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Described herein are methods and assays relating to the presence and/or level of circulating tumor cells (CTCs). These CTC-Cs
represent a highly metastatic subpopulation of CTCs. In some embodiments, the methods and assays described herein relate to
the treatment of cancer.
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(57) Abstract: Described herein are methods and assays relating

to the presence and/or level of circulating tumor cells (CTCs).

These CTC-Cs represent a highly metastatic subpopulation of CTCs. In some embodiments, the methods and assays described herein

relate to the treatment of cancer.



CA 02928779 2016-04-21

WO 2015/061091 PCT/US2014/060610
1

METHODS RELATING TO CIRCULATING TUMOR CELL CLUSTERS AND THE
TREATMENT OF CANCER

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims benefit under 35 U.S.C. § 119(e) of U.S. Provisional Application
No. 61/893.397 filed October 21, 2013, 61/908,236 filed November 25, 2013, and 61/918,923 filed
December 20, 2013, the contents of which are incorporated herein by reference in their entirety.
SEQUENCE LISTING
[0002] The 1nstant application contains a Sequence Listing which has been submitted

electronically in ASCII format and 1s hereby incorporated by reference 1n its entirety. Said ASCII
copy, created on September &, 2014, 1s named 030258-079173-PCT SL.txt and 1s 11,455 bytes 1n

S1Z¢.
TECHNICAL FIELD
[0003] The technology described herein relates to the diagnosis and treatment of cancer.
BACKGROUND
[0004] The current model of blood-borne metastasis 1s based on sequential steps starting from

movement of primary tumor cells into the bloodstream, survival in the circulation, movement of the
tumor cells from the bloodstream 1nto a new tissue, and the founding of a new tumor. Circulating
tumor cells (CTCs) have been detected in the majority of epithelial cancers (Yu et al. JCB 2011
192:373) and they hold the key to understanding early dissemination events in cancer. Interestingly,
the number of CTCs largely exceeds the number of metastatic lesions 1n patients, indicating that
CTCs are not equally capable of causing metastasis. It 1s likely that the majority of CTCs die 1n the
bloodstream, with only a minor fraction representing viable metastatic precursors. The identification
of the metastatic pool within CTCs has the potential to refine the understanding of cancer metastasis
and can permit the development of new agents for the treatment of metastatic human tumors.
SUMMARY
[0005] As described herein, the inventors have discovered that a subset of circulating tumor cells
(CTCs) exist as CTC clusters (CTC-Cs). Moreover, the inventors have found that these CTC-Cs
represent a highly metastatic subpopulation of CTCs. Markers of these CTC-Cs and accordingly,
methods of detecting the presence and/or level of CTC-Cs are described herein, as are methods
relating to reducing metastasis by ihibiting the growth, survival, and/or metastatic potential of the
CTC-Cs.
[0006] In one aspect, described herein 1s an assay comprising measuring the level of circulating
tumor cell (CTC) clusters 1n a sample obtained from a subject with a breast or epithelial cancer and
determining the subject to be at increased risk of metastasis of the cancer if the level of CTC clusters
1S Increased relative to a control level. In some embodiments, the level of CTC clusters 1s measured

by measuring the expression level of a CTC cluster (CTC-C) marker gene 1n the sample obtained
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from the subject; wherein the CTC-C marker gene 1s a gene selected from the list of Figure 9. In
some embodiments, the level of CTC clusters 1s measured by measuring the expression level of a
CTC cluster (CTC-C) marker gene 1n the sample obtained from the subject; wherein the CTC-C
marker gene 1s a gene selected from the list of Table 2, 3 and/or 4. In some embodiments, the CTC-C
marker gene 1s plakoglobin. In some embodiments, the expression level of a CTC-C marker gene 1n
circulating tumor cells 1n the sample 1s measured. In some embodiments, the expression level of a

CTC-C marker gene 1n cancer cells obtained from the subject 1s measured. In some embodiments, the

level of CTC clusters is measured using a ' "CTC-Chip. In some embodiments, the subject is a
subject 1n need of treatment for cancer. In some embodiments, an increased level of CTC clusters 1s a
level at least 1.5x greater than the control level. In some embodiments, an increased level of
plakoglobin expression 1s a level at least 1.5x greater than the control level.

[0007] In one aspect, described herein 1s a method of determining 1f a subject 1s at increased risk
of metastasis, the method comprising measuring the level of circulating tumor cell (CTC) clusters 1n a
sample obtained from a subject with a breast or epithelial cancer and determining the subject to be at
increased risk of metastasis of the cancer 1f the level of CTC clusters 1s increased relative to a control
level. In some embodiments, the level of CTC clusters 1s measured by measuring the expression level
of a CTC cluster (CTC-C) marker gene in the sample obtained from the subject; wherein the CTC-C
marker gene 1s a gene selected from the list of Figure 9. In some embodiments, the level of CTC
clusters 1s measured by measuring the expression level of a CTC cluster (CTC-C) marker gene in the
sample obtained from the subject; wherein the CTC-C marker gene 1s a gene selected from the list of
Table 2, 3 and/or 4. In some embodiments, the CTC-C marker gene 1s plakoglobin. In some
embodiments, the expression level of a CTC-C marker gene 1n circulating tumor cells in the sample 1s
measured. In some embodiments, the expression level of a CTC-C marker gene 1in cancer cells

obtained from the subject 1s measured. In some embodiments, the level of CTC clusters 1s measured

using a ' "CTC-Chip. In some embodiments, the subject is a subject in need of treatment for cancer.
In some embodiments, an increased level of CTC clusters 1s a level at least 1.5x greater than the
control level. In some embodiments, an increased level of plakoglobin expression 1s a level at least
1.5x greater than the control level.

[0008] In one aspect, described herein 1s a method of reducing the level of circulating tumor cell
(CTC) clusters 1n a subject with cancer, the method comprising reducing the level of expression or
activity of a CTC-C marker gene; wherein the CTC-C marker gene 1s a gene selected from the list of
Figure 9. In some embodiments, the CTC-C marker gene 1s a gene selected from the list of Table 2, 3
and/or 4. In some embodiments, reducing the level of expression or activity of a CTC-C marker gene
comprises administering a CTC-C marker gene inhibitory nucleic acid. In some embodiments, the
inhibitory nucleic acid 1s a siRNA. In some embodiments, the CTC-C marker gene 1s plakoglobin.
[0009] In one aspect, described herein 1s a method of treating cancer metastasis, the method

comprising reducing the level of expression or activity of a CTC-C marker gene; wherein the CTC-C
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marker gene 1s a gene selected from the list of Figure 9. In some embodiments, the CTC-C marker
gene 15 a gene selected from the list of Table 2, 3 and/or 4. In some embodiments, reducing the level
of expression or activity of a CTC-C marker gene comprises administering a CTC-C marker gene
inhibitory nucleic acid. In some embodiments, the mhibitory nucleic acid 1s a siIRNA. In some
embodiments, the CTC-C marker gene 1s plakoglobin.

[0010] In one aspect, described herein 1s a method of treating cancer, the method comprising
measuring the level of circulating tumor cell (CTC) clusters 1n a sample obtained from a subject with
a breast or epithelial cancer; administering a treatment to prevent or reduce metastasis if the level of
CTC clusters 1s increased relative to a control level; and not administering a treatment to prevent or
reduce metastasis 1f the level of CTC clusters 1s not increased relative to a control level. In some
embodiments, the treatment to prevent or reduce metastasis 1s selected from the group consisting of a
method of treating cancer metastasis as described 1n the foregoing paragraph; chemotherapy; radiation
therapy; or removal of a tumor. In some embodiments, not administering a treatment can comprise a
clinical approach of monitoring without therapeutic intervention. In some embodiments, the level of
CTC clusters 1s measured by measuring the expression level of a CTC cluster (CTC-C) marker gene
in the sample obtained from the subject; wherein the CTC-C marker gene is a gene selected from the
list of Figure 9. In some embodiments, the level of CTC clusters 1s measured by measuring the
expression level of a CTC cluster (CTC-C) marker gene in the sample obtained from the subject;
wherein the CTC-C marker gene 1s a gene selected from the list of Table 2, 3 and/or 4. In some
embodiments, the CTC-C marker gene 1s plakoglobin. In some embodiments, the expression level of
a CTC-C marker gene 1n circulating tumor cells 1in the sample 1s measured. In some embodiments, the

expression level of a CTC-C marker gene 1n cancer cells obtained from the subject 1s measured. In

some embodiments, the level of CTC clusters is measured using a " CTC-Chip. In some
embodiments, the subject 1s a subject in need of treatment for cancer. In some embodiments, an
increased level of CTC clusters 1s a level at least 1.5x greater than the control level. In some
embodiments, an increased level of plakoglobin expression 1s a level at least 1.5x greater than the
control level.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] Figures 1A-1B demonstrate that the presence of CTC-clusters 1n breast cancer patients
correlates with increased disease progression. Figure 1A depicts a graph demonstrating that a total of
79 patients and 265 timepoints were analyzed for the presence of single CTCs and CTC-clusters, with
54 of the 79 patients scoring positive for CTCs. The bar graph shows the percentage of the CTC-
positive patients having single CTCs-only (grey), CTC-clusters during one timepoint (white) and
CTC-clusters during multiple timepoints (blue). Figure 1B depicts a Kaplan-Meier progression-free
survival plot showing progression rates for single CTCs-enriched (mean progression-free survival
time 160.6 days) versus CTC-clusters-enriched (mean progression-free survival time 76.1 days)

patients. P=0.063 by Log-rank test.
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[0012] Figures 2A-2C demonstrate that CTC-clusters harbor an increased metastatic potential
compared to single CTCs. Figure 2A depicts a bar graph of the mean percentage of cleaved caspase
3-positive cells m lungs from LM2-SCs- or LM2-CLs-1njected mice. n=4, *P<0.02 by Student’s 7 test.

