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COMBINATION METHODS OF DIAGNOSING
CANCER IN A PATIENT

FIELD OF THE INVENTION

[0001] The present invention generally relates to medical
diagnostics and to methods, kits and assays for the diagnosing
or otherwise determining the presence of cancer in a patient.
More particularly, the present invention involves methods for
determining the presence, activity, and/or concentrations of
certain indicators and their use in determining the presence of
cancer.

BACKGROUND OF THE INVENTION

[0002] For the most part, conventional cancer screening
assays are limited to individual tests for cancer located in a
specific organ. Such tests include, for example, mammo-
grams for breast cancer, colonoscopies for colorectal cancer,
the PSA test for prostate cancer, and Pap smears for cervical
cancer. However, these cancers account for only about 25% of
the cancer cases detected in the United States each year.
Several other types of cancer are detected only when physical
symptoms appear. Consequently, cancer in many patients is
detected at a late stage when mortality is greatly increased
[120].

[0003] An estimated 1.4 million cases of cancer will be
diagnosed in the U.S. in 2010 [121]. As the population ages,
the number of cancer cases is expected to increase by 19%
[122-123]. Approximately 10.8 million people alive today
have, or have had, diagnosed cancer [124]. Over 20 million
individuals will be screened for breast or prostate cancer this
year.

[0004] Although various tests have been developed to
detect cancer in specific organs, in many cases these tests are
not routinely used to screen for other types of cancers, in part,
because of the low cost-effectiveness of such screening.

SUMMARY OF THE DISCLOSURE

[0005] Among the various aspects of the present invention
is the provision of a method of detecting cancer in a subject.
[0006] Briefly, therefore, the present invention is directed
to a method of characterizing a carcinoma in a subject, the
method comprising the steps of: in a first assay, assaying a
sample of a bodily fluid derived from the subject for activity
of a first biomarker, the first biomarker being specific for
carcinoma but not organ-specific, and in a second assay,
assaying a sample derived from the subject for a second
biomarker, the second biomarker being specific for cancer of
an organ and other than extracellular PKA.

[0007] Inoneembodiment, for example, the first assay is an
assay for PKA (cAMP-dependent protein kinase A) activity,
anti-PKA, fibrin, fibrin derivatives or PCNA (caPCNA; pro-
liferating cell nuclear antigen); more preferably in this
embodiment, the first biomarker is extracellular PKA. In
various embodiments, the first assay comprises preparing a
reaction mixture comprising a sample of a bodily fluid
derived from a subject, a PKA peptide substrate, a phospho-
rylation agent; incubating the prepared mixture; detecting
phosphorylated substrate formed in the incubated mixture;
and comparing the amount of phosphorylated substrate
formed in the assay with a reference value, the reference value
being the amount of phosphorylated substrate formed in a
mixture under equivalent redox conditions for a sample of
bodily fluid derived from a population of normal subjects of
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the same species. The sample may be, for example, a previ-
ously unfrozen sample. Alternatively, the sample may be a
thawed, previously frozen sample.
[0008] Other objects and features will be in part apparent
and in part pointed out hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is graph depicting the effect of oxidation
reduction potential (mV) upon the ratio of apparent PKA
activity (cancer subjects/normal subjects) as more fully
described in Example 1.

[0010] FIG. 2 is graph depicting the effect of oxidation
reduction potential (mV) upon the ratio of apparent PKA
activity (cancer subjects/normal subjects) as more fully
described in Example 2.

[0011] FIG. 3 is graph depicting PKA activity levels for
samples with NaF (phosphatase inhibitor) in the reaction
mixture as more fully described in Example 3.

[0012] FIG. 4 is graph depicting oxidation reduction poten-
tial and ratios of Cancer/Normal PKA activity with NaF
(phosphatase inhibitor) in the reaction mixture as more fully
described in Example 3.

ABBREVIATIONS AND DEFINITIONS

[0013] The following definitions and methods are provided
to better define the present invention and to guide those of
ordinary skill inthe art in the practice of the present invention.
Unless otherwise noted, terms are to be understood according
to conventional usage by those of ordinary skill in the relevant
art.

[0014] As used herein, “extracellular PKA” means cAMP-
dependent protein kinase A found in bodily fluids outside of
bodily cells.

[0015] As used herein, “normal subject” or “normal indi-
vidual” means a subject or individual not known to be
afflicted with, or suspected of being afflicted with, a carci-
noma.

DETAILED DESCRIPTION

[0016] One aspect of the present invention is directed to
novel methods and kits for diagnosing the presence of cancer
in an animal, most preferably a human patient. The cancers to
be tested include, but are not limited to, bladder cancer, bone
cancer, brain cancer, breast cancer, cervical cancer, colon
cancer, esophageal cancer, gastric cancer, glioma, head and
neck cancer, kidney cancer, leukemia (e.g., acute myeloid
leukemia (AML)), liver cancer, lung cancer, lymphoma,
melanoma, mesothelioma, medulloblastoma, ovarian cancer,
pancreatic cancer, prostate cancer, rectal cancer, skin cancer,
testicular cancer, tracheal cancer, and vulvar cancer.

[0017] A method is described for determining the presence
of cancer in a patient consisting of measuring the activity or
presence of a general cancer indicator in a patient sample and
determining that the activity or amount of the general cancer
indicator is present at levels that are higher or lower than that
of a control sample or control population. In general, the
method involves assaying a sample of a bodily fluid derived
from the patient for activity of a first biomarker in a first assay,
and assaying a sample derived from the patient for a second
biomarker in a second assay. The assays for the activity or
presence of indicators that are specific for detecting cancer in
a specific organ or organs are used to determine the location
(s) of any cancer that may be present.
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[0018] In one embodiment, the first and second assays are
carried out approximately simultaneously. In another
embodiment, the second assay is carried out after the results
of the first assay are known. In yet another embodiment, the
second assay is carried out before the results of the first assay
are known. The first assay is specific for carcinoma, but not
organ-specific. In a preferred embodiment, the first assay
involves the measurement of activity levels of extracellular
PKA as an indicator of the presence of cancer, and the second
assay involves the measurement or detection of a biomarker
that is specific for cancer of an organ and other than extracel-
lular PKA.

[0019] Without being bound by any particular theory, it is
believed that linking or combining an organ-specific cancer
screen with a more general (e.g., not organ-specific) cancer
screen can provide a cost effective means to screen for poten-
tially all cancers, and can identify the location of over 70% of
the cancers detected annually in the U.S. Based on current
cancer screening rates, for instance, about 25 million indi-
viduals are screened for breast or prostate cancer annually in
the U.S. As an example of the potential for cost savings
derived from the methods described herein, instead of testing
25 million individuals with an organ-specific test to identify
the 22,000 cases of ovarian cancer found annually, one could
screen the 25 million individuals using a low cost test, and
then test the 1.5 million individuals that would be expected to
test positive for cancer with a group of organ-specific cancer
tests including those to identify patients with ovarian cancer.
Because the initial cancer screening cost is spread out over all
the cases of cancer detected in a year, the cost of detecting a
case of ovarian cancer could drop by 90% per case from
current levels. Thus, pre-testing for cancer with a general
cancer screen decreases the number of organ-specific cancer
tests needed to identify the population of individuals with
cancer ina specific organ. This significantly improves the cost
effectiveness of identifying specific types of cancer.

[0020] Inaddition to providing initial cancer screenings, in
some embodiments the methods of the present disclosure can
beused to predict various different types of clinical outcomes.
For example, the methods may be used to predict recurrence
of disease state after therapy, non-recurrence of a disease state
after therapy, therapy failure, short interval to disease recur-
rence (e.g., less than two years, or less than one year, or less
than six months), short interval to metastasis in cancer (e.g.,
less than two years, or less than one year, or less than six
months), invasiveness, non-invasiveness, likelihood of
metastasis in cancer, likelihood of distant metastasis in can-
cer, poor survival after therapy, death after therapy, disease
free survival and so forth. By way of further example, the
assay methods of the present invention may be employed in a
variety of different clinical situations such as, for example, in
the detection of primary or secondary (metastatic) cancer, in
screening for early neoplastic or early carcinogenic change in
asymptomatic patients or identification of individuals “at
risk” of developing cancer (e.g., breast cancer, bladder can-
cer, colorectal cancer or prostate cancer) in a population of
asymptomatic individuals, in the detection of recurrent dis-
ease in a patient previously diagnosed as carrying tumor cells
who has undergone treatment to reduce the number of tumor
cells, in predicting the response of an individual with cancer
to a course of anti-cancer treatment or in selection to the said
treatment.
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[0021] One embodiment of the present disclosure is
directed to a method for diagnosing cancer or predicting
cancer-therapy outcome by detecting the expression or
expression levels of a general cancer biomarker (i.e., a biom-
arker that is not organ-specific) in a patient sample, and scor-
ing its expression as being above a certain threshold or, more
preferably, as a binary response (e.g., “yes” or “no”), and
subsequently or simultaneously detecting the expression of
one or more organ-specific cancer biomarkers (e.g., where the
marker is from a particular pathway related to cancer), with
the combined result of the two (or more) screens being indica-
tive of a more precise, yet more cost-effective, cancer diag-
nosis or even a prognosis for cancer-therapy failure. This
method can be used to diagnose cancer or predict cancer-
therapy outcomes for a variety of cancers.

