20147059372 AT |0 0000 10 010 I 0010 0 0

<

W

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/059372 Al

17 April 2014 (17.04.2014) WIPOIPCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
GOIN 33/53 (2006.01) GOIN 33/48 (2006.01) kind of national protection available): AE, AG, AL, AM,
GOIN 33/68 (2006.01) GOIN 33/574 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
21) Int tional Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(21) International Application Number: PCTIUSI013/064696 DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(22) International Filing Date: KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
11 October 2013 (11.10.2013) MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
. ) OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
(25) Filing Language: English SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
(26) Publication Language: English ?’V’ IR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(30) Priority Data: .
61/712.556 11 October 2012 (1 1102012) Us (84) Designated States (unless otherwise indicated, fO}" every
’ kind of regional protection available): ARIPO (BW, GH,
(71) Applicant: VANDERBILT UNIVERSITY [US/US]; 305 GM, KFE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
Kirkland Hall, Nashville, Tennessee 37240 (US). UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(72) Tnventors: ZIJLSTRA, Andries; 1015 Villa Place, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
. ’ EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
Nashville, Tennessee 37212 (US). HANSEN, Amanda G.;
1804 Long Avenue, Nashville, Tennessee 37206 (US) MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
§ ’ e TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ARNOLD, Shanna; 2201 West End Avenue, 305 Kirk- KM, ML, MR, NE, SN, TD, TG)
land Hall, Nashville, Tennessee 37240 (US). ? ? P e ’
(74) Agents: DAVIDSON, Nicolo B. ot al; Suitc 800, 401 T ublished:

Commerce Street, Nashville, Tennessee 37219 (US).

with international search report (Art. 21(3))

(54) Title: CHARACTERIZATION OF CANCER USING DETECTION OF ACTIVATED LEUKOCYTE CELL ADHESION
MOLECULE (ALCAM) SHEDDING

Soamad

Figure 1A

(57) Abstract: The presently-disclosed subject matter includes labels for use in the identification of shed ALCAM in s sample from
a subject. Further included are methods for characterizing, monitoring, evaluating treatment efticacy, or evaluating the progression
of cancer in a subject that comprise providing a biological sample from the subject, determining the presence or amount of shed AL -
CAM in the biological sample, and then comparing the presence or the amount of the shed ALCAM to a reference. Differences
between the presence or amount of shed ALCAM relative to the reference can be used to diagnose, prognosticate, treat, monitor, or
otherwise characterize a cancer in a subject. Further provided are kits comprising a reagent and/or antibody for diagnosing, pro-
gnosticating, monitoring, or otherwise characterizing a cancer in a subject.



WO 2014/059372 PCT/US2013/064696

CHARACTERIZATION OF CANCER USING DETECTION OF ACTIVATED
LEUKOCYTE CELL ADHESION MOLECULE (ALCAM) SHEDDING

by

Andries Zijlstra, of 1015 Villa Place, Nashville, TN 37212, a citizen of USA;
Amanda G. Hansen, of 1804 Long Avenue, Nashville, TN 37206, a citizen of USA; and
Shanna Arnold, of Nashville, TN, a citizen of USA.

Assignee: Vanderbilt University
Attorney Docket No.: 11672N/12119P

RELATED APPLICATIONS

[0001] This application claims priority from U.S. Provisional Application Serial No.
61/712,556, filed October 11, 2012, the entire disclosure of which is incorporated herein by

this reference.

GOVERNMENT INTEREST

[0001] This invention was made with government support under grant numbers
CA120711-01, CA143081-01, CA143081-03, CA040035, CA9060625, UL1TR000445,
CA136228, CA009592, CA098131, CA136228, HL007751, and DK079341 awarded by the

National Institutes of Health. The government has certain rights in the invention.

TECHNICAL FIELD

[0002] The presently-disclosed subject matter relates to characterization of cancer using
detection of activated leukocyte cell adhesion molecule (ALCAM) shedding.
Characterization includes monitoring a cancer, providing a diagnosis, providing a prognosis,
providing a theranosis, and evaluation treatment efficacy and/or progression of a cancer in a
subject by determining a presence or an amount of shed ALCAM in a biological sample from

the subject.

INTRODUCTION

[0003] Cancer treatment is currently hindered in large part because of poor diagnostic,
prognostic, and monitoring systems and methods. For example, colorectal cancer (CRC) is
the third most frequently diagnosed cancer, and second leading cause of cancer-related deaths

in the United States. Current prognosis for CRC patients predominantly rely on pathologic
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UICC/AJCC tumor node metastasis (TNM) staging classification. Although TNM staging
successfully stratifies high-risk patients, there is significant variability in the rate of disease
progression within each stage. Particular concern exists for early stage disease (Stage I and
IT) where patients can progress more rapidly than expected. It is well known that
approximately 30% of stage I CRC patients die of recurrent and metastatic disease.
Identification of patients at risk of recurrence/progression could inform clinicians on adjuvant
chemotherapeutic treatment decisions.

[0004] Furthermore, bladder cancer (BCa) is another example of a widespread cancer,
and BCa is the fourth most common cancer in men in the United States with an estimated
55,600 new cases in 2012 and a five-year relative survival of 71%, 35% and 5% for local,
regional and distant disease, respectively. Within 5 years of initial diagnosis, 60-70% of
patients with non-muscle invasive BCa will recur locally after transurethral resection and
another 20-50% will progress to invasive disease, ultimately requiring complete surgical
resection of the bladder (cystectomy). Moreover, approximately 50% of patients undergoing
radical cystectomy will recur with metastases within two years. The risk of progression and
recurrence necessitates frequent follow-up, invasive monitoring, and repeated clinical
interventions which decreases quality of life and makes lifelong management of BCa more
costly than any other cancer. Furthermore, despite proven survival benefit, neoadjuvant
chemotherapy is under-utilized due to an inability to accurately predict recurrence and
monitor treatment response that would justify the risk of exposure of an aging patient
population with multiple comorbidities to chemotherapy-associated toxicities.

[0005] These observations highlight the need for prognostic indicators that identify
patients likely to benefit from aggressive intervention. Biomarkers can assist in identifying
those patients that require more aggressive intervention or patients at risk of relapse after
initial treatment. Promising clinical tests including ONCOTYPE DX"™ and COLOPRINT™
evaluate possible disease progression by assessing gene expression. These tests are not yet
widely applied possibly because their epigenetic evaluation reflects on gene expression which
does not always reliably predict actual cellular behavior. Thus, existing prognostic tests do
not report on cancer progression. Furthermore, the heterogeneous nature of genetic drivers,
particularly in BCa, limits their use as predicative biomarkers.

[0006] Accordingly, clinical intervention would greatly benefit from further
understanding of the molecular mechanisms that drive metastasis as well as molecular

indicators that identify patients at risk of disease progression. There remains a need in the art
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for a methods and compositions for diagnosing, prognosticating, and monitoring the

progression of certain cancers.

SUMMARY

[0007] The presently-disclosed subject matter meets some or all of the above-identified
needs, as will become evident to those of ordinary skill in the art after a study of information
provided in this document.

[0008] This Summary describes several embodiments of the presently-disclosed subject
matter, and in many cases lists variations and permutations of these embodiments. This
Summary is merely exemplary of the numerous and varied embodiments. Mention of one or
more representative features of a given embodiment is likewise exemplary. Such an
embodiment can typically exist with or without the feature(s) mentioned; likewise, those
features can be applied to other embodiments of the presently-disclosed subject matter,
whether listed in this Summary or not. To avoid excessive repetition, this Summary does not
list or suggest all possible combinations of such features.

[0009] The presently-disclosed subject matter includes a shed ALCAM label for use in
the identification of shed ALCAM in a sample from a subject. The label can include an
antibody, which itself can be an isolated antibody. The label can produce a signal which can
be detected, such as an optical signal or the like. In some embodiments the optical signal can
include fluorescence. In this regard, in some embodiments the label comprises an antibody
and a signal-producing moiety conjugated to the antibody. The antibody can selectively bind
to shed ALCAM, whereas the signal-producing moiety can produce a signal that can be
detected (e.g., fluoresce).

[0010] In some embodiments the label can recognize the C-terminal of ALCAM, shed
ALCAM, or a combination thercof. In other embodiments the label can recognize the N-
terminal ALCAM, shed ALCAM, or a combination thercof. In some embodiments the label
is detectable with the use of ELSIA.

[0011] The presently-disclosed subject matter also includes a method for characterizing,
monitoring, or characterizing and monitoring a cancer in a subject. In some embodiments the
methods comprise providing a biological sample from the subject, determining a presence or
an amount of shed ALCAM in the biological sample, and comparing the presence or the
amount of the shed ALCAM in the biological sample to a reference, wherein the cancer is

characterized and/or monitored based on a measurable difference in the presence or the
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amount of the shed ALCAM from the biological sample as compared to the reference. In
different implementations, the step of characterizing can include providing a diagnosis,
prognosis, theranosis, or combination thereof of the cancer.

[0012] In yet other embodiments a method is provided for evaluating the treatment
efficacy, progression, or both of a cancer in a subject. In some embodiments the methods
comprise providing a biological sample from the subject, determining a presence or an
amount of shed ALCAM in the biological sample, and comparing the presence or the amount
of'the shed ALCAM to a reference, wherein the treatment efficacy and/or progression of the
cancer is evaluated based on a measurable difference in the presence or the amount of the
shed ALCAM as compared to the reference.

[0013] In the present methods there can be provided a step of contacting the biological
sample with an antibody that selectively binds shed ALCAM. In this regard, some embodied
antibodies can recognize the C-terminal ALCAM, shed ALCAM, or a combination thercof,
or they can recognize the N-terminal ALCAM, shed ALCAM, or a combination thercof. In
some embodiments the step of determining a presence or an amount of shed ALCAM in the
biological sample therefore includes the use of an ELISA.

[0014] In the present methods the cancer can include, but is not limited to, a precancerous
or cancerous pathology selected from the group consisting of urogenital cancer, bladder
cancer, renal cell cancer, colorectal cancer, and combinations thereof. Thus, in some
embodiments the cancer is urogenital cancer. In some embodiments the cancer is bladder
cancer. In some embodiments the cancer is renal cell cancer. In some embodiments the
cancer is colorectal cancer.

[0015] As described above, the present methods can include comparing the presence or
the amount of shed ALCAM to a reference. In some embodiments the reference comprises a
level of the shed ALCAM in one or more samples from one or more individuals without the
cancer. In some embodiments the reference comprises a level of the shed ALCAM in a
sample from the subject taken over a time course. In some embodiments the reference
comprises a sample from the subject collected prior to initiation of treatment for the cancer
and/or onset of the cancer and the biological sample is collected after initiation of the
treatment or onset of the cancer. In some embodiments the reference comprises a standard
sample, control data, or both. The reference can also include any value calculated from one
or more different possible references.

[0016] In further embodiments, the present methods comprise providing a series of

biological samples collected from the subject over a time course, and then determining a
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presence or an amount of shed ALCAM in each of the series of biological samples. In some
embodiments wherein the series of biological samples comprises a first biological sample
collected prior to initiation of treatment for the cancer and/or onset of the cancer and a second
biological sample collected after initiation of the treatment or onset of the cancer.

[0017] In some embodiments the biological sample comprises tissue, urine, serum, blood,
spinal fluid, or the like or combinations thereof. In some embodiments the step of providing
the biological sample from the subject comprises extracting the sample. Furthermore, in
some embodiments the step of providing the biological sample from the subject comprises
isolating the shed ALCAM from the sample.

[0018] In some embodiments the methods can be carried out iz vitro or in vivo. In certain
embodiments of the present methods there is further provided a step of determining an
amount of intact ALCAM, and, optionally, in some embodiments the methods comprise
calculating a ratio of intact ALCAM to shed ALCAM. In yet other embodiments of the
present methods there is provided a step of selecting a treatment or modifying a treatment for
the cancer based on the amount of the shed ALCAM determined. In some embodied methods
a reagent is used.

[0019] Additionally, the presently-disclosed subject matter includes a kit that comprises a
reagent that can carry out any of the presently-disclosed methods. In some embodiments the
kit can further comprise an antibody that selectively binds shed ALCAM. In certain
embodiments the antibody recognizes the C-terminal of ALCAM, and in other embodiments
the antibody recognizes the N-terminal of ALCAM.

[0020] Embodiments of kits can further comprise a reference standard sample and/or
control data. The standard sample, the control data, or both can be for a cancer, a non-cancer,
or a combination therecof. The cancer can include, but is not limited to, a precancerous or
cancerous pathology selected from the group consisting of urogenital cancer, bladder cancer,
renal cell cancer, and colorectal cancer.

[0021] Further features and advantages of the present presently-disclosed subject matter
will become evident to those of ordinary skill in the art after a study of the present

application.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Figure 1 shows ALCAM expression in colorectal carcinoma and its correlation to

patient outcome. A) Representative immunohistochemical staining for ALCAM in normal
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and tumor colon sections using an antibody directed to the extracellular domain of ALCAM
(HPA010926). B) Expression of ALCAM in CRC cell lines evaluated by immunoblotting
(left) and microarray analysis (right, GDS1761). Expression (mRNA) of ALCAM (C) and
ADAM17 (D) in a cohort of 250 colorectal cancer patients was correlated to patient survival
after dichotomizing the population across its mean expression into patients with “High
ALCAM” and “Low ALCAM?”. E) Using an ALCAM sandwich ELISA, circulating levels of
shed ALCAM were evaluated in serum from cancer-free patients (n=48) and compared to
serum from CRC patients at time of diagnosis (pre-op, n=42) and serum from patient at time
of followup after treatment (post-op, n=19). F) CRC patients were stratified according to
stage (I-IV) and compared to cancer-free patients (n=48) and healthy adults (n=6). Box plots
show the mean, standard deviation and full range of the expression data. Survival is presented
with Kaplan-Meier plots and log-rank test was used to evaluate significance.

[0023] Figure 2 shows ALCAM expression in continuous cancer cell lines. Lysates from
human cancer cell lines immunoblotted for ALCAM using an antibody specific for its
extracellular domain.

[0024] Figure 3 shows that the lack of cytoplasmic ALCAM corresponds with poor
patient outcome. A tissue microarray of 75 CRC and 12 normal colonic tissues was stained
by traditional IHC for the extracellular domain of ALCAM. Membranous and cytoplasmic
staining was stained and scored by an independent pathologist in a blinded manner.

[0025] Figure 4 shows the specificity of anti-ALCAM ICD confirmed by analysis of
ALCAM in ALCAM-/- mice. A) Schematic representation of ALCAM and its organization
as a cell-cell adhesion molecule. Individual domains are presented as ovals (extracellular
IgG-like domain) or rectangles (intracellular domain). B) The antibody 1G3A1 specific for
the cytoplasmic tail of ALCAM was used to immunoblot 40ug of liver extracts from wild
type and ALCAM-/- mice. C) ALCAM specificity of individual clones was evaluated by
outcompeting antibody binding with the immunizing peptide in immunofluorescence staining
of human lung tissue sections.

[0026] Figure 5 shows multi-species sequence alignment was carried our using the
Geneious™ bioinformatics software. Along the top of each alignment is the sequence identity
plot comparing the sequence across species. Green peaks are 100% identity among species;
yellow and red are lower identities. Immunogen sequence is located in the cytoplasmic tail
consisting of a highly conserved 14 amino acid sequence.

[0027] Figure 6 shows the screening and validation of an antibody specific to the

cytoplasmic domain of ALCAM. A) B) Individual hybridoma clones reactive to the
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immunizing peptide were screened by direct ELISA using whole cell lysate from a cell line
expressing high levels of ALCAM (PC3). A 1.0 OD was used to select clones for further
validation by immunoblotting cutoff. Three high-titre clones chosen for further validation
were 1G3A1 (ii), 1G3B3 (iv), and 1G3CF (i). B) Hybridoma clones 1G3A1, 1G3B3, and
1G3CF were further for specificity to ALCAM by comparing their reactivity to ALCAM
with a commercial antibody (directed against the extracellular domain) using lysates from
parental PC3 cells and PC3 cells with shRNA-mediated knockdown of ALCAM. C) ALCAM
specificity of individual clones was further evaluated by outcompeting antibody binding with
the immunizing peptide in Immunoblots of whole cell lysates (PC3). D) Specificity of
purified 1G3A1 against the cytoplasmic tail of ALCAM was confirmed by immunoblotting
intact ALCAM (whole cell lysate; Lys.) and shed ALCAM (conditioned medium; C.M.) from
PC3 cells.

