctaagatt
tgaagtggac
caccategga

atttgttggg

30/04/04,eh14095.5pc, 10

660

720

780

840

900

980

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1793

60

120

180

240

300

360

420
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20

25

30

35

40

45

50

55

60

aagaccctag
gcccagctge
acccggette
ggcctgeage
atgtatgcig
ttggatctgg
gccttectga
aaggatggge
caagagacca
gacccacagt
cagaacttgg
gatgttgcac
ttgetgetgt
gagtgattac
ttgaggcett
gtccaagcaa
<210>
<211>

<212>
<213>

21

DNA
<400> 21

agcagacaga
gagaagalgc
cggctgaaga
tcggetgttg
atgttggcac
acagcaaagt
cttatgagaa
gacacctgag
tctaatgttce
gtgttaaaat

attaaattqgg

1524

aaaccctgce
agagaaagtt
ggaagctgga
gcatgggctg
tgggcecaggyg
tgggtgtgct
ggcacctgga
aactgtacct
tgcaggctac
tggtaggcat
gcatcagect
ggcagcttaa
ccagtgcecta
cecegggagac
gatgactgec

cagcctttga

Human

ggactctcat
teactteate
ggcegetggg
gtattgtaga
tcaatgtgcc
gtectetteaa
actctctgca
acatgctgaa
tcetttggaa
tttagtaggt

gaaaactcca

agagaagagt
cccgcatctg
cgagcageag
gcacaaccgg
ggcettggge
gcacgatccc
aggaggetge
gactggagga
catccatgtc
cactgetegt
ggccaacttg
cgatgcccat
catcccgggce
tgaactgcag
ttgcctecte

atgtaaccaa

taaggaaggt
tatggttacc
atcggcatece
agacgaaatg
ttaacaagaa
gagaaaaact
gaacagtcac
attatttctc
tggtgtagga
ccgctagcag

tcaataaatg

-11 -

gtggtgggaa
gagttcagga
gagttcagtg
gtggggcaga
gtggaagtgce
gagactctgc
agtgtgccag
gtctggagtc
cctgceccagce
aacattccac
ttgctgagca
taactggttt
ctcagtgccc
ggttcaagcc
agtatgtggg

tcctactaat

gtcetgtgee
ccaagaaggg
tgacagtgat
gatacagagc
gatgcccaca
gtgaacctgt
caccacctta
tcacactttt
zaaatgcaag
tactaatcat

ttgcaatgca

ccagctccct
gtattcgggg
ccatcatcct
tcetgeacce
gagccaagga
ttcgctgeat
tagccgtgea
tagacggctc
atgaagatgg
gagggececea
aaggagccaa
gtggggcaca
cattctcact
ttccagggat
ggctteatct

aaaccagtte

ctgaccctac
gcacggecac
cctgggagte
cttgatggat
agaagggttt
ggttcccaat
ttcaccttaa
gcttgaattt
ccatctctaa
gtgaggaaat

tgatactatc

gcgaagagca
aaacctcaac
agcaacagct
tgagaaatgce
ccaggacatce
cgctgaaagyg
tacagctatg
agatagcata
ccectgaggat
gttggetgee
aaacatcctg
gatgcctggg
gctatctgeg
ttgecctecacc
ctttagagaa

tgaaggt

aagatgccaa
tcttacacca
ttactygctea
aaaagtcttc
gatcatcggg
gctccacctg
gagccagega
aatacagaca
taataagtca
gatgagaaat

tgtgccagag

540

600

660

720

780

640

900

960

1020

i080

1140

1200

1260

1320

1377

60

1206

180

240

300

360

420

480

540

600

660

30/04/04.ch14095.spc, 1
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15

20

25

30

35

40

45

50

55

60

gtaatgttag
gggccatceca
accttgaccg
atacttttac
agcaatgtct
tatagctctt
cgcgatcttg
ctcctgagta
gtagagacgg
ctgccegect
gatcctatat
atgctattcet
aataagtaaa
acctatggea
aatcataaag
<210>
<211>