[0022] The biomarkers to be assayed within the methods of
the present invention include any markers associated with
cancer pathways. In one embodiment, for example, the mark-
ers may be mRNA (messenger RNA), DNA, microRNA, or
protein.

[0023] In general, the methods described herein will pro-
vide for the detection of cancer and its localization to specific
organs. Any sample of biological origin that can be extracted,
swiped or otherwise obtained from a patient or subject and
that contains a biological substance such as cells or proteins
or nucleic acids may be used in connection with the methods
described herein. Because the assay methods of the invention
may be performed on a sample of bodily fluids taken from the
patient, they may be relatively non-invasive and may be
repeated as often as is thought necessary. In one preferred
embodiment, it is necessary to collect only a single sample
from the patient for use in the assay methods of the invention;
thus, for example, the first and second assays can be carried
out using separate aliquots of the same sample of a bodily
fluid. Bodily fluids that may be obtained from the patient for
use in the methods described herein includes peripheral
blood, whole blood, serum, plasma, ascites, urine, cere-
brospinal fluid (CSF), sputum, saliva, bone marrow, synovial
fluid, aqueous humor, cerumen, broncheoalveolar lavage
fluid, semen, prostatic fluid, cowper’s fluid or pre-ejaculatory
fluid, sweat, fecal matter, tears, cyst fluid, pleural and perito-
neal fluid, breath condensates, nipple aspirate, lymph, chyme,
chyle, bile, intestinal fluid, pus, sebum, vomit, mucosal secre-
tion, stool water, pancreatic juice, lavage fluids from sinus
cavities, or bronchopulmonary aspirates. Tissue, tumor tis-
sue, cells, and cell cultures established from tissue may also
be used, as can buchal swabs, hair follicles, and, bone mar-
row. The type of bodily fluid used may vary depending upon
the type of cancer involved and the use to which the assay is
being put. For instance, in one embodiment, the first assay
involves assaying for extracellular PKA, while the second
assay involves assaying for a biomarker that is specific for
cancer but is other than extracellular PKA; thus, for example,
the second assay is not necessary limited to extracellular
biomarkers. In general, it is preferred to perform the method
on samples of whole blood, serum, plasma, urine, or saliva.

[0024] In one alternative embodiment, the first assay
involves assaying a sample derived from a bodily fluid for two
or more general cancer biomarkers. Thus, for example, the
first assay may be an assay for two or more biomarkers of the
general cancer biomarkers disclosed herein. By way of fur-
ther example, the first assay may be an assay for two or more
biomarkers selected from PKA, fibrin, fibrin degradation
products, PCNA, hTR, methylated DNA, Sga-1m, Tadg-15,
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Ephrin type-A receptor 10 protein, h\TR and h\TERT RNA. By
of further example, the first assay may be an assay for PKA
and one or more biomarkers selected from fibrin, fibrin deg-
radation products, PCNA, hTR, methylated DNA, Sga-1m,
Tadg-15, Ephrin type-A receptor 10 protein, h'TR and h\TERT
RNA. By way of further example, the first assay may be an
assay for two or more biomarkers selected from PKA, non-
organ specific tumor-related methylated DNA, non-organ
specific tumor-related miRNA, non-organ specific tumor-re-
lated circulating nucleic acid biomarker, p53 autoantibodies,
CCL2 autoantibodies, PKA autoantibodies, and prostatome
autoantibodies.

[0025] Inanotheralternative embodiment, the second assay
involves assaying a sample derived from a subject for two or
more organ-specific cancer biomarkers. Thus, for example,
the first assay may be an assay for two or more biomarkers of
the organ-specific cancer biomarkers disclosed herein. Addi-
tionally, the second assay may be an assay of a sample of a
bodily fluid or may be assay (e.g., a biopsy) of a tissue sample.
[0026] In a further alternative embodiment, the first and
second assays may be carried out sequentially. For example,
the first assay (for one or more general cancer biomarkers)
may be carried out before the second assay (for one or more
organ-specific biomarkers) is carried out. By way of further
example, the first assay (for one or more general cancer biom-
arkers) may be carried out before the second assay (for one or
more organ-specific biomarkers) is carried out but both
assays are carried out on separate aliquots of the same sample
of a bodily fluid. By way of further example, the first assay
(for one or more general cancer biomarkers) may be carried
out before the second assay (for one or more organ-specific
biomarkers) is carried out and the two assays are carried out
on separate samples derived from the subject.

[0027] Ina yet further alternative embodiment, the first and
second assays may be carried out simultaneously, For
example, the first assay (for one or more general cancer biom-
arkers) may be carried out simultaneously with the second
assay (for one or more organ-specific biomarkers) and both
assays are carried out on separate aliquots of the same sample
of a bodily fluid. By way of further example, the first assay
(for one or more general cancer biomarkers) may be carried
out simultaneously with the second assay (for one or more
organ-specific biomarkers), the two assays are carried out on
separate samples derived from the subject, and the two assays
are carried out on the same panel (or other substrate contain-
ing the necessary reagents for the two assays). By way of
further example, the first assay (for one or more general
cancer biomarkers) may be carried out simultaneously with
the second assay (for one or more organ-specific biomarkers)
and the two assays are carried out on separate samples derived
from the subject.

[0028] The methods of the present invention may advanta-
geously be used to characterize a carcinoma or otherwise
assess the presence or absence of cancer in a variety of sub-
jects. The subject may be, for example, a mammal such as
bovine, avian, canine, equine, feline, ovine, porcine, or pri-
mate (including humans and non-human primates). A subject
may also include mammals of importance due to being
endangered, or economic importance, such as animals raised
on farms for consumption by humans, or animals of social
importance to humans such as animals kept as pets or in zoos.
Examples of such animals include but are not limited to: cats,
dogs, swine, ruminants or ungulates such as cattle, oxen,
sheep, giraffes, deer, goats, bison, camels or horses. In one
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embodiment, the subject is a human subject. In another
embodiment, the subject is bovine, avian, canine, equine,
feline, ovine, porcine, or non-human primate.

[0029] The subject may have a pre-existing disease or con-
dition, such as cancer. Alternatively, the subject may not have
any known pre-existing condition. The subject may also be
non-responsive to an existing or past treatment, such as a
treatment for cancer.

[0030] Ingeneral, however, reference values are preferably
for members of a given species. Thus, for example, PKA
values for human subjects are preferably only compared to
PKA values to PKA activities for a statistically significant
population of human subjects under equivalent assay condi-
tions. Similarly, PKA values for non-human subjects are pref-
erably only compared to PKA values to PKA activities for a
statistically significant population of non-human subjects of
the same species under equivalent assay conditions.

[0031] Extracellular PKA Assay

[0032] As noted above, the methods described herein
involve a general cancer test, preferably as an initial screen. A
range of general indicators have been used to detect signs of
cancer, including proteins, peptides, antibodies, autoantibod-
ies, lipids, sugars, nucleic acids, DNA, RNA, mRNA, methy-
lated DNA, and circulating tumor cells [1-20]. Direct or indi-
rect tests for such indicators also can take many forms such as
activity assays, determinations of modified or altered indica-
tors, and determinations of indicator presence or quantities, to
name only a few.

[0033] In general, any known general (i.e., non-organ spe-
cific) cancer screen can be employed in connection with the
methods described herein, and a range of general cancer
screens are known in the art. For example, various biomarker
tests have been proposed as general indicators of cancer.

[0034] One particularly preferred general cancer screen is
available in the form of a test for blood PKA activity.
Extremely low levels of PKA activity are detected in non-
reduced blood samples making accurate measurement of
enzyme activity very difficult. The addition of an antioxidant
to the PKA assay activates the enzyme making it much easier
to measure the PKA activity and to measure differences,
especially decreases, in enzyme activity. Assaying activated
PKA activity in blood samples provides identification of indi-
viduals who have cancer by virtue of their low levels of
activated PKA activity. This decrease in activity can be used
to determine the presence of cancer in patients with breast,
colorectal, lung, and prostate cancer.

[0035] In accordance with one aspect of the present inven-
tion, it has been shown that extracellular PK A may be used to
characterize carcinoma in a subject. More specifically, it has
been determined that extracellular PK A derived from persons
unafflicted with carcinoma and extracellular PKA derived
from persons afflicted with carcinoma can be differentiated,
depending upon the reaction conditions. Under certain reac-
tion conditions, extracellular PKA derived from persons
unafflicted with carcinoma has a greater activity for the phos-
phorylation of a PKA substrate than does extracellular PK A
derived from persons afflicted with carcinoma. Under certain
other reaction conditions, extracellular PKA derived from
persons unafflicted with carcinoma has less activity for the
phosphorylation of a PKA substrate than does extracellular
PKA derived from persons afflicted with carcinoma. Under
yet other reaction conditions, extracellular PK A derived from
persons unafflicted with carcinoma and extracellular PKA
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derived from persons afflicted with carcinoma have approxi-
mately equivalent activities for the phosphorylation of a PKA
substrate.