[0028] Figure 7 shows the detection of ALCAM shedding in cancers of the stomach and
colon. The ALCAM dual stain composed of the antibody HPA010926 directed against the
extracellular domain (green) and antibody 1G3A1 directed against the intracellular domain
(red) was used to identify locations within the tissue that exhibited ALCAM shedding in
cancers of the stomach (A) and colon (B), scale bar = 64um. Images of nuclear stain (blue)
were merged with images of HPA010926 (green) and 1G3A1 (red) staining. Insets (C)
present magnified regions i and ii from stomach and colon carcinoma. Areas of ALCAM
shedding are identified by the presence of 1G3A1 staining (red) and an absence of
HPAO010926 (green) staining. Arrow: intact ALCAM, Arrow Head: ALCAM shedding. Scale
bar = 320um.

[0029] Figure 8 shows the quantitative analysis of ALCAM shedding in CRC. The
ALCAM dual stain was used to detection the extracellular domain (green) and intracellular
domain (red) of ALCAM in normal colonic mucosa (A) and colorectal cancer (B). ALCAM
shedding was defined as the detection of ALCAM-ICD in the absence of co-localized
ALCAM-ECD. The results of this analysis presents ALCAM shedding quantitatively as the
fraction of total detectable ALCAM from which the extracellular domain is absent.

[0030] Figure 9 shows the image processing pipeline implemented using FIJI. Images
obtained of normal (A) and tumor (B) tissues through scanning on the Ariol® platform were
processed to obtain the fraction of ALCAM shed. The original images was separated into its
individual color channels and threshold values were obtained for the red channel (ALCAM-
ICD) and the green channel (ALCAM-ECD). A co-localization of these thresholded areas
was used to distinguish intact ALCAM (both ALCAM-ICD and -ECD, yellow) from shed
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ALCAM (only ALCAM-ICD, teal). Quantitatively ALCAM shedding is defined as the
fraction of detectable ALCAM from which the extracellular domain is absent.

[0031] Figure 10 shows ALCAM shedding in CRC correlates with poor survival. Scatter
plots demonstrate the differences in ALCAM shedding between normal colonic mucosa and
CRC tumors as a single population (A), stratified across histological stage (B), or separated
according to survival (C). Kaplan-Meier survival curves of CRC patients with high versus
low ALCAM shedding were generated and log-rank tests performed to evaluate the
correlation of ALCAM shedding with overall survival of patients at all stages (D), overall
survival of stage II patients (E) or disease-specific survival of stage II patients (F). Scatter
plots show the mean and SEM with statistical evaluation by Mann-Whitney for selected
groups (A and C) or Kruskal-Wallis with Dunn’s multiple comparison restricted to normal
(B).

[0032] Figure 11 shows ALCAM mRNA, protein and shedding in colorectal cancer.
Kaplan-Meier survival analysis contrasts CRC patients overall survival, stage II patient
overall survival and disease-specific stage II CRC survival with high versus low ALCAM
mRNA expression (A) protein expression (B) or ALCAM shedding (C). Survival is presented
as Kaplan-Meier plots with the log-rank test used to evaluate significance.

[0033] Figure 12 shows a schematic of a multi-level approach for analysis of ALCAM in
bladder cancer.

[0034] Figure 13 shows the correlation of ALCAM mRNA with tumor stage and overall
survival in bladder cancer. (A) ALCAM Log, mRNA levels are graphed according to tumor
pathology stage. Mean and 95% confidence intervals displayed. K-W, Kruskal-Wallis test. J-
T, Jonckheere-Terpstra test for trend. (B) Kaplan-Meier curves and Log-rank test for
significance of ALCAM dichotomized high/low around the median Log, mRNA level (10.4).
HR, Hazard Ratio. CI, Confidence Interval. All analyses were two-tailed with a 0.05 alpha
level.

[0035] Figure 14 shows the correlation of ALCAM protein expression with tumor stage
and overall survival in bladder cancer. (A) IHC (top panel) for ALCAM (brown) and IF
(bottom panels) for ALCAM (green), Ki67 (white), Collagen (red), and Nuclei (blue) in
normal bladder and BCa (CIS, pT1, pT2, pT3, pT4). Scale bars = 100pm (low magnification)
and 50pm (high magnification). (B, D, F) Correlation of core stage (n=481) with ALCAM
IHC intensity score (B), ALCAM IF percent thresholded area (D), and Ki67 IF percent
nuclear area (F) with GEE ordinal logistic regression (OR, odds ratio; with 95% CI) and
Kendall’s (K) rank correlation (). Mean and 95% CI graphed. (C, E, G) Kaplan-Meier curves
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and Log-rank tests for overall survival (n=198) with ALCAM IHC expression dichotomized
around an intensity score of 2 (C), ALCAM IF expression dichotomized around the mean
percent thresholded area of 6.66% (E), and Ki67 IF dichotomized around the mean percent
nuclear area of 1.58% (G). HR, Hazard Ratio. CI, Confidence Interval. All analyses were
two-tailed with a 0.05 alpha level.

[0036] Figure 15 shows the detection of shed ALCAM in fluids and its correlation with
stage and overall survival in bladder cancer. (A) A schematic of ALCAM acting as a cell-cell
adhesion molecule in normal epithelial cells, which, during tumor progression, cells can
regulate motility and invasion through ADAMI17-mediated ALCAM cleavage. (B) ALCAM
levels (ng/ml) in serum of normal controls compared to patients with BCa. Mann-Whitney U,
two-tailed, 0.05 alpha level. (C) ALCAM levels (ng/ml) in urine of normal controls compared
to patients with inflammatory conditions, cancers other than BCa, and BCa. Mann-Whitney
U, two-tailed, 0.05 alpha level. UC, ulcerative colitis. SC, staghorn calculi. (D,E) Correlation
of shed ALCAM in the serum (D) and urine (E) with pathological tumor stage in the shed
ALCAM BCa cohort (n=120). K-W, Kruskal-Wallis test. J-T, Jonckheere-Terpstra test for
trend. Graphs display mean and 95% CI. Kaplan-Meier curves and Log-rank tests for analysis
of overall survival with (F) tumor stage, (G) urine ALCAM, and (H) serum ALCAM. (I)
Graph of the time-dependent receiver operating characteristic (ROC) curves based on the
probabilities attained by the multivariable Cox regression analysis for age, tumor stage, and
N-stage alone (red) compared to the addition of serum and urine ALCAM (blue).
Concordance indices (C-Index) are shown.

[0037] Figure 16 shows the mass spectrometry analysis and discovery of ALCAM as a
CD151 associated protein. (A) (left panel) General tetraspanin schematic with the small
extracellular loop (SEL) and the large extracellular loop (LEL) highlighted. (right panel)
Schematic representation of tetraspanin-partner interaction (I-1), TERM assembly (III-1V)
and interaction with intracellular signaling molecules (V). (B) Detection of CD151 and
associated proteins by metabolic labeling (S35), cell-surface biotin labeling (biotin), or
CD151-specific immunoblot after immunoprecipitation from a HEp3 cell lysate. (C-D) Mass
Spec analysis (LC-MS-MS) of CD151-associated proteins after immunoprecipitation by
antibody 1AS. (C) SDS-PAGE used for LC-MS-MS and pie-chart representing distribution of
identified targets. D). Table of known CD151-associated proteins and putative partners that
can potentially control migration. E). Gene Ontology analysis performed with WebGestalt on

genes differentially expressed after the introduction of a dominant-negative ALCAM.
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[0038] Figure 17 shows the physical association of CD151 with ALCAM. (A)
Immunofluorescent staining of CD151 and ALCAM in HEp3 cells treated with control IgG
or 1AS. (B) Co-immunoprecipitation of ALCAM by anti-CD151 antibody 1AS. (C) Co-
immunoprecipitation of CD151 by anti-ALCAM antibody. (D-E) Co-precipitation of
ALCAM and CD151 after pull-down of GFP-tagged partner. (CD151*=untagged CD151
that co-precipitates with CD151-GFP).

[0039] Figure 18 shows that CD151 and ALCAM cooperate in the regulation of tumor
cell migration. (A) Schematic representation of migration in response to clustering of CD151
by antibody 1AS (I) which results in enhanced adhesion (II) and subsequent inhibition of
migration. (B) Transwell migration of HT1080 cells in the presence or absence of 1AS after
transfection with control siRNA (white bars) or ALCAM siRNA (black bars). (C)
Immunoblotting and immunofluorescent staining of cultured cells. (D) Schematic
representation of migration in response to ALCAM-ALCAM interactions. (E) Analysis of
cell migration on ALCAM-Fc by single-cell tracking. Migration velocity is determined after
transfection with control shRNA (white bars) or CD151 shRNA (black bars). (F)
Immunoblotting and immunofluorescent staining of cultured cells.

[0040] Figure 19 shows that the CD151/ALCAM signaling mechanism involves PKC
and the small GTPase Rapl. (A) Transwell migration of HEp3 cells in the absence (white
bars) or presence of A5 Anti-CD151 (black bars) analyzed in the presence of different
pathway inhibitors. (B) Wound healing migration of HEp3 cells expressing siRNAs specific
for ALCAM, PKCa, and Rapl. (C) Rap1 activation HEp3 cells serum starved overnight and
treated with 1AS in culture for the indicated time points. (D) Plating HEp3 cells on ALCAM-
Fc activates Rapl in a time dependent manner but has not impact on the activation of state of
the small GTPase Racl. (E) 1AS treatment activates Rapl in a PKCa-dependent manner.

[0041] Figure 20 shows that Rapl activation can inhibit tumor cell motility iz vitro and
in vivo. HEp3 cells were transiently transfected with empty vector (Control) dominant
negative Rapl (N17) or dominant active Rapl (V12). (A) Transgene expression was verified
by immunoblotting for the HA-tagged protein. (B) In Vitro cell migration was performed
with transiently transfected cells in a wound-healing assay. (C) and (D) HEp3 cells were
injected into 12 day old chicks and the migratory phenotype of metastatic colonies was
evaluated (see methods for details). The number of motile colonies was quantified (C) from
images taken of the chorioallantoic membrane containing metastatic colonies (D). Data is

representative of three experiments with n>5 for each experiment.
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[0042] Figure 21 shows that ALCAM is overexpressed metastatic prostate cancer and
correlates with patient survival. (A) Heat map and corresponding relative expression of
ADAM17 (i) ALCAM (ii) N-cadherin (iii), p120 (iv) and E-cadherin (v) indicated by arrows.
(B) Representative images from immunohistochemical staining of ALCAM membranous and
cytoplasmic expression in benign to metastatic prostate cancer. (C) Correlation of ALCAM
expression to overall survival in a publicly available dataset (code) composed of 600 prostate
cancer patients. Kaplan-Meier survival curves represent the upper and lower quartile
ALCAM expression.

[0043] Figure 22 shows A) Western blot analysis of ALCAM shedding in conditioned
media of LNCaP and PC3 cells treated with or without 10ng/ml of TGFp using antibodies
specifically recognizing the extracellular and intracellular domains, and B) ALCAM
shedding in response to 10ng/ml TGFp after 48 hours as measured by Western blotting of
ALCAM and CD151 (exosome marker) in PC3 tumor cell conditioned media. “Total CM” =
total conditioned media, “CM Supernatant” = conditioned media supernatant without
exosome pellet, “Exosome pellet” = exosome pellet resuspended in phosphate buffered
saline.

[0044] Figure 23 shows that the expression and shedding of ALCAM is increased in
response to TGFp . (A) ELISA analysis of ALCAM shedding in concentrated conditioned
media of PC3 cells treated with indicated exogenous cytokines. TGFp, p<0.001 (B)
Expression of ALCAM by RT-PCR fold change relative to GAPDH, glyceraldehyde 3-
phosphate dehydrogenase in PC3 or LNCaP cells treated with or without 10ng/ml of TGFf
for 48 hrs (C) Western blot analysis of shed ALCAM in the conditioned media and intact
ALCAM in the cell lysate in LNCaP and PC3 cells. D) Western blot detection of ALCAM
and Phospho-smad?2 expression in PC3 cells treated with 10ng/ml TGFp for 48 hrs in the
presence or absence of 10uM SB431542. (E) RT-PCR and F) Western blot analysis of
ALCAM expression in LNCaP cells transfected with vector control or T204D, dominant
active TGFp type I receptor; *p<0.05, **p<0.01.

[0045] Figure 24 shows that ALCAM shedding correlates with tumor burden. (A)
Schematic representation of in vivo strategy for S.Q. and orthotopic tumor models. B and C)
Circulating levels of soluble host and tumor-derived ALCAM detectable in mice bearing
subcutaneous injected PC3 cells (B) or PC3 cells orthotopically implanted into the prostate
(C). Levels of ALCAM are shown as a function of time (top) or tumor burden at the time of
experiment completion (bottom). Each point reflects mean of duplicate measurements £+ SD.

[0046] Figure 25 shows a graph of ALCAM serum half-life in mice.
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[0047] Figure 26 shows that the immune response modulation does not effect serum
ALCAM. A) Tumor-derived (human) ALCAM serum levels in individual mice plotted
longitudinally B) Serum levels of mouse ALCAM pre-and post-treatment with
Lipopolysaccharide (LPS). Data are mean = SEM (n=5); *p<0.05 (One-way ANOVA; Mann-
Whitney test). C) Serum levels of mouse ALCAM in pre-and post full thickness skin punch.
Data are mean + SEM (n=6); *p<0.05 (One-way ANOVA; Mann-Whitney test).

[0048] Figure 27 shows (A) a Western blot analysis of shed ALCAM in the conditioned
media and ADAM17 in the total cell lysate of PC3 transiently transfected with either
scrambled siRNA or siRNA targeting ADAM17, (B) a Western blot analysis of shed
ALCAM in PC3 cells treated with an ADAM 17-specific inhibitor (Compound-32, BMS),
broad-spectrum MMP inhibitor (GM6001), or diluent control, and (C) a graph of serum
levels of tumor-derived ALCAM in 10wk old SCID mice bearing PC3-luc tumors and treated
with DMSO diluent or Compound-32 for three days, p=0.0005

[0049] Figure 28 shows a plot of compound-32/ADAM17 inhibitor dosing in vivo.

[0050] Figure 29 shows (A) Western blot analysis of lysates from parental PC3-luc and
PC3-luc shRNA ALCAM (KD1) knockdown cells, (B) quantitative analysis of tumor cell
migration in parental PC3 cells and PC3 cells with shRNA-mediated knockdown of ALCAM
treated with or without 10ng/ml TGFf, C) whole animal luciferase imaging of mice bearing
orthotopic PC3-luc parental tumors or PC3-luc ALCAM knockdown tumors 6-weeks post
surgery, (D) primary tumor weights of orthotopic PC3-luc parental tumors (n=8) and PC3-luc
ALCAM knockdown tumors (n=8), (E) representative whole-animal luciferase imaging and
matching x-rays 8 weeks post-intracardiac injection of PC3-luc parental (shControl) or PC3-
luc ALCAM knockdown (shALCAM, KD1), and (F) a plot of average number of bone
lesions in mice from PC3-luc (1.42 + 0.26; n=31) or PC3-luc shARNA ALCAM (KD1)
knockdown cells (0.16 £ 0.07;n=25). **p<0.0001.

