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DETECTION OF CANCER CELLS IN BODY
FLUIDS

RELATED APPLICATIONS

[0001] The present application is a continuation-in-part of
pending prior U.S. patent application Ser. No. 10/713,808
filed on Nov. 14, 2003 which claims priority to U.S. Provi-
sional Application Ser. No. 60/426,216 filed on Nov. 14,
2002. The present application also claims priority to U.S.
Provisional Application Ser. No. 60/609,634 filed on Sep. 14,
2004. The contents of U.S. patent application Ser. No. 10/713,
808, U.S. Provisional Application Ser. No. 60/426,216, and
U.S. Provisional Application Ser. No. 60/609,634 are incor-
porated herein by reference.

FUNDING

[0002] This invention was made with support in part by
grants from NIH National Cancer Institute PO1 Grants CA
29605, Project 11, and CA 12528, Project II. Therefore, the
U.S. government has certain rights.

FIELD OF THE INVENTION

[0003] The present invention relates generally to cancer
diagnosis, prognosis, and management. In particular, the
invention relates to the detection of genetic markers indica-
tive of melanoma, breast cancer, gastric cancer, pancreatic
cancer, or colon cancer in body fluids. In one example, detec-
tion of multiple markers is achieved by quantitative real-time
polymerase chain reaction.

BACKGROUND OF THE INVENTION

[0004] The metastasis of melanoma and carcinoma to dis-
tant sites often portends a poor prognosis (1). Assessment of
primary and/or metastatic melanoma and carcinoma has been
addressed in the new American Joint Committee on Cancer
(AJCC) staging criteria (2, 3). The staging system, however,
does not accurately take into account the disease progression
events, particularly ongoing systemic metastasis, at the time
patients are seen. The detection of melanoma or carcinoma
cells in circulation is important in assessing tumor progres-
sion and potential for metastasis.

[0005] To date, only a limited number of tumor-associated
markers have been identified that are absent in healthy cells
but produced in melanoma or carcinoma cells. Heterogeneity
of the expression of tumor genes and variable performance of
the assays have posed major problems for detection of circu-
lating tumor cells (CTCs) in blood. The clinical utility of
molecular detection of circulating tumor cells in blood con-
tinues to be debated, mostly because of inconsistency among
the previous findings, indicating the necessity for performing
careful characterizations of these tests.

[0006] Melanoma and carcinoma patients are candidates
for adjuvant therapy because of their high risk of disease
recurrence after complete surgical resection. However, no
current assays can accurately predict the survival of patients
receiving neoadjuvant or adjuvant biochemotherapy (BC).

SUMMARY OF THE INVENTION

[0007] The present invention provides new markers and
new combinations of markers for detecting melanoma and
carcinoma cells in body fluids. The invention also provides a
quantitative, specific, sensitive, and reliable method for

Apr. 12,2012

detecting circulating tumor cells in body fluids. This method
is useful for cancer diagnosis, treatment, monitoring, and
prognosis.

Melanoma

[0008] In one aspect, the invention features a method of
detecting circulating melanoma cells in a subject. The method
comprises obtaining a body fluid from a subject and detecting
the expression of a panel of genes in the body fluid. The body
fluid may be blood, bone marrow, cerebral spinal fluid, peri-
toneal fluid, or pleural fluid. The expression of the panel of
genes indicates the presence of circulating melanoma cells in
the subject.

[0009] In one embodiment, the panel of genes includes
GalNAc-T (pl1—=4-N-acetylgalacto-saminyltransferase) or
PAX-3 (paired box homeotic gene transcription factor 3). The
panel of genes may further include one or more additional
genes selected from the group consisting of GalNAc-T,
MAGE-A3 (melanoma antigen gene-A3), MART-1 (mela-
noma antigen recognized by T cells-1), PAX-3, TRP-2 (tyro-
sinase-related protein-2), MITF (microphthalmia-associated
transcription factor) and Tyrosinase. For example, the panel
of genes may include PAX-3, MART-1, and MAGE-3; PAX-
3, MART-1, and GalNA¢-T; PAX-3, MAGE-3, and GalNAc¢-
T; GalNAc-T, MAGE-A3, MART-1, and PAX-3; MART-1,
GalNAc-T. MITF, and PAX-3; MART-1, TRP-2, GalNAc¢-T,
and PAX-3; or Tyrosinase, MART-1, GalNAc-T, and PAX-3.
[0010] The invention further provides a method of detect-
ing circulating melanomar cells in a subject, comprising
obtaining a body fluid from a subject and quantifying the
expression levels of a panel of genes using quantitative real-
time reverse transcription polymerase chain reaction (qRT).
The panel of genes includes at least three or four genes (any
and every combination thereof) selected from the group con-
sisting of GalNAc-T, MAGE-A3, MART-1, PAX-3, TRP-2,
MITF, and Tyrosinase. For example, the panel of genes may
include GalNAc-T, MAGE-A3, MART-1, and PAX-3. The
expression of the panel of genes indicates the presence of
circulating melanoma cells in the subject.

[0011] Among the panel of genes, atleast one, two, three, or
four of the genes (any and every combination thereof) is or are
expressed. The expression of the panel of genes indicates that
the subject is suffering from or at risk for developing a sub-
clinical systemic melanoma. In accordance with the expres-
sion of the panel of genes, a health care provider can quantify
the melanoma status; assign a clinical melanoma stage to the
subject; predict treatment response, melanoma recurrence, or
survival of the subject, e.g., for a period of at least three years
(e.g., at least five years) following the removal of a primary
tumor, sentinel lymphadenectomy (SLND), or both; monitor
melanoma progression or treatment response; or select or
randomize a treatment regime. In some cases, the body fluid
or a tissue saniple from the subject is histopathologically
negative for melanoma cells, e.g., as determined by hema-
toxylin and eosin (H&E) or immunohistochemistry (THC)
staining.

[0012] The invention also provides a kit which can be used
for detecting circulating melanoma cells in body fluids. The
kit comprises a plurality of agents for detecting the expression
of a panel of genes. In one embodiment, the panel of genes
includes PAX-3 and one or more genes selected from the
group consisting of GalNAc-T, MAGE-A3, MART-1, TRP-2,
MITF, and Tyrosinase. For example, the panel of genes may
include PAX-3, MART-1, and MAGE-3; PAX-3, MART-1,
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and GalNAc-T; PAX-3, MAGE-3, and GalNAc-T; GalNAc-
T, MAGE-A3, MART-1, and PAX-3; MART-1, GalNAc-T,
MITF, and PAX-3; MART-1, TRP-2, GalNAc-T, and PAX-3;
or Tyrosinase, MART-1, GalNAc-T, and PAX-3.

[0013] Moreover, the invention features a kit comprising at
least three or four pairs of primers for respectively quantify-
ing the expression levels of at least three or four genes (any
and every combination thereof) selected from the group con-
sisting of GalNAc-T, MAGE-A3, MART-1, TRP-2, MITF,
and Tyrosinase, as well as enzymes and reagents for perform-
ing qRT. For example, the kit may comprise at least four pairs
of primers for respectively quantifying the expression levels
of GalNAc-T, MAGE-A3, MART-1, and PAX-3.

Carcinoma

[0014] Inanotheraspect, the invention features a method of
detecting circulating breast, gastric, pancreatic, or colon can-
cer cells in a subject. The method comprises obtaining a body
fluid from a subject and detecting the expression of a panel of
genes in the body fluid. The body fluid may be blood, bone
marrow, cerebral spinal fluid, peritoneal fluid, and pleural
fluid. The expression of the panel of genes indicates the
presence of circulating breast, gastric, pancreatic, or colon
cancer cells in the subject.

[0015] In one embodiment, the panel of genes includes
Stanniocalcin-1, Stanniocalein-2, or HSP27 (heat shock pro-
tein 27). The panel of genes may further include one or more
additional genes selected from the group consisting of C-Met
(hepatocyte growth factor), MAGE-A3, Stanniocalcin-1,
Stanniocalcin-2, mammaglobin (mammoglobulin), HSP27,
GalNAc-T, CK20 (cytokeratin 20), and f-HCG (beta chain-
human chorionic gonadotrophin).

[0016] In another embodiment, the panel of genes includes
CK20, p-HCG and mammaglobin; GalNAc-T, mamma-
globin, and f-HCG; mammaglobin, C-Met, GalNAc-T, and
B-HCG; mammaglobin, p-HCG, HSP27, and C-Met; or
HSP27, CK20, Stanniocalcin-1, and MAGE-A3.

[0017] The invention further provides a method of detect-
ing circulating breast, gastric, pancreatic, or colon cancer
cells in a subject, comprising obtaining a body fluid from a
subject and quantifying the expression levels of a panel of
genes using qRT. The panel of genes includes at least three or
four genes (any and every combination thereof) selected from
the group consisting of C-Met, MAGE-A3, Stanniocalcin-1,
Stanniocalcin-2, mammaglobin, HSP27, GalNAc-T, CK20,
and f-HCG. For example, the panel of genes may include a
first combination of C-Met, MAGE-A3, GalNAc-T, and
CK20; a second combination of mammaglobin, C-Met, Gal-
NAc-T, and p-HCG; a third combination of mammaglobin,
B-HCG, HSP27, and C-Met; or a fourth combination of
HSP27, CK20, Stanniocalcin-1, and MAGE-A3. The expres-
sion of the panel of genes indicates the presence of circulating
breast, gastric, pancreatic, or colon cancer cells in the subject.
[0018] Among the panel of genes, atleast one, two, three, or
four of the genes (any and every combination thereof) is or are
expressed. The expression of the panel of genes indicates that
the subject is suffering from or at risk for developing a sub-
clinical systemic breast, gastric, pancreatic, or colon cancer.
In accordance with the expression of the panel of genes, a
health care provider can quantify the breast, gastric, pancre-
atic, or colon cancer status; assign a clinical breast, gastric,
pancreatic, or colon cancer stage to the subject; predict treat-
ment response, breast, gastric, pancreatic, or colon cancer
recurrence, or survival of the subject, e.g., for a period of at
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least three years (e.g., at least five years) following the
removal of a primary tumor, SLND, or both; monitor breast,
gastric, pancreatic, or colon cancer progression or treatment
response; or select or randomize a treatment regime. In some
cases, the body fluid or a tissue sample from the subject is
histopathologically negative for breast, gastric, pancreatic, or
colon cancer cells, e.g., as determined by hematoxylin and
eosin (H&E) or immunohistochemistry (IHC) staining.
[0019] The invention also provides a kit which can be used
for detecting circulating breast, gastric, pancreatic, or colon
cancer cells in body fluids. The kit comprises a plurality of
agents for detecting the expression of a panel of genes. In one
embodiment, the panel of genes includes Stanniocalcin-1,
Stanniocalcin-2, or HSP27, and one or more additional genes
selected from the group consisting of C-Met, MAGE-A3,
Stanniocalcin-1, Stanniocalcin-2, mammaglobin, HSP27,
GalNAc-T, CK20, and -HCG.

[0020] In another embodiment, the panel of genes includes
CK20, p-HCG and mammaglobin; GalNAc-T, mamma-
globin, and f-HCG; mammaglobin, C-Met, GalNAc-T, and
f-HCG; mammaglobin, p-HCG, HSP27, and C-Met; or
HSP27, CK20, Stanniocalcin-1, and MAGE-A3.