Figure 2B depicts bar graphs of the mean percentage of single CTCs versus CTC-clusters captured by
B

the "CTC-Chip (top) as well as the mean percentage of single CTCs- versus CTC-clusters-derived

lung foci (bottom). n=5. Figure 2C depicts a bar graph of the normalized metastatic potential of single
CTCs and CTC-clusters. n=5, *P=0.031 by Student’s ¢ test.

[0013] Figure 3 demonstrates that CTC-clusters are oligoclonal units associated to a faster
clearance rate from the bloodstream. Depicted 1s a graph of single CTCs and CTC-clusters clearance
curves. n=5 for single CTCs and n=4 for CTC-clusters, *P<0.01 by two-way ANOVA.

[0014] Figures 4A-4D demonstrate that RNA sequencing of CTC-clusters and single CTCs
reveals a CTC-clusters-associated gene set. Figure 4A depicts a schematic of the experiment. Breast
cancer patient-derived blood samples were processed with the “*CTC-1Chip to obtain a CTCs-
enriched product. Live staining was then performed to label CTCs (green) and white blood cells (red).
Single CTCs and CTC-clusters were 1solated with a micromanipulator and processed for RNA
sequencing. Figure 4B depicts a heatmap demonstrating unsupervised hierarchical clustering of 15
single CTCs pools and matched 14 CTC-clusters 1solated from 10 breast cancer patients. Figure 4C
depicts a heatmap demonstrating the top 31 transcripts upregulated in CTC-clusters. n=15 for single
CTCs and n=14 for CTC-clusters; g<0.01, log2 fold change >1 in more than 70% intra-patient
comparisons. Figure 4D depicts a graph demonstrating Plakoglobin fold increase in matched CTC-
clusters versus single CTCs. The threshold line represents a q<0.01 and log2 fold increase >1.

[0015] Figures SA-5F demonstrate that Plakoglobin 1s required for CTC-clusters formation and
lung metastasis. Figure SA depicts a bar graph demonstrating the relative cell-to-cell adhesion 1in a
panecl or mammary epithelial cells and breast cancer cell lines 1n the presence or absence of
Plakoglobin. n=5: *P<0.04. Figure 5B depicts LM2 tumor growth curves in the presence or absence
of Plakoglobin. n=4; NS=not significant. Figure SC depicts bar graphs demonstrating the normalized
number of single CTCs (/eft) and CTC-clusters (#ight) per ml of blood. Blood samples were 1solated 4
weeks upon primary tumor development and processed with the "> CTC-Chip. n=4; *P<0.05 by
Student’s ¢ test. Figure 5D depicts a bar graph demonstrating the normalized lung photon counts from
mice bearing a LM2 CTRL or Plakoglobin knockdown primary tumor for 4 weeks. n=4; *P<0.045 by
Student’s ¢ test. Figure SE depicts Kaplan-Meier distant metastasis-free survival plot demonstrating
progression rates for patients whose primary tumor expressed either “low Plakoglobin™ or “high
Plakoglobin” transcript. n=1353; P=8.2¢™ by Log-rank test. Figure 5F depicts a schematic
demonstrating that “high Plakoglobin” regions in the primary tumor are likely to generate CTC-
clusters with high metastatic potential.

[0016] Figures 6 A-6B demonstrate the metastasis potential of LM2-SCs and LM2-CLs. Figure
6A depicts a graph of lung metastasis growth curve from mice mjected with LM2-SCs or LM2-CLs.
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n=4; *P<0.03 by Student’s ¢ test. Figure 6B depicts a graph of Kaplan-Meier survival plots showing
survival rates for mice mjected with LM2-SCs or LM2-CLs. n=4; P<0.016 by Log-rank test.

[0017] Figure 7 depicts a heatmap showing expression levels of CTCs-associated transcripts
(Keratin 7, 8, 18, 19, Cadherinl, EpCAM, EGFR, ErbB2, Met and Cadherinl1) and white blood cells-
associated transcripts (PTPRC/CD45, CD14 and CD16) 1n the 15 single CTCs and 14 CTC-clusters
samples used to derive CTC-clusters upregulated transcripts.

[0018] Figures 8A-8B depict the expression level of Plakoglobin. Figure 8A depicts
immunoblots demonstrating the expression levels of Plakoglobin and -Actin (loading control) in
lysates from a panel of non-transformed mammary epithelial cells ( HMEC, MCF10A) and breast
cancer cell lines (LM2, BT474, MCFE7, T47D, BT549, BT20, ZR-75-1) grown 1n the presence or
absence of Plakoglobin. Figure 8B depicts an immunoblot demonstrating the expression levels of
Plakoglobin and -Actin (loading control) in lysates from LM2 xenografts grown in the presence or
absence of Plakoglobin for 30 days.

[0019] Figure 9 depicts a table of upregulated transcripts in CTC-clusters versus single CTCs.
Values represent fold-change.

[0020] Figures 10A-10D demonstrate that desmosome and adherence junctions polypeptides are
upregulated in CTC-C cells. Figure 10A depicts a heatmap of expression levels of desmosomes (top)
and adherence junctions (bottom) marker genes 1n the 15 single CTCs and 14 CTC-clusters samples
used to derive CTC-clusters upregulated transcripts. Figure 10B depicts a heatmap representing fold
change of desmosomes (top) and adherence junctions (bottom) marker genes 1 all “CTC-clusters vs
single CTCs” intrapatient comparisons. Figure 10C depicts a heatmap of the fold change of
desmosome and adherence junction metagenes in all “CTC-clusters vs single CTCs™ intrapatient
comparisons. Figure 10D 1s a representation of the frequency of “CTC-clusters vs single CTCs” pairs
with q<0.01 and fold change >2 for randomly generated metagenes of the same size as desmosomes
(top) and adherence junctions (bottom). Actual number of “CTC-clusters vs single CTCs™ pairs with
q<0.01 and fold change >2 for desmosomes (top) and adherence junctions (bottom) metagenes 1s
shown as a line.

[0021] Figs. 11A-11E demonstrate that CTC Clusters Demonstrate Increased Metastatic
Potential Compared to Single CTCs. Fig. 11A depicts a schematic of the experiment. MDA-MB-231-
LM?2 (LM2) cells expressing GFP (LM2-GFP) or mCherry (LM2-mCherry) cells were mixed at 1:1
ratio and injected 1n the right mammary gland of immunodeficient mice to generate one-color single
CTCs and multicolor CTC clusters. Accordingly, one-color metastatic foci are derived from a single
CTC, while multicolor foci arise predominantly from a CTC cluster. Fig. 11B depicts bar graphs
showing the mean percentage of one-color versus multicolor CTC events captured by the HBCTC-
Chip (left), the mean percentage of one-color versus multicolor CTC clusters (middle), as well as the
mean percentage of one-color versus multicolor lung foci (right). n= 5. Fig. 11C depicts a bar graph

showing the normalized metastatic potential of single CTCs and CTC clusters. Error bars represent
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SEM. n=35, *p=0.031 by Student’s t test. Fig. 11D depicts a schematic of the experiment. LM2-
GFP cells were 1njected in the right mammary gland while LM2-mCherry cells were mjected 1n the
left mammary gland of immunodeticient mice to generate tumors that give rise to one-color single
CTCs and CTC clusters, as well as rare multicolor CTC clusters (resulting from aggregation events).
Accordingly, one-color metastatic foci are derived from a single CTC or a CTC cluster, while
multicolor foci derive from CTC aggregates. Fig. 11E depicts bar graphs showing the mean
percentage of one-color versus rare multicolor CTC events captured by the HBCTC-Chip (left), the
mean percentage of one-color versus multicolor CTC clusters (middle), as well as the mean
percentage of one-color versus multicolor lung foci (right). n = 5.