[0036] Depending upon redox conditions apparent PKA
activity in serum of cancer patients may be higher, lower, or
the same as that of apparently healthy controls. Thus, appar-
ent PKA activity may be used as an indicator of the presence
of cancer, provided the redox conditions of the assay are
known and/or controlled. Redox conditions are demonstrated
herein that achieve each of the above relationships between
apparent extracellular PKA activity in cancer patients and
normal subjects, and preferred conditions are demonstrated
for the use of this assay for detecting cancer.

[0037] In accordance with one aspect of the present inven-
tion, therefore, the results of an assay for an individual subject
under a set of reaction conditions may be compared to a
reference value for that set of reaction conditions to charac-
terize carcinoma in that subject. For example, if the assay for
the individual subject is carried out under reaction conditions
at which the activity of extracellular PKA derived from sub-
jects afflicted with carcinoma for the phosphorylation of a
PKA substrate is significantly greater than the activity of
extracellular PKA derived from subjects unafflicted with car-
cinoma for the phosphorylation of a PKA substrate (i.e.,
normal subjects), and the activity of the individual subject’s
PKA for the phosphorylation of PKA substrate is signifi-
cantly greater than the activity that is characteristic of normal
subjects, a diagnosis, prognosis, etc., may be determined.
Alternatively, if the assay for the individual subject is carried
out under reaction conditions at which the activity of extra-
cellular PKA derived from subjects afflicted with carcinoma
for the phosphorylation of a PKA substrate is significantly
less than the activity of extracellular PKA derived from nor-
mal subjects for the phosphorylation of a PKA substrate, and
the activity of the individual subject’s PKA for the phospho-
rylation of PK A substrate is significantly less than the activity
that is characteristic of subjects unafflicted with carcinoma, a
diagnosis, prognosis, etc., may be determined.

[0038] The relative activities of extracellular PK A derived
from subjects afflicted with carcinoma and normal individu-
als for the phosphorylation of a PKA substrate depends, at
least in part, upon the oxidation state of the PKA in the assay.
In general, the activity of extracellular PKA from normal
individuals appears to be significantly influenced by the redox
environment in which it is found. Extracellular PKA from
normal individuals appears to have lower activity when the
redox environment is oxidizing and higher activity when the
environment is highly reducing. Consequently, the apparent
activity of extracellular PKA in a fluid sample derived from
normal individuals can be increased by treating the sample
with a reducing agent to form a mixture that has an ORP value
that is more reducing, or decreased by treating the sample
with an oxidizing agent. In contrast, the activity of extracel-
lular PK A derived from individuals afflicted with a carcinoma
is relatively insensitive to oxidation state. That is, the activity
is relatively constant irrespective of whether it is treated with
an oxidizing agent or a reducing agent.

[0039] In one embodiment, apparent PKA activity is
assayed after the sample is exposed to moderately reducing
conditions, i.e., the range of conditions at which the apparent
PKA activity in samples derived from cancer patients is
greater than the apparent PKA activity that is characteristic of
normal patients. Moderately reducing conditions may be
established, for example, by forming a mixture comprising
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the sample and a reducing agent wherein the mixture has an
ORP value in the range of about -110 mV to about —20 mV.
For example, in one embodiment, the mixture containing the
sample has an ORP value in the range of about -100 mV to
about —-90 mV. By way of further example, in one embodi-
ment, the mixture containing the sample has an ORP value in
the range of about -20 mV to about -30 mV.

[0040] In another embodiment, apparent PKA activity is
assayed after the sample is exposed to oxidizing conditions,
or mildly or highly reducing conditions, i.e., the range of
conditions at which the apparent PKA activity in samples
derived from cancer patients is less than the apparent PKA
activity that is characteristic of normal patients. Highly
reducing conditions may be established, for example, by
forming a mixture comprising the sample and a reducing
agent wherein the mixture has an ORP value that is less than
about —110 mV (that is, conditions that are more reducing
than about —-110 mV). For example, in one embodiment, the
mixture containing the sample has an ORP value of less than
about -120 mV. By way of further example, in one embodi-
ment, the mixture containing the sample has an ORP value of
less than about —145 mV. Alternatively, mildly reducing or
oxidizing conditions may be established, for example, by
forming a mixture comprising the sample and an oxidizing
agent or a reducing agent wherein the mixture has an ORP
value of greater than ~20 mV (that is, conditions that are more
oxidizing than -20 mV). For example, in one embodiment,
the mixture containing the sample has an ORP value of at
least about —-15 mV. By way of further example, in one
embodiment, the mixture containing the sample has an ORP
value of at least about 1 mV). By way of further example, in
one embodiment, the mixture containing the sample has an
ORP value of at least about 60 mV). By way of further
example, in one embodiment, the mixture containing the
sample has an ORP value of at least about 128 mV.

[0041] The sample may be incubated in a mixture having a
desired, or at least known redox environment, for a period of
time, before the assay is initiated. In certain embodiments, for
example, the incubation time will be at least about 1 minute
before the PK A activity assay is initiated. Typically, however,
greater incubation times will be employed. For example, in
one embodiment, the incubation time will be at least about 5
minutes. By way of further example, in some embodiments,
the incubation time will be at least about 10 minutes. By way
of further example, in some embodiments, the incubation
time will be at least 30 minutes. By way of further example, in
some embodiments, the incubation time will be at least about
1 hour. In such embodiments, the incubation temperature may
be in the range of 20 to 37° C., with about 25° C. being
preferred in certain embodiments. This may be accom-
plished, for example, in an incubation mixture formed prior to
the combination of the sample with the PKA substrate.

[0042] Although presently less preferred, in certain
embodiments the sample is not incubated with an oxidizing
agent or a reducing agent for a period of time before the PKA
activity assay is initiated. Rather, a reaction mixture for deter-
mining PKA activity is prepared directly from the sample by
combining the sample with a PKA peptide substrate, a phos-
phorylation agent, and optionally a reducing agent or oxidiz-
ing agent, the prepared mixture is incubated, and phosphory-
lated substrate formed in the incubated mixture is detected. In
this situation it is generally preferred that the assay be carried
out under reaction conditions at which a ratio of the activities
for a statistically significant population of normal subjects to
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a statistically significant population of subjects afflicted with
carcinoma be at least 0.05:1 and less than 0.8:1. In certain
embodiments, it is preferred that the ratio of the activities for
a statistically significant population of normal subjects to a
statistically significant population of subjects afflicted with
carcinoma be at least 0.075:1 and less than 0.6:1. In certain
embodiments, it is preferred that the ratio of the activities for
a statistically significant population of normal subjects to a
statistically significant population of subjects afflicted with
carcinoma be at least 0.1 and less than 0.4:1.

[0043] Because relative activities of apparent extracellular
PKA from normal subjects and those afflicted with carcinoma
depend upon reaction conditions, it is generally preferred that
the reaction conditions for an assay be those at which the
activities are significantly different. That is, it is generally
preferred that the assay be carried out under reaction condi-
tions at which a ratio of the activities for a statistically sig-
nificant population of normal subjects to a statistically sig-
nificant population of subjects afflicted with carcinoma be at
least 1.2:1 or less than 0.8:1. In certain embodiments, it is
preferred that the ratio of the activities for a statistically
significant population of normal subjects to a statistically
significant population of subjects afflicted with carcinoma be
at least 2:1 or less than 0.5:1. In certain embodiments, it is
preferred that the ratio of the activities for a statistically
significant population of normal subjects to a statistically
significant population of subjects afflicted with carcinoma be
at least 3:1 or less than 0.2:1.

[0044] PKA has two exposed cysteines Cys'®® and Cys**.
It has been determined that sulthydryl modification of Cys***
has minimal impact on enzyme activity. However, sulthydryl
modification of Cys'®® predisposes the enzyme to dephos-
phorylation and inactivation [1]. Humphries et al demon-
strated that apparent PKA activity in cell lysates is regulated
by an interplay between oxidation of PKA and oxidation of
phosphatases. [2] Because these enzymes differentially
respond to oxidation, they react differentially to the redox
state of the sample, and the overall apparent activity of PKA
varies in a complex manner in response to the redox state of a
sample.

[0045] We have demonstrated in serum that this complex
interplay of PKA and phosphatase activities based on redox
state also exists, and that a third regulatory mechanism of
PKA activity may also be observed in blood. When the non-
specific phosphatase inhibitor NaF is added to a reaction
mixture comprising serum derived from a normal subject, the
apparent PKA activity is decreased by approximately 50%. In
cell lysates when the nonspecific phosphatase inhibitor NaF
is added to a PK A reaction mixture the apparent PK A activity
increases if active phosphatases were present or remains the
same if inactive phosphatases were present in the sample.
Finding neither of these results, but rather a reduction in PKA
activity in normal serum samples implies that a phosphatase-
sensitive regulatory mechanism exists in serum from normal
subjects that reduces the activity of PKA. A corresponding
reduction in PKA activity in response to phosphatase inhibi-
tion, however, has not been observed, to-date, in serum from
cancer patients.

[0046] When reaction conditions are selected that provide a
significant difference in PKA activities for normal subjects as
compared to those afflicted with a carcinoma, the results of
the assay may be used to characterize a carcinoma in a sub-
ject. That is, the assay may be used to detect or diagnose
cancer. In certain embodiments, it may also be used for the
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determination of a prognosis, determination of drug efficacy,
monitoring the status of said subject’s response or resistance
to a treatment or selection of a treatment for said carcinoma.