[0021] Moreover, the invention features a kit comprising at
least three or four pairs of primers for respectively quantify-
ing the expression levels of at least three or four genes (any
and every combination thereof) selected from the group con-
sisting of C-Met, MAGE-A3, Stanniocalcin-1, Stanniocal-
cin-2, mammaglobin, HSP27, GalNAc-T, CK20, and
B-HCG, as well as enzymes and reagents for performing gRT.
For example, the kit may comprise at least four pairs of
primers for respectively quantifying the expression levels ofa
first combination of C-Met, MAGE-A3, GalNAc-T, and
CK20; a second combination of mammaglobin, C-Met, Gal-
NAc-T, and p-HCG:; a third combination of mammaglobin,
B-HCG, HSP27, and C-Met; or a fourth combination of
HSP27, CK20, Stanniocalcin-1, and MAGE-A3.

[0022] The above-mentioned and other features of this
invention and the manner of obtaining and using them will
become more apparent, and will be best understood, by ref-
erence to the following description, taken in conjunction with
the accompanying drawings. These drawings depict only
typical embodiments of the invention and do not therefore
limit its scope.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 shows gRT detection limits for melanoma
cells mixed with peripheral blood leukocytes (PBLs) from
healthy blood donors. Serially diluted melanoma cells (100,
10,5,2.5, 1, and 0) were mixed with 10’ PBLs from healthy
blood donors. RNA was isolated from the cell mixture, and
qRT was performed; the assay was performed 10 times. Mean
(SD; error bars) absolute mRNA copies from a representative
cell line (MA) are given according to the serial dilution.
[0024] FIG. 2 shows qRT quantification of cancer markers
in peripheral blood of melanoma patients. Blood specimens
were collected from patients with different AJCC stages of
melanoma. RNA was isolated from total cells in blood, and
qRT was performed. Relative mRNA copies are given accord-
ing to the AJCC stage. Pearson correlation analysis indicates
significant correlations between AJCC stage and relative
mRNA copies for all markers: MART-1, P=0.0071; GalNAc-
T, P=0.0002; PAX-3, P<0.0001; MAGE-A3, P=0.014. Hori-
zontal bars indicate mean mRNA copies.
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[0025] FIG. 3 shows copy levels of individual mRNA
markers in blood specimens obtained before, during, and
after treatment. The relative mRNA copy number of each
marker after treatment was significantly lower than its copy
number before treatment: MART-1, P=0.0006; GalNAc-T,
P=0.005; PAX-3, P=0.002; MAGE-A3, P=0.013. Bars show
mean copy numbers.

[0026] FIG. 4 shows Kaplan-Meier curves of Relapse-free
survival (RFS) based on marker detection after the treatment.
[0027] FIG. 5 shows Kaplan-Meier curves of overall sur-
vival (OS) based on marker detection after the treatment.

DETAILED DESCRIPTION OF THE INVENTION

[0028] The present invention is based on the unexpected
discovery that multimarker qRT is a sensitive and specific
quantitative assay to detect circulating melanoma cells in
blood, that the number of positive markers in blood is signifi-
cantly higher in patients with advanced stage Melanoma than
in patients with early stage disease, and that changes in mul-
timarker detection in the blood of AJCC stage III melanoma
patients receiving BC before and after surgery are correlated
with disease progression and overall survival.

[0029] Accordingly, it is an object of the present invention
to provide a method of detecting circulating cancer cells in a
body fluid from a subject. In particular, the invention pertains
to a multimarker assay for detecting cancer cells in a body
fluid with high specificity and sensitivity. Quantification of
the expression levels of the marker genes provides a powerful
tool for diagnosis, prognosis, and treatment of cancer.
[0030] Inits most general form, the method ofthe invention
optionally comprises a step of identifying a candidate subject
suffering from or at risk for developing cancer, with or with-
out clinical evidence of the disease. Candidate identification
can be in the judgment of the subject or a health care profes-
sional, and can be subjective (e.g., opinion) or objective (e.g.,
measurable by a test or diagnostic method). In some embodi-
ments, the cancer is melanoma, breast cancer, gastric cancer,
pancreatic cancer, or colon cancer

[0031] A “subject.” as used herein, refers to human and
non-human animals, including all vertebrates, e.g., mam-
mals, such as non-human primates (particularly higher pri-
mates), sheep, dog, rodent (e.g., mouse or rat), guinea pig,
goat, pig, cat, rabbits, cow, and non-mammals, such as chick-
ens, amphibians, reptiles, etc. In a preferred embodiment, the
subject is a human. In another embodiment, the subject is an
experimental animal or animal suitable as a disease model.
[0032] Thebody fluid can be any fluid in which cancer cells
may be present. Exemplary body fluids include blood, bone
marrow, cerebral spinal fluid, peritoneal fluid, pleural fluid,
lymph fluid, ascites, serous fluid, sputum, lacrimal fluid,
stool, or urine. The body fluids can be collected using any of
the methods well known in the art.

[0033] The method of the invention involves determination
of the expression levels of cancer marker genes in a body
fluid. A cancer “marker” is a gene whose expression is char-
acteristic of a cancer cell, an mRNA transcribed from the
marker gene, or a protein translated from the mRNA. While
the present invention exemplifies several markers, any marker
that is correlated with the presence of cancer cells in a body
fluid may be used. For example, GalNAc-T, MAGE-A3,
MART-1, PAX-3, TRP-2, MITF, Tyrosinase, C-Met, Stannio-
calcin-1, Stanniocalcin-2, mammaglobin, HSP27, CK20, and
B-HCG are markers useful for detecting melanoma or carci-
noma cells in blood.
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[0034] GalNAc-T catalyzes the transfer of N-acetylgalac-
tosamine by p-1,4 linkage onto both gangliosides GM3 and
GD3 to generate GM2 and GD2, respectively (U.S. Pat. No.
6,057.105). It also catalyzes the transfer of N-acetylgalac-
tosamine to other carbohydrate molecules such as mucins.
Gangliosides are glycosphingolipids containing sialic acids
which play an important role in cell differentiation, adhesion
and malignant transformation. In melanoma, the expression
levels of gangliosides GM2 and GD?2 are often enhanced to
very high levels and are associated with tumor progression
including metastatic tumors. Gangliosides are also highly
expressed in breast cancer cells. The gangliosides GM2 and
GD2 are immunogenic in humans and can be used as a target
for specific immunotherapy such as human monoclonal anti-
bodies or cancer vaccines. GalNAc-T can be used as a marker
of GM2 and GD2 expression and consequently a marker of
either melanoma or breast cancer cells. GalNAc-T is gener-
ally not expressed in normal lymphocytes, epithelial cells,
melanocytes, connective tissue, or lymph node cells. If
detected, it is in very low levels.

[0035] MAGE-A3 and MART-1 are major melanocyte dif-
ferentiation antigens that are immunogenic in patients and
well expressed in melanoma (4, 5, 6). MAGE-A3 is a marker
identified in melanoma and breast cancer cells and is a
cytolytic T lymphocyte (CTL) target (7, 8). Clinical utilities
of assessing MAGE-A3 mRNA expression in primary tumor,
metastatic lesion, and blood in melanoma patients have been
previously reported (8). MAGE-A3 is also expressed in many
other tumors. MART-1 is frequently produced by melanoma
cells and is not produced by nonmelanoma malignancies and
lymph nodes from cancer-free patients (9).

[0036] PAX3 transcription factor has been reported to regu-
late melanin synthetic pathway via MITF expression (10).
PAX3 is well expressed in human melanomas and contributes
to melanoma cell survival (10; 11).

[0037] TRP-2 is a melanogenesis pathway enzyme.
Although many of the melanogenic enzymes are absent from
amelanotic melanomas, TRP-2 appears to be retained in
many unpigmented melanomas. Recent studies have sug-
gested that TRP-2 may be a good candidate for immuno-
therapy of amelanotic melanoma. In mouse, TRP-2 is
encoded by the slaty locus. The enzyme catalyzes the rear-
rangement of DOPAchrome to the carboxylated derivative
DHICA (5,6-dihydroxyindole-2-carboxylic acid). DHICA,
in turn, is used in the synthesis of eumelanin (12).

[0038] MITF is a transcription facto.

[0039] Tyrosinase is a melanogenesis pathway enzyme
involved in making melanin.

[0040] C-Met encodes a cell surface receptor to which the
ligand, hepatocyte growth factor, binds and regulates cell
functions. This receptor is frequently overexpressed in gas-
trointestinal cancers, including pancreatic carcinoma, and has
been associated with tumor progression.

[0041] Stanniocalcin (STC) encodes a calcium- and phos-
phate-regulating hormone, a major antihypercalcemic hor-
mone in fish. The hormone is produced in bony fish by the
corpuscles of Stannius located close to the kidney. Recent
results suggest that the biological repertoires of STCs in
mammals are considerably larger than in fish and may not be
limited to mineral metabolism. Stanniocalcin-1 is a recently
discovered human gene that has been implicated in cellular
calcium homeostasis and resistance to hypoxia and is located
on chromosome 8p in a region associated with amplification
in breast cancer (13). Stanniocalcin-2 has been identified as
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an estrogen-responsive gene differentially expressed between
ER (estrogen receptor)-positive and ER-negative breast cat-
cinomas (14).

[0042] Mammaglobin belongs to the uteroglobin gene fam-
ily and is found on chromosome 11q12.3-13.1, a region fre-
quently amplified in breast cancer. It relates to the secretion of
the mammary gland and has been suggested to be a specific
marker for detecting breast cancer cells (15).

[0043] HSP27 plays a role in the regulation of cell survival.
In normal or unstressed cells, Hsp27 is constitutively
expressed at a low level and, upon exposure to cytotoxic
stimuli, its expression increases dramatically. Higher levels
of Hsp27 expression are seen in a number of different cancers,
including breast, ovarian, and prostate. Hsp27 protects cancer
cells from apoptotic cell death and fosters resistance to drug
treatment.

[0044] CK20is a member of the intermediate filament pro-
tein family involved in cell structure and differentiation. Early
immunological and Northern blot studies found that CK20
expression was restricted primarily to gastrointestinal tissue,
transitional cell carcinoma, and Merkel cells. Recently, CK20
has been detected in samples from breast, thyroid, endome-
trial, lung, and pancreas carcinoma and oral squamous cell
carcinoma (16).

[0045] [-HCG is produced by trophoblastic cells of pla-
centa of pregnant woman and is essential for maintenance of
pregnancy at the early stages. p-HCG is known to be pro-
duced by trophoblastic or germ cell origin tumors, such as
choriocarcinoma or testicular carcinoma cells. Also, ectopic
expression of B-HCG has been detected by a number of
different immunoassays in various tumors of non-gonadal
such as breast, lung, gastric, colon, and pancreas, etc.
Although the function of f-HCG production in these tumors
is still unknown, the atavistic expression of p-HCG by cancer
cells and not by normal cells of non-gonadal origin suggests
its usefulness in the detection of melanoma and breast cancer
cells (U.S. Pat. No. 6,057,105).

[0046] Heterogeneity of the expression of tumor genes
makes multimarker assays advantageous compared with
single-marker assays for detecting circulating malignant cells
(7, 17). Depending on the particular set of markers employed
in a given analysis, the statistical analysis may vary. For
example, where a particular combination of markers is highly
specific for melanomas or breast cancer, the statistical signifi-
canceofa positiveresult will be high. It may be, however, that
such specificity is achieved at the cost of sensitivity, i.e., a
negative result may occur even in the presence of melanoma
or breast cancer. By the same token, a different combination
may be very sensitive, but has a lower specificity.