[0051] Figure 30 shows (A) a representative whole animal luciferase and x-ray imaging
of mice post-intratibial injection of PC3-luc parental tumors (vector, n=8), and PC3-luc
ALCAM knockdown tumor cells (KD2, n=8 & KD3, n=8), (B) Collagen [ and ALCAM
immunoflurescence of tumor cells within the tibias of mice bearing PC3-luc vector or PC3-
luc KD2 or KD3 tumors, (C) bioluminescent curve of intratibial tumor development in mice
bearing PC3-luc vector, PC3-luc KD2 and KD3 tumors. (Two-way ANOVA with Bonferroni
post-test), and (D) tumor incidence and average lesion area in the tibias of mice bearing PC3-
luc vector, PC3-luc KD2 and KD3 tumors. Data represent the mean = SEM
(n=8/group);**p<0.01; ***p<0.0001
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[0052] Figure 31 shows that tumor-derived ALCAM impacts tumor survival in the bone
microenvironment of intratibial bone tumor model. A) Representative three dimensional
reconstitutions of microCT images from mice injected with PC3-luc-vector, PC3-luc-KD1
and PC3-luc-KD2 tumor cells. B) Boxplots of average BV/TV (bone volume/total volume)
by group for the PC3-luc-vector, PC3-luc-KD2 and PC3-luc-KD3 tumor bearing mice. Data
represents quartiles with dots indicating outliers (1.5x upper or lower quartile; n=16
tibias/group) *p<0.05, **p<0.01. C) A boxplot representing the lesion area calculated from
end-point x-ray images from the same experiment. D) Representative H&E stains of
osteolytic bone lesions in the hind leg of mice. Outlines indicate the osteolytic tumor lesion
within the bone. E) Representative immunofluorescent staining of cleaved caspase-3 positive
cells (red) in tibias of PC3-luc-vector, PC3-luc-KD2 and PC3-luc-KD3 tumor-bearing mice.
F) Representative immunofluorescent staining of Ki67 proliferating cells (red) in tibias of
PC3-luc-vector, PC3-luc-KD2 and PC3-luc-KD3 tumor-bearing mice. Data are mean + SEM
(n=8/group); *p<0.05, **p<0.01, ***p<0.005. G) A plot of apoptosis in the tumor-bone
microenvironment as a function of total cell number assessed by staining for cleaved caspase-
3 in PC3-luc-vector, PC3-luc-KD2 and PC3-luc-KD3 tumor bearing tibias of mice 4 weeks
post-injection. H) A plot of proliferation in the tumor-bone microenvironment as a function
of total cell number assessed by staining for Ki67 in PC3-luc-vector, PC3-luc-KD2 and PC3-
luc-KD3 tumor bearing tibias of mice 4 weeks post-injection.

[0053] Figure 32 shows a graph of tumor cell proliferation over time assessed by total
cell counts over 72 hours.

[0054] Figure 33 shows representative TRACP stained photomicrographs of PC3
shControl and shALCAM injected animals at day 28.

[0055] Figure 34 shows the analysis of intra-tumoral ALCAM protein expression and
shedding on a retrospective cohort of patients with clear cell renal cell carcinoma undergoing
nephrectomy. A) Immunohistochemical staining for ALCAM with antibodies against the
extracellular and intracellular domain. B) A plot showing ALCAM staining intensity, on a
scale from 0-3, based on the signal observed in greater than 10% of tumor cells. C) A plot
showing “shed” ALCAM as total ALCAM minus intact ALCAM. Overall survival was
defined as time from date of nephrectomy to date of death or last follow-up. Recurrence was
defined as time from date of nephrectomy to date of metastatic recurrence validated by

imaging,
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DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0056] The details of one or more embodiments of the presently-disclosed subject matter
arc set forth in this document. Modifications to embodiments described in this document,
and other embodiments, will be evident to those of ordinary skill in the art after a study of the
information provided in this document. The information provided in this document, and
particularly the specific details of the described exemplary embodiments, is provided
primarily for clearness of understanding and no unnecessary limitations are to be understood
therefrom. In case of conflict, the specification of this document, including definitions, will
control.

[0057] The presently-disclosed subject matter meets some or all of the above-identified
needs, as will become evident to those of ordinary skill in the art after a study of information
provided in this document. To avoid excessive repetition, this Description does not list or
suggest all possible combinations of such features.

[0058] The presently-disclosed subject matter includes methods of characterizing a
cancer using detection of activated leukocyte cell adhesion molecule (ALCAM) shedding.
Characterization includes monitoring a cancer, providing a diagnosis, providing a prognosis,
providing a theranosis, and evaluation treatment efficacy and/or progression of a cancer in a
subject by determining a presence or an amount of shed ALCAM in a biological sample from
the subject.

[0059] ALCAM (Activated Leukocyte Cell Adhesion Molecule) is a cell-cell adhesion
protein that has been identified in a broad array of biological processes including
inflammatory responses, neuronal outgrowth, and migration and metastasis. ALCAM consists
of five extracellular IgG-like domains, a transmembrane domain and a short cytoplasmic
domain. ALCAM can be proteolytically processed by ADAM17, thereby generating a soluble
ALCAM component and a truncated membrane-bound ALCAM containing the
transmembrane and cytoplasmic domain. At the clinical level, shed ALCAM is detectable in
the serum or other biological samples of cancer patients. The present inventors have found
that cell adhesion is disrupted when the ectodomain of ALCAM is shed from malignant
tumor cells during invasive transformation by ADAM17-mediated cleavage. Consequently,
ALCAM shedding is a molecular indicator of a cellular activity, and can present itself
pathologically in invasive and/or disseminated diseases.

[0060] Unlike most candidate biomarkers, ALCAM expression is not tissue-restricted and

it is commonly found in most epithelia and related carcinomas. ALCAM contributes to tumor
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progression by controlling migration. The present inventors have found that the molecular
activity of ALCAM appears to be regulated through shedding of its extracellular domain.
Consequently, certain advanced disease tissues express ALCAM but exhibit an elevated level
of ALCAM shedding.

[0061] In some embodiments, a method for characterizing and/or monitoring a cancer in
a subject includes providing a biological sample from the subject; determining a presence or
an amount of shed ALCAM in the biological sample; and comparing the presence or the
amount of the shed ALCAM in the biological sample to a reference, wherein the cancer is
characterized and/or monitored based on a measurable difference in the presence or the
amount of the shed ALCAM from the biological sample as compared to the reference.

[0062] In some embodiments, the presently-disclosed subject matter includes a method
for evaluating treatment efficacy and/or progression of a cancer in a subject, which involves
providing a biological sample from the subject; determining a presence or an amount of shed
ALCAM in the biological sample; and comparing the presence or the amount of the shed
ALCAM to a reference, wherein the treatment efficacy and/or progression of the cancer is
evaluated based on a measurable difference in the presence or the amount of the shed
ALCAM as compared to the reference.

[0063] The presently-disclosed subject matter includes antibodies and kits useful for
characterizing, monitoring, evaluating treatment efficacy of, and/or evaluating progression of
a cancer in a subject. In some embodiments, the antibody is an isolated antibody or antigen-
binding fragment thereof that specifically binds to at least one of C-terminus of shed
ALCAM and N-terminus of shed ALCAM. In some embodiments, the kit includes an
antibody that selectively binds shed ALCAM. In some embodiments, the kit further includes
a reference.

[0064] The term “characterizing” and “characterize” are used herein to refer to providing
a diagnosis, a prognosis, and/or a theranosis of a cancer. The terms “diagnosing” and
“diagnosis” as used herein refer to methods by which the skilled artisan can estimate and
even determine whether or not a subject is suffering from a given disease or condition. The
skilled artisan often makes a diagnosis on the basis of one or more diagnostic indicators, such
as for example a biomarker, the amount (including presence or absence) of which is
indicative of the presence, severity, or absence of the condition.

[0065] Along with diagnosis, clinical cancer prognosis is also an area of great concern
and interest. It is important to know the aggressiveness of the cancer cells and the likelihood

of tumor recurrence in order to plan the most effective therapy. If a more accurate prognosis
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can be made or even a potential risk for developing the cancer assessed, appropriate therapy,
and in some instances less severe therapy for the patient can be chosen. Measurement of
shed ALCAM can be useful in order to separate subjects with good prognosis and/or low risk
of developing cancer who will need no therapy or limited therapy from those more likely to
develop cancer or suffer a recurrence of cancer who might benefit from more intensive
treatments.

[0066] As such, “making a diagnosis” or “diagnosing”, as used herein, is further inclusive
of determining a risk of developing cancer or determining a prognosis, which can provide for
predicting a clinical outcome (with or without medical treatment), selecting an appropriate
treatment (or whether treatment would be effective), or monitoring a current treatment and
potentially changing the treatment, based on the measure of the shed ALCAM disclosed
herein. Diagnostic testing that involves treatment, such as treatment monitoring or decision
making can be referred to as “theranosis.” Further, in some embodiments of the presently
disclosed subject matter, multiple determinations of the shed ALCAM over time can be made
to facilitate diagnosis and/or prognosis. A temporal change in the biomarker can be used to
predict a clinical outcome, monitor the progression of the cancer and/or efficacy of
appropriate therapies directed against the cancer. In such an embodiment, for example, one
might expect to see a decrease and/or an increase in the amount of shed ALCAM in a
biological sample over time during the course of effective therapy.

[0067] As used here, the term “shed ALCAM?” refers to shedding of the cell adhesion
molecule ALCAM, that is to say, ALCAM that has been shed into a biological sample. As
will be known to one of ordinary skill in the art, shed ALCAM is distinct from ALCAM that
might be expressed and detected by measuring gene products, such as mRNA or expressed
protein, i.c., intact ALCAM. In some embodiments, it can be useful to further detect intact
ALCAM, and to determine a ratio of intact ALCAM to shed ALCAM, which can be useful in
characterizing the cancer. As such, when “determining a presence or an amount of shed
ALCAM?” is described herein, it is inclusive of “determining a ratio of intact ALCAM to shed
ALCAM,” and unless otherwise apparent, reference to “shed ALCAM? is inclusive of “a
ratio of intact ALCAM to shed ALCAM.”

[0068] The presently disclosed subject matter further provides in some embodiments a
method for determining whether to initiate or continue treatment of a cancer in a subject
and/or a method for evaluating treatment efficacy and/or progression of a cancer in a subject.
As used herein, the terms “treatment” or “treating” relate to any treatment of a condition of

interest, including but not limited to prophylactic treatment and therapeutic treatment.
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[0069] The terms “correlated” and “correlating,” as used herein in reference to the use of
detection of shed ALCAM as disclosed herein, refers to comparing the presence or quantity
of the shed ALCAM in a subject to its presence or quantity in subjects known to suffer from,
or known to be at risk of, a given condition (e.g., a particular cancer); or in subjects known to
be free of a given condition, i.e. “normal subjects” or “control subjects”. For example, a
level of shed ALCAM disclosed herein in a biological sample can be compared to a shed
ALCAM level determined to be associated with a specific type of cancer. The sample’s
biomarker level is said to have been correlated with a diagnosis; that is, the skilled artisan can
use the biomarker level to determine whether the subject suffers from a specific type of
cancer, and respond accordingly. Alternatively, the sample’s biomarker level can be
compared to a control level of the shed ALCAM known to be associated with a good
outcome (e.g., the absence of cancer), such as an average level found in a population of
normal subjects.

[0070] As used herein the term “cancer” can refer to a precancerous or cancerous
pathology. In some embodiments the cancer is selected from the group consisting of
carcinoma, lymphoma, blastoma, sarcoma and leukemia. The term cancer is also inclusive of
other known cancers, including, but not limited to, squamous cell cancer, fung cancer, cancer
of the peritoneum, hepatocelinlar cancer, gastric or stomach cancer, gastroiutestinal cancer,
urogenital cancer. pancreatic cancer, glioblastoma, cervical cancer, ovarian cancer, liver
cancer, bladder cancer, hepatoma, breast cancer, colon cancer, colorectal cancer, endometrial
or uterine carcinoma, salivary gland carcinoma, kidney or renal cancer, liver cancer, prostate
cancer, vulval cancer, thyroid cancer, hepatic carcinoma, head and neck cancer, and
lvmphoma.

[0071] In some embodiments, the reference can be a level of the shed ALCAM in a
sample from the subject taken over a time course. In some embodiments, the reference can
be a sample from the subject collected prior to initiation of treatment for the cancer and/or
onset of the cancer and the biological sample can be collected after initiation of the treatment
or onset of the cancer. In some embodiments, the reference can be a standard sample. In
some embodiments, the reference can include control data. Thus, the terms “reference” or
“control level” are used herein to refer to any presence and/or amount of the shed ALCAM to
which the presence and/or amount of shed ALCAM in the biological sample is being
compared.

[0001] In certain embodiments, shed ALCAM is correlated to a condition or disease by

merely its presence or absence. In other embodiments, a threshold level of shed ALCAM can
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be established (e.g., a particular amount of shed ALCAM ), and the level of the indicator in a
subject sample can simply be compared to the threshold level.

[0002] The phrase “determining the prognosis” as used herein refers to methods by which
the skilled artisan can predict the course or outcome of a condition in a subject. The term
“prognosis” does not refer to the ability to predict the course or outcome of a condition with
100% accuracy, or even that a given course or outcome is predictably more or less likely to
occur based on the presence, absence or levels of a biomarker. Instead, the skilled artisan will
understand that the term “prognosis” refers to an increased probability that a certain course or
outcome will occur; that is, that a course or outcome is more likely to occur in a subject
exhibiting a given condition, when compared to those individuals not exhibiting the
condition. For example, in individuals not exhibiting the condition, the chance of a given
outcome may be very low (e.g., <1%), or even absent. In contrast, in individuals exhibiting
the condition (e.g., elevated levels of shed ALCAM), the chance of a given outcome (e.g.,
suffering from a cancer or poor prognosis in connection with a cancer) may be high. In
certain embodiments, a prognosis is about a 5% chance of a given expected outcome, about a
7% chance, about a 10% chance, about a 12% chance, about a 15% chance, about a 20%
chance, about a 25% chance, about a 30% chance, about a 40% chance, about a 50% chance,
about a 60% chance, about a 75% chance, about a 90% chance, or about a 95% chance.

[0003] The skilled artisan will understand that associating a prognostic indicator with a
predisposition to an adverse outcome is a statistical analysis. For example, a biomarker level
(e.g., quantity of shed ALCAM in a sample) of greater than a control level in some
embodiments can signal that a subject is more likely to suffer from a cancer than subjects
with a level less than or equal to the control level, as determined by a level of statistical
significance. Additionally, a change in marker concentration from baseline levels can be
reflective of subject prognosis, and the degree of change in marker level can be related to the
severity of adverse events. Statistical significance is often determined by comparing two or
more populations, and determining a confidence interval and/or a p value. See, e.g., Dowdy
and Wearden, Statistics for Research, John Wiley & Sons, New York, 1983, incorporated
herein by reference in its entirety. Exemplary confidence intervals of the present subject
matter are 90%, 95%, 97.5%, 98%, 99%, 99.5%, 99.9% and 99.99%, while exemplary p
values are 0.1, 0.05, 0.025, 0.02, 0.01, 0.005, 0.001, and 0.0001.

[0004] The “amount” of a biomarker determined from a sample refers to a qualitative
(e.g., present or not in the measured sample), quantitative (e.g., how much is present), or both

measurement of the biomarker. The “control level” can be an amount (including the
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qualitative presence or absence) or range of amounts of the biomarker found in a comparable
biological sample in subjects free of a cancer, or at least free of the cancer of interest being
tested.

[0005] The term “biological sample” is used herein refers to a sample derived from a
subject. The sample can include body fluids (e.g., peripheral fluids), tissue samples, cells, or
a combination thercof. Examples include, blood, serum, plasma, a tissue sample (including,
but not limited to, a formalin-fixed tissue sample, a biopsy sample, or a sample obtained at
the time of or from a resection), cerebrospinal fluid, urine, sweat, cells recovered from stool,
and the like.

[0006] The terms “specific binding” or “specifically binds” as used herein refers to a
measure of the capacity of a probe, such as an antibody, to bind a target polynucleotide with
specificity.

[0007] In some embodiments, the shed ALCAM can be detected using a staining assay,
as describe herein. In some embodiments, the shed ALCAM can be detected using an
ELISA, as described herein.

[0008] Further with respect to the methods of the presently disclosed subject matter, a
preferred subject is a vertebrate subject. A preferred vertebrate is warm-blooded; a preferred
warm-blooded vertebrate is a mammal. A preferred mammal is most preferably a human. As
used herein, the term “subject” includes both human and animal subjects. Thus, veterinary
therapeutic uses are provided in accordance with the presently disclosed subject matter.

[0009] As such, the presently disclosed subject matter provides for the diagnosis of
mammals such as humans, as well as those mammals of importance due to being endangered,
such as Siberian tigers; of economic importance, such as animals raised on farms for
consumption by humans; and/or animals of social importance to humans, such as animals
kept as pets or in zoos. Examples of such animals include but are not limited to: carnivores
such as cats and dogs; swine, including pigs, hogs, and wild boars; ruminants and/or
ungulates such as cattle, oxen, sheep, giraffes, deer, goats, bison, and camels; and horses.
Thus, also provided is the diagnosis and treatment of livestock, including, but not limited to,

domesticated swine, ruminants, ungulates, horses (including race horses), and the like.