<212>
<213>

22

DNA
<400> 22

tattgagttc
ccataatctt
ctctecatttg
gtcaggeatt
aatggtgaat
attcgaaaga
aagtgtttga
atcactgtag
ccttgtgagg
ccagacctcc
ggaatgcetgt

ttectgtcag

2384

taaatccatg
attcctettt
acatgaactg
aggttaagac
ctttgtgcte
tttttttgag
gctcaccata
gctgggetta
ggtttctcca
cagcctecca
cttaggtaag
aactaatgac
agctactatg
atttagctet

gatcagagat

Human

ttcaaacatt
taatacttcc
caaggtcaaa
attattactsa
agagtttttc
aaagtcagtc
tgctggaggt
tagtagctgg
actagaggaa
gectggcecatt

ccaccgtgga

aatatccectte

gtgttatttt
acttgaaatt
tacacagaat
aaagggttga
taaaattcta
atggagtttc
acctccgeet
caggcgtgeg
Lgttggtcag
aagtgctgga
acatataacg
aagtattttc
tactgcctta
cttgggttce

tctg

gtagcctett
taaactttct
tcatcattag
accttattgt
actttaacat
atgtgctttt
gggagtggta
aaagagaaat
gaatgctcct
tcectagage
gcggggacag

tgtccaatge

-12 -

ctgagagaca
tggctaataa
tgtteccagta
ctggectatt
ttatactaca
gcutttgttyg
cccaggttca
ccactatgcee
gcetggtctea
attacaggcg
cagtctaatt
tactaaacca
gtgctgatge

caaatccctce

tatggtctet
tzataagaga
ttttgtagtc
taatattcta
aggcctatee
cagaggatga
ttatataggt
ctgtgactee
ggctgttttg
ctgtgtctce
gagtccctgt

accacttggg

gaattcaagt
caaactagtc
ctatggagtg
tatctgatca
ataatatatt
cceaggetgy
agcaattcte
tgactaattt
aactcetgac
tgagccacca
acatttcact
gaaattggtea
ctgtgtactg

tcacaaqgaat

gagaaataac
agctctatte
tattaactgg
accataagaa
caciggtggyg
aagcttaaga
ctcagecaag
aattagccag
tactgcctge
tctaagaacc

ggccagettt

cctcaattte

gggtattctg
aggttttcga
ctcacaaagyg
agaacatgte
gtaaagatcc
agtgcaatgg
ctgecttage
tgtagtttta
ctcaggtgat
cgcctggetyg
tcaaggctca
gaaggattta
ccttaaatgt

gtgcagaaga

taccttaaac
ctgacactac
gtttgcttag
ttaaactatt
atacgagcca
taaagactaa
acatgtgata
ttecctgecaga
tgtggagttt
tgatggagaa
caggcagagg

ccttcacagg

30/04/04,¢h 14095.5pc, 12

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

15214

60
120
180
240
300
360
420
480
540
600

6690

720
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30

35

40
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50

55

60

ggtggatgac
caacttcatg
agagagacga
attttttgce
agggacctat
tgacctettt
aatctggaga
cttcttgttg
tccatattgg
aggtcagcac
gattgtctgt
cgagggacct
ctcttecaget
taaagctgece
gatagcggat
aatgtcccag
tgacagtatt
agccaatgca
cagaaatggt
agattcagac
gatctggtea
agggcttgtg
actcctecatg
ggcaatagag
ccagagaata
aaagtgtagc
tcageecttt
atgaggaact
<210>

<211>
<212>

23
30
DNA

cgggagtcgt
ggattcaact
ctettggtga
tacctcactt
ggccaaatga
gtctggatge
gacattgact
cggtgggaac
gactggcggg
cccacaaatc
agccgattga
ttacggcgta
gatgtagaat
aatttcaqgcet
gcctctcaaa
gtacagggat
tttgagcagt
cccattggac
gatttcttta
ccagactctt
tggectcettg
agcttgctgt
gagaaagagg
tagggccaaa
tctgctggta
cttettecaa
taacattttc

gttatttgta

ggccttecegt
gtggaaactg
gaagaaacat
tagcaaagca
aaaatggatc
attattatgt
ttgcecatge
aagaaatcca
atgcagaaaa
ctaacttact
aggagteacaa
atcctggaaa
tttgecectgag
ttagaaatac
gcagecatgea
ctgccaacga
ggcteccgaag
ataaccggga
tttcatccaa
ttcaagacta
gggcggegat
gtcgtcacaa
attaccacag
aagcetgaca
tttttctgta
ctcaggtaga
ccctaagecc