[0047] As new markers are identified, different combina-
tions may be developed that show optimal function with
different ethnic groups or sex, different geographic distribu-
tions, different stages of disease, different degrees of speci-
ficity or different degrees of sensitivity. Marker combinations
may also be developed, which are particularly sensitive to the
effect of therapeutic regimens on disease progression.
Patients may be monitored after surgery, hypothermia, immu-
notherapy, cytokine therapy, gene therapy, radiotherapy or
chemotherapy, to determine if a specific therapy is effective.
[0048] The invention involves many different combina-
tions of markers for the detection of cancer cells in body
fluids. Any marker that is indicative of neoplasia in cancer
cells may be included in this invention. For example, the
combinations of at least three or four genes selected from the
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group consisting of GaINAc-T, MAGE-A3, MART-1, PAX-
3, TRP-2, MITF, and Tyrosinase (e.g., PAX-3, MART-1, and
MAGE-3; PAX-3, MART-1, and GalNAc-T; PAX-3, MAGE-
3, and GalNAc-T; GalNAc-T, MAGE-A3, MART-1, and
PAX-3; MART-1, GalNAc-T, MITF, and PAX-3; MART-1,
TRP-2, GalNAc-T, and PAX-3; and Tyrosinase, MART-1,
GalNAc-T, and PAX-3) are useful for detecting melanoma
cells in blood; whereas the combinations of at least three or
four genes selected from the group consisting of C-Met,
MAGE-A3, Stanniocalcin-1, Stanniocalcin-2, mamma-
globin, HSP27, GalNAc-T, CK20, and 13-HCG (e.g., CK20,
B-HCG and mammaglobin; GalNAc-T, mammaglobin, and
B-HCG; mammaglobin, C-Met, GalNAc-T, and p-HCG;
mammaglobin, f-HCG, HSP27, and C-Met; HSP27, CK20,
Stanniocalcin-1, and MAGE-A3; and C-Met, MAGE-A3,
GalNAc-T, and CK20) may be employed for the detection of
breast, gastric, pancreatic, or colon cancer cells in blood.

[0049] Gene expression can be detected and quantified at
mRNA or protein level using a number of means well known
in the art. To measure mRNA levels, cells in fluid samples can
be lysed and the levels of marker mRNA in the lysates or in
RNA purified or semi-purified from the lysates determined by
any of a variety of methods familiar to those in the art. Such
methods include, without limitation, hybridization assays
using detectably labeled marker-specific DNA or RNA
probes and quantitative or semi-quantitative RT-PCR meth-
odologies using appropriate marker gene-specific oligo-
nucleotide primers. Alternatively, quantitative or semi-quan-
titative in situ hybridization assays can be carried out using,
for example, unlysed cell suspensions, and detectably (e.g.,
fluorescently or enzyme-) labeled DNA or RNA probes.
Additional methods for quantifying mRNA include RNA
protection assay (RPA), cDNA and oligonucleotide microar-
rays, representation difference analysis (RDA), differential
display, EST sequence analysis, and SAGE.

[0050] Methods of measuring protein levels in body fluids
are also known in the art. Many such methods employ anti-
bodies (e.g., monoclonal or polyclonal antibodies) that bind
specifically to the target protein. In such assays, the antibody
itself or a secondary antibody that binds to it can be detectably
labeled. Alternatively, the antibody can be conjugated with
biotin, and detectably labeled avidin (a polypeptide that binds
to biotin) can be used to detect the presence of the biotinylated
antibody. Combinations of these approaches (including
“multi-layer sandwich” assays) familiar to those in the art can
be used to enhance the sensitivity of the methodologies. Some
of these protein-measuring assays (e.g., ELISA or Western
blot) can be applied to bodily fluids or to lysates of test cells,
and others (e.g., immunohistological methods or fluores-
cence flow cytometry) applied to unlysed cell suspensions.
Methods of measuring the amount of label depend on the
nature of the label and are known in the art. Appropriate labels
include, without limitation, radionuclides (e.g., '*°I, **'1,*S,
*H, or **P), enzymes (e.g., alkaline phosphatase, horseradish
peroxidase, luciferase, or f-glactosidase), fluorescent moi-
eties or proteins (e.g., fluorescein, rhodamine, phycoerythrin,
GFP, or BFP), or luminescent moieties (e.g., Qdot™ nano-
particles supplied by the Quantum Dot Corporation, Palo
Alto, Calif.). Other applicable assays include quantitative
immunoprecipitation or complement fixation assays.

[0051] Inapreferred embodiment, marker gene expression
in body fluids is detected and quantified using gRT where a
fluorescent signal is produced proportional to the amount of a
marker mRNA. qRT offers a robust, accurate, and less labor-
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intensive approach that allows rapid and reproducible quan-
titative analysis for detection of a few tumor cells in body
fluids (9).

[0052] IngRT, template mRNA may be prepared by isolat-
ing mRNA or total RNA from body fluid samples using
procedures well known in the art. For example, Tri-Reagent
(Molecular Research Center) can be used to isolate total
cellular RNA from blood samples. The amount and purity of
the isolated RNA can be assessed by ultraviolet spectropho-
tometry. For comparison, a control RNA sample may be
prepared, for example, from a biological fluid from a normal
person.

[0053] Next, the template mRNA is converted into a
complementary DNA (cDNA) by reverse transcriptase using
an oligo dT primer, a marker-specific primer, or random oli-
gomers. The two commonly used reverse transcriptases are
avian myeloblastosis virus reverse transcriptase (AMV-RT)
and Moloney murine leukaemia virus reverse transcriptase
(MMLV-RT).

[0054] The cDNA is then amplified by PCR (polymerase
chain reaction), as described in detail in U.S. Pat. Nos. 4,683,
195, 4,683,202 and 4,800,159, as well as in Innis et al., 1990
(18). Briefly, two primer sequences are prepared which are
complementary to regions on opposite complementary
strands of the marker sequence. An excess of deoxynucleo-
side triphosphates are added to a reaction mixture along with
aDNA polymerase, e.g., Taq polymerase. The primers bind to
the marker and the polymerase causes the primers to be
extended along the marker sequence by adding on nucle-
otides. By raising and lowering the temperature of the reac-
tion mixture, the extended primers dissociate from the marker
to form reaction products, excess primers bind to the marker
and to the reaction products and the process is repeated.
[0055] APCR primer isany nucleic acid capable of priming
the synthesis of a nascent nucleic acid in a template-depen-
dent process. Typically, primers are oligonucleotides from ten
to twenty nucleotides in length, but longer sequences can be
employed. Primers may be provided in double-stranded or
single-stranded form, although the single-stranded form is
preferred.

[0056] Selection of primers is based on a variety of differ-
ent factors, depending on the method of amplification and the
specific marker involved. For example, the choice of primer
will determine the specificity of the amplification reaction.
The primer needs to be sufficiently long to specifically
hybridize to the marker nucleic acid and allow synthesis of
amplification products in the presence of the polymerization
agent and under appropriate temperature conditions. Shorter
primer molecules generally require cooler temperatures to
form sufficiently stable hybrid complexes with the marker
nucleic acid.

[0057] Primer sequences do not need to correspond exactly
to the specific marker sequence. Non-complementary nucle-
otide fragments may be attached to the 5' end of the primer
with the remainder of the primer sequence being complemen-
tary to the template. Alternatively, non-complementary bases
can be interspersed into the primer, provided that the primer
sequence has sufficient complementarily, in particular at the
3' end, with the template for annealing to occur and allow
synthesis of a complementary DNA strand.

[0058] In some embodiments, primers may be designed to
hybridize to specific regions of a marker nucleic acid
sequence. For example, GC rich regions are favored as they
form stronger hybridization complexes than AT rich regions.
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[0059] In most cases, it will be preferable to synthesize
desired oligonucleotides. Suitable primers can be synthesized
using commercial synthesizers, such as those supplied by
Applied Biosystems (Foster City, Calif.) using methods well
known to those of ordinary skill in the art. Where double-
stranded primers are desired, synthesis of complementary
primers is performed separately and the primers mixed under
conditions permitting their hybridization.

[0060] The application of fluorescence techniques to RT-
PCR, together with suitable instrumentation capable of com-
bining amplification, detection and quantification, has led to
the development of kinetic RT-PCR methodologies that are
revolutionizing the possibilities for quantifying nucleic acids
(19). These instruments (e.g., ABI Prism 7700, Perkin-Elmer-
Applied Biosystems, Foster City, Calif., USA; Lightcycler,
Roche Molecular Biochemicals, Mannheim, Germany; and
iCycler iQ Real-Time Thermocycler Detection System, Bio-
Rad Laboratories) are run as closed-tube systems and quan-
tification requires no post-amplification manipulation. This
avoids problems of contamination, results in short turn-
around times for data acquisition and analysis and minimizes
hands-on time. The entire process, starting at the reverse
transcription and ending with full quantification, is auto-
mated, which makes these instruments ideally suited for high-
throughput screening applications.

[0061] There are a number of techniques (e.g., molecular
beacons, DNA-binding dyes, hybridization probes, and
hydrolysis probes) available for detecting amplified product
with about the same sensitivity. They use fluorescent dyes and
combine the processes of amplification and detection of an
RNA target to permit the monitoring of PCR reactions in
real-time; their high sensitivity eliminates the need for a
second-round amplification, and decreases opportunities for
generating false-positive results. The simplest method uses
fluorescent dyes that bind specifically to double-stranded-
DNA. Some other methods rely on the hybridization of fluo-
rescence-labeled probes to the correct amplicon.

[0062] Theconcept of the threshold cycle (Ct) s at the heart
of accurate and reproducible quantification using fluores-
cence-based RT-PCR. Fluorescence values are recorded dur-
ing every cycle and represent the amount of product amplified
to that point in the amplification reaction. The more template
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.
This point is defined as the Ct, and will always occur during
the exponential phase of amplification. Therefore, quantifi-
cation is not affected by any reaction components becoming
limited in the plateau phase, which results in a systematic bias
against the more abundant templates and makes any quanti-
fication based on measurements of overall product yield
intrinsically unreliable.

[0063] Thereporter signalis normalized to the fluorescence
of an internal reference dye (e.g., Tagman) or between the
three dyes (e.g., Lightcycler), to allow for corrections in fluo-
rescent fluctuations caused by changes in concentration or
volume, and a Ct value is reported for each sample. This value
can be translated into a quantitative result by constructing a
standard curve.

[0064] Standard curves using fluorescence are easily gen-
erated, thanks to the linear response over a large dynamic
range. Quantification of mRNA transcription can be either
relative or absolute. Relative quantification determines the
changes in steady-state transcription of a gene and is often
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adequate. A relative standard consists of a sample, the cali-
brator, which is used to create a dilution series with arbitrary
units. The calibrator can be any nucleic acid, as long as its
concentration and length of amplicon are known. During the
RT-PCR assay, the target Ct is compared directly with the
calibrator Ct and is recorded as containing either more or less
mRNA. In contrast, absolute quantification of transcription
allows the precise determination of copy number per cell,
total RNA concentration, or unit mass of tissue. It requires the
construction of an absolute standard curve for each individual
amplicon to ensure accurate reverse transcription and PCR
amplification profiles.