[0022] Figs. 12A-12B demonstrate that CTC Clusters Are More Resistant to Apoptosis at Distal
Metastatic Sites. Fig. 12A depicts representative bioluminescence images of mice at 0, 6, and 12 days
after tail vein ijection with LM2-SC or LM2-CL cells (left). n = 4. Representative itmages of GFP-
stained sections of mouse lungs after injection with LM2-SC or LM2-CL cells (right). Fig. 12 B
depicts a bar graph of the mean percentage of GFP-positive cells 1n lungs from LM2-SC- or LM2-CL-
injected mice. Error bars represent SEM. n = 4; NS, not significant, *p = 0.03 by Student’s t test.
[0023] Fig. 13 demonstrates that CTC Clusters Demonstrate a Faster Clearance Rate from the
Bloodstream. Decpited 1s a schematic showing the experimental setup for measuring the clearance
time of single CTCs and CTC clusters. Brietly, DiD-stained LM2 cells were prepared as LM2-SC or
LM2-CL and injected 1nto the tail vein of immunodetficient mice. In vivo tflow cytometry was applied
to the ear blood vessels to detect single CTCs and CTC clusters over a 55 min period after injection.
Graphs show representative fluorescence peaks corresponding to the transit of a single CTC or CTC
cluster through the ear blood vessel.

[0024] Figs. 14A-14D demonstrate that the Presence of CTC Clusters 1in Patients with Cancer
Correlates with Poor Prognosis. Fig. 14A depicts the results of a total of 79 breast cancer patients
(corresponding to 265 time points) analyzed for the presence of CTCs, with 54 of the 79 patients
scoring positive for CTCs. The bar graph shows the percentage of CTC-positive patients having CTC
clusters during more than three time points (dark grey), CTC clusters across one to three time points
(light gray) or single CTCs only (black). Fig. 14B depicts kaplan-Meier progression-free survival plot
showing progression rates for breast cancer patients having CTC clusters during more than three time
points (dark grey), CTC clusters across one to three time points (light grey) or single CTCs only
(black). The mean progression-free survival time for each group 1s given in parentheses. p = 0.0002
by log rank test. Fig. 14C depicts results of a total of 64 prostate cancer patients (corresponding to
202 time points) analyzed for the presence of CTCs, with 48 of the 64 patients scoring positive for
CTCs. The bar graph shows the percentage of CTC-positive patients having CTC clusters during at
least one time point or single CTCs only (black). Fig. 14D depicts Kaplan-Meier overall survival plot

showing progression rates for prostate cancer patients having CTC clusters during at least one time
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point or single CTCs only (black). The mean overall survival time for each group 1s given in
parentheses. p = 0.0001 by log rank test.

[0025] Fig. 15 demonstrates that Plakoglobin Expression Correlates with Decreased Distant
Metastasis-Free Survival. The bar graph of plakoglobin reads per million in matched single CTCs
and CTC clusters 1solated from the same patient. Error bars represent SEM. n = 3; *p = 0.031.

[0026] Fig. 16 demonstrates that Plakoglobin Is Required for CTC Cluster Formation and Lung
Metastasis. Lung metastasis growth curves from mice injected with LM2-GFP-Lucife,ase (left) or
BT474-GFP-Lucife,ase (right) cells expressing control or plakoglobin shRNAs and prepared as single
cells (SC) or clusters (CL). Error bars represent SEM. n = 4; *p < 0.05, **p <0.04 by Student’s t test.
LM2-GFP-Luciferase tumor growth curves in the presence or absence of plakoglobin. n = 4; NS, not
significant.

[0027] Figs. 17A-17D demonstrate that Counts of One-Color and Multicolor Events 1n the LM2
and 4T1 Xenografts. Figure 17A depicts a table showing counts of one color versus multicolor events

within CTCs and lung foci from both the “LM2-GFP/LM2-mCherry 1:1”and the “LM2-GFP (right)

and LM2-mCherry (left)”’models. Results represent means = SEM. Fig. 17B depicts a distribution
curve describing the expected numbers of GFP- or mCherry-only CTC clusters per mouse given our
experimental setup, with the actual value shown as a red dashed line (top). Blood samples were
1solated 5 weeks after primary tumor development. Fig. 17C depicts a table showing counts of one
color versus multicolor events within CTCs and lung foci from both the “4T1-GFP/4T1-mCherry
1:1”and the “4T1-GFP (right) and 4T 1-mCherry (left)”’models. Mice were sacrificed for CTCs and

lungs 1solation 3 weeks after primary tumor development. Results represent means = SEM (n = 4)
(left). Fig. 17D depicts a bar graph showing the normalized metastatic potential of 4T1 single CTCs
and CTC clusters. n =4, *p < 0.036 by Student’s t test.

[0028] Figs. 18A-18C demonstrate that BT474 and 4T1 Clusters Are More Resistant to
Apoptosis at Distal Metastatic Sites. Fig. 18A depicts bar graphs of the mean per-centage of GEFP-
positive cells 1in lungs from mice injected with BT474 or 4T1 SC versus CL (right). n=4; NS = not
significant, *p = 0.003 **p = 0.002 by Student’s t test. Fig. 18b depicts bar graphs of the mean
percentage of cleaved caspase 3-positive cells in lungs from mice injected with BT474 or 4T1 SC
versus CL. n =4; *p = 0.037 **p = 0.028 by Student’s t test. Fig. 18C depicts lung metastasis growth
curves from mice ijected with BT474 or 4T1 SC versus CL. n=4; **%*p <0.02 *p <0.027 *p < 0.05
by Student’s t test.

[0029] Fig. 19 demonstrates Analysis of the Cellular Composition of CTC Clusters, Depicted 1s
a heatmap showing expression levels of CTCs-, leukocytes-, T cells-, B cells-, dendritic cells-, natural
killer (NK) cells-, hematopoietic stem cells-, macrophages/ monocytes-, granulocytes-, platelets-,
endothelial cells- and fibroblasts-associated transcripts in the 15 single CTCs and 14 CTC clusters

samples used to derive CTC clusters upregulated transcripts.
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[0030] Fig. 20 depicts Kaplan-Meier Plots of CTC-Clusters-Associated Genes. Kaplan-Meier
distant metastasis-free survival plots showing progression rates for patients whose primary tumor
expressed either “low”or “high”levels of the top CTC-clusters-associated marker genes.

DETAILED DESCRIPTION
[0031] As described herein, the inventors have discovered that clusters of circulating tumor cells
(CTC-Cs) have a particularly high metastatic potential. Accordingly, these CTC-Cs are both a
diagnostic and therapeutic target for the management and treatment of cancer. Provided herein are
methods of diagnosis, prognosis, and treatment relating to CTC-Cs and their propensity to give rise to
metastases.
[0032] As used herein, “circulating tumor cells” or “CTCs” refer to tumor cells which are shed
from a tumor and present 1n the blood, 1.¢. 1n circulation. Cell surface markers that can be used to
1dentity and/or 1solate CTCs from other components of the blood are described below herein.
Markers of CTCs, as well as methods of 1solating and/or detecting them are described, e.g. in Yu et al.
JBC 2011 192:373; which 1s incorporated by reference herein in its entirety.
[0033] Some of these CTCs can be present 1in a cancer patient as CTC-clusters (CTC-Cs). As
used herein, “CTC-clusters,” “CTC clusters,” or “CTC-Cs™ refer to adherent groups of at least two or
more (¢.g. 2 or more, 3 or more, 4 or more, 5 or more, or more) CTCs, 1.¢. cells that are positive for
one or more cancer cell markers and having intact nuclear morphology. Cancer cell markers can vary
according to the type of cancer and appropriate markers are known 1n the art for varying types of
cancer. By way of non-limiting example, cancer cell markers for, e.g. breast cancer cells can include
one or more of EPCAM, EGFR, Met, Cadherinl 1 and HER2. The CTCs of a CTC-C are adherent
enough that they associate even under the conditions of circulating blood. CTC-C can be found
associated with white blood cells (WBCs) 1n circulation. As a consequence, WBC markers can be
occasionally expressed (and/or present) in a CTC-C. As demonstrated herein, CTC-C are much more
likely to give rise to a metastasis than, ¢.g. single CTCs. Accordingly, the presence of CTC-Cs, or an
increased level of CTC-Cs 1n a subject 1s indicative of an increased risk of metastasis.
[0034] In one aspect, described herein 1s an assay comprising measuring the level of circulating
tumor cell (CTC) clusters 1n a sample obtained from a subject with a cancer and determining the
subject to be at increased risk of metastasis of the cancer 1f the level of CTC clusters 1s increased
relative to a control level. In one aspect, described herein 1s a method of determining 1f a subject 1s at
increased risk of metastasis, the method comprising measuring the level of circulating tumor cell
(CTC) clusters in a sample obtained from a subject with a cancer and determining the subject to be at
increased risk of metastasis of the cancer if the level of CTC clusters 1s increased relative to a control
level. In some embodiments, the cancer 1s a breast or epithelial cancer. The level of CTC-Cs present