[0072] The presently-disclosed subject matter is further illustrated by the following

specific but non-limiting examples. The following examples may include compilations of

19



WO 2014/059372 PCT/US2013/064696

data that are representative of data gathered at various times during the course of
development and experimentation related to the present invention.
EXAMPLES

[0073] Example 1

[0074] In this Example, procedures were conducted to determine whether ALCAM
shedding in human primary colorectal cancers reflects a unique molecular progression of the
tumor and consequently acts as a prognostic biomarker. For this purpose a novel dual stain
was developed to detect both the extracellular and the intracellular domain of ALCAM within
the same tissue. As described below, ALCAM shedding in the primary tumor correlates
strongly with a poor clinical outcome, especially in stage II patients in which disease-specific
survival was significantly worse when the tumor tissue exhibited high ALCAM shedding.

[0075] Materials and Methods

[0076] Cell lines and mice

[0077] The continuous cell lines for cancer of the breast (MDA-MB-231 and MCF-7),
prostate (PC3 and Dul45) and colon (RKO, DLD, LOVO, LS174t, HCT116, HCA7, Sckol,
Caco2, HT29, KM12c and KM12) were cultured in their appropriate basal media (DMEM or
RPMI) with 10% FBS to confluence before lysis with 1% Triton-X 100 in PBS. ALCAM
knockout mice (c57bl/6 ALCAM-/-) were purchased from Jackson Laboratories. Mouse
tissues were surgically resected, snap frozen and subsequently extracted with 1% Triton-X
100 lysis buffer.

[0078] Western Blot Analysis

[0079] SDS—-PAGE under non-reducing conditions and transfer of proteins to a PVDF
membrane has been described previously (31). After blocking with 5% skimmed milk in
PBS/0.05% Tween-20, blots were probed with primary antibodies for extracellular ALCAM
(Clone 105902; R&D Systems) and selected hybridoma clones, followed by peroxidase-
conjugated secondary antibody and ECL (Perkin-Elmer) detection.

[0080] Lentivirus-delivered RNA Interference

[0081] Four individual constructs containing shRNAs for human ALCAM and a negative
control (scrambled sequence) were obtained from Sigma-Aldrich (St. Louis, MO) (Mission
shRNA). Constructs were packaged for viral production and infection and tested for target
knockdown. For viral packaging, constructs were co-transfected into 293T cells using Fugene
HD (Roche Applied Science, Indianapolis, IN)). Media containing viruses were collected
48hr after transfection. PC3 cells were infected with the viruses in the presence of Polybrene

(8ug/ml) for 24hr and then subjected to selection by Sug/ml puromycin. Two constructs with
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>90% knockdown efficiency as determined by immunoblotting and flow cytometry were
used for further studies.

[0082] Human material

[0083] Tissue specimens from 250 colorectal cancer patient enrolled at Vanderbilt
Medical Center (VMC, Nashville, TN, n = 55) and Moffitt Cancer Center (MCC, Tampa, FL,
n = 195) were used for gene-expression microarray analyses. All patients had a diagnosis of
colorectal adenocarcinoma. Each cancer specimen was staged according to American Joint
Commission on Cancer (AJCC) guidelines (stages I-IV), and 10 normal adjacent specimens
were deemed to contain only normal colonic tissue by a certified gastro-intestinal pathologist.
VMC 55 includes 14 patients from the University of Alabama-Birmingham Medical Center
(Birmingham, AL). Microarray data for the NCI cell lines was obtained through the NCBI
Gene Expression Omnibus (GEO data set GDS1761).

[0084] A tissue microarray containing 75 primary colorectal carcinomas and 12 normal
age and sex-matched colorectal mucosa was constructed using 2mm cores in triplicate.
Specimens from 69 CRC patients and 12 normal colonic mucosa were suitable to be used in
the dual staining analysis. Subsequent expansion of this dataset was accomplished by
selection of 36 stage II patients under IRB #120063 providing analysis for a total of 105 CRC
and 12 normal mucosa with triplicate representation of each patient. Collection of serum from
control (n=6), non-cancer patients (n=48) and colorectal patients immediately before surgery
(pre-op, n=71) or after treatment (followup, n=20) at was accomplished at VMC under IRB#
121365.

[0085] ALCAM Dual Immunofluorescence stain

[0086] Immunofluorescent staining for ALCAM in tissues was performed with
hybridoma HPA010926 (Sigma Prestige Antibodies) directed against the extracellular
domain and clone 1G3A1 directed against the intracellular domain. Sections cut from patient
tissue and tissue microarrays were deparaffinized in xylene and rehydrated. Sections were
blocked in 20% Aqua Block™ after pressure cooker antigen retrieval in citrate buffer (pH
6.0) . Samples were immunostained with mouse monoclonal intracellular ALCAM antibody,
1G3Al1, (3pg/ml) and rabbit monoclonal extracellular ALCAM antibody, HPA010926 (1:250
dilution). The arrays were incubated with Alexa-546 Goat anti-rabbit (1:500) and Alexa-647
Goat anti-mouse secondary antibody (1:500, LifeTechnologies). The sections were
counterstained with 2ug/ml of Hoechst for 2mins, and mounted with Prolong® Gold Anti-
fade.

[0087] Image acquisition and quantitative analysis of ALCAM shedding
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[0088] Tissue microarrays were imaged using the Ariol® SL-50 platform from Genetix
(Sunnyvale, CA). Image analysis and quantitation were performed using the open-source
software Imagel (F1JI). The analysis pipeline was designed as follows: a) The tumor arca was
selected using the free-hand selection tool. b) The color image was split into its red, green
and blue component channels. ¢) Image thresholding was used to generate the detectable
region of intracellular ALCAM staining (red channel) and extracellular ALCAM staining
(green channel). d) Intact ALCAM was determined as the area of co-localized intracellular
and extracellular ALCAM (red and green channel) while ALCAM shedding was determined
as the area of intracellular ALCAM that lacks extracellular ALCAM (red but no green). The
sum of these two represents total ALCAM expression.

[0089] Statistical analysis

[0090] Descriptive statistics were applied to show patient's basic characteristics stratified
by ALCAM shedding score. Wilcoxon rank sum test and Kruskal-Wallis test were applied to
exam the mRNA expression difference between normal tissues and cancer tissues or the
ALCAM shedding percentage among normal patients and cancer patients in all different
stages. Kaplan-Meier curve was used to estimate the survival probability for each group,
with corresponding p-value and hazard ratio calculated from log-rank test. Receiver
Operating Characteristic (ROC) carves were used to identify the optimal specificity and
sensitivity for patient stratification. For survival analysis the patient population was
dichotomized across a value of ALCAM shedding or intact ALCAM sas defined by the ROC
curves. For ALCAM shedding this was 0.75 and for intact ALCAM this was 0.15 For
shedding the p-values of all statistical tests were two-sided and considered signiticant when
p<0.05 where * denotes p< 0.05, ** denotes p< 0.01 and *** denotes p< 0.001. All statistics
were completed using either R, SPSS or GraphPad Prism. Multivariable analysis analysis
using logistic regression was performed on stage I patients (n=66; median follow-up, 70
months; median age of diagnosis, 67 years). The variables included were ALCAM shedding,
age at time of diagnosis, race and gender with an incidence of 51.5% (34 events) for overall
survival and 26.9% (18 events) for disease specific survival.

[0091] Results

[0092] Correlation of ALCAM and ADAM17 expression with survival of colorectal
cancer patients

[0093] In normal colorectal tissue, immunohistochemical staining for the extracellular
domain of ALCAM using HPA10926 reveals the protein at areas of cell-cell contact within

the epithelial cells of the colonic crypts and in hemopoietic cell populations of the stroma
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(Figure 1A(i and ii)). In contrast to normal colon, the concomitant staining of colorectal
cancer tissue reveals a very heterogeneous staining. Within the same tumor, some regions
exhibit elevated ALCAM (Figure 1A(iii)) while others exhibit irregular staining (iv) or lack
ALCAM staining all-together (v). Similar heterogeneity of ALCAM staining is observed in a
publicly available tissue microarray (proteinatlas.org). ALCAM protein expression is
detectable in 12/14 CRC cell lines (Figure 1B and 2). Expression of the ALCAM mRNA in
CRC cell lines among the NCI60 (Col) is intermediate between the low expressing leukemia
(Leu) cell lines and the high expressing breast cancer (Br) cell lines (Figure 1B).

[0094] To evaluate ALCAM mRNA expression in colorectal cancer, a single cohort
consisting of 250 patients obtained through a multi-institutional collection(VUMC, UAMC
and Moffitt Cancer Center) was analyzed. ALCAM mRNA is elevated in cancer patients
(Fig. 1C, p<0.001) and univariate analysis revealed that high ALCAM expression was in fact
associated with significantly decreased survival (Figure 1C, p<0.0001). Similarly, expression
of ADAM17 (the sheddase of ALCAM) was also significantly elevated in colorectal cancer
(Figure 1D, p<0.0001)). The clevated expression in CRC together with its established ability
to cleave ALCAM suggests that ADAM17 is available to cleave ALCAM and increase its
shedding within the tumor microenvironment. The soluble extracellular domain can be
detected in the serum of some cancer patients. However, ALCAM-specific ELISA of serum
from CRC patients did not reveal a correlation between disease progression and increase in
circulating ALCAM when comparing serum obtained from cancer free patients and serum
obtained from CRC patients prior to, and after therapy (Figure 1E). Detailed comparison of
cancer free patients and normal healthy individuals versus increasing stages of CRC patients
revealed no significant correlation with circulating levels of ALCAM (Figure 1F).

[0095] The histological detection of membranous ALCAM had been found to correspond
negatively with patient survival. Using an antibody to the extracellular domain of ALCAM, a
histological evaluation of a 69-patient cohort was performed (Figure 3). While the presence
or absence of membrane staining did not correspond with overall or disease specific survival,
the loss of detectable cytoplasmic ALCAM corresponded with very poor prognosis.
However, only 8/69 patients (12%) were negative for cytoplasmic ALCAM while 39/69
(56%) lacked membranous ALCAM. This loss of ALCAM from the membrane (with
concomitant retention of cytoplasmic staining) is likely to be due to shedding of the
ectodomain from the cell surface.

[0096] Production and validation of an antibody specific for the cytoplasmic domain of
ALCAM
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[UUY/] Since ALCAM shedding occurs on the surface of the tumor cells, 1t 15 possible

that shedding might be detectable within the tumor tissue itself. In order to achieve this, an
ALCAM dual-stain based on independent detection of the intracellular and extracellular
domains with domain-specific antibodies was developed (Figure 4A). Using these antibodies
in histological staining of normal and tumor tissue sections should enable the detection of
ALCAM shedding in situ (Table 1). To accomplish this, a unique antibody directed to the
cytoplasmic tail of ALCAM was generated using a 14 AA sequence from the cytoplasmic tail
(Figure 5) conjugated to KHL to immunize four A/J mice. Spleens from two seropositive
mice were fused and 125 viable hybridomas selected from >8000 antigen-reactive clones
were evaluated by comparing reactivity to native ALCAM and KLH using direct ELISA
(Figure 6A). ALCAM-specific hybridomas were validated by immunoblotting using whole
cell lysate to confirm binding to intact ALCAM protein (Figure 6A). Antibody specificity for
ALCAM was verified by comparing reactivity with lysates from control and ALCAM
knockdown cells (Figure 6B) and mouse tissue from wild type and ALCAM-/- mice (Figure
4B). Antigen specificity was confirmed by competitive blocking using the immunizing
peptide during immunoblotting (0.1 or 1pg/ml, Figure 6C) and histological staining (1pg/ml,
Figure 4C). As expected, peptide competition with the immunizing peptide resulted in a loss
of Intracellular ALCAM. The stable hybridoma 1G3A1 was selected as the most promising
antibody based on its reactivity in ELISA, immunoblot, immunofluorescence and standard
immunohistochemistry. Specificity of 1G3A1 for the cytoplasmic tail of ALCAM was
defined by its ability to detect intact ALCAM in cell lysates but not shed ALCAM in
conditioned medium (Figure 6D). In contrast, the commercial antibody against the
extracellular domain of ALCAM (R&D) detects intact as well as shed ALCAM which lacks
the cytoplasmic domain.

Table 1. Depiction of ALCAM immunoreactivity for HPA10926 which
reacts with the extracellular domain and 1G3A1 which is specific for the
intracellular domain

ALCAM Schematic
HPAI0S FEIAL

L
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[0098] Dual-staining for the intracellular and extracellular domains of ALCAM in
normal and tumor tissue

[0099] Using the antibody 1G3A1 to specifically detect the cytoplasmic domain of
ALCAM together with the commercial antibody HPA010926 specific for the extracellular
domain, we developed a dual-staining procedure for ALCAM in human tissues (Figures 7
and 8). Three-color staining (Nuclei: blue, Extracellular Domain: green, Intracellular
Domain: red) was performed on tissues along the digestive tract including stomach (Figure
7A) and colon (Figure 7B). In normal tissues, detection of the extracellular and cytoplasmic
domains of ALCAM coincided, thereby suggesting that ALCAM is expressed and present in
its intact form (Figure 7C, arrow). However, within tumor tissues the intracellular domain
(Red) is often seen in the absence of the extracellular domain (Green) indicating that the
extracellular domain of ALCAM was shed (Figure 7C, arrow head). In gastric cancer, entire
glandular structures appear to lack staining for the extracellular domain while others are fully
positive (Figure 7Ci). This all-or-none staining for the extracellular domain suggests that
ALCAM-shedding is activated at a macroscopic level within the tissue architecture of the
stomach. In colorectal carcinoma tissue ALCAM staining is more heterogeneous with small
populations of cells within the same histological structure exhibiting different levels of
staining for the ALCAM extracellular domain (Figure 7Cii). The irregular staining in CRC
suggests that ALCAM shedding is occurring throughout the tumor but regulated at a cellular
level.

[00100]  Quantitative analysis of ALCAM shedding

[00101] To visualize ALCAM shedding, HPA010926 (Sigma) was used to detect the
extracellular domain and 1G3A1 (Figure 6) to detect the intracellular domain. Shedding of
ALCAM was defined for the selected tumor area as the presence of the intracellular domain
of ALCAM and the absence of the extracellular domain of ALCAM (Figure 8).
Immunofluorescent staining for each domain was completed simultancously on sections from
paraffin-embedded colorectal cancer tissue which were digitally scanned and quantitatively
assessed using ImageJ (Figure 9). Shedding was defined as the loss of the extracellular
domain and retention of the cytoplasmic domain. Shedding data is presented graphically in
Figures 8A and 8B. Quantitatively ALCAM shedding is the fraction of detectable ALCAM
from which the extracellular domain is absent ([Total ALCAM-Intact ALCAM]/Total
ALCAM). In normal colonic mucosa, detection of the extracellular and intracellular domains
overlap extensively, demonstrating the predominant presence of intact ALCAM (yellow) and

little ALCAM shedding (teal) (Figure 8A, last panel). Conversely, in tumor sections the
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absent, indicating that ALCAM is shed (Figure 8A, last panel).

[00102] ALCAM shedding corresponds with reduced patient survival

[00103] Since ALCAM shedding is clearly elevated in tumors, without being bound by theory or
mechanism, ALCAM shedding can be an accurate prognostic marker for colorectal cancer. To evaluate this,
histological detection of ALCAM shedding was performed on specimens from 105 CRC patients and 12
healthy controls (sec Table 2 for patient demographics). For each specimen, ALCAM shedding was
quantified as described for Figure 8. For each patient, the mean value across three specimens was used to
evaluate the correlation between ALCAM shedding and patient survival. ALCAM shedding is clearly
elevated in tissue from CRC (Figure 10A). Shedding is already increased in some stage I CRC patients
and 1s significantly increased for stage II, I1I and IV patients. Indeed ANOVA analysis confirms significant
clevation across the increasing stages (mean fraction shed = 0.64, 0.73, and 0.89, for stage II, III, and IV,
Figure 10B). Moreover, ALCAM shedding was elevated in patients that died during the course of their
disease. The presence of elevated ALCAM shedding in stage II patients may suggest that patients with
elevated ALCAM shedding have a worse outcome,

Table 2. Comparison of High and Low ALCAM shedding colon cancer with
respect to Age, Sex, and Staging.
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[00104] To evaluate the correlation between ALCAM shedding and patient outcome, survival
analysis was performed by segregating CRC patients based on ALCAM expression
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(Figure 10D) using a shed fraction of 0.75 to delineate “High” vs “Low” ALCAM shedding.
When analyzing the full population of CRC patients, high ALCAM shedding correlated
positively with worse overall survival (p=0.035, Figure 10D). To determine if ALCAM
shedding can be prognostic for early stage disease, a univariate survival analysis was
performed specifically to stage I1 patients. While ALCAM shedding does not correlate with
overall survival in stage II patients (Figure 10E), it correlates strongly with disease-related
death showing significant survival benefit in the Stage II patients with low ALCAM shedding
(Figure 10F, p=0.01 HR=3.0).