[0065] An absolute standard curve can be prepared, for
example, by subcloning the amplicon behind a T7 or SP6
RNA polymerase promoter in a plasmid vector. An in vitro-
transcribed sense RNA transcript is generated, the sample is
digested with RNAse-free DNAse and the RNA is quantified
accurately. It is important to ensure that the standard RNA
template is a single, pure species free from DNA contamina-
tion. Triplicate measurements of its concentration are taken
on a spectrophotometer such as Genequant 11 (Amersham
Pharmacia Biotech, Little Chalfont, UK) and the absorbance
is converted to a “target copy number per ng RNA” The
standard curve is generated by performing three independent
serial dilutions of the RNA standard and assaying each dilu-
tion in duplicate, together with positive and negative control
reactions. To maximize accuracy, the dilutions should be
made over the range of copy numbers that include the amount
of target mRNA expected in the experimental RNA samples.
The high and low Ct values are discarded to correct for pipet-
ting error and the remaining four values are averaged to give
the final Ct value for that dilution. The Ct value is inversely
proportional to the log of the initial copy number. Therefore,
a standard curve is generated by plotting the Ct values, with
95% confidence intervals, against the logarithm of the initial
copy numbers. The copy numbers of experimental RNAs can
be calculated after real-time amplification from the linear
regression of that standard curve.

[0066] Inanother method, single-stranded sense-strand oli-
godeoxynucleotides is used as an alternative to the T7-RNA
polymerase-generated standard amplicon. The advantage of
using a single-stranded sense oligodeoxynucleotide is that it
significantly simplifies the process of obtaining a standard
curve for amplicons up to 100 bp, which encompasses most
real-time RT-PCR amplicons.

[0067] The accepted method for correcting sample-to-
sample variation is to amplify, simultaneously with the target,
a cellular RNA that serves as an internal reference against
which other RNA values can be normalized. The ideal inter-
nal standard should be expressed at a constant level among
different tissues of an organism, at all stages of development,
and should be unaffected by the experimental treatment. In
addition, an endogenous control should also be expressed at
roughly the same level as the RNA under study. The mRNAs
specifying the housekeeping genes glyceraldehyde-3-phos-
phate-dehydrogenase (GAPDH), f-actin and ribosomal
RNAs (rRNA) are most commonly used to normalize patterns
of gene expression, although other mRNAs (e.g., histone H3
and cyclophilin) have been used occasionally.

[0068] Analysis of the expression levels of the marker
genes is useful for cancer diagnosis, prognosis, and manage-
ment of the disease. The expression of the marker genes in a
body fluid indicates that circulating cancer cells are present in
the subject.
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[0069] As shown in Example 1 below, gRT assays for the
mRNA of four melanoma-associated markers: MART-1, Gal-
NAc-T, PAX-3, and MAGE-A3 were developed. In optimi-
zation studies, 17 melanoma cell lines and 49 PBL samples
from volunteers were tested. RNA and melanoma cell dilu-
tion studies were performed to assess the detection limits and
imprecision of the assays. The mRNAs in blood specimens
from 94 melanoma patients (AJCC stage 1, n=20; 11, n=20; I11,
n=32; IV, n=22) were measured. All markers were frequently
detected in melanoma cell lines, whereas none of the markers
was detected in PBLs from normal volunteers. The qRT assay
could detect 1 melanoma cell in 107 PBLs in the melanoma
cell-dilution studies. Markers were detected in 15%, 30%,
75%, and 86% of melanoma patients with AJCC stage I, 11,
11, and IV disease, respectively. The number of positive
markers and AJCC stage were significantly correlated (Spear-
man correlation coefficient=0.58; P<0.0001).

[0070] In Example 2, blood specimens were collected at
four sampling points from 63 patients enrolled in a prospec-
tive multicenter phase II trial of BC before and after surgical
treatment of AJCC stage III melanoma. Each specimen was
assessed by qRT for expression of four melanoma-associated
markers: MART-1, GalNAc-T, PAX-3, and MAGE-A3, and
the changes of CTCs during treatment and prognostic effect
of CTCs after overall treatment on recurrence and survival
were investigated. At a median postoperative follow-up time
of 30.4 months, 44 (70%) patients were clinically disease-
free. In relapse-free patients, the number of detected markers
significantly decreased during preoperative BC (P=0.036),
during postoperative BC (P=0.002), and during overall treat-
ment (P<0.0001). Marker detection after overall treatment
was associated with significant decreases in relapse-free and
overall survival (OS) (P<0.0001). By multivariate analysis
using a Cox proportional hazard model, the number of mark-
ers detected after overall treatment was a significant indepen-
dent prognostic factor for OS (risk ratio=12.6; 95% CI, 3.16
to 50.5; P=0.0003).

[0071] Therefore, multimarker gRT can detect circulating
melanoma cells in blood. Measurement of the studied
molecular markers in blood is useful in detection of metasta-
sis and monitoring treatment response of melanoma patients.
Furthermore, multimarker mRNA detection can be used to
predict the presence of systemic subclinical disease, and
changes in marker detection during and after treatment can be
used as a surrogate predictor of treatment outcome.

[0072] Accordingly, the invention provides methods for
quantifying the melanoma status, assigning a clinical mela-
noma stage to the subject, predicting treatment response,
melanoma recurrence, or survival of the subject (e.g., for a
period of at least three years following the removal of a
primary tumor, SLND, or both), monitoring melanoma pro-
gression or treatment response, selecting or randomizing a
treatment regime.

[0073] A diagnostic method of the invention involves
obtaining a body fluid sample from a subject and detecting the
expression of a panel of marker genes as described above. If
one or more of the genes is or are expressed, the subject is
diagnosed as being suffering from or at risk for developing a
subclinical systemic melanoma. The disease stage can be
determined according to the expression levels of the marker
genes, e.g., the number of marker genes expressed and/or the
amount of each marker mRNA. In general, a high number of
expressed marker genes indicates an advanced disease stage
(e.g., AJCC stages Il or IV).
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[0074] This invention also provides a logistically practical
assay to monitor cancer progression. The most significant
advantage of this approach compared to other approaches is
the ability to monitor disease progression without assessing
the tumor. This is particularly important during early phases
of distant disease spread, in which subclinical disease is unde-
tectable by conventional imaging techniques. To monitor the
progression of a cancer, mRNA or total RNA is isolated from
abody fluid from a subject suffering from cancer. The expres-
sion of a panel of marker genes is analyzed. The expression
levels of the marker genes is indicative of cancer progression.
Generally, an increased or high number of expressed marker
genes indicates progression of the cancer.

[0075] The invention further provides a method of deter-
mining the efficacy of a cancer therapy. A therapy is admin-
istered to a patient suffering from cancer, and a biological
fluid is obtained from the patient. mRNA or total RNA is
isolated from the fluid, and the expression of a panel of
marker genes is assessed. The expression levels of the marker
genes is indicative of whether the efficacy of the therapy is
good or poor. For example, an increased or high number of
expressed marker genes indicates that the therapy is bad,
whereas a decreased or low number of expressed marker
genes indicates that the therapy is good.

[0076] Because the methods described above require only
RNA extraction from a bodily fluid such as blood, it can be
performed at any time and repeatedly on a single patient.
Blood can be taken and monitored before or after surgery;
before, during, and after treatment, such as chemotherapy,
radiation therapy, gene therapy or immunotherapy; or during
follow-up examination after treatment for disease progres-
sion, stability, or recurrence.

[0077] Further, the invention provides predictive measures
of response to cancer therapies and mortality. More specifi-
cally, the invention provides a method of predicting the prob-
ability of survival of a subject suffering from cancer. The
method comprises providing a body fluid sample from the
subject and detecting the expression of a panel of gene mark-
ers in the sample. The expression levels of the marker genes
are indicative of the possibility of cancer relapse and the
survival of the patient. An decreased or low number of
expressed marker genes indicates that the subject is more
likely to be relapse-free and/or to survive.

[0078] Moreover, the invention provides a method of pre-
dicting the possible response of a cancer patient to a therapy.
The method comprises the steps of obtaining a body fluid
sample from a patient and detecting the expression of a panel
of marker genes in the sample. The expression levels of the
marker genes is indicative of whether the patient is likely to
respond to a cancer therapy. An decreased or low number of
expressed marker genes indicates that the subject is more
likely to be responsive to the cancer therapy.

[0079] All the basic essential materials and reagents
required for detecting cancer cells in a body fluid sample can
be assembled together in a kit. The kit may generally com-
prise agents (e.g., pre-selected primers) specific for a panel of
marker genes. Also included may be enzymes suitable for
amplifying nucleic acids including various polymerases (re-
verse transcriptase, Taq, etc.), deoxynucleotides and buffers
to provide the necessary reaction mixture for amplification.
Such kit may further comprise, in suitable means, distinct
containers for each individual reagent and enzyme as well as
for each marker primer pair. Kits of the present invention may
include a means for containing the reagents in close confine-
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ment for commercial sale such as, e.g., injection or blow-
molded plastic containers into which the desired reagent are
retained. Other containers suitable for conducting certain
steps of the disclosed methods also may be provided.

[0080] In particular, a kit for detecting circulating mela-
noma cells in body fluids may comprise a plurality of agents
(e.g., primers for quantifying marker mRNA using qRT) for
detecting the expression of a panel of genes, including PAX-3
and one or more genes selected from the group consisting of
GalNAc-T, MAGE-A3, MART-1, TRP-2, MITF, and Tyrosi-
nase. For example, the kit may comprise a plurality of agents
for detecting the expression of PAX-3, MART-1, and MAGE-
3; PAX-3, MART-1, and GalNAc-T; PAX-3, MAGE-3, and
GalNAc-T; GalNAc-T, MAGE-A3, MART-1, and PAX-3;
MART-1, GalNAc-T, MITF, and PAX-3; MART-1, TRP-2,
GalNAc-T, and PAX-3; or Tyrosinase, MART-1, GalNAc-T,
and PAX-3.

[0081] Alternatively, the kit may comprise a plurality of
agents for detecting the expression of at least three genes
selected from the group consisting of GalNAc-T, MAGE-A3,
MART-1, PAX-3, TRP-2, MITF, and Tyrosinase, as well as
enzymes and reagents for performing qRT. For example, the
kit may comprise at least four pairs of primers for respectively
quantifying the expression levels of GalNAc-T, MAGE-A3,
MART-1, and PAX-3.

[0082] A kit for detecting circulating breast, gastric, pan-
creatic, or colon cancer cells in body fluids may comprise a
plurality of agents (e.g., primers for quantifying marker
mRNA using qRT) for detecting the expression of a panel of
genes including Stanniocalcin-1, Stanniocalcin-2, or HSP27,
and one or more additional genes selected from the group
consisting of C-Met, MAGE-A3, Stanniocalcin-1, Stannio-
calcin-2, mammaglobin, HSP27, GalNAc-T, CK20, and
B-HCG. Alternatively, the panel of genes may include at least
three or four genes selected from the group consisting of
C-Met, MAGE-A3, Stanniocalcin-1, Stanniocalcin-2, mam-
maglobin, HSP27, GalNAc-T, CK20, and p-HCG. For
example, the panel of genes may include CK20, §-HCG and
mammaglobin; GalNAc-T, mammaglobin, and B-HCG;
mammaglobin, C-Met, GalNAc-T, and p-HCG; mamma-
globin, f-HCG, HSP27, and C-Met; or HSP27, CK20, Stan-
niocalcin-1, and MAGE-A3.

[0083] Specifically, the kit may comprise at least three or
four pairs of primers for respectively quantifying the expres-
sion levels of at least three or four genes selected from the
group consisting of C-Met, MAGE-A3, Stanniocalcin-1,
Stanniocalcin-2, mammaglobin, HSP27, GalNAc¢-T, CK20,
and B-HCG, as well as enzymes and reagents for performing
gRT. For example, the kit may comprise at least four pairs of
primers for respectively quantifying the expression levels ofa
first combination of C-Met, MAGE-A3, GalNAc-T, and
CK20; a second combination of mammaglobin, C-Met, Gal-
NAc-T, and p-HCG; a third combination of mammaglobin,
B-HCG, HSP27, and C-Met; or a fourth combination of
HSP27, CK20, Stanniocalcin-1, and MAGE-A3.