in a sample can be measured, ¢.g. by measuring the number of CTC-Cs present and/or by measuring

the level of a marker of CTC-Cs.
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[0035] The level of CTC-Cs can be measured directly, ¢.g by detecting the number of clusters of
tumor cells 1n a sample. Tumor cells can be detected, ¢.g. by immunological methods to detect cells
expressing tumor cell surface markers. Non-limiting examples of CTC cell surface markers can

include, EpCAM, EGFR, HER2, CDHI11, and/or MET. The tumor cells can be visualized by

microscopy to visually identity clusters, or, for example, sorted by FACS to detect clusters. In some

embodiments, CTC-C can be detected using a " "CTC-Chip, as described in the Examples and in Yu et
al. Science 2013 339:580, which 1s incorporated by reference herein in its entirety. As a further non-
limiting example, a sample, e.g. a blood sample can be subjected to red blood cell lysis and the
remaining sample analyzed by a high throughput imagining scanner to detect cell aggregates (e.g.
events where the volume/diameter is greater than one cell).

[0036] In some embodiments, the level of CTC-Cs can be measured by measuring the expression
level of a CTC cluster (CTC-C) marker gene 1n a sample. In some embodiments, the expression level
of more than one marker gene can be determined, ¢.g. 2 marker genes, 3 marker genes, or more
marker genes.

[0037] As described herein, the inventors have 1dentified certain genes which are differentially
regulated, to a statistically significant degree, as compared to a reference level, in CTC-Cs. The
1dentified genes are sometimes referred to herein as marker genes to indicate their relation to being a
marker for a CTC-C cell. In some embodiments, a CTC-C marker gene can distinguish a CTC-C
and/or CTC-C cell from a single CTC. Accordingly, some embodiments of the invention are
generally related to assays, methods and systems for assessing the level of CTC-Cs and/or the risk of
subject experiencing metastasis. In certain embodiments, the assays and methods are directed to
determination and/or measurement of the expression level of a gene product (e.g. protein and/or gene
transcript such as mRNA) 1n a biological sample of a subject. In certain embodiments the assays and
methods are directed to determination of the expression level of a gene product of at least two genes
in a biological sample of a subject, 1.¢. at Ieast two genes, at least three genes, at least four genes, at
least five genes, at least s1x genes, at least seven genes, at least eight genes, at least nine genes, at least
10 genes...at least 15 genes,...at least 25 genes,.. .at least 30 genes, or more genes, or any number of
genes selected from Figure 9, Table 2, Table 3, and/or Table 4 as described herein. In some
embodiments, the marker gene(s) 1s selected from the group listed in Table 2, 3, and/or 4. In some
embodiments, the assays, methods, and systems described herein are directed to determination of the
expression level of a gene product of at least two genes 1n a biological sample of a subject, ¢.g. at least
two genes, or at least three genes, or at least four genes, or, ¢.g. all of the genes of Table 2, 3, and/or
4,

[0038] Table 2: Exemplary CTC-C marker genes

XBP1
ERBB3
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KRTI19Y

JUP

TACSTD?2

SERPINBG6

CHPI

PSME3

MLPH

SSR4

RPS4X

RPL32

RGL2

PSMD4

NUCB2

LRPAPI

UBE2L3

HSPY90OAAI

SDHA

TUGL

MYL6

AGR2

ELF3

KRTIY

ATP5SAI

RPL24

EIF3F

C200rf24

PAPOLA

CHCHD?2

SNAP23

Table 3: Desmosome Marker Genes

JUP

DSCI

DSC2

DSC3

DSG1

DSG3

DSG4
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CTNNBI
PKP1
PKP?2
PKP3
DSP
PLEC
EVPL
PPL

Table 4: Adherence Marker Genes

JUP
PVRLI1
PVRL2
PVRL3
PVRLA4
MLLT4
CDHI
CDHS
CTNNBI
CTNNDI
CTNNAI
CTNNA2
CTNNA3

[0039] In some embodiments, a CTC-C marker gene can be plakoglobin. As used herein,

2% ¢¢ 29 ¢¢

“plakoglobin,” “gamma-catenin,” “yunction plakoglobin,” or “JUP” refers to a gene which 1s known
to be common to desmosomes and intermediate junctions. It interacts with cell-cell junction proteins
like, e.g. desmoglein I and E-cadherin. The sequences of plakoglobin genes and gene expression
products are known for a number of species, €.g. human plakoglobin (NCBI Gene ID: 3728; mRNA
(NCBI Retf Seq: NM002230; SEQ ID NO: 1); polypeptide (NCBI Ret Seq: NP 002221; SEQ ID
NO: 2).

[0040] The gene names listed in Table 2, 3 and/or 4 and Figure 9 are common names. NCBI
Gene ID numbers for each of the genes listed 1n Table 2, 3 and/or 4 and Figure 9 can be obtained by
searching the “Gene” Database of the NCBI (available on the World Wide Web at
http://www.ncbi.nlm.nih.gov/) using the common name as the query and selecting the first returned
Homo sapiens gene.

[0041] In some embodiments, the methods and assays described herein include (a) transforming
the gene expression product into a detectable gene target; (b) measuring the amount of the detectable
gene target; and (¢) comparing the amount of the detectable gene target to an amount of a reference,
wherein 1f the amount of the detectable gene target 1s statistically significantly different than the

amount of the reference level, the sample 1s 1dentified to contain CTC-Cs and/or the subject the

sample was obtained from 1s 1dentified as at risk of developing metastasis. In some embodiments, 1f
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the amount of the detectable gene target 1s not statistically significantly different than the amount of
the reference level, the subject 1s 1dentified as unlikely to develop a metastasis.

[0042] In certain embodiments, the marker gene(s) are selected from the genes listed in Table 2,
3 and/or 4 and/or Figure 9. In certain embodiments, one or more marker genes are selected from the
group the genes listed in Table 2, 3 and/or 4.

[0043] In subjects who are at risk of metastasis and/or 1n a cell which 1s a CTC-C cell, the
marker genes listed in Table 2, 3 and/or 4 and/or Figure 9 can be upregulated, ¢.g. for marker genes
listed 1n Table 2, 3 and/or 4, 1f the measured marker gene expression in a subject 1s higher as
compared to a reference level of that marker gene’s expression, then the subject 1s 1dentified as likely
to develop metastasis. Preferably, one looks at a statistically significant change. However, even if a
few genes 1n a group do not differ from normal, e.g. a subject can be 1dentified as likely to develop
metastasis 1f the overall change of the group shows a significant change, preferably a statistically
significant change.

[0044] The level of a gene expression product of a marker gene in Figure 9 and/or Table 2, 3
and/or 4 which 1s higher than a reference level of that marker gene by at least about 10% than the
reference amount, at least about 20%, at least about 30%, at least about 40%, at least about 50%, at
least about 80%, at least about 100%, at least about 200%, at least about 300%, at least about 500% or
at least about 1000% or more, 1s indicative that a cell 1s a CTC-C cell and/or that a subject 1s at risk of
developing metastasis. All possible combinations of 2 or more of the indicated markers are
contemplated herein.

[0045] As described herein, genes known to be associated with desmosomes and/or adherence
junctions are upregulated in CTC-C cells and can serve as biomarkers thereof. In some embodiments,
the level of a gene expression product of a marker gene 1s a desmosome or adherence junction marker
gene. The biology of desmosomes and adherence junctions 1s known 1n the art, including structural
and regulatory genes associated therewith (see, ¢.g., Kowalczyk and Green. Prog Mol Biol Transl Scie
2013 116:95-118; Brooke et al. J Pathol 2012 226:158-171; Delmar et al. Circ Res. 2010 107:700-
714; Thomason et la. Biochem J 2010 429:419-433; Alberts et al. “Molecular Biology of the Cell” 4"
edition, Garland Science, 2002; and Cho1 and Weis. HEP 2004 165:23-52; each of which 1s
incorporated by reference herein 1n its entirety). Non-limiting examples of desmosome and adherence
junction genes are provided in Tables 3 and 4, respectively.