[00105] Multivariable analysis was restricted to stage I patients since they were the
emphasis of the investigation and the cohort biased to this population. Multivariable analysis
with logistic regression of stage Il patients found that ALCAM shedding and age at time of
diagnosis were both independent predictors of overall survival after adjusting for gender and
race (ALCAM shedding; adjusted odds ratio (OR), 9.972; 95% confidence interval (CI) 1.17-
84.9 ; p=0.035. Age; OR, 1.079; 95% CI, 1.027-1.133; p=0.003). An analysis of discase-
specific survival found that only ALCAM shedding was an independent predictor of survival
after adjusting for age at time of diagnosis, race and gender (ALCAM shedding OR, 29.02;
95% CI, 2.165-389.08; p=0.011). Bootstrapping was performed as an internal validation to
confirm these results and found that ALCAM shedding continued to be an independent
predictor of survival in stage II patients (overall survival p=0.002; disecase-specific survival
p=0.023).

[00106] Discussion

[00107] It appears that ALCAM shedding, rather than its expression, indicates disease
progression. The dual stain reveals both intra- and extracellular epitopes of ALCAM and
clarifies its prognostic value in CRC. ALCAM shedding in tissues was defined as the
detection of the intracellular epitope in the absence of the extracellular domain. Using this
novel assay, a correlation between elevated ALCAM shedding and poor patient outcome was
demonstrated. Importantly, ALCAM shedding correlates with poor outcome in early stage
disecase (Stage 11, Figure 10). Thus, ALCAM is not merely a biomarker for disease
progression but can also allow for outcome stratification among patients with early stage
disease.

[00108] ALCAM shedding within the tumor tissue appears to correspond with disease
progression. The detection of ALCAM shedding within the tumor tissue itself can increase
the specificity of ALCAM as a prognostic factor. In this Example a method was devised to

stratify at-risk patients using ALCAM shedding as an indicator of disease progression and
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poor patient outcome, and not as a diagnostic tool. Indeed, the correlation between ALCAM
shedding and poor patient outcome in early stage disease suggests that molecular progression
can occur in a cancer that appears histologically more benign.

[00109] A disparity becomes apparent when clinical outcome (survival) are correlated
with ALCAM gene transcription (mRNA), protein expression (based on detection of intact
ALCAM) and ALCAM shedding. Elevated ALCAM transcription is associated with poor
outcome yet elevated levels of intact ALCAM protein (through detection of co-localized
extracellular domain and intracellular domain) is associated with improved outcome (Figure
11A vs, 11B). This disparity could be rectified if it is considered that the extracellular domain
of ALCAM is shed leaving the mistaken impression that ALCAM protein is lost during
tumor progression. The analysis of ALCAM shedding (Figure 11C) demonstrates that
ALCAM shedding rather than loss of expression corresponds with patient outcome.

[00110] The results suggest that detection of molecular behavior correlates more
specifically with the disease than gene expression itself. Given that the disruption of
ALCAM-ALCAM interactions promotes tumor cell motility and metastasis, ALCAM
shedding may predict malignant progression at a molecular level. The clinical correlation
between ALCAM shedding and patient outcome (Figure 10) suggests that detection of
disease progression at a molecular level can predict long-term patient outcome. The presence
of this correlation in early stage disease (stage 11, Figure 10) emphasizes that this molecular
progression is present prior to pathological and clinical progression. Detection of this
molecular progression allows for stratification of patients according to their risk for poor
long-term outcome.

[00111] Example 2

[00112] The current Example evaluates shed ALCAM as a prognostic biomarker in
bladder cancer. In the bladder, ALCAM expression is restricted to the umbrella cells and
several layers of the urothelium. Using retrospective cohort studies, the ability of ALCAM
gene expression (mRNA), tissue expression (protein), and shedding (blood and urine) to
predict overall survival in BCa were compared (Figure 12). Since tumor cell motility is a
central driver in tumor progression and metastasis, such molecular indicators that report on
cell migration should act as surrogate markers of progression prior to overt clinical
manifestation. This Example describes how Activated Leukocyte Cell Adhesion Molecule
(ALCAM) promotes adhesion, while shedding of its extracellular domain is associated with
migration.

[00113] Materials and Methods
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[00114]  Specimen Collection

[00115] Al fluids were stored at ~80°C. Tissues were processed as standard diagnostic
blocks and stored in the Vanderbilt University Medical Center (VUMC, Nashville, TN) tissue
library.

[00116] ALCAM mRNA Cohort

[00117] NCBI Gene Expression Omnibus (GEO, GSE31684) was used to analyze
ALCAM mRNA expression (probes 201951 at and 201952 _at) in BCa and included 93
patients, representing stages pTa to pT4, who underwent radical cystectomy at Memorial
Sloan-Kettering Cancer Center (New York, NY) between 1993 and 2004. Median age of
patients was 69.1 years, 73% were male, median follow-up was 32 months, and incidence of
death was 70%.

[00118] ALCAM Expression Bladder Cancer TMA Cohort

[00119] Analysis of intra-tumoral ALCAM protein expression was performed on a
retrospective cohort of patients with high-grade bladder cancer undergoing radical
cystectomy at VUMC from 2000-2010. Tissue microarrays were constructed with matched
adjacent normal, superficial (pTa and pTis/Cis) and invasive cores, when available. IHC and
IF for ALCAM was performed on 651 total cores and analysis of overall survival was
performed for those patients with a designated “invasive” core (n=198). Correlation of
ALCAM expression with core pathology stage was performed on all unique cores (n=481) as
described in statistical methods.

[00120] Shed ALCAM Bladder Cancer Cohort

[00121] The analysis of shed ALCAM in serum and urine was performed on a
retrospective cohort of patients with high-grade bladder cancer undergoing radical
cystectomy, which included pathological stages from pTO to pT4 and excluded patients who
had received chemotherapy prior to surgical resection (n=120).

[00122]  Urine Control Cohorts

[00123] Age-matched, control clean-catch or catheter-derived urine specimens were
collected at VUMC by the Cooperative Human Tissue Network. Three groups were
collected: 1) Non-cancer control urines (Normal Controls) were collected from patients with
no history or current diagnosis of cancer undergoing non-urologic surgeries including cardiac
bypass, gastric bypass, thyroidectomy, esophagomyotomy, knee replacement, and hernia
repair, 2) Inflammation control urines (Inflammation) were collected from patients with
rectovaginal fistula, colorectal enteritis and ulceration, gallbladder polyploid cholesterolosis,

endometriosis, atherosclerosis, ulcerative colitis, uterine fibroids, urethral stricture, and
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staghorn calculus, 3) Urine was collected from patients with cancers other than BCa (General
Cancer), consisting of prostate, pancreatic, neuroendocrine, renal, and colorectal cancers.

[00124] Non-Cancer Serum Control Cohort

[00125]  Serum from age-matched, non-cancer patients was collected from discarded
clinical tests in the Vanderbilt Clinical Chemistry laboratory.

[00126] ALCAM Enzyme-Linked Immunosorbent Assay (ELISA)

[00127] Serum and urine were analyzed by human-specific ALCAM ELISA according
to the manufacturer’s protocol (R&D Systems, Minneapolis, MN). All samples were
analyzed in duplicate at dilutions (Urine: 4-8 fold; Serum: 50-80 fold) that matched the
dynamic range of the assay (0.05-4.00 ng/ml).

[00128]  Immunohistochemistry (IHC) and Immunofluorescence (IF)

[00129] Immunohistochemistry (IHC) and immunofluorescence (IF) was performed on
formalin-fixed paraffin-embedded cores (5 um) on tissue microarrays. Sections were
deparaffinized, hydrated, and peroxidase blocked (IHC only). Antigen retrieval was
performed with citrate buffer (pH 6.0) for 15 minutes in a pressure cooker and sections were
then blocked for 1 hour in 20% Aquablock (East Coast Biologics; North Berwick, ME) plus
0.05% Tween-20. THC was performed with mouse anti-ALCAM (MOG/07; Novocastra' ™
Leica Biosystems, Buffalo Grove, IL) followed by goat anti-maouse HRP (Jackson
ImmunoResearch Laboratories Inc., West Grove, PA), counterstained with Hematoxylin, and
mounted in CytosealTM XYL (Thermo Scientific, Richard-Allan Scientific, Waltham, MA).
ALCAM IHC intensity was scored by a trained pathologist on a scale from 0-3 based on the
signal observed in greater than 10% of tumor cells. IF was performed with mouse anti-
ALCAM (MOG/07), rabbit anti-Ki67 (Clone SP6; Thermo Scientific, Rockford, IL), collagen
binding CNA35, and Hoechst 33342. IF slides were mounted in ProLong Gold Antifade
(Invitrogen, Carlsbad, CA). Fluorescence intensity, thresholded area, and colocalization were
quantified in each TMA core by an Image J-based batch macro specifically written by our
laboratory to quickly and efficiently set an intensity threshold for positive signal, identify the
tissue area, define the region of interest, determine the percent thresholded area for each
target within the region of interest, and determine percent colocalization of selected targets.
Collagen staining was used to distinguish between the epithelial, stromal and muscular
compartments in order to define the region of interest. Hoechst was used to define the nuclear
compartment and to colocalize with Ki67. Percent thresholded area of ALCAM and percent
nuclear area of Ki67 were subsequently used for analysis.

[00130]  Statistical Analysis
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[00131] Statistical analyses were performed at a two-tailed significance of 0.05.
Kruskal-Wallis and Jonckheere-Terpstra test for trend analyses were used to assess the
differences and overall trend between multiple independent groups followed by Mann-
Whitney U post-tests if any significant differences were detected by Kruskal-Wallis.
Generalized estimating equations (GEE) ordinal logistic regression and Kendall’s rank
correlation were used to assess correlations of non-independent samples. Kaplan-Meier
curves and log-rank tests were utilized for univariable overall survival analysis. For
multivariable analysis of censored survival, Cox proportional hazards regression was
performed with all variables treated as continuous covariates. Time-dependent receiver
operating characteristics (ROC) curves were used to assess the prognostic value of the Cox
regression models. The area under the time-dependent ROC curves, as well as the
concordance index was used to express the prognostic accuracy of the Cox regression
models. In addition, the false positive rate and accuracy were determined at a fixed true
positive rate of 75% at 12, 24, and 36 months of follow-up. Statistical analyses and graphing
were performed with SPSS (IBM, Armonk, NY), GraphPad Prism (GraphPad Software, Inc.,
La Jolla, CA) and R V2.14.1 for Windows (hitp://www.R-project.org). Bootstrap validation

was performed via SPSS with a two-tailed significance, 1000 iterations and a Mersenne
twister of 2,000,000. In addition, the concordance indices from the multivariable Cox
regression models were validated in R with bootstrap method .632+.

[00132] Results

[00133] ALCAM gene expression does not correlate with progression and/or patient
outcome in BCa.

[00134] ALCAM mRNA does not correlate with disease progression in BCa. Gene
expression analyses performed on the Oncomine™ resource website

(http:/fwww.oncomine.org) of two independent bladder cancer cohorts comparing normal

urothelium with superficial and invasive bladder cancer demonstrate that ALCAM expression
is not significantly altered during BCa progression (Sanchez-Carbayo, n=157 and Lee,
GSE13507, n=256).

[00135] To further determine if ALCAM mRNA expression correlated with outcome
in BCa, a detailed statistical analysis of a publicly available microarray dataset was
performed (GSE31684). ALCAM mRNA expression did not correlate with tumor stage
(Figure 13A; Kruskal-Wallis (K-W), P=0.722; Jonckheere-Terpstra test for trend (J-T),
P=0.610), nor did it significantly stratify patient outcome of overall survival (Figure 13B;

Log-rank, p=0.3252; Hazards Ratio (HR), 1.25; 95% Confidence Interval (CI), 0.75-2.07).
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Furthermore, multivariable Cox regression analysis reveals that ALCAM gene expression is

not an independent predictor of 3-year overall survival after adjusting for available indicators

including age, gender and tumor stage (Table 3; adjusted HR, 1.26; 95% CI, 0.943-1.682;

p=0.118). Since ALCAM mRNA levels remain unaltered during tumor progression in three

independent patient cohorts and fail to predict overall survival by univariable and

multivariable analyses, it appears that ALCAM gene expression is not a viable biomarker for

BCa prognosis.

Table 3. Assessment of ALCAM mRNA expression as a predictor in a

multivariable Cox regression analysis of 3-year overall survival in bladder

cancer.
Hazard Ratio | 95.0% CI | Significance | Bootstrap Significance
Age (Years) 1.012 0.984-1.042 0.404 0.384
Gender 1.315 0.699-2.477 0.396 0.383
Tumor Stage 2.457 1.686-3.580 <0.0001 0.001
ALCAM Log2 mRNA 1.260 0.943-1.682 0.118 0.107

[00136]

Assessment of ALCAM mRNA expression as a predictor of 3-year overall

survival by multivariable Cox regression analysis of the NCBI Gene Expression Omnibus

(GEO) [GSE31684] dataset. Hazard Ratio is the adjusted hazards ratio, CI = confidence

interval, bootstrap significance is two-tailed with 1000 iterations and a Mersenne twister of

2,000,000
[00137]

fails to predict outcome

[00138]

ALCAM protein expression inversely correlates with BCa progression but

Post-translational proteolytic processing of ALCAM can create a disparity

between gene expression and the availability of ALCAM protein. Indeed, ALCAM levels

can fail to correlate with gene transcription. To determine if protein expression of ALCAM in

BCa correlates with tumor stage and/or patient outcome, immunohistochemistry (IHC) on

tissue microarrays (TMAs) constructed of high-grade BCa specimens collected during

cystectomy were performed (Table 4). ALCAM THC intensity was scored (0-3).

Table 4. Bladder cancer TMA ALCAM expression cohort descriptors and

frequencies.
Minimum | Maximum | Mean | Median [ 95% CI
Age (Years) 17 94 66 67 66-70
ALCAM Intensity Score (IHC) 0.0 3.0 0.8 0.0 0.00-0.50
ALCAM % Thresholded Area (IF) 0.0 72.8 6.6 1.6 0.9-2.1
Ki67 % Nuclear Area (IF) 0.0 11.6 1.5 1.1 0.9-1.3
Follow-up (Months) 0.3 104.1 33.4 25.3 19.0-32.6
Time to Death (Months) 0.3 67.7 18.4 14.1 12.2-16.7
Frequency Percent
Gender
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Female 42 21.2%
Male 156 78.8%
Race
White 185 93.4%
Asian 1 0.5%
Black 9 4.5%
Other 3 1.5%
Death 130 65.7%
Pathological Tumor Stage
pTa 1 0.5%
pTis 1 0.5%
pT1 21 10.6%
pT2a 34 17.2%
pT2b 37 18.7%
pT3a 42 21.2%
pT3b 31 15.7%
pT4a 30 15.2%
pT4b 1 0.5%
N Stage
NO 141 71.2%
N1 21 10.6%
N2 36 18.2%
Total l.’atients Analyzed 198 35 49,
(Invasive Cores)
Core Stage
Normal 141 29.3%
pTa 27 5.6%
pTis 117 24.3%
pT1 21 4.4%
pT2 71 14.8%
pT3 73 15.2%
pT4 31 6.4%
Total Unique Cores Analyzed 481 100.0%

PCT/US2013/064696

Description of the bladder cancer TMA patient cohort (patients=198, cores=481) used for
prognostic assessment of ALCAM expression by immunohistochemistry and
immunofluorescence. Only patients with invasive cores (n=198) were utilized for overall
survival analysis while all unique cores (n=481) were used in the correlation of ALCAM

expression with core stage.

[00139] In normal bladder, ALCAM expression was confined to the urothelium

(Figure 3A, THC). In non-invasive carcinoma in situ, the expansion of the urothelium led to

an increase in ALCAM positive cells with no increase in signal intensity (Figure 14A, THC).