[0084] The following examples are intended to illustrate,
but not to limit, the scope of the invention. While such
examples are typical of those that might be used, other pro-
cedures known to those skilled in the art may alternatively be
utilized. Indeed, those of ordinary skill in the art can readily
envision and produce further embodiments, based on the
teachings herein, without undue experimentation.
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EXAMPLES
Example 1

Multimarker Quantitative Real-Time PCR Detection
of Circulating Melanoma Cells in Peripheral Blood:
Relation to Disease Stage in Melanoma Patients

Materials and Methods
Melanoma Cell Lines

[0085] Seventeen melanoma cell lines (MA, MB, MC, MD,
ME, MF, MG, MH, MI, MJ], MK, ML, MM, MN, MO, MP,
and MQ) were established and characterized at the John
Wayne Cancer Institute (JWCI). Cells were grown in RPMI
1640 containing 100 mL/L heat-inactivated fetal calf serum
and 10 g/L penicillin/streptomycin (Gibco) in a T75-cm®
flask and were used when they reached 70%-80% confluence.

Patients

[0086] All patients enrolled in the study had documented
physical and medical histories, and their AJCC stage of dis-
ease was determined and recorded at the time of blood draw-
ing. Blood was drawn from 94 melanoma patients (20 with
stage [, 20 with stage II, 32 with stage III, and 22 with stage
1V disease) immediately before they received any treatment
at JWCI. All patients signed consents for the use of their
blood specimens, and the study was carried out according to
the guidelines set forth by the Saint John’s Health Center and
the JWCI Institutional Review Board committee.

[0087] The study was conducted in a double-blinded fash-
ion: the patients’ disease status was not known to the indi-
viduals who performed the PCR assay or analyzed the PCR
data, and PCR results were not known to the individuals who
recorded disease status.

Blood Processing and RNA Extraction

[0088] We collected 10 mL of blood from each patient with
melanoma. Blood samples were collected in sodium citrate-
containing tubes, and the first several milliliters of blood at
the initial venipuncture were discarded to eliminate skin-plug
contamination, as described previously (17, 8). Within 2 h
after being drawn, blood was processed in a designated
blood-processing room. Blood cells were collected by use of
Purescript RBC Lysis Solution (Gentra), according to the
manufacturer’s instructions.

[0089] Tri-Reagent (Molecular Research Center) was used
to isolate total cellular RNA from blood samples and cell
lines, as described previously (8, 20). All of the RNA extrac-
tion procedures were performed in a designated sterile lami-
nar flow hood with RNase-free labware. RNA was quantified
and assessed for purity by ultraviolet spectrophotometry.
Blood processing, RNA extraction, RT-PCR assay set up, and
post-RT-PCR product analysis were carried out in separate
designated rooms to prevent cross-contamination (17, 21).

Primers and Probes

[0090] Primer and probe sequences were designed for the
gRT as described previously (9, 21). The fluorescence reso-
nance energy transfer probe sequences were as follows:
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MART-1,5'-FAM-TGCAGAACAGTCACCACCACC-
BHQ-1-3"; GalNAc-T, 5'-FAM-ATGAGGCTGCTTTCAC-
TATCCGCA-BHQ-1-3"; PAX-3,5-FAM-CCAGACTGAT-
TACGCGCTCTCCC-BHQ-1-3", MAGE-A3.5'-
FAMAGCTCCTGCCCACACTCCCGCCTGT-BHQ-1-3",
and glyceraldehyde-3-phosphate dehydrogenase (GAPDH),
5"-FAM-CAGCAATGCCTCCTGCACCACCAA-BHQ-1-
3', where FAM is 6-carboxyfluorescein and BHQ-1 is Black
Hole Quencher 1.

[0091] Melanoma cells and 49 PBL samples from healthy
donors were used to optimize the assay. The GAPDH gene
was used as a control housekeeping gene. Any specimen with
insufficient GAPDH mRNA was excluded from the study.

Multimarker qRT Assay

[0092] Reverse transcription reactions were performed
with Moloney murine leukemia virus reverse transcriptase
(Promega) with oligo(dT) primer (8, 9). The multimarker
gRT assay was performed in an iCycler iQ Real-Time Ther-
mocycler Detection System (Bio-Rad Laboratories). We
transferred 5 ul. of cDNA from 250 ng of total RNA to a well
of a 96-well PCR plate (Fisher Scientific) in which 0.5 uM
each primer, 0.3 uM fluorescence resonance energy transfer
probe, 1 U of AmpliTaq Gold polymerase (Applied Biosys-
tems), 200 uM each deoxynucleotide triphosphate, 4.5 mM
MgCl,, and PCR buffer were added to a final volume of 25
uL. Samples were amplified with a precycling hold at 95° C.
for 10 min, followed by 42 cycles of denaturation at 95° C. for
1 min, annealing for 1 min (at 55° C. for GAPDH, 59° C. for
MART-1, 62° C. for GalNAc-T and PAX-3, and 58° C. for
MAGE-A3), and extension at 72° C. for 1 min. The calibra-
tion curve was generated with the threshold cycle (Ct) of 9
serial dilutions of plasmid templates (10%-10° copies). The Ct
of each sample was interpolated from the calibration curve,
and the number of mRNA copies was calculated by the iCy-
cler iQ Real-Time Detection System Software (Bio-Rad
Laboratories). Each assay was performed at least twice and
included marker-positive (melanoma cell lines) and -negative
controls (PBLs of healthy donors) and reagent controls (re-
agent alone without RNA or cDNA) for gRT assays to verify
the results. The mean number of mRNA copies for each gene
was used for analysis.

Serial Dilution Study of Melanoma Cells in PBLs

[0093] To determine the detection limit for melanoma cells
in blood, we performed qRT on serially diluted melanoma
cells mixed with PBLs from healthy blood donors. This in
vitro model system to some extent mimics the circulating
melanoma cells in blood. In the assay, serial dilutions of
melanoma cells (100, 10, 5, 2.5, 1, and Ocells) that expressed
all four markers were mixed with 107 donor-derived PBLs
and assayed for each marker by qRT. This in vitro assay was
performed 10 times to validate the reproducibility and robust-
ness of the assay system.

Plasmid Controls

[0094] Specific plasmid controls were synthesized as
described previously (21). PCR products generated from
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MART-1, GalNAc-T, PAX-3, MAGE-A3, and GAPDH were
run on 2% agarose gel electrophoresis and extracted by the
QIAquick gel extraction method (Qiagen) according to the
manufacturer’s instructions. Extracted PCR products were
ligated into pCR II-TOPO cloning vector (Invitrogen) and
transformed into Escherichia coli DHS-ou cells. Plasmids
containing the target gene were purified and quantified foruse
in the quantitative PCR setup. To confirm that the inserted
PCR product size was correct, plasmids were digested with
specific restriction enzymes, and the products were visual-
ized after gel electrophoresis.

Statistical Analysis

[0095] We used the Mann-Whitney U-test to compare posi-
tive marker detection among AJCC stages. The Pearson cor-
relation coefficient and Cochran-Armitage trend test were
used to examine the significance of associations of the num-
ber of markers and AJCC stage of disease. Kappa analysis
was used to assess the relationship between two markers.
Spearman correlation coefficients were used to assess the
relationship between multimarker detection and AJCC stage.
All two-sided P values =0.05 were considered statistically
significant.

Results
Calibration Curves and Assay Variation

[0096] The calibration curves showed the expected linear
increase of signal with logarithm of the copy number. PCR
efficiency, assessed from the slopes of the curves, was
between 90% and 100%. The correlation coefficients for all
calibration curves (Ct vs log copy number) in the study were
=0.99.

[0097] When gRT was performed in different experiments
with mRNA from one melanoma cell line, the imprecision
values (CVs) for GAPDH, MART-1, GalNAc-T, PAX-3, and
MAGE-A3 were 7.7%, 21%, 14%, 27%, and 34%, respec-
tively between assays (n=3) and 1.8%-22% for triplicate
results (intra-assay variation).

Multimarker mRNA Expression in Melanoma Cell Lines
[0098] All melanoma cell lines showed GAPDH expres-
sion with high copy numbers (mean, 1.6x107; range, 1.7x10°
to 5.5x107), and expression of the mRNA markers MART-1,
GalNAc-T, PAX-3, and MAGE-A3 was detected in 88%,
100%, 100%, and 94%, respectively, of these melanoma cell
lines. The numbers of MART-1 mRNA copies ranged from 0
to 8.4x10° (mean, 1.2x10%) per 250 ng of total RNA from
individual melanoma lines. The copy numbers of GalNAc-T
ranged from 9.4x10" to 1.5x10° (mean, 2.2x10%), PAX-3
ranged from 3.2x10° to 2.7x10° (mean, 2.0x10°), and
MAGE-A3 ranged from 0 to 3.3%x10° (mean, 7.3x10%). Four-
teen cell lines expressed all 4 markers, and 3 lines expressed
3 markers. No marker expression was detected in PBLs from
49 healthy donors under the optimum conditions established
for individual markers.

gRT Detection Limit of Marker Expression

[0099] After establishing potential marker genes for mela-
noma, we used RNA dilution series to determine the detection
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limit of each marker. Total RNA was isolated from melanoma
cell lines that expressed all 4 markers; we then performed
gRT on RNA serially diluted from 2.5x10™" to 10~® ug for
individual markers. The assay was performed several times
with three different cell lines. Although mRNA concentra-
tions differed among cell lines, the instrument-qRT assay
combination detected all markers consistently at picogram
concentrations: MART-1, PAX-3, and MAGE-A3 expression
from 1 pg of RNA and GalNAc-T from 10 pg of RNA above
background. The background subtraction was obtained from
the net (inner-outer) fluorescerce for each well, and threshold
fluorescence for the experiment was set at 10 times the mean
of the SD of the fluorescence of each well from cycles 2 to 10
by the iCycler iQ Real-Time Detection System Software.
Linear regression analysis of curves from serial RNA dilu-
tions demonstrated that the correlation coefficient was 0.95-
0.998 and slopes were -3.50 to -3.75 for individual markers
with r=0.95-0.998. GAPDH expression was detected from
0.01 pg of RNA in all cell lines assessed.

gRT Detection Limit for Melanoma Cells Mixed with PBLs
In Vitro

[0100] The assay detected mRNA for each marker from 1
melanoma cell mixed with 107 PBLs; mRNA copies gradu-
ally decreased on serial dilution of melanoma cells (FIG. 1).
The number of mRNA copies for individual markers varied.
All markers were positive at 10 melanoma cells mixed with
107 PBLs in all 10 experiments. Detection frequencies of
MART-1, GalNAc-T, PAX-3, and MAGE-A3 from 1 mela-
noma cell mixed with 107 PBLs were 90%, 80%, 50%, and
20%, respectively. These rates are equivalent to 1 melanoma
cellin several milliliters of blood. When we tested dilutions of
1 melanoma cell in 108 PBLs, we detected expression of
MART-1, GalNAc-T, PAX-3, and MAGE-A3 in 6,4,2, and 2
of 10 attempts, respectively.