[0046] As used herein, the term “transforming’ or “transformation” refers to changing an object
or a substance, ¢.g., biological sample, nucleic acid or protein, into another substance. The
transformation can be physical, biological or chemical. Exemplary physical transformation includes,
but not limited to, pre-treatment of a biological sample, ¢.g., from whole blood to a population of cells
or cell groups of a particular size range by differential centrifugation or microfluidics sorting. A
biological/chemical transformation can mvolve at least one enzyme and/or a chemical reagent in a

reaction. For example, a DNA sample can be digested into fragments by one or more restriction
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enzyme, or an exogenous molecule can be attached to a fragmented DNA sample with a ligase. In
some embodiments, a DNA sample can undergo enzymatic replication, ¢.g., by polymerase chain
reaction (PCR).

[0047] Methods to measure gene expression products associated with the marker genes described
herein are well known to a skilled artisan. Such methods to measure gene expression products, €.g.,
protein level, include ELISA (enzyme linked immunosorbent assay), western blot, and
immunoprecipitation, immunofluorescence using detection reagents such as an antibody or protein
binding agents. Alternatively, a peptide can be detected 1in a subject by mtroducing into a subject a
labeled anti-peptide antibody and other types of detection agent. For example, the antibody can be
labeled with a radioactive marker whose presence and location 1n the subject 1s detected by standard
1maging techniques.

[0048] For example, antibodies for the polypeptide expression products of the marker genes
described herein are commercially available and can be used for the purposes of the invention to
measure protein expression levels, e.g. anti-plakoglobin (Cat. No. 12083; Abcam; Cambridge, MA).
Alternatively, since the amino acid sequences for the marker genes described herein are known and
publically available at NCBI website, one of skill in the art can raise their own antibodies against
these proteins of interest for the purpose of the invention. The amino acid sequences of the marker
genes described herein have been assigned NCBI accession numbers for different species such as
human, mouse and rat.

[0049] In some embodiments, immunohistochemistry (“IHC”’) and immunocytochemistry
(“ICC”) techniques can be used. IHC i1s the application of immunochemistry to tissue sections,
whereas ICC 1s the application of immunochemistry to cells or tissue imprints after they have
undergone specific cytological preparations such as, for example, liquid-based preparations.
Immunochemistry 1s a family of techniques based on the use of an antibody, wherein the antibodies
are used to specifically target molecules mside or on the surtace of cells. The antibody typically
contains a marker that will undergo a biochemical reaction, and thereby experience a change color,
upon encountering the targeted molecules. In some 1nstances, signal amplification can be integrated
into the particular protocol, wherein a secondary antibody, that includes the marker stain or marker
signal, follows the application of a primary specific antibody.

[0050] In some embodiments, the assay can be a Western blot analysis. Alternatively, proteins
can be separated by two-dimensional gel electrophoresis systems. Two-dimensional gel
electrophoresis 1s well known 1n the art and typically imnvolves 1so-electric focusing along a first
dimension followed by SDS-PAGE clectrophoresis along a second dimension. These methods also
require a considerable amount of cellular material. The analysis of 2D SDS-PAGE gels can be
performed by determining the intensity of protein spots on the gel, or can be performed using immune

detection. In other embodiments, protein samples are analyzed by mass spectroscopy.
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[0051] Immunological tests can be used with the methods and assays described herein and
include, for example, competitive and non-competitive assay systems using techniques such as
Western blots, radioommunoassay (RIA), ELISA (enzyme linked immunosorbent assay), "sandwich”
Immunoassays, immunoprecipitation assays, immunodiffusion assays, agglutination assays, ¢.g. latex
agglutination, complement-fixation assays, immunoradiometric assays, fluorescent immunoassays,
¢.g. FIA (fluorescence-linked immunoassay), chemiluminescence immunoassays (CLIA),
electrochemiluminescence immunoassay (ECLIA, counting immunoassay (CIA), lateral flow tests or
immunoassay (LFIA), magnetic immunoassay (MIA), and protein A immunoassays. Methods for
performing such assays are known 1n the art, provided an appropriate antibody reagent 1s available. In
some embodiment, the immunoassay can be a quantitative or a semi-quantitative immunoassay.
[0052] An immunoassay 1s a biochemical test that measures the concentration of a substance 1n a
biological sample, typically a fluid sample such as serum, using the interaction of an antibody or
antibodies to i1ts antigen. The assay takes advantage of the highly specific binding of an antibody with
its antigen. For the methods and assays described herem, specific binding of the target polypeptides
with respective proteins or protein fragments, or an 1solated peptide, or a fusion protein described
herein occurs 1n the immunoassay to form a target protein/peptide complex. The complex 1s then
detected by a variety of methods known 1n the art. An immunoassay also often involves the use of a
detection antibody.

[0053] Enzyme-linked immunosorbent assay, also called ELISA, enzyme immunoassay or EIA,
1s a biochemical technique used mainly in immunology to detect the presence of an antibody or an
antigen 1n a sample. The ELISA has been used as a diagnostic tool in medicine and plant pathology,
as well as a quality control check 1n various industries.

[0054] In one embodiment, an ELISA involving at least one antibody with specificity for the
particular desired antigen (1.¢. a marker gene polypeptide as described herein) can also be performed.
A known amount of sample and/or antigen 1s immobilized on a solid support (usually a polystyrene
micro titer plate). Immobilization can be either non-specific (e.g., by adsorption to the surface) or
specific (¢.g. where another antibody immobilized on the surface 1s used to capture antigen or a
primary antibody). After the antigen is immobilized, the detection antibody 1s added, forming a
complex with the antigen. The detection antibody can be covalently linked to an enzyme, or can itself
be detected by a secondary antibody which 1s linked to an enzyme through bio-conjugation. Between
cach step the plate 1s typically washed with a mild detergent solution to remove any proteins or
antibodies that are not specifically bound. After the final wash step the plate 1s developed by adding
an enzymatic substrate to produce a visible signal, which indicates the quantity of antigen in the
sample. Older ELISAs utilize chromogenic substrates, though newer assays employ fluorogenic
substrates with much higher sensitivity.

[0055] In another embodiment, a competitive ELISA 1s used. Purified antibodies that are directed

against a target polypeptide or fragment thereot are coated on the solid phase of multi-well plate, 1.¢.,
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conjugated to a solid surface. A second batch of purified antibodies that are not conjugated on any
solid support 1s also needed. These non-conjugated purified antibodies are labeled for detection
purposes, for example, labeled with horseradish peroxidase to produce a detectable signal. A sample
(e.g., tumor, blood, serum or urine) from a subject 1s mixed with a known amount of desired antigen
(e.g., a known volume or concentration of a sample comprising a target polypeptide) together with the
horseradish peroxidase labeled antibodies and the mixture 1s then are added to coated wells to form
competitive combination. After incubation, 1f the polypeptide level 1s high 1n the sample, a complex
of labeled antibody reagent-antigen will form. This complex 1s free in solution and can be washed
away. Washing the wells will remove the complex. Then the wells are incubated with TMB (3, 37, 5,
5’-tetramethylbenzidene) color development substrate for localization of horseradish peroxidase-
conjugated antibodies 1n the wells. There will be no color change or little color change 1f the target
polypeptide level 1s high 1n the sample. If there 1s little or no target polypeptide present in the sample,
a different complex 1n formed, the complex of solid support bound antibody reagents-target
polypeptide. This complex is immobilized on the plate and 1s not washed away in the wash step.
Subsequent incubation with TMB will produce much color change. Such a competitive ELSA test 1s
specific, sensitive, reproducible and easy to operate.

[0056] There are other different forms of ELISA, which are well known to those skilled 1n the
art. The standard techniques known 1n the art for ELISA are described i "Methods 1n
Immunodiagnosis", 2nd Edition, Rose and Bigazzi, eds. John Wiley & Sons, 1980; and Ocllerich, M.
1984, J. Clin. Chem. Clin. Biochem. 22:895-904. These references are hereby incorporated by
reference in their entirety.