[0047] In general, assays for determination of the activity
of extracellular PKA may be carried out by preparing a reac-
tion mixture comprising the sample, a phosphorylation agent,
a PKA substrate, and a reagent or system for detecting phos-
phorylated substrate.

[0048] Ingeneral, the fluid sample may be derived from any
bodily fluid of a subject or subjects. In one embodiment, the
sample is previously unfrozen. Exemplary bodily fluids
include peripheral blood, sera, plasma, ascites, urine, cere-
brospinal fluid (CSF), sputum, saliva, bone marrow, synovial
fluid, aqueous humor, amniotic fluid, cerumen, breast milk,
broncheoalveolar lavage fluid, semen (including prostatic
fluid), Cowper’s fluid or pre-ejaculatory fluid, female ejacu-
late, sweat, fecal matter, hair, tears, cyst fluid, pleural and
peritoneal fluid, pericardial fluid, lymph, chyme, chyle, bile,
interstitial fluid, menses, pus, sebum, vomit, vaginal secre-
tions, mucosal secretion, stool water, pancreatic juice, lavage
fluids from sinus cavities, bronchopulmonary aspirates or
other lavage fluids. Additional exemplary bodily fluids
include the blastocyl cavity, umbilical cord blood, or maternal
circulation which may be of fetal or maternal origin. In one
exemplary embodiment, the fluid sample is derived from a
bodily fluid selected from among whole blood, sputum,
serum, plasma, urine, cerebrospinal fluid, nipple aspirate,
saliva, fine needle aspirate, and combinations thereof. In
another exemplary embodiment, the fluid sample is derived
from a bodily fluid selected from among whole blood, serum,
plasma, urine, nipple aspirate, saliva, and combinations
thereof. In one preferred embodiment, the fluid sample is
derived from blood plasma or serum.

[0049] In one embodiment, the sample is treated with a
reducing agent or an oxidizing agent. This treatment step may
be carried out before the sample is combined with the other
components of the reaction mixture, or along with the other
components of the reaction mixture.

[0050] Reducing agents such as 2-mercaptoethanol, Syrin-
galdazine, sodium hydrosulfite, dithiothreitol, dithioerythrei-
tol, and tris(2-carboxyethyl) phosphine hydrochloride
(TCEP) may be used as reducing agents to affect the redox
state of the PKA reaction. The reducing agents may prefer-
ably be used be at concentrations between 50 uM and 100
mM. The reducing agents may be mixed with the sample prior
to addition of the sample to the assay, or the reducing agents
may be incorporated into the assay mixture. The sample,
separately or in the reaction mixture, may be incubated with
the reducing agents preferably between 1 minute and 60
minutes.

[0051] Oxidizing agents such as diamide, or hydrogen per-
oxide may be used as oxidizing agents to affect the redox state
of the PKA reaction. The oxidizing agents may preferably be
used be at concentrations between 5 uM and 100 mM. The
reducing agents may be mixed with the sample prior to addi-
tion of the sample to the assay, or the reducing agents may be
incorporated into the assay mixture. The sample, separately
orin the reaction mixture, may be incubated with the reducing
agents preferably between 1 minute and 60 minutes

[0052] The phosphorylation agent will typically be ATP
although other phosphorylation agents may be employed in
certain embodiments.
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[0053] In general, the PKA substrate may be any peptide
substrate for PKA. Exemplary PKA substrates include his-
tone Ila. In a preferred embodiment, the PKA substrate is
Kemptide (Leu-Arg-Arg-Ala-Ser-Leu-Gly).

[0054] A specific inhibitor of PKA may be useful to dis-
criminate PKA activity from other related kinase activity.
One PKA-specific inhibitor which may be used for this pur-
poseis PKIpeptide (Ile-Ala-Ala-Gly-Arg-Thr-Gly-Arg-Arg-
Gln-Ala-Ile-His-Asp-Ile-Leu-Val-Ala-Ala-OH). Related
peptides and shorter peptides derived from the PKI sequence
also may be used as PKA-specific inhibitors.

[0055] The phosphorylated substrate may be detected
using a variety of systems. In general, a probe having affinity
for the phosphorylated substrate is conjugated to a “func-
tional group” which is directly or indirectly detectable. The
probe may be, for example, an antiphosphoserine antibody.
The functional group may be a moiety which is measurable by
direct or indirect means (e.g., a radiolabel, a photoactivatable
molecule, a chromophore, a fluorophore or a luminophore),
or spectroscopic colorimetric labels such as colloidal gold or
colored glass or plastic (e.g. polystyrene, polypropylene,
latex, etc.) beads. By way of further example, the functional
group may be a moiety that is indirectly detectable such as an
enzyme (e.g., horse radish peroxidase, alkaline phosphatase
etc.), biotin, or a hapten such as digoxigenin. In one exem-
plary embodiment, an antibody probe is conjugated to a func-
tional group such as a radiolabel, fluorophore, chromophore,
chemiluminescent moiety, or enzyme, to facilitate detection.
In another embodiment, the probe is conjugated to one mem-
ber of an affinity pair, e.g., biotin, and a detectable label is
conjugated to the second member of the affinity pair, e.g.,
avidin or streptavidin.

[0056] Exemplary radiolabels include *H, '*°I, 3°S, 4C,
2P, and **P.

[0057] Exemplary chromophore/luminophores include any
organic or inorganic dyes, fluorophores, phosphosphores,
light absorbing nanoparticles (e.g., Au, Ag, Pt, Pd), combi-
nations thereof, or the metalated complexes thereof.

[0058] Exemplary organic dyes are selected from the group
consisting of coumarins, pyrene, cyanines, benzenes, N-me-
thylcarbazole, erythrosin B, N-acetyl-L-tryptophanamide,
2,5-diphenyloxazole, rubrene, and N-(3-sulfopropyl)acri-
dinium. Specific examples of preferred coumarins include
7-aminocoumarin, 7-dialkylamino coumarin, and coumarin
153. Exemplary benzenes include 1,4-bis(5-phenyloxazol-2-
yl)benzene and 1,4-diphenylbenzene. Exemplary cyanines
include oxacyanines, thiacyanines, indocyanins, merocya-
nines, and carbocyanines. Other exemplary cyanines include
ECL Plus, ECF, C3-Oxacyanine, C3-Thiacyanine Dye
(EtOH), C3-Thiacyanine Dye (PrOH), C5-Indocyanine,
C5-Oxacyanine, C5-Thiacyanine, C7-Indocyanine, 07-Ox-
acyanine, CypHer5, Dye-33, Cy7, Cy5, Cy5.5, Cy3CyS5 ET,
Cy3B, Cy3,Cy3.5,Cy2, CBQCA,NIR1,NIR2, NIR3, NIR4,
NIRS820, SNIR1, SNIR2, SNIR4, Merocyanine 540, Pinacy-
anol-lodide, 1,1-Diethyl-4,4-carbocyanine iodide, Stains
All, Dye-1041, or Dye-304.

[0059] Exemplary inorganic dyes include metalated and
non-metalated porphyrins, phthalocyanines, chlorins (e.g.,
chlorophyll A and B), and metalated chromophores. Exem-
plary porphyrins include porphyrins selected from the group
consisting of tetra carboxy-phenyl-porphyrin (TCPP) and
Zn-TCPP. Exemplary metalated chromophores include
ruthenium polypyridyl complexes, osmium polypyridyl com-
plexes, rhodium polypyridyl complexes, 3-(1-methylben-
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zoimidazol-2-yl)-7-(diethylamino)-coumarin complexes of
iridium(1II), and 3-(benzothiazol-2-yl)-7-(diethylamino)-
coumarin complexes with iridium(III).

[0060] Exemplary fluorophores and phosphosphores
include phosphorescent dyes, fluoresceines, rhodamines
(e.g., rhodamine B, rhodamine 6G), and anthracenes (e.g.,
9-cyanoanthracene, 9,10-diphenylanthracene, 1-Chloro-9,
10-bis(phenylethynyl)anthracene).

[0061] As previously noted, any one or more of a range of
other general cancer assays may be employed in addition to,
or as an alternative to, the extracellular PKA assay described
above. For example, the Onco-Sure (AMDL DR-70) test is
used to detect fibrin and fibrin degradation products in serum.
The Onco-Sure test has been used to detect breast, lung,
colon, liver, ovarian, pancreatic, stomach, rectal, cervical,
thyroid, esophageal, and gastric cancers. The sensitivity of
the test for general cancer detection is 84-91% with the sen-
sitivity for detection of some specific cancers, such as breast
cancer, as low as 65% [25-28]. Another exemplary general
cancer assay involves the use of PCNA (proliferating-cell
nuclear antigen), which has been identified in cancer at many
organ sites and may be used a general cancer biomarker.
PCNA expression detected by immunostaining was particu-
larly evident in later stage disease with expression detected in
up to 85% of late stage cancers [29-41]. Loveday and Green-
man proposed a panel of tumor-associated biomarkers as a
general test of cancer [42]. The presence of hTR of hTERT
extracellular RNA was detected in the 72% (13 Of 18) pan-
creatic cancer patients [43] and was implied to be a general
cancer biomarker.