However, concomitant with the appearance of an invasive phenotype, ALCAM expression

diminished in the progression from pT1 to pT4 (Figure 14A, IHC). Since each patient had

multiple cores representing several pathological stages and, thus, had non-independent

samples, the correlation of the mean ALCAM intensity score with pathological core stage
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was analyzed with generalized estimating equations (GEE) ordinal logistic regression and
Kendall’s rank correlation (K) (n=481). Based on these analyses, the mean ALCAM intensity
score was significantly and inversely correlated with core stage, demonstrating a loss of
ALCAM detection with advanced stage (Figure 14B; K, 1=-0.20; p<0.0001; GEE Odds Ratio
(OR), 1.32; 95% CI, 1.17-1.50; p<<0.0001). Overall survival analysis was subsequently
performed using only invasive core values to ensure samples were independent (n=198).
Kaplan-Meier curves show separation when the mean ALCAM intensity score was
dichotomized around 2, but a significant difference was not detected (Figure 14C; Log-Rank,
p=0.1386; HR, 0.74; 95% CI, 0.50-1.10). Furthermore, mean ALCAM intensity score was
not a significant predictor of overall survival when adjusted for age, gender, tumor stage and
lymph node status by multivariable cox regression analysis (Table 5; adjusted HR, 0.937;
95% CI, 0.780-1.125; p=0.483).

Table 5. Assessment of immunohistochemistry ALCAM expression as
predictor in multivariable Cox regression analysis of 3-year overall survival in

TMA bladder cancer cohort.
Hlf:;f)d 95.0% CI | Significance ng‘:l‘;;fz;’l‘fc’e
Age (Years) 1.027 1.007-1.048 0.010 0.020
Gender 0.795 0.512-1.236 0.308 0.343
Tumor Stage 1.284 1.107-1.490 0.001 0.004
N Stage 1.414 1.103-1.813 0.006 0.016
Mean ALCAM Intensity Score 0.937 0.780-1.125 0.483 0.481

Assessment of ALCAM expression, measured by IHC intensity scoring (0-3), as a predictor
of 3-year overall survival by multivariable Cox regression analysis. Hazard Ratio is the
adjusted hazards ratio, CI = confidence interval, bootstrap significance is two-tailed with
1000 iterations and a Mersenne twister of 2,000,000.

[00140] To verify that the inability of ALCAM expression to predict overall survival in
BCa is not due to the narrow nature of an ordinal scoring method, immunofluorescence (IF)
for ALCAM was used to generate a continuous measurement of ALCAM protein expression
(Figure 14, FL). The degree of ALCAM staining was quantified as described in the methods.
Collagen staining was used to visualize the tissue architecture. The final readout for ALCAM
was a continuous variable defined as the area within the region of interest that was above
background (% thresholded area; range 0-72.8%). Similar to the IHC results, IF staining of
ALCAM was significantly and inversely correlated with core stage (Figure 14D; K, 1=-0.16;
p=0.0038; GEE OR, 1.04; 95% CI, 1.03-1.05; p<0.0001) but failed to correlate with overall

survival when percent thresholded area was dichotomized around the mean of 6.66% (Figure
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14E; Log-Rank, p=0.4125; HR, 1.18; 95% CI, 0.79-1.76). Most importantly, ALCAM IF was
not a significant predictor of overall survival when adjusted for age, gender, tumor stage and
lymph node status by multivariable Cox regression analysis (Table 6; top model; adjusted
HR, 1.001; 95% CI, 0.987-1.016; p=0.843). These observations demonstrate that, in spite of a
strong correlation between ALCAM protein detection and tumor stage, ALCAM expression
fails to correlate with or predict patient outcome.

Table 6. Assessment of immunofluorescence ALCAM and Ki67 expression
as predictor in multivariable Cox regression analysis of 3-year overall survival

in TMA bladder cancer cohort.

Hazard Ratio | 95.0% CI | Significance S?g‘;"&g;’l‘l‘c’e
Age (Years) 1.027 1.006-1.048 | 0.010 0.024
Gender 0.779 0.503-1.208 | 0.265 0.304
Tumor Stage 1.295 1.116-1.501 0.001 0.001
N Stage 1.416 11041815 | 0.006 0.017
ALCAM (% Thresholded Area) 1.001 0.987-1.016 0.843 0.792

Hazard Ratio | 95.0% CI | Significance S?g‘;"&g;’l‘l‘c’e
Age (Years) 1.027 1.006-1.048 | 0.010 0.026
Gender 0.783 0.505-1216 | 0277 0.307
Tumor Stage 1364 1.170-1.589 | <0.0001 0.001
N Stage 1.433 11141842 | 0.005 0.014
ALCAM (% Thresholded Area) 1.001 0.986-1.016 0.928 0.913
Ki67 (% Nuclear Area) 1202 1.077-1.341 0.001 0.001

Assessment of ALCAM expression, measured by IF percent thresholded area, and Ki67
percent nuclear area as predictors of 3-year overall survival by multivariable Cox regression
analysis. Hazard Ratio is the adjusted hazards ratio, CI = confidence interval, bootstrap
significance is two-tailed with 1000 iterations and a Mersenne twister of 2,000,000.

[00141] To confirm that the BCa TMA cohort was generalizable and that the model
behaved according to published observations, Ki67 was assessed as a marker of cell
proliferation and a known indicator of outcome in BCa. Ki67 was quantified by measuring
the amount of nuclear area that was colocalized with Ki67 within the ROI (% nuclear area).
Consistent with the importance of proliferation in tumor progression, Ki67 staining was
elevated in tumor compared to adjacent normal tissue (Figure 14F). Furthermore, Ki67 was a
significant independent predictor of overall survival when adjusted for age, gender, tumor
stage and lymph node status (Table 6; bottom model; adjusted HR, 1.20; 95% CI, 1.077-
1.341; p=0.001) despite the fact that by univariable analysis it was unable to discern patient

outcome when dichotomized above and below the mean (Figure 14G; Log-Rank, p=0.3573;
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HR, 1.18; 95% CI, 0.83-1.69). This Ki67 data demonstrates that the current BCa TMA cohort
is representative of the general population and that the analysis was consistent with accepted
clinical practice and published studies, which validates that ALCAM protein expression does
not appear to independently predict overall survival in BCa.

[00142] ALCAM shedding into urine is significantly and specifically elevated in BCa
patients

[00143] Since ALCAM protein is reduced without a concomitant reduction in gene
expression (Figure 13A vs. Figures 14C and 14D), without being bound by theory or
mechanism, the loss of ALCAM in BCa tissue may be due to proteolytic shedding of the
ectodomain, which can be cleaved by ADAMI17. Consequently, shed ALCAM should be
detectable in tumor-adjacent fluids such as serum and urine (Figure 15A).

[00144] Serum and urine ALCAM levels were analyzed from patients in four distinct
cohorts including: 1) patients undergoing surgery but with no cancer (Normal Controls), 2)
patients with inflammatory diseases (Inflammation), 3) patients with non-bladder
malignancies (General Cancer) and 4) patients with BCa (Bladder Cancer). Analysis of serum
ALCAM revealed that it was significantly elevated (1.3-fold) in patients with BCa compared
to Normal Controls (Figure 15B; median 74.88 vs. 57.75 ng/ml; P<0.0001). Moreover, the
detection of ALCAM in urine was dramatically elevated (17.0-fold) in BCa patients
compared to normal controls (Figure 15C; median 2.18 vs. 0.13 ng/ml; P<0.0001). Urinary
ALCAM levels were also measured for patients with inflammatory diseases or other cancers
to confirm that the significant elevation of urine ALCAM was specific to the presence of
BCa. These non-BCa urines were found to be slightly elevated when compared to normal
controls (median 0.73 and 0.86 vs. 0.13 ng/ml; P=0.0183 and P<0.0001) but contained
significantly less ALCAM than urine from BCa patients (P<0.0001)(Figure 15C).

[00145] Quality control assays were performed to ensure that a clinical test of ALCAM
would be sufficiently robust and reproducible. Specifically, the stability of ALCAM in serum
and urine specimens was assessed by measuring ALCAM levels by ELISA before and after
two freeze-thaw cycles. Samples were thawed at 4-degrees Celsius for three days, re-froze,
and then re-thawed on ice just prior to use. Pre- and post-freeze-thaw ALCAM levels were
assessed by calculating fold-change. The influence of catheterization on urine ALCAM levels
was assessed by analyzing urine ALCAM in patient-matched clean catch and foley specimens
collected just prior to and during surgery, respectively. A paired t-test was performed to
detect any differences in the matched samples. Reproducibility of the detection of urine

ALCAM was assessed by repeating the ELISA on two separate aliquots over two runs
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separated by more than six months. A Spearman correlation was performed to determine the
similarity between each run. Urinary ALCAM measurements were not significantly
influenced by repeated freeze-thaw, collection method (foley-derived vs. clean catch urine),
or repeated sampling (Spearman coefficient, 0.86; P<0.0001). In addition, correction for
dehydration, proteinuria, and hematuria in the urine by normalizing urinary ALCAM to
specific gravity, creatinine, and hemoglobin did not significantly altered the ranking of
patients within the cohort in regard to urinary ALCAM levels (Spearman correlation
coefficients: hemoglobin, 0.9962; specific gravity, 0.9996; creatinine, 0.7939; all P<0.0001).
Consequently, the raw urine ALCAM levels were utilized in all subsequent analyses.

[00146] In this regard, Urine ALCAM levels were normalized to urinary total protein
(Thermo Scientific, BCA, 23227), creatinine (Enzo Life Sciences, 937-001), specific gravity
(Siemens Medical Solutions Diagnostics, Multistix® 8 SG, 2164) and hemoglobin (Sigma-
Aldrich, Drabkin’s Reagent, D5941) in an attempt to control for dehydration, proteinuria, and
hematuria. BCA analysis for total protein in urine was unreliable due to the presence of urea.
Spearman correlations were performed to compare un-corrected, raw urine ALCAM levels
with hemoglobin, specific gravity, and creatinine-corrected urine ALCAM levels.

[00147]  Urinary ALCAM is an independent predictor of overall survival in BCa

[00148] Since both serum and urine ALCAM were elevated in BCa, the next step was
to determine if shed ALCAM correlated with tumor stage, and whether shed ALCAM could
improve the prediction of patient outcome (overall survival) when combined with known
clinical indicators and, thus, could serve as a novel and clinically meaningful prognostic
biomarker.

[00149] A retrospective analysis of shed ALCAM in serum and urine was performed to
determine if shed ALCAM correlated with disease progression and could function as an
independent predictor of survival. Pre-operation serum and urine from patients with high
grade BCa were analyzed by ALCAM ELISA (Table 7, n=120). Serum ALCAM levels did
not correlate with pathological tumor stage (Figure 15D; Kruskal-Wallis (K-W), P=0.595;
Jonckheere-Terpstra test for trend (J-T), P=0.943). Urine ALCAM levels were not
significantly different between tumor stages but did show a significant positive trend (Figure
15E; K-W P=0.058; J-T, P=0.018), suggesting that ALCAM levels in the urine increase as
tumors become more invasive. Next, overall survival was plotted for tumor stage, urine
ALCAM and serum ALCAM (Figure 15F-H). As expected, advanced tumor stage (>pT3,
high stage) significantly correlated with decreased survival (Figure 15F; median overall

survival (0S), 94 vs. 15 months; Log-Rank, p<0.0001; HR, 3.46; 95% CI, 2.12-5.64).
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Urinary ALCAM dichotomized around the median of 2.18 ng/ml also significantly stratified
patients into high and low risk of death (Figure 15G; median OS, 62 vs. 23 months; Log-
Rank, 0.0484; HR, 1.64; 95% CI, 1.003-2.69). However, serum ALCAM dichotomized
around the median of 74.88 ng/ml did not correlate with overall survival (Figure 15H; Log-

Rank, 0.9288; HR, 1.02; 95% CI, 0.63-1.65).

Table 7. Bladder cancer “shed” ALCAM cohort descriptors and frequencies.

Minimum Maximum | Mean Median 95% CI1
Age (Years) 35 89 68 69 66-70
Serum ALCAM (ng/ml)* 24.6 163.5 79.2 74.9 70.6-81.0
Urine ALCAM (ng/ml)" 0.018 21.6 4.0 2.2 1.5-3.0
Follow-up (Months) 0.3 104.2 38.0 38.1 25.7-44.1
Time to Death (Months) 0.3 97.1 22.9 14.6 10.9-22.6
Frequency Percent
Gender
Female 12 10.0%
Male 108 90.0%
Race
White 115 95.8%
Black 3 2.5%
Unknown 2 1.7%
Death 71 59.2%
Pathological Tumor Stage
pTO 5 4.2%
pTa 8 6.7%
pTis 9 7.5%
pT1 8 6.7%
pT2a 20 16.7%
pT2b 11 9.2%
pT3a 31 25.8%
pT3b 9 7.5%
pT4a 19 15.8%
N Stage
NO 90 75.0%
N1 6 5.0%
N2 24 20.0%
Group
NMIBC 30 25.0%
OCMIBC 29 24.2%
EVMIBC 31 25.8%
LN+ 30 25.0%
Total Patients Analyzed 120 100.0%

Description of the bladder cancer patient cohort (n=120) used for prognostic assessment of
shed ALCAM in serum and urine. * 3 specimens missing for analysis, Bg specimens missing
for analysis, CI = confidence interval, NMIBC = non-muscle invasive BCa, OCMIBC =
organ-confined muscle invasive BCa, EVMIBC = extravesical muscle invasive BCa, LN+ =
lymph-node positive muscle invasive BCa.
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[00150] To determine if serum and/or urine ALCAM were independent predictors of

overall survival, a multivariable Cox regression analyses was performed. This cohort, by

nature, is 95.8% white and 90.0% male, leading to exclusion of race and gender from all

multivariable analyses. After adjusting for age, tumor stage, and lymph node status, urine

ALCAM, but not serum ALCAM, was a significant independent predictor of 3-year overall
survival (Table 8; adjusted HR, 1.10; 95% CI 1.043-1.164, P=0.001). Age and tumor stage

were also independent predictors of 3-year overall survival while lymph node status

approached significance (Table 8; P<0.0001, P=0.001, P=0.064). The ability of serum and

urine ALCAM to improve the prediction of 3-year overall survival when compared to age,

tumor stage and lymph node status alone was assessed with a time-dependent receiver

operating characteristics curve based on multivariable Cox regression analysis. Prediction

measurements were substantially improved by including both serum and urine ALCAM in

the model where the concordance index (C-Index) increased 4.4% from 74.2% with age,

tumor stage and lymph node status alone to 78.6% with the inclusion of serum and urine

ALCAM (Figure 151 and Table 9). The addition of serum and urine ALCAM led to

improvements in standard prediction measures such as area under the curve (AUC), true

positive rate (TPR), false positive rate (FPR), and accuracy at 1-year intervals (Table 9). Of
note, at 12 months of follow-up, when the TPR is set at 75.0%, the FPR is reduced by 10.2%

and the accuracy is increased by 5.7% (Table 9).

Table 8. Assessment of “shed” ALCAM as a predictor in a multivariable Cox
regression analysis of 3-year overall survival in bladder cancer.

Hazard Ratio 95.0% CI | Significance | Bootstrap Significance
Age (Years) 1.068 1.034-1.103 <0.0001 0.001
Tumor Stage 1.397 1.155-1.689 0.001 0.002
N Stage 1.432 0.979-2.095 0.064 0.076
Serum ALCAM (ng/ml) 0.995 0.984-1.006 0.374 0.340
Urine ALCAM (ng/ml) 1.102 1.043-1.164 0.001 0.001

Assessment of shed ALCAM, serum and urine, as a predictor of 3-year overall survival by
multivariable Cox regression analysis. Hazard Ratio is the adjusted hazards ratio, CI =
confidence interval, bootstrap significance is two-tailed with 1000 iterations and a Mersenne

twister of 2,000,000.

Table 9. Overall survival (3-year) multivariable model prediction
performance with the addition of “shed” ALCAM.