Assessment of Multimarker mRNA Detection in Blood from
Melanoma Patients

[0101] The range of relative mRNA copies (absolute
mRNA copies of each marker/absolute mRNA copies of
GAPDH) was 1075 to 107® for each marker (FIG. 2). The
relative number of mRNA copies was higher at a higher
disease stage. Pearson correlation coefficient analysis results
were significant between AJCC stage and relative mRNA
copies for all markers: r=0.28 (P=0.01) for MART-1; r=0.37
(P=0.0002) for GalNAc-T; r=0.28 (P<0.0001) for PAX-3;
r=0.25 (P=0.014) for MAGE-A3. Relative mRNA copies for
patients with stage 1II/IV disease (metastatic disease) were
significantly higher (Mann-Whitney U-test) than for patients
with stage /11 disease (localized disease) for all individual
markers (MART-1, P=0.01; GalNAc-T, P=0.0002; PAX-3,
P=0.0001; MAGE-A3, P=0.03).

[0102] Overall, in blood samples from 94 melanoma
patients, MART-1, GalNAc-T, PAX-3, and MAGE-A3 were
detectedin30%, 24%, 22%, and 18% of patients, respectively
(Table 1), with lower detection rates of marker genes in
patients with early-stage disease. The detection rate for each
marker was significantly related (Cochran-Armitage trend
test) to AJCC stage (MART-1, P=0.003; GalNAc-T, P=0.
0006; PAX-3, P<0.0001; MAGE-A3, P=0.016). We found no
significant coincidence (kappa test) of marker detection
between pairs of marker genes other than MART-1 and
MAGE-A3 (P=0.021).
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TABLE 1
mRNA detection in blood from melanoma patients.
AJCC stage, n (%)
I I 111 v Total

Marker (n=20) n=20) @=32) @m=22) (n=94) P
MART-1 2 (10) 40200 11 (34) 11 (50) 28 (30)  0.003
GalNAc-T 0 (0) 2(10) 13 (4)  8(36) 23 (24) 0.0006
PAX-3 0 (0) 1(5 10(31) 1045 21 (22) <0.0001
MAGE-A3 1(5) 2010 7@y 732 178 0.016
“Comparison between AJCC stage and each marker detection by Cochran-Armitage trend test.
[0103] The number of multimarkers detected in patients [0105] The qRT assay has high-throughput capacity that

was also higher in those with higher AJCC stage (Spearman
r=0.58; P<0.0001; Table 2). Only 3 (15%) of 20 AJCC stage
I patients had at least 1 positive marker detected, whereas 19
(86%) of 22 AJCC stage 1V patients had at least 1 positive
marker and 12 (55%) of 22 AJCC stage 1V patients had
multiple markers detected. When patients were divided into
those with no or 1 positive marker detected and those with 2
or more (multiple) positive markers detected, the Cochran-
Armitage trend test indicated a significant increase of patients
with multiple markers detected who had advanced stages of
disease (P<0.0001). The number of markers detected showed
a sharp contrast in distribution between stages I/Il and [TI/IV.
In stages I/11, 15%, 7%, 0%, and 0% of patients had 1, 2, 3,
and 4 markers detected, respectively. On the other hand, 35%,
28%, 15%, and 2% of patients had 1, 2, 3, and 4 markers
detected, respectively, in stage III/IV. There was a significant
difference in multimarker detection between AJCC stages I/11
and III/IV (P<0.0001).

TABLE 2

can analyze large numbers of samples” without PCR product
carryover contamination. Moreover, this assay enables accu-
rate and reproducible quantification of mRNA to compare
gene expression among samples. This assay system offers an
overall logistic advantage because it can detect occult meta-
static tumor cells among millions of healthy leukocytes in
blood without requiring cell-separation methods such as
magnetic beads, separation medium, or other approaches.

[0106] The 4 mRNA markers selected in the study were
frequently found in melanoma cells but not in healthy donor
blood PBLs under the optimized assay conditions. Our pre-
vious studies demonstrated that metastatic melanoma tumors
are heterogeneous in melanoma-associated marker expres-
sion (9, 21). Because MART-1, GM2/GD2, and MAGE-A3
have been demonstrated to be highly immunogenic in humans
(22-24), cells expressing these antigens may be deleted by
host immunity. However, the combination of markers in the
multimarker assay can compensate for individual marker

Number of markers correlated to disease stage.

AJCC stage, n (%)

Markers
detected, I I it v Total
n (n=20) (n=20) m=32) (@=22) (@m=9%) P
0 17 (85) 14 (70) 8 (25) 3(14) 42 (45 <0.0001¢
1 3 (15) 3 (15) 12 37 7 (32) 25 (26)
2 0 (0) 3 (15) 7 (22) 8 (36) 18 (19)
3 0 (0) 0 (0) 5 (16) 3 (14) 8 (9)
4 0 (0) 0 (0) 0O 15 1
=1 20 (100} 17 (85) 20 (63) 10 (45) 67 (71)  <0.0001°
=2 0 (0) 3 (15) 12 37 12 (55) 17 (29)

“Spearman correlation coefficient analysis showed a significant correlation between number of positive

markers and AJCC stage.

‘Cochran-Armitage trend test showed a significant increase of patients with more than 2 positive markers

detected in advanced stage of disease.

Discussion

[0104] In this study, we demonstrated the usefulness of
multimarker gRT as a sensitive and specific quantitative assay
to detect circulating melanoma cells in blood. In vitro models
showed the reproducibility and reliability of the assay and the
feasibility of clinical application. The assay detected ~1
melanoma cell in 10”-10% PBLs from healthy blood donors.
The number of positive markers in blood was significantly
higher in patients with advanced stage melanoma than in
patients with early-stage disease.

expression; thus, we expect detection of tumor cells to be
increased and false negative results reduced.

[0107] In blood specimens from patients with melanoma,
the overall detection rate in blood was highest for MART-1,
similar for GalNA¢-T and PAX-3, and lowest for MAGEA3.
Differences in cell line analysis compared with blood may be
related to the physiology of cells during circulation in blood
or the clonal phenotype (17). Detection rates of the multima-
rker gRT assay were higher than any of the individual markers
alone. These findings support the supposition that a single-
marker assay in blood has limited clinical utility (17, 25, 26).
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We did not use tyrosinase in the study because of previously
reported variable detection rates and potential problems with
false positives (25, 26). The detection of tumor cells in blood
has often been tested directly in correlation with outcome in
previously reported studies. However, such analyses must be
carried out in defined patient specimens because many vari-
ables play a role in tumor metastasis (17). Blood markers can
serve both diagnostic and predictive functions. In this study,
predictive markers for clinical stage I1 patients were validated
through molecular upstaging of sentinel lymph nodes (SLNs)
(9, 21). Previously we have shown the significance of circu-
lating melanoma cells in prediction of disease outcome in
patients with stage III/TV melanoma (27, 28). In the present
study, we quantitatively demonstrated the differences in
blood from patients with AJCC stages I/Il and TII/TV disease.
Potentially this quantitative real-time assay of circulating
cells could be useful for assessing patient disease status and
guiding treatment management (29, 30).

[0108] Insummary, melanomaprognosis is currently deter-
mined based on tumor and host demographic and static fac-
tors, but dynamic factors of ongoing tumor metastasis are also
important. Molecular markers in blood can be a very infor-
mative indicator of systemic disease progression. Qur find-
ings suggest the potential clinical usefulness of the qRT assay
for detecting circulating cells in blood of melanoma patients.

Example 2

Serial Monitoring of Circulating Melanoma Cells
During Neoadjuvant Biochemotherapy for Stage I11
Melanoma: Outcome Prediction in a Multicenter

Trial
Patients and Methods
Patients
[0109] Patients for this qRT study were selected from 94

melanoma patients enrolled in a prospective multicenter trial
of neoadjuvant BC. The 94 patients comprised 61 males and
33 females with a median age of 43 years (range, 17-76). All
patients were pathologically diagnosed with AJCC stage 111
melanoma and treated with neoadjuvant BC and surgery
between 1999 and 2002. A subset of patients from three of
centers, John Wayne Cancer Institute (Santa Monica, Calif.),
University of Colorado Cancer Center (Aurora, Colo.), and
Hubert H. Humphrey Cancer Center (Robbinsdale, Minn.),
signed informed consent for the use of their blood specimens,
and the qRT study was approved and carried out in accor-
dance with guidelines set forth by the individual institutional
review board committees.

Treatment Program and Blood Procurement

[0110] Allpatients received two cycles of BC at three-week
intervals before surgery. The BC regimen comprised cispl-
atin, 20 mg/m>, intravenously (i.v.), on day 1-4; dacarbazine,
800 mg/m?, i.v.,on day 1; vinblastine, 1.6 mg/m?, i.v., on day
1-4; interleukin-2 (Chiron Corporation, Emeryville, Calif.), 9
MU/m?, i.v. over 24 hours, on day 1-4; c-interferon (Scher-
ing-Plough, Madison, N.J.), 5 MU/m?, subcutaneously (s.c.),
on day 1-5; and granulocyte-colony-stimulating factor (Am-
gen Inc., Thousand Oaks, Calif.), S meg/kg, s.c., on day 6-12.
Patients then underwent therapeutic lymphadenectomy and
began two cycles of BC within 42 days after surgery; the
postoperative BC regimen was the same as the preoperative
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regimen. All patients were clinically and radiologically
evaluated at specified time points during treatment and fol-
low-up.

[0111] Peripheral blood was drawn immediately before
preoperative BC (pre-BC, n=63), before surgery (pre-sur-
gery, n=55), after surgery (post-surgery, n=55), and after
postoperative BC (post-BC, n=58). The interval between
each of the four sampling times was approximately six weeks,
and all blood specimens were processed within 30 hours after
drawing.

Standard Operation Procedure

[0112] Ten milliliter of blood samples were collected in
sodium citrate-containing tubes, and the first several millili-
ters were discarded to eliminate skin-plug contamination, as
previously described (8, 17). All blood specimens were then
coded by acomputer-generated number, so that the qRT study
could be conducted in a blinded fashion. Total cells in blood
were collected using the Purescript RBC Lysis Solution
(Gentra, Minneapolis, Minn.), following the manufacturer’s
instruction.