[0057] In one embodiment, the levels of a polypeptide in a sample can be detected by a lateral
flow immunoassay test (LFIA), also known as the immunochromatographic assay, or strip test. LFIAS
are a simple device intended to detect the presence (or absence) of antigen, ¢.g. a polypeptide, in a
fluid sample. There are currently many LFIA tests are used for medical diagnostics either for home
testing, point of care testing, or laboratory use. LFIA tests are a form of immunoassay 1in which the
test sample flows along a solid substrate via capillary action. After the sample 1s applied to the test
strip 1t encounters a colored reagent (generally comprising antibody specific for the test target
antigen) bound to microparticles which mixes with the sample and transits the substrate encountering
lines or zones which have been pretreated with another antibody or antigen. Depending upon the level
of target polypeptides present in the sample the colored reagent can be captured and become bound at
the test line or zone. LFIAS are essentially immunoassays adapted to operate along a single axis to suit
the test strip format or a dipstick format. Strip tests are extremely versatile and can be easily modified
by one skilled 1n the art for detecting an enormous range of antigens from fluid samples such as urine,
blood, water, and/or homogenized tumor samples etc. Strip tests are also known as dip stick test, the
name bearing from the literal action of "dipping” the test strip into a fluid sample to be tested. LFIA

strip tests are easy to use, require minimum training and can easily be included as components of
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point-of-care test (POCT) diagnostics to be use on site in the field. LFIA tests can be operated as
either competitive or sandwich assays. Sandwich LFIAs are stmilar to sandwich ELISA. The sample
first encounters colored particles which are labeled with antibodies raised to the target antigen. The
test line will also contain antibodies to the same target, although 1t may bind to a different epitope on
the antigen. The test line will show as a colored band 1n positive samples. In some embodiments, the
lateral flow immunoassay can be a double antibody sandwich assay, a competitive assay, a
quantitative assay or variations thercof. Competitive LFIAs are similar to competitive ELISA. The
sample first encounters colored particles which are labeled with the target antigen or an analogue. The
test line contains antibodies to the target/its analogue. Unlabelled antigen 1n the sample will block the
binding sites on the antibodies preventing uptake of the colored particles. The test line will show as a
colored band 1n negative samples. There are a number of variations on lateral flow technology. It 1s
also possible to apply multiple capture zones to create a multiplex test.

[0058] The use of "dip sticks" or LFIA test strips and other solid supports have been described in
the art 1n the context of an immunoassay for a number of antigen biomarkers. U.S. Pat. Nos.
4,943,522; 6,485,982; 6,187,598; 5,770,460, 5,622,871; 6,565,808, U. S. patent applications Ser. No.
10/278,676; U.S. Ser. No. 09/579,673 and U.S. Ser. No. 10/717,082, which are incorporated herein by
reference 1n their entirety, are non-limiting examples of such lateral flow test devices. Examples of
patents that describe the use of "dip stick” technology to detect soluble antigens via immunochemical
assays include, but are not limited to US Patent Nos. 4,444,880; 4,305,924; and 4,135,884; which arc
incorporated by reference herein i their entireties. The apparatuses and methods of these three
patents broadly describe a first component fixed to a solid surface on a "dip stick” which 1s exposed to
a solution containing a soluble antigen that binds to the component fixed upon the "dip stick,"” prior to
detection of the component-antigen complex upon the stick. It 1s within the skill of one 1n the art to
modify the teachings of this "dip stick” technology for the detection of polypeptides using antibody
reagents as described herein.

[0059] Other techniques can be used to detect the level of a polypeptide 1n a sample. One such
technique 1s the dot blot, and adaptation of Western blotting (Towbin et at., Proc. Nat. Acad. Sci.
76:4350 (1979)). In a Western blot, the polypeptide or fragment thereof can be dissociated with
detergents and heat, and separated on an SDS-PAGE gel before being transferred to a solid support,
such as a nitrocellulose or PVDF membrane. The membrane 1s incubated with an antibody reagent
specific for the target polypeptide or a fragment thereof. The membrane 1s then washed to remove
unbound proteins and proteins with non-specific binding. Detectably labeled enzyme-linked
secondary or detection antibodies can then be used to detect and assess the amount of polypeptide in
the sample tested. The intensity of the signal from the detectable label corresponds to the amount of
enzyme present, and therefore the amount of polypeptide. Levels can be quantified, for example by

densitometry.
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[0060] In certain embodiments, the gene expression products as described herein can be instead
determined by determining the level of messenger RNA (mRNA) expression of the marker genes
described herein. Such molecules can be 1solated, derived, or amplified from a biological sample,
such as a tumor biopsy. Detection of mRNA expression 18 known by persons skilled 1n the art, and
comprise, for example but not limited to, PCR procedures, RT-PCR, Northern blot analysis,
differential gene expression, RNA protection assay, microarray analysis, hybridization methods, next-
generation sequencing etc. Non-limiting examples of next-generation sequencing technologies can
include Ion Torrent, Illumina, SOL1D, 454; Massively Parallel Signature Sequencing solid-phase,
reversible dye-terminator sequencing; and DNA nanoball sequencing.

[0061] In general, the PCR procedure describes a method of gene amplification which 1s
comprised of (1) sequence-specific hybridization of primers to specific genes or sequences within a
nucleic acid sample or library, (i1) subsequent amplification involving multiple rounds of annealing,
clongation, and denaturation using a thermostable DNA polymerase, and (111) screening the PCR
products for a band of the correct size. The primers used are oligonucleotides of sufficient length and
appropriate sequence to provide initiation of polymerization, 1.e. each primer 1s specifically designed
to be complementary to a strand of the genomic locus to be amplified. In an alternative embodiment,
mRNA level of gene expression products described herein can be determined by reverse-transcription
(RT) PCR and by quantitative RT-PCR (QRT-PCR) or real-time PCR methods. Methods of RT-PCR
and QRT-PCR are well known 1n the art. The nucleic acid sequences of the marker genes described
herein have been assigned NCBI accession numbers for different species such as human, mouse and
rat. Accordingly, a skilled artisan can design an appropriate primer based on the known sequence for
determining the mRNA level of the respective gene.

[0062] Nucleic acid and ribonucleic acid (RNA) molecules can be 1solated from a particular
biological sample using any of a number of procedures, which are well-known 1n the art, the
particular 1solation procedure chosen being appropriate for the particular biological sample. For
example, freeze-thaw and alkaline lysis procedures can be useful for obtaining nucleic acid molecules
from solid materials; heat and alkaline lysis procedures can be usetul for obtaining nucleic acid
molecules from urine; and proteinase K extraction can be used to obtain nucleic acid from blood
(Roift, A et al. PCR: Clinical Diagnostics and Research, Springer (1994)).

[0063] In general, the PCR procedure describes a method of gene amplification which 1s
comprised of (1) sequence-specific hybridization of primers to specific genes within a nucleic acid
sample or library, (11) subsequent amplification mnvolving multiple rounds of annealing, elongation,
and denaturation using a DNA polymerase, and (111) screening the PCR products for a band of the
correct size. The primers used are oligonucleotides of sufficient length and appropriate sequence to
provide 1itiation of polymerization, 1.¢. each primer 1s specifically designed to be complementary to

cach strand of the nucleic acid molecule to be amplified.
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[0064] In an alternative embodiment, mRNA level of gene expression products described herein
can be determined by reverse-transcription (RT) PCR and by quantitative RT-PCR (QRT-PCR) or
real-time PCR methods. Methods of RT-PCR and QRT-PCR are well known 1n the art.

[0065] In some embodiments, one or more of the reagents (e.g. an antibody reagent and/or
nucleic acid probe) described herein can comprise a detectable label and/or comprise the ability to
generate a detectable signal (e.g. by catalyzing reaction converting a compound to a detectable
product). Detectable labels can comprise, for example, a light-absorbing dye, a fluorescent dye, or a
radioactive label. Detectable labels, methods of detecting them, and methods of incorporating them
into reagents (e.g. antibodies and nucleic acid probes) are well known 1n the art.

[0066] In some embodiments, detectable labels can include labels that can be detected by
spectroscopic, photochemical, biochemical, immunochemical, electromagnetic, radiochemical, or
chemical means, such as fluorescence, chemifluoresence, or chemiluminescence, or any other
appropriate means. The detectable labels used in the methods described herein can be primary labels
(where the label comprises a moiety that 1s directly detectable or that produces a directly detectable
moiety) or secondary labels (where the detectable label binds to another moiety to produce

a detectable signal, €.g., as 1s common 1n immunological labeling using secondary and tertiary
antibodies). The detectable label can be linked by covalent or non-covalent means to the reagent.
Alternatively, a detectable label can be linked such as by directly labeling a molecule that achieves
binding to the reagent via a ligand-receptor binding pair arrangement or other such specific
recognition molecules. Detectable labels can include, but are not limited to radioisotopes,
bioluminescent compounds, chromophores, antibodies, chemiluminescent compounds, fluorescent
compounds, metal chelates, and enzymes.