Age + Tumor | Age + Tumor and N Stage + Serum Differen
and N Stage ALCAM + Urine ALCAM erence
C-Index (%) 74.2 78.6 4.4
Bootstrap Significance
[0.632 Method] (%) 753 778 27
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12 (Months)
AUC 78.2 79.9 1.7
95.0% CI 71.4-86.6 71.7-87.8
TPR (%) 74.8 75.2 0.4
FPR (%) 355 25.3 -10.2
Accuracy (%) 69.3 75 5.7
24 (Months)
AUC 76.6 81.1 4.5
95.0% CI 72.8-87.4 75.6-89.3
TPR (%) 75.3 75.8 0.5
FPR (%) 36.2 28.6 -1.6
Accuracy (%) 69.2 73.4 4.2
36 (Months)
AUC 80.1 82.1 2.0
95.0% CI 76.4-90.1 77.0-91.0
TPR (%) 75.4 74.8 -0.6
FPR (%) 28.9 26.5 -2.4
Accuracy (%) 73.1 74.1 1.0

Prediction parameters for biomarker assessment of 3-year overall survival analysis based on
multivariable cox regression; Bootstrap validation was performed according to the .632+ method [27].
C-Index = concordance index, AUC = area under the curve of a receiver operating characteristics
curve; TPR = true positive rate; FPR = false positive rate

[00151] ALCAM can dynamically regulate cell motility through homotypic
intracellular adhesions, which can be disrupted by the protease ADAMI17. Therefore, the
shed ectodomain of ALCAM is a molecular marker of cell motility. The ectodomain of
ALCAM appears to be lost from the BCa tissue during malignant progression (Figure 14),
while urinary ALCAM levels rise and correlate with poor outcome (Figure 15). Further
statistical interrogation demonstrates that urinary ALCAM is a significant independent
predictor of overall survival after adjusting for age, tumor stage and lymph node status
(Table 8) and improves accuracy of prediction by 4.4% (Figure 15).

[00152] Example 3

[00153] This Example describes biochemical and genetic procedures conducted to
identify a new partner of CD151™, Activated Leukocyte Cell Adhesion Molecule
(ALCAM). Functional studies demonstrated that CD151 and ALCAM control cell migration
via PKCa-dependent activation of the small GTPase RaplA. This mechanism was confirmed
with both biochemical and genetic evaluation while the ability of Rap1 activation to control
tumor cell motility was subsequently validated in vivo. It appears that integrin-free CD151
can bind ALCAM and control tumor cell motility via PKCa-dependent activation of the small
GTPase RaplA.
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[00154] Materials and Methods

[00155]  Cell Culture, Plasmids, Transfections, Inhibitors, and Antibodies

[00156] HEp3 cells were perpetually maintained on the chick chorioallantoic
membrane (CAM) to retain metastatic and migratory potential. Cell lines were maintained in
media supplemented with pen/strep, sodium pyruvate, non-essential amino acids and 10%
fetal bovine serum and cultured at 37°C in a 5% CO2 incubator. Plasmids used included
untagged wildtype CD151 (Clontech Laboratories, Mountain View, CA). CD151-GFP
(Osaka University, Osaka, Japan), ALCAM-GFP (University of lowa, Des Moines, [A), and
HA-Rapl (Universitair Medisch Centrum Utrecht, The Netherlands) were obtained.
Transfections of all cells were performed using Extreme Gene HD (Roche), excluding Cho
cells which were transfected using polyethylenimine (PEI). Signaling pathways inhibitors
included small molecule inhibitors of Rho kinase (Y 297632,), PI3kinase (LY294002),
Pl4kinase, (Wortmanin), MEK (UO126), PKA (KT5720), PKC (Calphostin) and Rap (GGTI-
298) obtained from Calbiochem (EMD Millipore, Billerica, MA). Knockdown of gene
expression was achieved with siRNAs to PKCa, and Rap1 A and B and the control non-
targeting siRNA purchased from Dharmacon (Fisher Scientific, Pittsburgh, PA). CD151
specific ShRNA was obtained from Sigma Aldrich. ALCAM and GFP siRNA were purchased
from Invitrogen (Grand Island, NY). Anti-CD151 (1AS5) was generated as previously
described), ALCAM/CD166 (L50, Abcam and R&D systems). The control antibody 29-7
was generated in the same fashion as 1AS.

[00157] Mass Spectrometry

[00158] HEp3 and HT1080 cells were lysed in 1% Brij99 lysis buffer as described
above. Lysates were incubated with control antibody 29-7 or anti-CD151 antibody 1AS5
overnight at 4°C and immunoprecipitated with protein-G sepharose beads. The
immunoprecipitated complexes were then resolved by SDS-PAGEG. Each lane was excised
and prepared for mass spectrometry analysis by the Vanderbilt University Mass Spectrometry
Core (Nashville, TN). Mass spectrometry analyses were performed with a LCQ-Deca or
LTQ-Orbitrap mass spectrometer (Thermo Finnigan). Tandem mass spectra were extracted
from raw files and used to search the database. Only proteins identified from two independent
matrix preparations were considered as candidate components of the matrix.

[00159]  Microarray and Gene Ontology analysis

[00160] Gene Ontology analysis was performed with microarray data obtained from
BLM melanoma cell lines were stably transfected with AN-ALCAM, sALCAM, or empty
plasmid control. Samples were hybridized to Affymetrix U133Plus 2.0 (Santa Clara, CA)
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microarray chip. Intensities were normalized by log, transformation. Fold change was
determined as compared to endogenous expression of wt ALCAM in BLM cells (empty
vector control). P-value was determined using 2-tailed Student’s t-test with unequal
variances. Fold change and p-value calculations were done in Microsoft Excel (Microsoft
Corporation, Redmond, WA). Genes with a fold change of at least 2 and p-value of 0.001 or
less were considered differentially expressed. 260 gene probes were differentially expressed.
Probe IDs of differentially expressed genes were up loaded to a WebGestalt analyzer.
U133Plus 2.0 reference was selected. Gene ontology analysis was performed with default
parameters. Enriched biological processes were highlighted in red and labeled with number
of associated genes and adjusted p-value.

[00161] Cell Motility Assays

[00162] In Vitro Wound Healing Assay HEp3 and HT1080 cells were seeded to
confluence in 6-well plates with complete medium. After 24hrs the cells were switched to
serum free/insulin free media for an additional 24hrs. At 48hrs after seeding the confluent
monolayers were scratched with a pipet tip in order to create a uniform wound after which the
cells were washed with PBS to remove any floating cells. Cultures were returned to full
medium and the wound was documented at Ohrs and 16hrs post-scratch using a light
microscope TMS-F (Nikon, Tokyo, Japan) equipped with a D90 SLR camera (Nikon).
Wound closure (% surface area) was calculated using Tscratch image analysis software
(Ashby et al., 2012; Gebéck et al., 2009).

[00163] In Vitro Transwell Migration: Tumor cells in a single cell suspension were
plated into the top chamber of 8um transwell (Costar) inserts in the presence of serum
free/insulin free media. Cell culture media containing 10% fetal bovine serum was placed in
the bottom chamber to serve as a chemoattractant. Migration assays were carried out for
12hrs in a 37°C cell culture incubator containing 5%CO. The top surface of the inserts was
cleaned with a cotton swab soaked with PBS to remove the non-migrated cells. The transwell
inserts were subsequently fixed in methanol and stained with 0.2% crystal violet. The number
of migrated cells was counted in 3 independent fields under 20x magnification with a light
microscope.

[00164] Two-Dimensional Migration: Tumor cell migration on soluble ALCAM-Fc¢
was performed by adhering it to tissue culture plates with protein-G. Briefly, protein-G
(2ug/ml) was adhered to the culture plastic followed by rat tail collagen type 1 (100pg/ml).
Unbound surface was blocked with BSA (0.5% in PBS) after which the surface was washed
and incubated with ALCAM-Fc in 0.5% BSA. Control migration was performed on identical
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surfaces not inclubated with ALCAM-Fc. Tumor cells were seeded at low density and
tracked by live cell imaging every 10 minutes over a 6hr period with a fully automated
microscope (BX61, Olympus, Tokyo, Japan) equipped with a digital camera (Orca ER,
Hammatsu Photonics, Hamamatsu, Japan). Data acquisition and analysis was performed
using Volocity image acquisition software (Perkin Elmer, Waltham, MA).

[00165] In Vivo Cell Motility: Briefly, cells to be injected were washed 2 times with
PBS and detached with 2mM EDTA. The cells were resuspended in PBS and injected
intravenously into Day 12 chick embryos. Four days post-injection the disseminated colonies
were photographed using a Lumar V12 stereomicroscope (Zeiss) equipped with a Retiga Exi
camera and controlled with Volocity image acquisition software (PerkinElmer). Antibody
treatments were introduced by intravenous injection one day after tumor cell injection. “Non-
motile” colonies were defined as colonies comprised of 5 or more cells where individual cells
remained in direct contact. Such non-motile colonies are compact while “motile” colonies
contained a migratory cell populations dispersed in the CAM. Assays were performed with 5
animals/treatment and > 5 fields/animal analyzed for colony formation. Data is represented as
the percentage of colonies within a single animal that demonstrated a motile phenotype.

[00166] Flow Cytometry

[00167] Cells to be used in flow cytometry experiments were trypsinized with 0.25%
Trypsin-EDTA and resuspended in cold Milytenyl FACs buffer 2mM EDTA, 0.5%BSA,
PBS). For the analysis of cell surface expression of specific antigens the cells were washed 2
times with FACs buffer and then stained with the specific primary antibodies for 1hr on ice.
Following incubation with the primary antibody the cells were washed 2 times with cold
FACs buffer and then incubated with species-specific, fluorophore-conjugated secondary
antibody for 30 minutes on ice. After washing two times the cells were suspended in cold
FACs buffer and subjected to flow cytometry.

[00168] Immunoblot and Immunoprecipitation Analysis

[00169] Immunoblotting: For immunoblot analysis HEp3 , HT1080 or CHO cells were
lysed in either 1% (vol/vol) Triton X-100 lysis buffer or 1% (vol/vol) Brij-99 lysis buffer and
incubated on ice for 30 minutes. The samples were then cleared by centrifugation at 14,000
rpm for 15 minutes and the cleared lysates were then transferred to fresh tubes. Protein
concentrations were determined by BCA assay (Pierce). Equal amounts of protein were
loaded in to SDS-Page gels and subsequently transferred to polyvinylidene fluoride
membranes (PVDF, Millipore). The membranes were blocked for 1hr in 5% non-fat dry milk
in phosphate buffered saline with 0.05% Tween-20 (PBSt). The membranes were incubated
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overnight at 4°C with specific antibodies prepared in blocking buffer after which the
membranes were washed 3 times with PBSt and incubated with the appropriate species-
specific horse radish peroxidase-conjugated secondary antibodies for 1hr at room
temperature. After washing, antibody binding was visualized by chemiluminescence.

[00170] Immunoprecipitation: 1mg total cell lysate was incubated with 2ug of the
immunoprecipitation antibody and the antibody lysate solution was incubated over-night at
4°C with end to end rotation. In order to capture the protein/antibody complexes the lysates
were coupled to protein G sepharose beads (GE Healthcare) for 4hr at 4°C with end to end
rotation. The lysates were cleared by centrifugation at 8000 rpm for 30 secs and the unbound
material saved for further analysis. The beads were washed 3 times with either Triton X-100
or Brij-99 lysis buffer accordingly and the immune complexes were then eluted in 100ul
lamelli sample buffer and boiled for 5 minutes. The samples were then prepared for SDS-
Page analysis. For GBP immunoprecipitations the lysates were incubated overnight with GBP
conjugated beads with end to end rotation overnight at 4°C. After clearing the lysates were
subjected to SDS-PAGE as described above.

[00171] Cell Surface Biotinylation: For cell surface labeling confluent HEp3 cells were
treated with 1AS or control antibody for 1hr on ice and then washed with cold PBS. Cultures
were subsequently biotinylated with sulfoccinimidyl-6-[biotin-amido] hexanoate using the
EZ-Link Sulfo-NHS-Biotinylation Kit (Thermo Scientific) according to manufacturer’s
instructions. Cells were lysed in 1% Brij 99 followed by extraction of the insoluble in 1%
Triton X-100. Immunoprecipitation was performed as described above. Biotinylated proteins
were detected with peroxidase conjugated streptavidin.

[00172] Metabolic Labeling

[00173] HEp3 cells were labeled overnight in methionine/cysteine free DMEM
containing 35S-label. Cells were washed throughly with PBS and lysed in 1% Brij 99 lysis
buffer. The lysates were incubated with control antibody or monoclonal antibody 1AS and
immunoprecipitated as described above. The gels were dried and then exposed to film at -
80°C.

[00174] Rapl Activation Assays

[00175] Rapl activation was analyzed using the Rap1 activation kit (Chemicon). All
treatments were performed in the presence of serum free/insulin free media. Cells to be
assayed were washed with ice cold PBS and lysed in RIPA like Rapl bufter (10% glycerol,
50mM Tris/HCl, 150mM NaCl, SmM phenylmethylsulfonyl fluoride, ImM sodium
orthovanadate). The lysates were pushed through a 25 gauge syringe and cleared by
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centrifugation at max speed at 4 degrees for 10 min. Equal amounts of lysates were
immunoprecipitated with RalGDS RBD conjugated agarose beads for 45 minutes at 4°C.
After washing the beads where resuspended with sample buffer and boiled for 5 minutes. The
immunoprecipitates were separated by SDS-Page as mentioned above, transferred to PVDF
membranes, probed with the anti-Rap1 antibody and horse radish peroxidase-conjugated
secondary antibody. After washing the membranes were developed by autoradiography.

[00176] Immunfluorescence

[00177] HEp3 cells grown to confluency on collagen coated coverslips were incubated
with 1AS5 and then fixed in 4% formalin in PBS. The coverslips were blocked with 5% BSA
in PBS for 30 minutes at room temperature and then stained with 1AS5 and ALCAM primary
antibodies overnight at 4°C. The coverslips were washed with PBS and then incubated with
species specific fluorophore-conjugated secondary antibodies for 1hr at room temperature.).
After staining the cells were washed with PBS and then counterstained with DAPI. The
coverslips were then mounted onto glass slides with Fluorosave mounting media
(Calbiochem). Pictures were taken with a BX 61 fluorescent microscope (Olympus) and
analyzed using Volocity Image Acquisition Software (Perkin Elmer).

[00178]  Statistical Analysis

[00179] All statistical analysis was performed using Graph Pad Prism Analysis
Software (La. Jolla California). For statistical analysis of migration experimental groups were
compared to the control groups using non-parametric Mann-Whitney test.

[00180] Results

[00181] [Identification of CD151 associated proteins

[00182] The ability of tetraspanins to organize higher-order structures in the membrane
leads to complex interactions of variable affinity with a variety of transmembrane and
membrane proximal proteins (Figure 16A). Immunoprecipitation of CD151 with the
motility-inhibiting antibody 1AS from lysates extracted with mild detergents (Brij) or
stringent detergent (TX-100) co-precipitates several proteins (Figure 16B) visible after
metabolic labeling (S35), and cell-surface biotinylation (Biotin). In order to elucidate the
components of the CD151-TERM complex responsible for regulating tumor cell motility and
metastasis, tandem Mass Spectrometry (LC-MS-MS) was used to identify CD151 partners
that co-IP with 1AS (Figure 16C). Specifically, the HNSCC cell line HEp3 was lysed with
Brij-based lysis buffer to maximize possible protein-protein interactions.
Immunoprecipitations were preformed with the CD151™-binding antibody 1A5. Control

samples included immunoprecipitations with an isotype-matched control IgG or protein-G
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only. The precipitated complexes were separated by SDS-PAGE, gel pieces were excised and
subsequently analyzed by LC-MS-MS using a LCQ-Deca or LTQ-Orbitrap mass
spectrometer (ThermoFinnigan). CD151-specific candidates were identified by eliminating
targets precipitated with an isotype control and protein-G respectively. Candidates identified
by two or more peptides in two or more independent analyses were selected as viable targets.
A total of 228 proteins were identified of which 51 candidates distributed across five
phenotypic subgroups were detected repeatedly (Figure 16C, pie chart and Table 11).