[0062] As noted above, nucleic acids can been analyzed in
many ways to detect cancer. Methylated DNA is just one of
the epigenetic methods used to regulate normal gene expres-
sion. In carcinogenesis, abnormal patterns of DNA methyla-
tion occur that can be indicative of the cancerous state [2, 6,
8-9, 44-46]. The expression of small miRNAs which desta-
bilize messenger mRNAs can be altered and indicative of
cancer. This latter biomarker group also can be used deter-
mine the subtype of a particular organ cancer or to determine
patient prognosis [3, 47-48].

[0063] Other indicators and biomarkers that may be used in
accordance with the general screening methods described
herein include Sga-1m, Tadg-15, Ephrin type-A receptor 10
protein, h'TR and hTERT RNA, a serum inhibitor of carbonic
anyhdrase, and others [49-63].

[0064] Organ-Specific Cancer Biomarkers

[0065] A range of cancer indicators have been identified in
biological fluids. Such markers and indicators may be com-
prised of, or derived from, proteins, peptides, antibodies,
autoantibodies, lipids, sugars, nucleic acids, DNA, RNA,
mRNA, methylated DNA, and circulating or cultured tumor
cells. In one particular embodiment, the organ-specific cancer
markers are identifiable in whole blood, plasma, serum, or
urine. Although protein (or other) biomarkers are often used
to determine disease stage or monitor the disease or deter-
mine prognosis, these biomarkers can be used, for instance, in
combination with the extracellular PKA assay described
above to determine the site of cancer once a patient or subject
is found to be positive for cancer. Using the organ-specific
cancer diagnostics in this manner is particularly effective as it
can decrease the number of conventional organ-specific tests
that would need to be done to detect specific cancers even
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before a cancer diagnosis could be confirmed, and would
thereby lower the cost per case of organ-specific cancer
detected.

[0066] Thetumor marker(s) employed in the organ-specific
screening assays will typically vary depending on the organ
of interest. It will be understood, however, that there may be
some overlap, as some tumor markers may be involved in
more than one cancer type or origin.

[0067] In general, any of a number of tumor-specific mark-
ers associated with a range of organs and tumor types can be
employed in the organ-specific screening methods described
herein. Representative markers include those found in Table
1:

TABLE 1

Organ site cancer biomarkers

Orgaw/Site of Cancer Marker

Lung CYFRA21-1, TPA-M, TPS, CEA, SCC-
Ag, XAGE-1b, HLA Class 1, TA-MUCI,
KRAS, hENT1, kinin B1 receptor, kinin
B2 receptor, TSC403, HTI56, DC-
LAMP, p53, c-erbB2, PHT-RP,
vasopressin, gastrin releasing peptide,
Annexins I and II, Hu, KOC,
chromogranin A, EGFR
GPA33, CEA (e.g., CEACAMS),
ENFB1, CCSA-2, CCSA-3, CCSA-4,
ADAMI10, CD44, NG2, ephrin B1,
plakoglobin, galectin 4, RACK1,
tetraspanin-8, FASL, A33, CEA, EGFR,
dipeptidase 1, PTEN, Na(+)-dependent
glucose transporter, UDP-
glucuronosyltransferase 1A, CEA,
CA19-9, K-ras, SMAD7, p33, c-erbB2,
ras, APC, pro-gastrin, gastrin G17,
gastrin G34, PTH-RP, CA242, TIMP-1,
DCC, DPD, TS, CK-19, CK-20, REG-4,
TIAM1
PSA, TMPRSS2, FASLG, TNFSF10,
PSMA, NGEP, II-7RI, CSCR4,
CysLT1R, TRPMS, Kv1.3, TRPV6,
TRPMS, PSGR, MISIIR, galectin-3,
PCA-3, TMPRSS2:ERG, NF-kappa-B,
CEA, p53, c-erbB2, BRCAL, kallikrein,
PTH-RP, PAP
Brain PRMTS, BDNF, EGFR, DPPX, Elk,
Densin-180, BAI2, BAI3
Blood CD44, CD58, CD31, CD11a, CD49d,
GARP, BTS, Raftlin
human chorionic gonadotropin (HCG),
lactate dehydrogenase (LDH), alpha
fetoprotein (AFP), beta-hCG
Breast BRCAI, BRCA2, HER2/neu, CA 15-3,
CEA, CA 27.29, TGF-beta-1, cyclin E,
MUCI1, p53, c-erbB2, c-myc, PSA,
CYFRA21-1, PTH-RP, EGFR
DUSP1, TYRP1, SILV, MLANA,
MCAM, CD63, Alix, hsp70, meosin,
p120 catenin, PGRL, syntaxin binding
protein 1 &2, caveolin, TA-90, S-100
Liver HBxAg, HBsAg, NLT, alpha fetoprotein
(AFP), GP73,p53, c-erbB2, p62
MCT-1, MCT-2, MCT-4, SCC, CA 125,
p53, c-erbB2, HPV (and sub-types
thereof), beta-hCG, urinary
gonadotropic fragment, alpha
fetoprotein (AFP), inhibin, estradiol,
CEA, MIS, topoisomerase II, CA 19-9,
CA 27-29, hTERT, ferritin

Colow/Colorectal

Prostate

Testicles

Skin/melanoma

Cervix
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TABLE 1-continued

Organ site cancer biomarkers

Organ/Site of Cancer Marker

Ovaries CA 125, CA 72-4, CEA, LASA-P,
human chorionic gonadotropin (HCG),
HE4, MUCI1, p53, c-erbB2 c-myc,
BRCAL1, PTH-RP, beta-hCG, urinary
gonadotropic fragment, alpha
fetoprotein (AFP), inhibin, estradiol,
CEA, SCC, MIS, topoisomerase II, CA
19-9, CA 27-29, hTERT, ferritin
Alpha V Beta 6 integrin, CA 125, beta-
hCG, urinary gonadotropic fragment,
alpha fetoprotein (AFP), inhibin,
estradiol, CEA, SCC, MIS,
topoisomerase II, CA 19-9, CA 27-29,
hTERT, ferritin

bladder tumor antigen (BTA), NMP22,
CEA, CA 125, CA 19-9, TPA, MUC1,
P33, c-erbB2, c-myc

Ber-abl, Beta-2-microglobulin,
calcitonin, CD352, ferritin, WT1

CA 19-9, CEA, PAM4, p53, c-erbB2,
CA 72-4, EGFR, DPC4, CDKN2
AQP1, ADFP, TSC1, TSC2, VHL
CEA, gastrin G17, gastrin G34, pro-
gastrin, glucagon, CA 19-9, CA 72-4,
p53

Endometrium

Bladder

Leukemia
Pancreas

Kidney
Gastrointestinal

[0068] It will be understood that family members, frag-
ments, antibodies, antigens, recombinant versions, mutated
versions, binding agents, and cell surface agents of the above
markers may additionally or alternatively be employed. Com-
binations of the above markers may also be employed.

[0069] Certain preferred markers for the second (i.e.,
organ-specific) assay include the epidermal growth factor
receptor-related protein c-erbB2 (Dsouza, B. et al. (1993)
Oncogene. 8: 1797-1806), the glycoprotein MUC1 (Batra, S.
K. et al. (1992) Int. J. Pancreatology. 12: 271-283) and the
signal transduction/cell cycle regulatory proteins Myc
(Blackwood, E. M. et al. (1994) Molecular Biology of the
Cell 5: 597-609), p53 (Matlashewski, G. et al. (1984) EMBO
J. 3: 3257-3262; Wolf, D. et al. (1985) Mol. Cell. Biol. 5:
1887-1893) and ras (or Ras) (Capella, G. etal. (1991) Environ
Health Perspectives. 93: 125-131), including the viral onco-
genic forms of ras which can be used as antigens to detect
anti-ras autoantibodies, and also BRCA1 (Scully, R. et al.
(1997) PNAS 94: 5605-10), BRCA2 (Sharan, S. K. et al.
(1997) Nature. 386: 804-810), APC (Su, L. K. et al. (1993)
Cancer Res. 53: 2728-2731; Munemitsu, S. et al. (1995)
PNAS 92: 3046-50), CA125 (Nouwen, E. J. et al. (1990)
Differentiation. 45: 192-8) and PSA (Rosenberg, R. S. et al.
(1998) Biochem Biophys Res Commun. 248: 935-939).
Additional markers which might also be used include CEA
gene family members, PTH-RP, CYFRA21-1, kallikrein,
pro-gastrin, gastrin G17, gastrin G34, CA19-9, CA72-4,
vasopressin, gastrin releasing peptide, SCC, TK, oFP, p62,
annexins [ and II, Hvand KOC or antigens of HPV, preferably
sub-types associated with cancer risk. As noted above, the
assays can be performed using tumor marker antigens which
are forms of these proteins isolated from human bodily fluids
or from cultured cells or antigenic fragments thereof or full
length or truncated recombinant proteins or antigenic frag-
ments thereof.
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[0070] Inanother embodiment, one of the biomarkers is an
AMACR autoantibody, or a MUC autoantibody. By way of
further example, one of the biomarkers may be organ-specific
tumor-related methylated DNA, organ-specific tumor-related
miRNA, or an organ-specific tumor-related circulating
nucleic acid biomarker.