[0113] Tri-Reagent (Molecular Research Center, Cincin-
nati, Ohio) was used to isolate total cellular RNA from blood
specimens, as previously described (8, 17). RNA was quan-
tified and assessed for purity by ultraviolet spectrophotom-
etry. Blood processing, RNA extraction, RT-PCR assay set-
up, and post RT-PCR product analysis were carried out in
separate designated rooms to prevent cross-contamination.
[0114] RT reactions were performed using Moloney
murine leukemia virus reverse transcriptase (Promega, Madi-
son, Wis.) with oligo-dT primer (8, 9). Multimarker qRT
assay was performed using iCycler iQ RealTime Thermocy-
cler Detection System (Bio-Rad Laboratories, Hercules,
Calif.) as previously described (31, 9). Primer and probe
sequences were designed for the qRT. Fluorescence reso-
nance energy transfer probe sequences were as follows:
MART-1,5-FAM-TGCAGAACAGTCACCACCACC-
BHQ-1-3"; GalNAc-T, 5-FAM-ATGAGGCTGCTTTCAC-
TATCCGCA-BHQ-1-3"; PAX-3,5-FAM-CCAGACTGAT-
TACGCGCTCTCCC-BHQ-1-3"; MAGE-A3, 5-FAM-
AGCTCCTGCCCACACTCCCGCCTGT-BHQ-1-3";  and
glyceraldehyde-3-phosphate ~ dehydrogenase (GAPDH),
5'-FAM-CAGCAATGCCTCCTGCACCACCAA-BHQ-1-
3'. Wetransferred 5 ul, cDNA from 250 ng total RNA to a well
of a 96-well PCR plate (Fisher Scientific, Pittsburgh, Pa.), in
which 0.5 pmol/L, of each primer, 0.3 umol/L. probe, 1 U
AmpliTaq Gold polymerase (Applied Biosystems, Branch-
burg, N.1.), 200 umol/L of each ANTP, 4.5 mmol/T. MgCl, and
PCR buffer were applied, to a final volume of 25 pL.. Samples
were amplified with a precycling hold at 95° C., for 10 min,
followed by 42 cycles of denaturation at 95° C. for 1 min,
annealing at 55° C. for 1 min for GAPDH (annealing at 59° C.
for MART-1, at 62° C. for GalNAc-T and PAX-3, and at 58°
C. for MAGE-A3), and extension at 72° C. for 1 min.
[0115] The standard curve was generated by using thresh-
old cycle (Ct) of nine serial dilutions of plasmid templates
(10° to 10® copies). The Ct of each sample was interpolated
from the standard curve, and the number of mRNA copies
was calculated by the iCycler iQ RealTime Detection System
Software (Bio-Rad Laboratories). Seventeen melanoma cell
lines and peripheral blood leukocytes (PBLs) from 49 healthy
donors were used to optimize the assay. Each qRT assay was
performed at least twice and included marker-positive (mela-
noma cell lines) and marker-negative controls (PBLs of
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healthy donors), and reagent controls (reagent alone without
RNA or ¢cDNA). GAPDH gene was used as a control house-
keeping gene. Any specimen with inadequate GAPDH
mRNA was excluded from the study. The mean mRNA copy
number was used for analysis.

Statistical Analysis

[0116] This study was designed to investigate the changes
on CTCs during treatment course and prognostic effect of
circulating tumor burden after overall treatment on disease
relapse and survival. The primary outcomes were the number
of markers detected after overall treatment, relapse of the
disease, and survival. The mRNA copies and the detection
rate of individual markers at each time point were considered
as secondary endpoints.

[0117] The detection of individual marker at each time
point was tabulated. Wilcoxon signed rank test was used to
compare the number of markers during treatment. Mann-
Whitney U test was used to assess the difference of markers
between relapse and relapse-free patients. Relapse-free sur-
vival (RES) after lymphadenectomy and OS from the start of
BC (pre-BC) were used for outcome measurement. Cox pro-
portional hazard model was developed to examine the asso-
ciation of markers detected with RFS and OS, and used for
multivariate analysis. Known clinical and pathological risk
factors, such as age, gender, primary tumor site, Breslow
tumor thickness, ulceration, AJCC primary tumor (T) stage,
regional lymph node (N) stage, stage III grouping (IIIA, II1B,
and IIIC), previous treatment status, detection of individual
markers and number of multimarker after overall treatment
were included in the model. Stepwise method was used for
prognostic variable selection. Log-rank test was used to com-
pare RFS and OS among patients with individual marker
detection and patients with 0, 1, and =2 detectable markers
after overall treatment. Survival curves were generated using
Kaplan-Meier method.

[0118] For the secondary outcomes, McNemar’s test was
used to compare the detection of individual marker between
any two time points, and Wilcoxon signed rank test was used
to examine the change of mRNA copies during treatment
course. The analysis was performed using SAS statistical
software and all tests were two-sided with significance level
=0.05.

Results
Eligible Patients for qRT Study

[0119] Our gRT study included 63 of the 94 patients
enrolled in the clinical trial; the remaining 31 patients were
excluded because of lack of blood procurement (23 patients),
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rapid disease progression (four patients), or severe toxicity
during neoadjuvant BC (four patients). Multimarker gRT
assay was performed on 231 blood samples collected from the
63 patients (41 males and 22 females; median age, 42 years
[range, 17-76 years]|; median postoperative follow-up, 30.4
months).

Standard Curves and Specificity of Multimarker qRT Assay

[0120] The standard curves showed the expected linear
increase of signal with logarithm of the copy number. PCR
efficiency assessed from the slopes of the curves was between
90 and 100%. The correlation coefficient for all standard
curves in the study was =0.99. MART-1, GaINAc-T, PAX-3,
and MAGE-A3 mRNA were not detected in blood specimens
from the 49 healthy donors under the optimized conditions,
but were frequently detected in melanoma cell lines (31).
Individual markers were detected in one to five melanoma
cells diluted in 107 PBLs of healthy donors; the coefficient of
variation (CV) was 1.8 to 22% for triplicate results (intra-
assay variation) and 14 to 34% between assays for individual
markers (31).

Change in Multimarker mRNA Detection During Treatment

[0121] GAPDH expression was detected in all blood speci-
mens; absolute copy number per 250 ng total RNA ranged
from 9.21x10% to 1.83x10® (median, 1.75x10”). The range of
relative mRNA copies (absolute mRNA copies of each
marker/absolute mRNA copies of GAPDH) was 0 to 8.4x
107 overall and 1072 to 10~° for marker-positive specimens
(FIG. 3). During treatment, relative mRNA copies of all
markers gradually decreased to levels significantly below
pretreatment levels (MART-1, P=0.0006; GalNAc-T, P=0.
005; PAX-3, P=0.002; MAGE-A3, P=0.013). Changes in
relative mRNA copy level during each sampling interval were
not significant, except for a significant decrease in PAX-3
mRNA copy level during preoperative BC (P=0.032).

[0122] Similarly, individual marker detection rates
dropped significantly during overall treatment (MART-1,
P=0.001; GalNAc-T, P=0.005; PAX-3, P=0.001; MAGE-A3,
P=0.004), reflecting a gradual, nonsignificant decrease dur-
ing each sampling interval (Table 3). The number of markers
detected in each specimen also decreased significantly during
overall treatment (P<0.0001), reflecting significant decreases
during preoperative and postoperative BC (P=0.046 and P=0.
008, respectively) but not during surgery. Before treatment,
blood specimens from 47 (75%) of 63 patients expressed at
least one marker and specimens from 22 (36%) patients
expressed more than one marker. After overall treatment,
specimens from 41 (70%) patients had no markers and only
five (10%) specimens expressed more than one marker.

TABLE 3

Detection of Markers in Blood Sampled at Specific Intervals during Treatment

Pre-BC Pre-surgery Post-surgery Post-BC
Patients (%) Patients (%) Patients (%) Patients (%)
(n=1063) (n=55) (n=55) (n=58) p*
Marker
MART-1 23 (37) 15 @n 10 (18) 5 ©  .001
GalNAc-T 18 (29) 12 (22) 10 (18) 6 (10)  .005
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TABLE 3-continued

Detection of Markers in Blood Sampled at Specific Intervals during Treatment

Pre-BC Pre-surgery Post-surgery Post-BC
Patients (%) Patients (%) Patients (%) Patients (%)

(n=63) (n=55) (n=55) (n=58) P*
PAX-3 23 (37) 11 (20) 11 (20) 7 (12)  .001
MAGE-A3 22 (35) 10 (18) 11 (20) 7 (12)  .004
Number of Markers
Detected
0 16 (25) 25 (46) 22 (40) 41 (70)  <.0001
1 25 (39) 16 (29) 26 47 12 (20)
2 6 (10) 10 (18) 5 9) 3 (6)
3 15 (24) 4 7 2 4 1 2)
4 1 2) 0 ) 0 0) 1 2)

Abbreviations: BC, biochemotherapy.
*P value caleulated using McNemat’s test for each marker and Wilcoxon signed rank test for number of markers.

Multimarker mRNAs as a Predictor of Disease Relapse and

Survival TABLE 5

[0123] Atamedian postoperative follow-up 0f30.4 months

(range 4.6 to 52.4 months) 19 (30%) of 63 patients had Marker Detection and Duration of RFS in Patients with Relapse
relapsed and 44 (70%) were clinically disease-free. After Number of Markers Detected

treatment, marker detection rate after treatment clearly dis- .
Patient Pre-BC  Pre-Surgery Post-Surgery Post-BC RFS (months)

tinguished relapse and relapse-free patient groups (61% and

15%, respectively). The number of markers was significantly 1 0 NA NA 3 2.80
. . _ . o 2 1 1 0 0 20.50
lower in relapse-free patients (P—0.00I),' reﬂecung a signifi- 3 ) 0 . . 3130
cant overall decrease (P<0.0001) and significant decreases 4 1 1 1 0 44.10
during preoperative and postoperative BC (P=0.036 and P<0. 5 0 1 0 NA 28.23
0001 tively) (Table 4). In patients with relapse, th o ; | ; o
, respectively) (Table 4). In patients with relapse, there - 5 0 1 0 23.90
was no significant difference between any two sampling 8 3 0 0 1 14.73
points; 18 (95%) of 19 patients expressed at least one marker 9 0 3 1 1 6.93
. 10 3 0 0 1 9.60
during treatment and those who expressed at least two mark- 1 1 1 1 1 3167
ers after treatment developed relapse within seven months 12 1 0 3 4 6.57
(Table 5).
TABLE 4
Multimarker Detection Correlated with Disease Outcome
Number of Marker Pre-BC Pre-surgery Post-surgery Post-BC
Detected Patients (%) Patients (%) Patients (%) Patients (%) p*

No Relapse (n = 44)

0 12 7 17 (44) 17 (42) 34 (85) <.0001
1 15 (34) 12 (31) 19 (48) 5 (13)

2 5 (12) 9 (23) 3 (8) 1 2)

3 12 7 1 2 1 2) 0 0)

4 0 ©) 0 ) 0 © 0 0)
Relapse (n=19)

0 4 (21) 8 (50) 5 (33) 7 (39) 8
1 10 (53) 4 (25) 7 (47) 7 (39)

2 1 5) 1 (6) 2 (13) 2 (10)

3 3 (16) 3 19) 1 7 1 6)

4 1 3) 0 (@] 0 ) 1 6)

Abbreviations: BC, biochemotherapy.

*P value calculated using Wilcoxon signed rank test.
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TABLE 5-continued

Marker Detection and Duration of RFS in Patients with Relapse

Number of Markers Detected

Patient Pre-BC Pre-Surgery Post-Surgery Post-BC RFS (months)

13 4 0 2 0 14.37
14 1 2 NA 0 28.70
15 1 0 2 1 22.83
16 1 0 1 2 5.83
17 0 NA NA 0 13.03
18 1 3 NA 2 3.87
19 3 NA 0 0 8.90

Abbreviations:

RES, relapse-free survival;
BC, biochemotherapy;
NA, not applicable.

[0124] Before treatment, marker detection had no correla-
tion with gender, age, primary site, Breslow tumor thickness,
ulceration, pT stage, pN stage, stage III grouping (ITIA, TIIB,
and I1IC), and previous treatment status. After treatment, RFS
significantly decreased when blood specimens were positive
for MART-1, GalNAc-T, and/or MAGE-A3 (P=0.0003, P<0.
0001, and P<0.0001, respectively) (FIG. 4). The size of the
decrease was directly correlated with the number of positive
markers (P<0.0001) (FIG. 4). For patients with no positive
markers (n=41), 7 patients had relapsed, and the estimated
RFS rates were 97.6+2.4% (estimate +SE) for 12 months and
89.8+4.9% for 24 months. For patients with one positive
marker (n=12), 7 had relapsed, and the estimated RFS rates
were 81.8+11.6% for 12 months and 62.3£15.0% for 24
months. For patients with 2 positive markers (n=5), 4 had
relapsed, and the estimated RFS rates was 20.0+17.9% for 12
months. Cox proportional hazard model analysis selected the
detection of MART-1 (risk ratio=10.2; 95% CI=1.91 to 54.1,
P=0.007), GalNAc-T (risk ratio=6.56; 95% CI=1.43 to 30.0;
P=0.015), and MAGE-A3 (risk ratio=33.6; 95% CI, 7.82 to
144.6; P<0.0001) after overall treatment as the significant
prognostic factors for RFS. No other factors were selected in
Cox proportional model except age (>50 vs =30) (risk
ratio=8.25; 95% CI, 2.01 to 33.8; P=0.003). Marker detection
in blood specimens obtained before or during treatment was
not correlated with RFS.