tgtgaattaa

-13-

cttttataat
caagtttggc
cttecgatttyg
taccatcage
aacacccatg
gtcaatggat
agcaccagct
gaagctgaca
gtgtgacatt
cagcccagca
cagccatcag
ccatgacaaa
tttgacccaa
actggaagga
caatgccttg
tcctatcttc
gcaccgtcct
atcctacaty
agatctggge
cattaagtce
ggtaggggce
gagaaagcaq
cttgtatcag
tcactctaac
aagaccattt
acacacctgt
etatgtctaa

agtgctctta

aggacctgcce
ttttggggac
agtgcececag
tcagactatg
tttaacgaca
gcactgcttg
tttetgectt
ggagatgaaa
tgcacagatg
tcattettct
tctttatgca
tccagaacce
tatgaatctg
tttgetagtc
cacatctata
cttecttcacc
cttcaagaag
gttectttta
tatgactata
tatttggaac
gtcctcactyg
cttectgaag
agccatttat
tcaaagtaat
gcaaaattgt
ctttgtettg
ggaaaggatg

tott

agtgctcectgg
caaactgcac
agaaggacaa
tecatecccat
tcaatattzta
ggggatctga
ggcatagact
acttcactat
agtacatggg
cctettggea
atggaacgcc
caaggeteec
gttccatgga
cacttactgg
tgaatggaac
atgcatttgt
tttatccaga
taccactgta
gctatctaca
aagcgagtceg
ccetgetgge
aaaagcagcc
aaaaggctta
gtccaggttc
aacctaatac
ctgttttcac

ctatttggta

30/04/04,eh14095.5pc, 13

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1300
1560
1620
1680
1740
1800
1860
1920
19890
2040
2100
2160
2220
2280
2340

2384
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<213>

<220>
<223>

<400>

-14 -

Artificial

Artificial sequence is a Probe

23

cctgaggeac ctggaaggag gctgcagzgt

<210>
<211>
<21z2>
<213>

<220>
<223>

<400>

24

27

DNA
Artificial

Artificial sequence is a Probe

24

atcaaaaaac aagcatggcc tcacacc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

25

22

DNA
Artificial

Artificial sequence is a Primer

25

ctgctteget geatcgctga aa

<210>
<211>
<Z212>
<213>

<220>
<223>

<400>

26

22

DNA
Artificial

Artificial sequence is a Primer

26

cagactcctc cagtcaggta ca

<210>
<211>
<212>
<213>

<220>
<223>

<400>

27

21

DNA
Artificial

Artificial sequence is a Primer

27

gcttggtggt taaaacttac c

<Z210>
<211>
<z212>
<213>

28

20

DNA
Artificial

30

27

22

22

21

30/04/04,6h14095 spc, 14
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<220>

-15-

€223> Artificial seguence is a Primer

<400>

tgaacagttc tgttggtgta

<210>
<211i>
<212>
<213>

<220>
<223>

<400>

ctgcctgect atgtgacgac aatcecgg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

caattttggt ggagaacccg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

gctgtcggag gtatatggtg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

catttcagay agtaacatgg actacaca

<210>
<211>
<212>
<213>

28

29

27

DNA
Artificial

Artificial sequence is a Probe

28

30

20

DNA
Artificial

Artificial sequence is a Primer

30

31

20

DNA
Artificial

Artificial sequence is a Primer

31

32

28

DNA
Artificial

Artificial seguence is a Probe

32

33

21

DNA
Artificial

20

27

20

20

28

30/04/04,¢h14095,5p¢, 15
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10

20

25

30

-16-

<220>

<223> Artificial sequence is & Primer

<400> 33

gcaagtgcca atgatcagag g 21
<210> 34

<211> 23

<212> DNA

<213> ArlLificial

<220>

<223> Artificial sequence is a Primer

<400> 34

atatagactc aggtatacac act 23
<210> 35

<211>» 27

<212> DNA

<213> Artificial

<220>

<223» Artificial seguence is a Probe

<400> 35

tccecatecaga atccaaacaa gaggaag 27

30/04/04,¢h14095.5pc, 16
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