[0071] In one preferred embodiment, the organ-specific
cancer tests selected for use in the methods described herein
have a 70% or better sensitivity for detection of specific
cancers. For example, the biomarkers listed in Table 2 may be
employed in one or more organ-specific cancer screens [64-
85]:

TABLE 2

©r an site biomarkers

Organ site of cancer Blood biomarker test Sensitivity Specificity
Lung CYFRA21-1 75% 65%
Colon CCSA-2 90% 85%
Pancreas PAM4 85% 95%
Ovary HE4 70% 95%
Bladder NMP22 80% 80%
Kidney AQP1 95%

Kidney ADFP 95%

Liver GP73 70% 75%
Prostate PCA-3 70% 70%
[0072] In other, generally less preferred embodiments, an

organ-specific biomarker with a sensitivity of <70% may be
used. One such example is the PSA (prostate-specific anti-
gen) blood test used as a screening test for prostate cancer.
[0073] Multimarker patterns of biomarkers also have been
used to detect specific cancers. These multivariate tests
include tests for mRNA expression, protein biomarkers, and
autoantibodies [91-105]. Variation in the expression of
mRNA and mRNA expression patterns also have been used to
detect specific cancers [12, 106-110].

[0074] The expression or expression level of the tumor- or
organ-specific markers described herein can be determined or
detected by any detection means known in the art, including,
but not limited to, subjecting the sample to an analysis
selected from the group consisting of immunological assays
(such as ELISA, radioimmunoassays, and the like), fluores-
cence co-localization analysis, fluorescence in situ hybridiza-
tion, polymerase chain reaction (PCR)-based methods (such
asreal time PCR, quantitative RT-PCR analysis, and the like),
ribonuclease protection assays, S1 nuclease assays, Northern
blot analysis, combinations thereof, and the like.

[0075] In general terms, where immunological assays are
employed, such assays use an antigen which may be immo-
bilized on a solid support. A biological sample (or portion
thereof) to be tested is brought into contact with the antigen
and if autoantibodies specific to the tumor marker protein are
present in the sample they will immunologically react with
the antigen to form autoantibody-antigen complexes which
may then be detected or quantitatively measured. Detection
of autoantibody-antigen complexes is preferably carried out
using a secondary anti-human immunoglobulin antibody,
typically anti-IgG or anti-IgM, which recognize general fea-
tures common to all human IgGs or IgMs, respectively. The
secondary antibody is usually conjugated to an enzyme such
as, for example, horseradish peroxidase (HRP) so that detec-
tion of autoantibody/antigen/secondary antibody complexes
is achieved by the addition of an enzyme substrate and sub-
sequent colorimetric, chemiluminescent or fluorescent detec-
tion of the enzymatic reaction products.
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[0076] Depending on the particular cancer type, patient
sample, and/or tumor marker being analyzed, the assays
described herein can be directed to a single tumor marker or
a group of two or more (e.g., 5, 10, 15, 20, and so on) tumor
markers. In certain embodiments, the specific tumor assay
portion of the analysis may be conducted as part of a panel
assay. A panel assay of the present invention uses a panel of
tumor marker-related antigens. The panel may be tailored, for
example, to detect a particular cancer or a range of different
cancers, or a cancer at a particular stage of development. The
tumor marker antigens may be wild type or mutant tumor
marker proteins isolated from samples of biological fluid
from normal individuals or from cancer patients or from cell
lines expressing the tumor marker protein, or they may be full
length recombinant tumor marker proteins, viral oncogenic
forms of tumor marker proteins or antigenic fragments (e.g.,
a fragment capable of eliciting an immune response) of any of
the aforementioned proteins. The panel assays may be per-
formed in a multi-well format in which each one of the two or
more antigens is placed in separate wells of multi-well assay
plates or, alternatively, in a single-pot format in which the
entire panel of antigens is placed in a single container. The
panel assays may be performed in a qualitative format in
which the objective is simply detection of the presence or
absence of autoantibodies or in a quantitative format which
provides a quantitative measurement of the amount of autoan-
tibodies present in a sample.

[0077] Additional Cancer Indicators

[0078] Other cancer indicators and screening methods may
additionally be employed in prior to or subsequent to the
assay methods described herein. These include, for example,
ultrasounds, X-rays, laparoscopy, paracentesis, mammo-
grams, biopsies, colonoscopies, body scans (e.g., MRI, infra-
red, CT scan, etc.), and the like. By way of example, once a
patient receives a positive (or even a negative) test result
based upon the general and specific assays described herein,
additional screening modalities may be performed.

EXAMPLES

[0079] The following non-limiting examples are provided
to further illustrate the present invention. It should be appre-
ciated by those of skill in the art that the techniques disclosed
in the examples that follow represent approaches the inven-
tors have found function well in the practice of the invention,
and thus can be considered to constitute examples of modes
for its practice. However, those of skill in the art should, in
light of the present disclosure, appreciate that many changes
can be made in the specific embodiments that are disclosed
and still obtain a like or similar result without departing from
the spirit and scope of the invention.

Example 1

[0080] Serum samples from patients cancer and individuals
apparently without cancer were obtained from ProMedDx,
LLC and from ProteoGenex. In one embodiment blood
samples from prostate cancer patients and normal controls
presumably without cancer were assayed for apparent PKA
activity. In this assay extracellular PK A in samples was mixed
with a defined peptide used as a substrate. The substrate
peptide was bound to the wells of the microtiter assay plate.
Phosphorylation of the peptide was detected using biotiny-
lated phosphoserine antibody, which was in turn was detected
in an ELISA format using peroxidase-conjugated to strepta-
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vidin. Detection of the bound peroxidase was established
using a color-producing peroxidase substrate included in the
assay kit. Bovine PKA catalytic unit was used at varying
concentrations to develop a standard activity curve. The detail
of the assay protocol is described below.

[0081] 1. Reference: Kit Instructions
[0082] 2. Materials
[0083] a. MESACUP Protein Kinase Assay Kit Compo-

nents (MBL Code No. 5230)
[0084] b. ATP: 10 mM in water

[0085] i. Dissolve 60 mg ATP (Sigma Prod. No.
A2383) in 1.0 ml water

[0086] ii. Determine the absorbance of' a 1/1000 dilu-
tion in PBS at 259 nm

[0087] iii. Store at —=20° C.

[0088] iv. Immediately before use dilute to 10 mM
based on the absorbance and the molar extinction
coefficient (E,s,, pH 7=15,400)

[0089] c. PKI inhibitor: 0.5 mM in water (Santa Cruz

Prod. No. sc-201160)

[0090] . Dissolve 1 mg in 1.0 ml water
[0091] ii. Store at -20° C.
[0092] d. PKA diluent: 25 mM KH,PO,, 5 mM EDTA,

150 mM NaCl, 50% (w/v) glycerol, 1 mg/ml BSA, and
various concentrations of reductant or oxidant (2-mer-
captoethanol, dithiothreitol, dithioerythritol, or dia-
mide) as indicated directly in the data figures by concen-
tration or by oxidation-reduction potential, pH 6.5
[0093] e. PKA catalytic subunit standard:
[0094] i. Dissolve bovine PKA (Sigma Prod. No.
P2645) in cold PKA diluent to a final concentration of
1 pg/ml
[0095] ii. Store at -20° C.
[0096] f. Peroxidase substrate solution (Sigma Prod. No.
T8665)
[0097] 3. Procedure
[0098] g. Prepare samples
[0099] i. Thaw serum samples
[0100] ii. Centrifuge 5 minutes at 16,000xg
[0101] iii. Collect the clear supernatant
[0102] iv. Mix 0.0108 ml supernatant with 0.0012 ml
diluent in a dilution plate, two wells per sample
[0103] v. Incubate one hour at room temperature
[0104] h. Prepare calibration curve
[0105] i. Prepare serial 1/2 dilutions of PKA 20-0.4
ng/ml in PKA diluent
[0106] ii. Dispense 0.012 ml per well of a dilution
plate
[0107] 1. Prepare reaction buffer to final concentrations
of:

[0108] i.25 mM tris-HC], pH 7.0
[0109] ii. 3 mM MgCl,

[0110] iii. ] mM ATP

[0111] iv. O or 5 uM PKI

[0112] . Add 0.108 ml reaction buffer (with or without
PKI) to each sample or calibrator well of the dilution
plate

[0113] k. Pre-incubate five minutes at 25° C.