[0125]  After treatment, OS decreased significantly if blood
specimens were positive for MART-1, GalNAc-T, and/or
MAGE-A3 (P=0.007, P<0.0001, and P=0.009, respectively)
(FIG. 5). Again, the level of decrease was directly correlated
with the number of positive markers (P<0.0001) (FIG. 5). For
patients with no positive markers, no patients died within 12
months, and 4 patients died during follow-up period, and the
estimated OS was 94.5+3.8% (estimate +SE) for 24 months.
For patients with one positive marker, no patients died within
12 months, and 5 died, and the estimated OS was 80.0+12.7%
for 24 months. For patients with =2 positive markers, 3
patients died within 12 months, and the estimated 1-year
survival rate was 40.0+21.9%. Using a Cox proportional haz-
ard regression model, number of positive markers after treat-
ment (risk ratio=12.6; 95% CI, 3.16 to 50.5; P=0.0003) was
selected as a significant independent prognostic factors for
OS. No other factors were selected in Cox proportional model
except age (>50 vs =50) (risk ratio=8.19; 95% CI, 2.30 to
28.5; P=0.001).

Discussion

[0126] Recent studies have shown the importance of CTCs
in blood, however most have focused on correlation with
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staging and tumor burden (29, 32). We previously demon-
strated the significance of CTCs for prediction of disease
outcome in patients with AJCC stage 11T melanoma receiving
melanoma vaccine (27, 28). Because CTCs may indicate
systemic subclinical disease, their quantitative real-time
detection can represent a surrogate marker for predicting
outcome to adjuvant therapy. In this study, we demonstrated
that multimarker qRT assay could detect CTCs in blood of
AJCC stage I melanoma patients receiving BC before and
after surgery and changes in multimarker detection were cor-
related with disease progression and overall survival.

[0127] The four mRNA markers selected for this study are
frequently found in blood specimens from melanoma patients
but not in blood from healthy individuals (31). Because meta-
static melanoma tumors are heterogenous in melanoma-asso-
ciated marker expression (9, 17), a combination of markers
can compensate for variations in individual marker expres-
sion; thus we expect detection of tumor cells to be greatly
increased and false-negative results reduced. Detection rates
were higher with the multimarker qRT assay than with any
individual marker assay. These findings indicate that a single-
marker assay in blood has limited clinical utility (17, 25, 26).
[0128] Thenumber of positive markers in each blood speci-
men significantly decreased across all three sampling inter-
vals and during preoperative and postoperative BC. The non-
significant decrease after surgery probably reflects residual
tumor burden. CTCs were detected in more than half of
patients after surgery, consistent with the high incidence of
disease relapse in AICC stage 11l melanoma patients. These
findings also indicate the need for postoperative monitoring
to detect systemic subclinical disease in patients who have
undergone complete resection of stage 1II melanoma (33).
[0129] The change in marker detection rates was clearly
different between relapse-free and relapse patients. Preopera-
tiveand postoperative BC significantly reduced the number of
markers only in relapse-free patients. Marker detection after
treatment also correlated with overall survival. These results
suggest that serial monitoring of CTCs might be used to
predict disease outcome. The fact that surgery did not signifi-
cantly affect marker detection rates in both relapse-free or
relapse patients suggests that subclinical systemic disease
had already been established before operative intervention.
Cox proportional model did not select the histopathological
factor (pT and/or pN stage) as a prognostic factor, and these
findings might indicate that assessment of primary and
regional lymph node according to TNM staging criteria could
not accurately predict the disease relapse and overall survival
in patients receiving neoadjuvant treatment, because of modi-
fication of tumor burden by chemotherapeutic and/or immu-
notherapeutic drugs.

[0130] From a clinical standpoint, the development of a
tool to identify high-risk patients and to monitor the response
to adjuvant therapy in patients that are clinically disease-free
would represent significant progress in the management of
melanoma patients. Although most studies of CTCs in mela-
noma have used specimens obtained at only one time point,
serial assessment can detect CTC changes during different
phases of treatment. This makes CTC assessment a promising
method to detect real-time subclinical tumor spreading.
Although we did not measure clinical response to treatment,
our assay system may have the potential to identify which
component of treatment is most effective and which needs to
be improved. As treatment regimens become multi-modal
and multi-phasic, there will be an urgent need for clinically
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relevant surrogate markers that can be used to monitor
response as well as predict outcome.

[0131] Moststudies for assessment of predictive markers in
patients treated with neoadjuvant therapy have used tumor
tissues. However, static assessment of primary and metastatic
tumor specimens after neoadjuvant therapy does not indicate
whether tumor cells are being shed or whether treatment is
reducing metastasis. In contrast, dynamic assessment of seri-
ally obtained blood specimens allows molecular evaluation of
tumor cell shedding during treatment and is highly important
to evaluate efficacy in controlling systemic disease. This
study supports the use of molecular markers as surrogates for
disease progression and suggests that our assay system could
minimize sample variation from different sites and thereby
increase the feasibility of multicenter studies.
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[0165] While the foregoing has been described in consid-
erable detail and in terms of preferred embodiments, these are
not to be construed as limitations on the disclosure or claims
to follow. Modifications and changes that are within the pur-
view of those skilled in the art are intended to fall within the
scope of the following claims. All literatures cited herein are
incorporated by reference in their entirety.

1. A method of detecting circulating melanoma cells in a
subject, comprising:

obtaining a body fluid from a subject; and

detecting the expression of a panel of genes in the body

fluid, the panel of genes including GalNAc-T and PAX-
3, wherein the expression of the panel of genes indicates
the presence of circulating melanoma cells in the sub-
ject.

2. The method of claim 1, wherein the panel of genes
further includes one or more additional genes selected from
the group consisting of GalNAc-T, MAGE-A3, MART-1,
PAX-3, TRP-2, MITF, and Tyrosinase.

3-16. (canceled)

17. A kit for implementing the method of claim 1, com-
prising a plurality of agents for detecting the expression of a
panel of genes, wherein the panel of genes includes PAX-3
and one or more genes selected from the group consisting of
GalNAc-T. MAGE-A3, MART-1, TRP-2, MITF, and Tyrosi-
nase.

18. The kit of claim 17, wherein the panel of genes includes
PAX-3, MART-1, and MAGE-3; PAX-3, MART-1, and Gal-
NAc-T; PAX-3, MAGE-3, and GalNAc-T: GalNAc-T,
MAGE-A3, MART-1, and PAX-3; MART-1, GalNAc-T,
MITF, and PAX-3; MART-1, TRP-2, GalNAc-T, and PAX-3;
or Tyrosinase, MART-1, GalNAc-T, and PAX-3.

19. The kit of claim 17 wherein the plurality of agents for
detecting the expression of a panel of genes includes at least
three pairs of primers for respectively quantifying the expres-
sion levels of at least three genes selected from the group
consisting of GalNAc-T, MAGE-A3, MART-1, PAX-3, TRP-
2, MITF, and Tyrosinase; and enzymes and reagents for per-
forming qRT.

20. The kit of claim 19, comprising at least four pairs of
primers for respectively quantifying the expression levels of
at least four genes selected from the group consisting of
GalNAc-T. MAGE-A3, MART-1, PAX-3, TRP-2, MITF, and
Tyrosinase.

21. The kit of claim 20, comprising at least four pairs of
primers for respectively quantifying the expression levels of
GalNAc-T, MAGE-A3, MART-1, and PAX-3.

22-24. (canceled)

25. A method of detecting circulating breast, gastric, pan-
creatic, or colon cancer cells in a subject, comprising:

obtaining a body fluid from a subject; and

quantifying the expression levels of a panel of genes using

gRT, the panel of genes including at least three genes
selected from the group consisting of C-Met, MAGE-
A3, Stanniocalcin-1, Stanniocalcin-2, mammaglobin,
HSP27, GalNAc-T, CK20, and $-HCG, wherein the
expression of the panel of genes indicates the presence
of circulating breast, gastric, pancreatic, or colon cancer
cells in the subject.

26. The method of claim 25, wherein the body fluid is
blood, bone marrow, cerebral spinal fluid, peritoneal fluid, or
pleural fluid.

27. The method of claim 25, wherein at least one of the
panel of genes is expressed.
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28. The method of claim 27, wherein at least two of the
panel of genes are expressed.

29-30. (canceled)

31. The method of claim 25, wherein the expression of the
panel of genes indicates that the subject is suffering from or at
risk for developing a subclinical systemic breast, gastric,
pancreatic, or colon cancer.

32. The method of claim 25, further comprising:

quantifying the breast, gastric, pancreatic, or colon cancer

status; assigning a clinical breast, gastric, pancreatic, or
colon cancer stage to the subject;

predicting treatment response, breast, gastric, pancreatic,

or colon cancer recurrence, or survival of the subject;
monitoring breast, gastric, pancreatic, or colon cancer
progression or treatment response;

selecting or randomizing a treatment regime; or a combi-

nation thereof in accordance with the expression of the
panel of genes.

33. The method of claim 32, wherein the treatment
response, breast, gastric, pancreatic, or colon cancer recur-
rence, or survival of the subject is predicted for a period of at
least three years following the removal of a primary tumor,
SLND, or both.

34. The method of claim 25, wherein the body fluid or a
tissue sample from the subject is histopathologically negative
for breast, gastric, pancreatic, or colon cancer cells.

35. The method of claim 34, wherein the histopathology of
the body fluid or tissue sample is determined by H&E or IHC
staining.
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36. The method of claim 25, wherein the panel of genes
includes atleast four genes selected from the group consisting
of C-Met, MAGE-A3, Stanniocalcin-1, Stanniocalcin-2,
mammaglobin, HSP27, GalNAc-T, CK20, and f-HCG.

37. The method of claim 37, wherein the panel of genes
includes a first combination of C-Met, MAGE-A3, GalNAc¢-
T, and CK20; a second combination of mammaglobin,
C-Met, GalNAc-T, and f-HCG; a third combination of mam-
maglobin, B-HCG, HSP27, and C-Met; or a fourth combina-
tion of HSP27, CK20, Stanniocalcin-1, and MAGE-A3.

38. (canceled)

39. A kit, comprising a plurality of agents for detecting the
expression of a panel of genes, wherein the panel of genes
includes CK20, B-HCG and mammaglobin; GalNAc-T,
mammaglobin, and B-HCG; mammaglobin, C-Met, Gal-
NAc-T, and B-HCG; mammaglobin, $-HCG, HSP27, and
C-Met; or HSP27, CK20, Stanniocalcin-1, and MAGE-A3.

40. The kit of claim 39 wherein the plurality of agents for
detecting the expression of a panel of genes includes at least
three pairs of primers for respectively quantifying the expres-
sion levels of at least three genes selected from the group
consisting of C-Met, MAGE-A3, Stanniocalcin-1, Stannio-
calcin-2, mammaglobin, HSP27, GalNAc-T, CK20, and
B-HCG; and enzymes and reagents for performing qRT.

41-42. (canceled)
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