[0067] In other embodiments, the detection reagent 1s label with a fluorescent compound. When
the fluorescently labeled antibody 1s exposed to light of the proper wavelength, its presence can then
be detected due to fluorescence. In some embodiments, a detectable label can be a fluorescent dye
molecule, or fluorophore including, but not limited to fluorescein, phycoerythrin, phycocyanin, o-
phthaldehyde, tfluorescamine, Cy3 ™ CyS ™M allophycocyanine, Texas Red, peridenin chlorophyll,
cyanine, tandem conjugates such as phycoerythrin-Cy5 ", green fluorescent protein, rhodamine,
fluorescein isothiocyanate (FITC) and Oregon Green , thodamine and derivatives (e.g., Texas red
and tetrarhodimine isothiocynate (TRITC)), biotin, phycoerythrin, AMCA, CyDyes ", 6-
carboxythiorescein (commonly known by the abbreviations FAM and F), 6-carboxy-2",4",7',4,7-
hexachlorofivorescein (HEX), 6-carboxy-4',5'-dichloro-2',7'-dimethoxytiuorescein (JOE or J),
N,N,N' N'-tetramethyl-6¢carboxyrhodamine (TAMRA or T), 6-carboxy-X-rhodamine (ROX or R), 5-
carboxyrhodamine-6G (R6GS5 or G5), 6-carboxyrhodamine-6G (R6G6 or G6), and rhodamine 110;
cyanine dyes, ¢.g2. Cy3, Cy5 and Cy7 dyes; coumarins, ¢.g umbelliferone; benzimide dyes, ¢.g.
Hoechst 33258; phenanthridine dyes, ¢.g. Texas Red; ethidium dyes; acridine dyes; carbazole dyes;
phenoxazine dyes; porphyrin dyes; polymethine dyes, ¢.g2. cyanine dyes such as Cy3, Cy3, etc;
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BODIPY dyes and quinoline dyes. In some embodiments, a detectable label can be a radiolabel
including, but not limited to H, 121, S, C, **P, and “P. In some embodiments, a detectable label
can be an enzyme including, but not limited to horseradish peroxidase and alkaline phosphatase. An
enzymatic label can produce, for example, a chemiluminescent signal, a color signal, or a fluorescent
signal. Enzymes contemplated for use to detectably label an antibody reagent include, but are not
limited to, malate dehydrogenase, staphylococcal nuclease, delta-V-steroid 1somerase, yeast alcohol
dehydrogenase, alpha-glycerophosphate dehydrogenase, triose phosphate 1somerase, horseradish
peroxidase, alkaline phosphatase, asparaginase, glucose oxidase, beta-galactosidase, ribonuclease,
urcase, catalase, glucose-VI-phosphate dehydrogenase, glucoamylase and acetylcholinesterase. In
some embodiments, a detectable label 1s a chemiluminescent label, including, but not limited to
lucigenin, luminol, luciferin, 1soluminol, theromatic acridinium ester, imidazole, acridinium salt and
oxalate ester. In some embodiments, a detectable label can be a spectral colorimetric label including,
but not limited to colloidal gold or colored glass or plastic (e.g., polystyrene, polypropylene, and
latex) beads.

[0068] In some embodiments, detection reagents can also be labeled with a detectable tag, such
as c-Myc, HA, VSV-G, HSV, FLAG, V5, HIS, or biotin. Other detection systems can also be used,
for example, a biotin-streptavidin system. In this system, the antibodies immunoreactive (1. €. specific
for) with the biomarker of interest 1s biotinylated. Quantity of biotinylated antibody bound to the
biomarker 1s determined using a streptavidin-peroxidase conjugate and a chromagenic substrate. Such
streptavidin peroxidase detection kits are commercially available, e. g. from DAKO; Carpinteria, CA.
A reagent can also be detectably labeled using fluorescence emitting metals such as “Eu, or others of
the lanthanide series. These metals can be attached to the reagent using such metal chelating groups as
diethylenetriaminepentaacetic acid (DTPA) or ethylenediaminetetraacetic acid (EDTA).

[0069] In some embodiments, the expression level of a CTC-C marker gene 1n a blood sample 1s
measured. In some embodiments, the expression level of a CTC-C marker gene in circulating tumor
cells in the sample 1s measured. In some embodiments, the expression level of a CTC-C marker gene
in CTC-Cs 1n the sample 1s measured. CTCs and CTC-Cs can be 1solated as described above herein,
¢.g. using an HB-CTC-Chip or FACS. In some embodiments, the expression level of a CTC-C
marker gene 1n cancer cells obtained from the subject 1s measured, ¢.g. the expression level 1in a tumor
sample can be measured.

[0070] In some embodiments of any of the aspects described herein, the level of expression
products of more than one gene can be determined simultaneously (e.g. a multiplex assay) or in
parallel. In some embodiments, the level of expression products of no more than 200 other genes 1s
determined. In some embodiments, the level of expression products of no more than 100 other genes
1s determined. In some embodiments, the level of expression products of no more than 20 other
genes 18 determined. In some embodiments, the level of expression products of no more than 10 other

genes 15 determined.
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[0071] In some embodiments, the reference can be a level of expression of the marker gene
product 1n a population of subjects who have been demonstrated to not be at risk for metastasis. In
some embodiments, the reference can be a level of expression of the marker gene product ina CTC or
a population of CTCs not 1solated from CTC-Cs. In some embodiments, the reference can also be a
level of expression of the marker gene product in a control sample, a pooled sample of control
individuals or a numeric value or range of values based on the same.

[0072] In some embodiments, an increased level of CTC-Cs 1s a level at least 1.5 x greater than
the control level, €.g. 1.5x or greater, 2x or greater, 2.5 X or greater, 3X or greater, 4X or greater, 5SX or
greater, 10x or greater, or more. In some embodiments, an increased level of a CTC-C marker gene 18
a level at least 1.5x greater than the control level, €.g. 1.5x or greater, 2x or greater, 2.5 X or greater,
3x or greater, 4x or greater, Sx or greater, 10x or greater, or more.

[0073] The term “sample™ or “test sample” as used herein denotes a sample taken or 1solated
from a biological organism, ¢.g., a blood sample from a subject. Exemplary biological samples
include, but are not limited to, a biofluid sample; serum; plasma; urine; saliva; a tumor sample; a
tumor biopsy and/or tissue sample etc. The term also includes a mixture of the above-mentioned
samples. The term “test sample” also includes untreated or pretreated (or pre-processed) biological
samples. In some embodiments, a test sample can comprise cells from subject. In some
embodiments, a test sample can be a tumor cell test sample, ¢.g. the sample can comprise cancerous
cells, cells from a tumor, and/or a tumor biopsy. In some embodiments, the test sample can be a
blood sample. In some embodiments, the test sample can be a serum sample.

[0074] The test sample can be obtained by removing a sample of cells from a subject, but can
also be accomplished by using previously 1solated cells (e.g. 1solated at a prior timepoint and 1solated
by the same or another person). In addition, the test sample can be freshly collected or a previously
collected sample.

[0075] In some embodiments, the test sample can be an untreated test sample. As used herein,
the phrase “untreated test sample” refers to a test sample that has not had any prior sample pre-
treatment except for dilution and/or suspension 1n a solution. Exemplary methods for treating a test
sample include, but are not limited to, centrifugation, filtration, sonication, homogenization, heating,
freezing and thawing, and combinations thercof. In some embodiments, the test sample can be a
frozen test sample, €.g., a frozen tissue. The frozen sample can be thawed before employing methods,
assays and systems described herein. After thawing, a frozen sample can be centrifuged before being
subjected to methods, assays and systems described herein. In some embodiments, the test sample 18
a clarified test sample, for example, by centrifugation and collection of a supernatant comprising the
clarified test sample. In some embodiments, a test sample can be a pre-processed test sample, for
example, supernatant or filtrate resulting from a treatment selected from the group consisting of
centrifugation, filtration, thawing, purification, and any combinations thercof. In some embodiments,

the test sample can be treated with a chemical and/or biological reagent. Chemical and/or biological
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reagents can be employed to protect and/or maintain the stability of the sample, including
biomolecules (e.g., nucleic acid and protein) therein, during processing. One exemplary reagent 1s a
protease inhibitor, which 1s generally used to protect or maintain the stability of protein during
processing. The skilled artisan 1s well aware of methods and processes appropriate for pre-processing
of biological samples required for determination of the level of an expression product as described
herein.

[0076] As demonstrated herein, the increased expression of CTC-C marker genes contributes to
the metastatic potential of these cells. Accordingly, the level of CTC-Cs, and/or the metastatic
potential of the CTC-Cs can be reduced by inhibiting the expression and/or activity of one or more
CTC-C marker genes. In one aspect, described herein 1s a method of reducing the level of circulating
tumor cell (CTC) clusters 1n a subject with cancer, the method comprising reducing the level of
expression or activity of a CTC-C marker gene. In one aspect, described herein 1s a method of treating
cancer metastasis, the method comprising reducing the level of expression or activity of a CTC-C
marker gene.