[0114] 1 Transfer 0.100 ml per well to assay plate

[0115] m. Incubate 20 minutes at 25° C. with shaking at
750 rpm

[0116] n. Add 0.100 ml kit stop solution per well

[0117] o. Wash three times with kit wash buffer

Sep. 13,2012

[0118] p. Add 0.100 ml kit biotinylated anti-phospho-
serine per well

[0119] q. Incubate 60 minutes at 25° C. with shaking at
750 rpm
[0120] r. Wash three times with kit wash buffer

[0121] s. Add 0.100 ml kit peroxidase-conjugated
streptavidin per well

[0122] t. Incubate 60 minutes at 25° C. with shaking at
750 rpm

[0123] u. Wash three times with kit wash buffer

[0124] v.Add0.100ml peroxidase substrate solution per
well

[0125] w. Incubate 3 minutes at 25° C. with shaking at
750 rpm

[0126] x. Add 0.100 ml kit stop solution per well

[0127] y. Shake briefly until well mixed
[0128] z. Read absorbance at 450 nm
[0129] 4. Calculation of Results

[0130] aa. Plot absorbance versus concentration of the
calibration curve
[0131] bb. Perform a least squares linear regression on
the data to determine the slope and intercept
[0132] cc. Calculate kinase concentration in the samples
[0133] i. Kinase (ng/ml)=(sample absorbance—inter-
cept)/slope
[0134] dd. Calculate net PKA in the samples
[0135] i. Net PKA (ng/ml)=Kinase (0 uM PKI)-Ki-
nase (0.5 uM PKI).
[0136] The oxidation-reduction potential (ORP) of the
sample preparation buffers was measured using a platinum
redox probe. ORPs are expressed in mV. The apparent PKA
activity for samples from cancer patients relative to normal
samples were plotted for various ORP value solutions. As
shown in FIG. 1, under oxidizing conditions, mild reducing
conditions or highly reducing conditions the apparent PKA
activity in serum samples from prostate cancer patients was
lower than that from samples from individuals apparently
without cancer. Under moderate reducing conditions, the
apparent PKA activity in serum samples from prostate cancer
patients was higher than that from samples from individuals
apparently without cancer.
[0137] Table 3 shows the relative apparent PKA activities
in samples from prostate and colon cancer patients relative to
those from individuals apparently without cancer with vari-
ous concentrations of oxidant or reductant used in the sample
preparation buffer. The same pattern of PKA activity is
observed with both the prostate and the colon cancer patient
samples. The relative PKA activities of cancer patients is
higher, lower, or the same as that of individuals apparently
without cancer, depending upon the concentration of oxidant
or reductant used in the sample preparation buffer.

TABLE 3

ORP AND RELATIVE PKA ACTIVITIES

Ratio of PKA Activity

cancer/normal Eh
Prostate Colon (mV)

no reductant 0.07 +168
2 mM diamide 0.08 +130
100 uM diamide 0.06 0.21 +128
0.5mM DTT 3.25 1.22 -100
S5mM DTT 0.94 0.40 -140
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TABLE 3-continued

ORP AND RELATIVE PKA ACTIVITIES

Ratio of PKA Activity

cancer/normal Eh

Prostate Colon (mV)

10 mM DTT 0.25 -150

0.5 mM DTE 2,40 1.13 -28

5 mM DTE 0.30 0.02 -120

0.05 mM BME 0.34 +60

0.5 mM BME 0.60 -15

5 mM BME 0.38 -85

50 mM BME 0.07 -147
Example 2

[0138] PKA activities were determined using the procedure

described in Example 1 with the exception that oxidant addi-
tion, reductant addition, or no addition was made to the reac-
tion buffer. Samples were not preincubated in sample buffer,
but were incubated for 5 minutes at 25 C in reaction buffer
with shaking at 750 rpm prior to adding the reaction mixtures
to the assay plate wells.

[0139] The oxidation-reduction potential (ORP) of the
reaction buffers was measured using a platinum redox probe.
ORPs are expressed in mV. The apparent PKA activity for
samples from cancer patients relative to normal samples were
plotted for various ORP value solutions. With a shorter treat-
ment with oxidant or reductant (FIG. 2) there is lower overall
activity observed in the samples and the level of apparent
PKA activity of the cancer patient samples relative to those
from normals is consistently low (below 0.4:1)

Example 3

[0140] Samples were treated as in example 1. In one set of
reaction mixes NaF was added at a concentration of 2 mM.
NaF is a nonspecific inhibitor of phosphatases. A reaction run
with NaF inhibitor provides a measure of actual PK A activity.
FIG. 3 shows that with phosphatase inhibition, the actual
PKA activity in samples from cancer patients varied little
with changes in redox conditions. In normal subjects with
phosphatase inhibition however, actual PKA activity was
reduced by about 50% overall and the PKA was still subject
to regulation by redox conditions. This demonstrates the
complex interplay of enzyme activities and redox conditions
that control apparent PKA activity and that controls the rela-
tionship between apparent PKA activity levels in cancer
patients and those individuals apparently without cancer.
FIG. 4 shows the ratio of apparent PKA activity (cancer
subjects/normal subjects) as a function of oxidation reduction
potential in reactions containing NaF. The ratio of cancer/
normal PKA activity varies dramatically depending upon
redox conditions.

Example 4

[0141] In another embodiment of the invention serum
samples from patients without cancer and patients with vari-
ous types of cancer including lung cancer were obtained from
ProMedDx and from ProteoGenex. The samples were tested
for activated PKA activity (PKA diluent used: 25 mM
KH,PO,, 50 mM EDTA, 150 mM NaCl, 50% (w/v) glycerol,
1 mg/ml BSA, and 50 mM 2-mercaptoethanol, pH 6.5;
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samples were incubated in PKA diluent for 30 min at room
temperature prior to assay) and the extracellular PKA activity
values for the samples are shown in Table 4. The same
samples were assayed for CYFRA21-1 concentration accord-
ing to the kit instructions of the supplier (Fujirebio, AB).
CYFRAZ21-1 values for these samples also are shown in Table
4. Of'the four samples from lung cancer (NSCLC) patients, all
have low activated serum PKA levels (<5 ng/ml). Samples
from three of the patients also have elevated CYFRA21-1
values (>2.8 ng/ml) indicating that they have lung cancer. The
supplier indicates that approximately 75% of lung cancer
patients will have elevated CYFRA21-1 concentrations, as
was found, These data provide an example of how activated
PKA activity and an organ-specific biomarker can be used to
identify an individual with cancer and determine that the
individual has specific type of cancer.

Example 5

[0142] In another embodiment of the invention serum
samples from patients without cancer and patients with vari-
ous types of cancer including lung cancer were obtained from
ProMedDx and from ProteoGenex. The samples were tested
for extracellular activated serum PKA using the same proce-
dure described for the data in Table 4. The extracellular PKA
activity values for the samples are shown in Table 5. The same
samples were assayed for PSA concentration according to the
kit instructions of the supplier (Calbiotech). PSA values for
these samples also are shown in Table 5. The three samples
from prostate cancer patients (samples 1-3) have low acti-
vated serum PKA levels (<5 ng/ml) and also have elevated
PSA values (>4 ng/ml). This provides an example of how the
measurement of activated PKA activity and PSA concentra-
tion can be used to identify an individual with cancer and
determine that the individual has prostate cancer. Sample
number 19 was provided as that of an apparently healthy
male. However, this individual has a low activated serum
PKA level of 4.7 ng/ml and an elevated PSA level. These data
would indicate that this individual has a previously undetec-
ted case of prostate cancer. This provides a further example of
how PKA activity and PSA levels can be used to identify an
individual with prostate cancer

TABLE 4

Serum PKA activity and CYFRA21-1 levels in patients with
non-small cell lung cancer (NSCLC), apparently health individuals,
and individuals with low serum PKA activity.

PKA CYFRA21-1
Sample Detail ng/ml (ng/ml)
1 Female 10.6 0.4
2 Female 6.5 1.5
3 Female 6.5 0.5
4 Female 59 0.5
5 Female 11.3 0.7
6 Female 5.2 0.8
7 Female 6.8 0.8
8 Female 6.3 0.3
9 Female 10.5 0.4
10 Female 5.6 0.2
11 Female 4.2 0.5
12 Female 4.2 0.3
13 Female 5.0 0.7
14 Female 2.2 0.4
15 Female 25 0.7
16 Female 0.0 0.5
17 NSCLC 0.6 7.3
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TABLE 4-continued

Serum PKA activity and CYFRA21-1 levels in patients with
non-small cell lung cancer (NSCLC), apparently health individuals,
and individuals with low serum PKA activity.

PKA CYFRA21-1
Sample Detail ng/ml (ng/ml)
18 NSCLC 1.2 0.7
19 NSCLC 1.6 28.0
20 NSCLC 4.0 12.1
21 Male 2.9 0.5
22 Male 2.2 0.9
23 Male 4.6 0.9
24 Male 5.7 0.7
25 Male 4.0 0.9
26 Male 9.5 0.6
27 Male 18.4 0.3
28 Male 8.1 0.4
29 Male 6.2 0.6
30 Male 2.4 0.3
31 Male 10.1 1.1
32 Male 4.0 0.5
33 Male 5.6 1.2
34 Male 33.2 0.4
TABLE 5

Serum PKA activity levels and PSA levels in prostate cancer patients,
apparently healthy males, and males with low serum PKA activities

PSA
Sample # Detail PKA (ng/ml)
1 Prostate Cancer 0.9 9.6
2 Prostate Cancer 0.4 6.4
3 Prostate Cancer 1.9 5.3
4 Male 6.3 0.2
5 Male 5.9 0.1
6 Male 3.8 0.3
7 Male 5.8 0.4
8 Male 3.1 0.4
9 Male 29 0.4
10 Male 2.2 0.5
11 Male 4.6 0.8
12 Male 5.7 0.5
13 Male 4.0 0.4
14 Male 9.5 0.6
15 Male 184 14
16 Male 8.1 0.8
17 Male 6.2 0.3
18 Male 2.4 0.4
19 Male 4.7 4.5
20 Male 4.7 0.9
21 Male 6.6 0.2
22 Male 3.8 0.5
24 Male 3.1 1.2
25 Male 2.9 0.7
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What is claimed is:

1. A method of characterizing a carcinoma in a subject, the
method comprising the steps of:

in a first assay, assaying a sample of a bodily fluid derived

from the subject for activity of a first biomarker, the first
biomarker being specific for carcinoma but not organ-
specific, and

in a second assay, assaying a sample derived from the

subject for a second biomarker, the second biomarker
being specific for cancer of an organ and other than
extracellular PKA.

2. The method of claim 1 wherein the first assay is an assay
for PKA (cAMP-dependent protein kinase A) activity, anti-
PKA, fibrin, fibrin derivatives or PCNA (caPCNA; prolifer-
ating cell nuclear antigen).

3. The method of claim 1 wherein the first biomarker is
extracellular PKA.

4. The method of claim 1 wherein the second assay is
carried out after the results of the first assay are known, before
the results of the first assay are known or approximately
simultaneously with the first assay.

5. The method of claim 4 wherein the first and second
assays are carried out using separate aliquots of the same
sample of a bodily fluid.

6. The method of claim 4 wherein the second biomarker has
a specificity of at least 70%.

7. The method of claim 1 wherein the first assay comprises
the steps of:

preparing a reaction mixture comprising a sample of a

bodily fluid, a PKA peptide substrate, and a phosphory-
lation agent, incubating the prepared mixture, and
detecting phosphorylated substrate formed in the incu-
bated mixture, and

comparing the amount of phosphorylated substrate formed

in the assay with a reference value, the reference value
being the amount of phosphorylated substrate formed in
a mixture under equivalent redox conditions for a
sample of bodily fluid derived from a population of
normal subjects of the same species.

8. The method of claim 7 wherein extracellular PKA
derived from a statistically significant population of subjects
unafflicted with a carcinoma and extracellular PKA derived
from a statistically significant population of subjects afflicted
with a carcinoma have significantly different activities for the
phosphorylation of the PK A substrate under the assay condi-
tions.

9. The method of claim 7 wherein a ratio of the activity of
extracellular PKA derived from the population of subjects
unafflicted with a carcinoma to the activity of extracellular
PKA derived from the population of subjects afflicted with a
carcinoma for the phosphorylation of the PKA substrate is at
least about 1.2:1 or less than about 0.8:1, respectively.

11. The method of claim 7 wherein a ratio of the activity of
extracellular PKA derived from the population of subjects
unafflicted with a carcinoma to the activity of extracellular
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PKA derived from the population of subjects afflicted with a
carcinoma for the phosphorylation of the PKA substrate is at
least about 1.75:1 or less than about 0.6:1, respectively.
12. The method of claim 7 wherein a ratio of the activity of
extracellular PKA derived from the population of subjects
unafflicted with a carcinoma to the activity of extracellular
PKA derived from the population of subjects afflicted with a
carcinoma for the phosphorylation of the PKA substrate is at
least about 2.25:1 or less than about 0.4:1, respectively.
13. The method of claim 7 wherein a ratio of the activity of
extracellular PKA derived from the population of subjects
unafflicted with a carcinoma to the activity of extracellular
PKA derived from the population of subjects afflicted with a
carcinoma for the phosphorylation of the PKA substrate is at
least about 2.75:1 or less than about 0.25:1, respectively.
14. The method of claim 7 wherein a ratio of the activity of
extracellular PKA derived from the population of subjects
unafflicted with a carcinoma to the activity of extracellular
PKA derived from the population of subjects afflicted with a
carcinoma for the phosphorylation of the PKA substrate is at
least about 3:1 or less than 0.2:1, respectively.
15. The method of claim 7 wherein preparing the reaction
mixture comprises treating the sample with a reductant.
16. The method of claim 7 wherein preparing the reaction
mixture comprises treating the sample with an oxidizing
agent.
17. The method of claim 7 wherein phosphorylated sub-
strate formed in the incubated mixture is detected by a method
not requiring the use of radioactive elements.
18. The method of claim 7 wherein the first assay com-
prises the steps of:
incubating a mixture comprising a sample of a bodily fluid
derived from the subject, a PKA peptide substrate, a
phosphorylation agent, and a reducing agent, the mix-
ture having an oxidation reduction potential value that is
less than -110 mV or greater than —20 mV, and

detecting phosphorylated substrate formed in the incu-
bated mixture.

19. The method of claim 7 wherein the first assay com-
prises the steps of:

incubating a mixture comprising the sample, a PKA pep-

tide substrate, a phosphorylation agent, and a reducing
agent, the mixture having an oxidation reduction poten-
tial value that is less than —110 mV and greater than —20
mV, and

detecting phosphorylated substrate formed in the incu-

bated mixture.

20. The method of claim 1 wherein the carcinoma is
selected from the group consisting of lung, colon, pancreatic,
ovarian, bladder, and prostate cancer.
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21. The method of claim 1 wherein the bodily fluid is
peripheral blood, whole blood, serum, plasma, ascites, urine,
cerebrospinal fluid (CSF), sputum, saliva, bone marrow, syn-
ovial fluid, aqueous humor, cerumen, broncheoalveolar lav-
age fluid, semen, prostatic fluid, cowper’s fluid or pre-ejacu-
latory fluid, sweat, fecal matter, tears, cyst fluid, pleural and
peritoneal fluid, breath condensates, nipple aspirate, lymph,
chyme, chyle, bile, intestinal fluid, pus, sebum, vomit,
mucosal secretion, stool water, pancreatic juice, lavage fluids
from sinus cavities, or bronchopulmonary aspirates.

22. The method of any of claim 1 wherein the bodily fluid
is serum or urine.

23. The method of claim 1 wherein the second biomarker is
selected from PSA, PCA3, BTA, NMP-22, ADFP, AQP1,
CA19-9, PAM-4, CA125, HE4, CYFRA21-1, GP73, CCSA-
2, CCSA-3, CCSA-4, anti-PKA CEA, CA15-3, CA 27.29
TIMP-1, MMP-1, MMP-2, MMP-3, MMP-9, a KLK, EGFR,
1L-6, IL-6R, or VEGF, extracellular Her-2, sClusterin, P-cad-
herin, FA-2, mammaglobin, BARD-1, filamin-A, or
osteopontin, dentin sialophosphoprotein (DSPP), early pros-
tate cancer antigens (EPCAs), prostate specific membrane
antigen (PSMA), prostate secretory protein (PSP), alpha
methyl-CoA racemase, chromogranin A, uPA, or uPAR.
TGF-beta, IGFBP-2, IGFBP-3 and combinations thereof.

24. The method of claim 23 wherein the first biomarker is
selected from the group consisting of p53 autoantibodies,
CCL2 autoantibodies, PKA autoantibodies, prostatome
autoantibodies, non-organ specific tumor-related methylated
DNA, non-organ specific tumor-related miRNA, non-organ
specific tumor-related circulating nucleic acid biomarkers,
and combinations thereof.

25. The method of claim 1 wherein the first biomarker is
selected from the group consisting of p53 autoantibodies,
CCL2 autoantibodies, PKA autoantibodies, prostatome
autoantibodies, non-organ specific tumor-related methylated
DNA, non-organ specific tumor-related miRNA, non-organ
specific tumor-related circulating nucleic acid biomarkers,
and combinations thereof.

26. The method of claim 25 wherein the second biomarker
is selected from the group consisting of AMACR autoanti-
bodies, MUC autoantibodies, organ-specific tumor-related
methylated DNA, organ-specific tumor-related miRNA,
organ-specific tumor-related circulating nucleic acid biomar-
ker and combinations thereof.

27. The method of claim 1 wherein the second biomarker is
selected from the group consisting of AMACR autoantibod-
ies, MUC autoantibodies, organ-specific tumor-related
methylated DNA, organ-specific tumor-related miRNA,
organ-specific tumor-related circulating nucleic acid biomar-
ker and combinations thereof.

* * #* ok %



THMBW(EF)

[ i (S RIR) A ()

RE(EFR)AGE)

HERB(E R AGE)

FRI&R BB A

S\ EREERE

BEGF)

ERFFHRATHRERLEEE MRS EE

Y EERENASH E

US20120231479A1 ACIIOUN =]
US13/229356 Fi5 A
EH < ROBERT

HELD DOUGLAS

EHT < +ROBERT
HELD DOUGLAS

L HTFTROBERT
HELD DOUGLAS

PUSKAS ROBERT
HELD DOUGLAS

PUSKAS, ROBERT
HELD, DOUGLAS

C12Q1/48 GO1N33/53

patsnap

2012-09-13

2011-09-09

GO01N33/57407 GO1N2333/91205 GO1N2333/75 GO1N33/6875

61/477597 2011-04-20 US
61/381130 2010-09-09 US

Espacenet USPTO

EEN/SIRERN R

REABERBEFETRHNRAR,

ORP Effect on PKA Activity
4-

Ratio of cancer/normal
PKA activity

/

-200

-100 D 100
Oxidation Reduction Potential (mV)

200

Fig. 1


https://share-analytics.zhihuiya.com/view/8ab37302-084e-4979-8952-9ea5ebc5eedc
https://worldwide.espacenet.com/patent/search/family/045811186/publication/US2012231479A1?q=US2012231479A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220120231479%22.PGNR.&OS=DN/20120231479&RS=DN/20120231479