[0077] As used herein, the term “inhibitor” refers to an agent which can decrease the expression
and/or activity of the targeted expression product (e.g. mRNA encoding the target or a target
polypeptide), e.g. by at least 10% or more, ¢.2. by 10% or more, 50% or more, 70% or more, 80% or
more, 90% or more, 95% or more, or 98 % or more. The efficacy of an inhibitor of, for example,
plakoglobin, ¢.g. its ability to decrease the level and/or activity of plakoglobin can be determined, ¢.g.
by measuring the level of an expression product of plakoglobin and/or the activity of plakoglobin.
Methods for measuring the level of a given mRNA and/or polypeptide are known to one of skill in the
art, ¢.g. RTPCR with primers can be used to determine the level of RNA and Western blotting with an
antibody (¢.g. an ant1-JUP antibody, ¢.g. Cat No. ab12083; Abcam; Cambridge, MA) can be used to
determine the level of a polypeptide. The activity of, e.g. plakoglobin can be determined using
methods known 1n the art and described below herein, e.g. the ability of CTC-Cs to form new tumors,
¢.g. metastaize. In some embodiments, the inhibitor of JUP can be an inhibitory nucleic acid; an
aptamer; an antibody reagent; an antibody; or a small molecule.

[0078] In some embodiments, reducing the level of expression or activity of a CTC-C marker
gene comprises administering a CTC-C marker gene inhibitory nucleic acid. In some embodiments,
the inhibitory nucleic acid 1s a siRNA. In some embodiments, the CTC-C marker gene 1s plakoglobin.
[0079] In one aspect, described herein 1s a method of treating cancer, the method comprising
measuring the level of circulating tumor cell (CTC) clusters 1in a sample obtained from a subject;
administering a treatment to prevent or reduce metastasis i1f the level of CTC clusters 1s increased
relative to a control level; and not administering a treatment to prevent or reduce metastasis 1f the
level of CTC clusters 1s not increased relative to a control level. In some embodiments, the cancer

can be breast and/or epithelial cancer.
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[0080] Treatments to prevent and/or reduce metastasis are known to one of skill in the art. Non-
Iimiting examples of such treatments can include chemotherapy, radiation therapy, removal of a tumor
(e.g. surgical removal), and/or administration of an inhibitor of a CTC-C marker gene as described
elsewhere herein. In some embodiments, not administering a treatment can comprise a clinical
approach of monitoring without therapeutic intervention, e.g. “watchful waiting.”

[0081] In some embodiments, the methods, assays, and systems described herein can further
comprise a step of obtaining a test sample from a subject. In some embodiments, the subject 1s a
human subject. In some embodiments, the subject 1s a subject having or diagnosed as having cancer.
In some embodiments, the subject 1s a subject in need of treatment for cancer.

[0082] In some embodiments, the methods described herein relate to treating a subject having or
diagnosed as having cancer. In some embodiments the cancer can be breast cancer and/or epithehial
cancer. Subjects having cancer can be 1dentified by a physician using current methods of diagnosing
cancer. Symptoms and/or complications of cancer which characterize these conditions and aid 1n
diagnosis are well known 1n the art and include but are not limited to, e.g. for breast cancer, lumps,
intflammation, 1tching, changes in skin appearance and/or texture, pain, discharge, and/or swelling.
Tests that may aid in a diagnosis of, ¢.g. breast cancer include, but are not limited to, mammograms
and biopsies. A family history of breast cancer or exposure to risk factors for breast cancer can also
ald 1n determining 1f a subject 1s likely to have cancer or in making a diagnosis of cancer.

[0083] The compositions and methods described herein can be administered to a subject having
or diagnosed as having cancer. In some embodiments, the methods described herein comprise
administering an effective amount of compositions described herein, ¢.g. an inhibitor of a CTC-C
marker gene to a subject 1 order to alleviate a symptom of a cancer. As used herein, "alleviating a
symptom of a cancer’” 1s ameliorating any condition or symptom associated with the cancer. As
compared with an equivalent untreated control, such reduction 1s by at least 5%, 10%, 20%, 40%,
50%, 60%, 80%, 90%, 95%, 99% or more as measured by any standard technique. A variety of
means for administering the compositions described herein to subjects are known to those of skill in
the art. Such methods can include, but are not limited to oral, parenteral, intravenous, intramuscular,
subcutancous, transdermal, airway (aerosol), pulmonary, cutancous, topical, injection, or itratumoral
administration. Administration can be local or systemic.

[0084] The term “effective amount” as used herein refers to the amount of an inhibitor of a CTC-
C marker gene needed to alleviate at least one or more symptom of the disease or disorder, and relates
to a sufficient amount of pharmacological composition to provide the desired etfect. The term
"therapeutically effective amount” therefore refers to an amount of an imnhibitor ot a CTC-C marker
gene that 1s sufficient to provide a particular anti-cancer effect when administered to a typical subject.
An effective amount as used herein, 1n various contexts, would also include an amount sufficient to
delay the development of a symptom of the disease, alter the course of a symptom disease (for

example but not limited to, slowing the progression of a symptom of the disease), or reverse a
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symptom of the disease. Thus, 1t 1s not generally practicable to specify an exact “effective amount”.
However, for any given case, an appropriate “ctfective amount” can be determined by one of ordinary
skill in the art using only routine experimentation.

[0085] Effective amounts, toxicity, and therapeutic efficacy can be determined by standard
pharmaceutical procedures 1n cell cultures or experimental animals, e.g., for determining the LDS0
(the dose lethal to 50% of the population) and the ED50 (the dose therapeutically effective in 50% of
the population). The dosage can vary depending upon the dosage form employed and the route of
administration utilized. The dose ratio between toxic and therapeutic effects 1s the therapeutic index
and can be expressed as the ratio LDS0/EDS0. Compositions and methods that exhibit large
therapeutic indices are preferred. A therapeutically effective dose can be estimated initially from cell
culture assays. Also, a dose can be formulated 1n animal models to achieve a circulating plasma
concentration range that includes the IC50 (i.e., the concentration of an ihibitor of a CTC-C marker
gene, which achieves a halt-maximal inhibition of symptoms) as determined in cell culture, or 1n an
appropriate animal model. Levels in plasma can be measured, for example, by high performance
liquid chromatography. The effects of any particular dosage can be monitored by a suitable bioassay,
¢.g., assay for cancer growth, survival, and/or metastasis among others. The dosage can be
determined by a physician and adjusted, as necessary, to suit observed effects of the treatment.

[0086] In some embodiments, the technology described herein relates to a pharmaceutical
composition comprising an inhibitor of a CTC-C marker gene as described herein, and optionally a
pharmaceutically acceptable carrier. Pharmaceutically acceptable carriers and diluents include saline,
aqueous buffer solutions, solvents and/or dispersion media. The use of such carriers and diluents 1s
well known 1n the art. Some non-limiting examples of materials which can serve as pharmaceutically-
acceptable carriers include: (1) sugars, such as lactose, glucose and sucrose; (2) starches, such as corn
starch and potato starch; (3) cellulose, and its derivatives, such as sodium carboxymethyl cellulose,
methylcellulose, ethyl cellulose, microcrystalline cellulose and cellulose acetate; (4) powdered
tragacanth; (5) malt; (6) gelatin; (7) lubricating agents, such as magnesium stearate, sodium lauryl
sulfate and talc; (8) excipients, such as cocoa butter and suppository waxes; (9) oils, such as peanut
o1l, cottonseed o1l, saftflower o1l, sesame o1l, olive o1l, corn o1l and soybean o1l; (10) glycols, such as
propylene glycol; (11) polyols, such as glycerin, sorbitol, mannitol and polyethylene glycol (PEG);
(12) esters, such as ethyl oleate and ethyl laurate; (13) agar; (14) buffering agents, such as magnesium
hydroxide and aluminum hydroxide; (15) alginic acid; (16) pyrogen-free water; (17) 1sotonic saline;
(18) Ringer's solution; (19) ethyl alcohol; (20) pH buftered solutions; (21) polyesters, polycarbonates
and/or polyanhydrides; (22) bulking agents, such as polypeptides and amino acids (23) serum
component, such as serum albumin, HDL and LDL; (22) C,-C,, alcohols, such as ethanol; and (23)
other non-toxic compatible substances employed in pharmaceutical formulations. Wetting agents,
coloring agents, release agents, coating agents, sweetening agents, flavoring agents, perfuming agents,

preservative and antioxidants can also be present in the formulation. The terms such as "excipient",
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"carrier”, "pharmaceutically acceptable carrier” or the like are used interchangeably herein. In some
embodiments, the carrier inhibits the degradation of the active agent, ¢.g. an inhibitor of a CTC-C
marker gene as described herein.

[0087] In some embodiments, the pharmaceutical composition comprising an inhibitor of a CTC-
C marker gene as described herein can be a parenteral dose form. Since administration of parenteral
dosage forms typically bypasses the patient's natural defenses against contaminants, parenteral dosage
forms are preferably sterile or capable of being sterilized prior to administration to a patient.
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