[00183] Anti-CD151 antibody 1AS clusters the tetraspanin and promotes its
accumulation at areas of cell-cell contact. Based on validated interactions and the observed
cell-cell accumulation, a short list of potential candidates was developed (Figure 16D).
Nearest neighbor analysis was performed on each putative candidate using the Broad Institute
Cancer Cell Line Encyclopedia (http://www.broadinstitute.org/ccle/home). ALCAM was
identified as the nearest neighbor of 0.3, one of the primary partners of CD151. To evaluate
ALCAM’s role as a regulator of migration we evaluated changes in gene expression initiated
upon expression of a dominant-negative ALCAM lacking the ligand-binding domain.
Differentially expressed genes were grouped by gene ontology (GO) association using
WebGestalt (http://bioinfo.vanderbilt.edu/webgestalt/) and enriched biological processes
were displayed. The primary processes identified were cell adhesion and migration. In
addition to its association with cancer metastasis and migration, ALCAM has also been
suggested to interact with PKCa, a key regulator of CD151 activity, supporting its potential
as a bonafide partner in the regulation of tumor cell motility by CD151. ALCAM has broad
expression in epithelial tissues and their corresponding tumors. Continuous cell lines derived
from these tumors continue to express ALCAM both at the level of gene transcription and
protein translation.

[00184]  The IgG superfamily member ALCAM is a novel CDI151 partner

[00185] Clustering of CD151 with 1AS promotes the localization of the tetraspanin to
the areas of cell-cell contact leading to the inhibition of tumor cell migration and metastasis.
ALCAM and CD151 occupy the same areas of cell-cell contact and clustering of the
tetraspanin causes ALCAM to co-localize extensively with CD151 (Figure 17A). To
determine if CD151 and ALCAM were physically interacting, the proteins were
immunoprecipitated from mild (Brij) and stringent (TX-100) detergent lysates obtained from
the HNSCC HEp3 using the antibodies 1AS and AZL50 respectively and the resulting
precipitations were immunoblotted for its possible partner (Figure 17B and 17C,

respectively). CD151 and ALCAM did indeed co-immunoprecipitate in their reciprocal
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precipitations. Since 1AS drives CD151 clustering and promotes an interaction between
CD151 and ALCAM, an independent validation of the interaction between CD151 and
ALCAM was performed using affinity purification of GFP-tagged proteins. ALCAM-GFP
and CD151-GFP were co-transfected with untagged CD151 or ALCAM respectively into
CHO cells. GFP-tagged protein was precipitated from TX-100 lystates using a GFP-binding
protein (Figures 17D and 17E). ALCAM co-precipitated with CD151-GFP and CD151 co-
precipitated with ALCAM-GFP.

[00186] These four independent precipitations demonstrate that CD151 forms a
complex with ALCAM and that ALCAM is a component of the CD151-TERM. This
complex is stable under stringent detergent conditions (TX-100) suggesting that the stability
of the CD151-ALCAM interaction is similar to those observed previously for CD151-a3.

[00187] ALCAM and CDI151 cooperate in their ability to regulate migration

[00188] The physical association of CD151 and ALCAM demonstrates that ALCAM
is a component of the TERM complex. To determine the relevance of this interaction in cell
motility, the ability of CD151 and ALCAM to regulate migration was evaluated after RNAi-
mediated depletion in HT1080 and HEp3 cells (Figure 18). CD151 clustering induced by the
antibody 1AS inhibited HT1080 tumor cell migration (Figure 18A). After RNAi-mediated
depletion of ALCAM, tumor cells were no longer sensitive to the immobilization by CD151
(Figures 18B and 18C). Engaging HT 1080 cells in ALCAM-ALCAM interactions can be
accomplished by seeding cells on ALCAM-Fc coated surfaces (Figure 18D). Similar to anti-
CD151 treatment, engaging ALCAM-ALCAM interactions can inhibit tumor cell motility in
a wound-healing assay. The inhibition of cell motility upon ALCAM-ALCAM binding was
enhanced by 1A5-induced clustering of CD151 (Figure 18E, white bars). Conversely,
shRNA mediated knockdown of CD151 in HT 1080 cells not only eliminated sensitivity to
the anti-CDS51 antibody 1AS but also prevented the inhibition of motility by ALCAM-
ALCAM ligation (Figure 18E, black bars). Similar observations were made for the HNSCC
HEp3. These data demonstrate that CD151 and ALCAM cooperate to control tumor cell
motility.

[00189] CDI151 and ALCAM control tumor cell migration through PKCa-dependent
activation of Rap1A4

[00190] A targeted pharmacological screen was performed in an attempt to identify
molecular mechanisms that might contribute to the inhibition of motility mediated by CD151
and ALCAM (Figure 19A). Tetraspanins regulate intracellular signaling events by

interacting directly or indirectly with signaling molecules including protein kinase Ca.
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(PKCa) and phosphatidylinositol 4 kinase type Ila (PI4kinase Type Ila). Rho and PI3 kinase
have also been associated with CD151-mediated regulation of tumor cell motility. MEK, Erk,
and Rapl were targeted as established mediators of cell motility. Transwell migration assays
were performed in the presence or absence of each inhibitor together with or without the anti-
CD151 antibody 1AS. The MEK inhibitor (U0126) and PI3 kinase inhibitor (LY294002)
inhibited migration independent of anti-CD151 antibody treatment (1A5) while the PI3
kinase inhibitor (Wortmannin) did neither influence the migration of untreated cells nor did it
prevent the inhibition of migration by 1AS. Conversely, the PKC inhibitor (Chelerythrin) and
the RAp1 inhibitor (GGTI-298) allowed for migration of untreated cells but prevented 1AS
from inhibiting migration. RNAi-mediated ablation (siRNA) of PKCa and Rapl A confirm
that these proteins are required for CD151 to inhibit motility (Figure 19B). RaplA is a
GTPase that can promote adhesion upon activation.. To evaluate whether RaplA was
activated in response to CD151 clustering as well as ALCAM-ALCAM ligation, HEp3 cells
were treated with 1AS or seeded on ALCAM-FC for up to 48hrs. Active RaplA in the cells
was evaluated by immunblotting of GTP-bound Rap1A affinity purified from lysates with
Ral-GDS beads. Both CD151 clustering and ALCAM-ALCAM binding resulted in rapid and
persistent activation of RaplA (Figure 19C). Activation of the GTPase Rac was evaluated as
a control to confirm the specificity of Rapl A activation (Figure 19D).

[00191] PKCa can associate with CD151 and ALCAM and has also been demonstrated
to mediate activation of Rap1. Together with the observed contribution of PKCa to the
regulation of migration (Figure 19A and 19B), this suggests that PKCo may mediate
activation of RaplA by CD151 and ALCAM. To determine if PKCa signaling is required for
RaplA activation by CD151, GTPase activity assays were performed in HEp3 cells after
PKCa was disrupted with Chelethyrine or PKCa-specific siRNA (Figure 19E). In control
transfected or untreated cells 1AS promotes activation of Rapl A, however, when PKCa, is
knocked down by genetic manipulation or inhibited by pharmacological means, 1AS was
unable to promote Rap 1A activation. This demonstrates that downstream of CD151
clustering, RaplA is activated in a PKCa-dependent manner.

[00192]  Rapl activation is sufficient to immobilize tumor cells in vitro and in vivo

[00193] RaplA serves as a molecular switch capable of regulating cell motility by
controlling adhesion. The inhibition of tumor cell motility in response to CD151 and its
partner ALCAM involves the activation of RaplA. It appears that Rapl activation was
sufficient to inhibit tumor cell motility, and to address this issue GFP-expressing HEp3 cells

was transfected with dominant negative RaplA (RapIN17) or the dominant active Rapl A
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(Rap1V12). The expression of the constructs was verified by western blot analysis (Figure
20A). Migration assays were subsequently performed in order to determine if Rap1A activity
was sufficient to impact on tumor cell migration iz vitro. Dominant negative Rapl A
(RapIN17) had no significant impact while the dominant active RaplA (Rap1V12) reduced
migration. This observation extended to iz vivo migration. HEp3-GFP cells transfected with
dominant negative Rap1A (Rap1N17) or dominant active Rapl A (Rap1V12) were injected
intravenously into D12 avian embryos and metastatic colony formation was analyzed at 4
days post injection. Colony size can reflect tumor cell growth while the local dispersion of
metastatic tumor cells reflects on their motility. All of the transfected cells demonstrated
efficient colony formation. However, HEp3 cells expressing dominant active Rapl A
(Rap1V12) formed compact colony indicative of reduced motility while mock and RapIN17
transfected cells exhibited a dispersed, motile colony appearance.

[00194] Discussion

[00195] CDI151 and ALCAM as partners in the regulation of tumor cell migration

[00196] ALCAM was identified a novel CD151 partner that can associate with
integrin-free CD151. ALCAM is expressed broadly in human tissues and cells with
predominant expression in neuronal celis, immune cells, epithelial cells, and stem cells of
hematopoietic and mesenchymal origin. It is functionally associated with many cell adhesion
events including T-cell activation, endothelial adherence junction, neuronal guidance, and
epithelial integrity. ALCAM’s expression alters during cancer progression. Since ALCAM-
ALCAM interactions are responsible for mediating the activation of RaplA and inhibiting
motility, it appears that ALCAM shedding offers a mechanism by which tumor cells can
control Rap1A-mediated adhesion and migration.

[00197] Molecular integration of CD151, ALCAM, PKCa. and Rap 1A

[00198] PKCa binding to the C-terminal tail of CD151 allows the tetraspanin to serve
as a linker between PKCa and the integrins a3f1 and a6p4 thereby regulating integrin
signaling. It appears that CD151 performs the same function for ALCAM but that the
ultimate target of this signaling is Rapl A. PKCa has been previously identified as an
inhibitor of cell migration during an i vitro screening assay of normal epithelial migration.
Since PKCa has many substrates, these results suggest that divergent signaling mechanisms
may be initiated depending on what partner CD151 interacts with. The elevation of integrin-
free CD151 in cancer is likely to divert signaling from integrins to other tetraspanin partners.

[00199] Both CD151 clustering and homotypic ALCAM-ALCAM interactions

mediated promote tumor cell adhesion and control motility by activating the small GTPase
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RaplA. Since then many lines of evidence demonstrate that Rap1 can influence cancer
progression, including the identification of SIPA1, a Rapl GTPase activators (Rapl GAP) as
the mediator of differential metastatic ability associated with Polyoma Middle T antigen
initiated breast cancer, and metastatic virulence in breast cancer appears to be associate with
specific Single Nucleotide Polymorphisms (SNPs) in SIPA1. Thus, active (GTP-bound Rapl)
may limit metastatic dissemination. This Example demonstrates that the activation of Rapl A
(generating the GTP-bound state of Rap1A) promotes adhesion and thereby limits
dissemination.

[00200] The activity of Rapl is regulated by a number of regulators including
Guanidine Exchange Factors (GEF), GTPase activators (GAP) and effectors that mediate the
activity of the GTPase. This Example demonstrates that in the absence of PKCa, neither 1AS
treatment nor ALCAM adhesion is able to activate Rap1, which suggests that the signaling
mechanisms associated with immobility require PKCa to activate RaplA. PKCa can activate
Rapl in platelets and subsequently promote adhesion through integrin activation. CD151 was
initially identified as a platelet cell surface antigen and its clustering can induce platelet
activation suggesting that this mechanism may apply broadly outside the regulation of tumor
cell motility.

[00201] Example 4

[00202] This Example describes procedures conducted to show that ectodomain
shedding of ALCAM is induced by cytokines present in the tumor microenvironment and that
its detection can be a marker of tumor progression. ALCAM expression and shedding by
ADAM17 is examined in response to cytokine stimulation through biochemical analyses
while its contribution to skeletal metastasis is determined in a series of orthotopic, and
experimental metastasis models. Specifically, this Example characterizes how elevated
ALCAM expression in aggressive prostate cancer together with its putative role in cell
adhesion/migration make ALCAM a molecular participant in prostate cancer metastasis.

[00203] Materials and Methods

[00204]  Reagents, cell culture

[00205] Full-length purified recombinant porcine TGFp was obtained from .
Antibodies against ALCAM were obtained from R&D Systems (Clone 105902). The
following tumor cell lines were obtained from American Type Culture Collection (Manassas,
VA) and maintained according to the American Type Culture Collection’s recommendations:
DU145, LNCaP, PC3 (prostate metastasis). PC3-luciferase (PC3-luc) cells (Simon Hayward,
Vanderbilt) were cultured in RPM1/10%FBS.
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[00206] SDS-PAGE and immunoblotting. Cells (2.5 x 10%) were plated in 6-well
dishes. After 24 h, cells were serum starved in Opti-MEM for 16 h and then treated in the
presence or absence of indicated growth factors or inhibitors, for 48 h. After that, the cells
were lysed in TNE Lysis Buffer (20 mM Tris-Cl [pH 7.4], 0.5 mM EDTA, 1% Triton X-100,
150 mM NacCl, protease inhibitor cocktail (sigma), 1 mM phenylmethylsulfonyl fluoride).
Total protein in the lysates was quantified using BCA assay (BioRad). Conditioned media
samples were concentrated with microcon centrifugal filters (Millipore) following
manufacturers protocol, which were eluted directly in 5X sample buffer for Western blot
analysis. Protein loading for conditioned-medium samples for Western blot analysis was
adjusted according to the total protein in cell lysates. Conditioned media and total protein was
subjected to SDS-PAGE and electrophoretic transfer to polyvinylidene difluoride membranes
(Immobilon P, Millipore, Inc., Bedford, MA). Immunodetection was done by conventional
chemiluminescence

[00207] Quantitative PCR

[00208] The mRNA samples were prepared from tumor cells lysed in TRI Reagent
(Ambion) and purified using phenol extraction, followed by real-time polymerase chain
reaction (RT-PCR). The following qPCR primers were used ALCAM,
TCAAGGTGTTCAAGCAACCA (forward) and CTGAAATGCAGTCACCCAAC (reverse);
ADAM17, ATGTTTCACGTTTGCAGTCTCCA (forward) and
CATGTATCTGTAGAAGCGATGATCTG (reverse); and glyceraldehyde-3-phosphate
dehydrogenase, ATCTTCTTTTGCGTCGCCAG (forward) and
TTCCCCATGGTGTCTGAGC (reverse).

[00209] SARNA Knockdown

[00210] To establish cell lines in which ALCAM expression is stably knocked down

cells were transduced with ALCAM-specifc Mission shRNA (Sigma) lentivirus. Following
transduction, cells were selected in 10pg/ml of puromycin. Transduced cells were flow sorted
for ALCAM expression and ALCAM knock-down cells were cultured and maintained on
Sug/ml of puromycin.

[00211] Migration Assay

[00212] Two-dimensional gap closure assays (formerly known as scratch assays) were
conducted using magnetically attachable stencils attached to culture plates. 250,000 cells
were seeded in 6-well plates and allowed to recover overnight to form a confluent monolayer.
Stencils were removed with tweezers, after which cells were rinsed with PBS to remove

detached cells. Culture medium was re-added and closure of the gap was measured at 8 and
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16 hours. Gap closure was quantified using TScratch (National Institutes of Health, Bethesda,
MD, USA).

[00213]  Histological analysis of mouse tissue

[00214] Tumor-bearing tissue and bones were fixed in 10% formalin. Bone specimens
were decalcified in 20% EDTA pH 7.4 for 3-4 days at room temperature. Decalcified bone
and tissue were dehydrated and embedded in paraffin. Tumor burden was confirmed in Sum
serial sections stained with H&E. Osteoclast were visualized using a standard Tartrate
Resistant Acid Phosphatase (TRAP) protocol. All immunohistochemistry and
immunofluorescence on tumor sections involved antigen retrieval using a standard pH 6.0
citrate buffer followed by blocking via incubation with 20% Aquablock (East Coast Bio,
North Berwick, ME). Immunofluorescence data was obtained using primary antibodies for
ALCAM (1:1000; Leica Biosystems; Clone, MOG/07), Ki67 (1:500; Fisher, Clone SP6),
Cleaved caspase-3 (1:200; CellSignaling, D175), and collagen I (1:1000; Sigma C2206) by
incubation overnight at 4°C. Corresponding Alexa Fluor® secondary antibodies were used
(1:1000; Invitrogen). Fluorescent imaging was completed on a Olympus BX61WI upright
fluorescent microscope using Volocity Imaging Software.

[00215]  ELISA of mouse serum and plasma

[00216] Blood was obtained via the saphenous vein; samples were collected in either
the presence of EDTA as an anticoagulant or a serum separator tube and were centrifuged at
1,500 rpm, 4°C to remove cells. Plasma and serum samples were stored at —80°C until
analyzed. Samples were analyzed for soluble mouse and human ALCAM using the R&D
Systems DuoSet following manufacturer’s instructions. Briefly, ELISA plates coated with
capture antibody were incubated overnight with 100 pL of sera difuted 1:50. Capture
ALCAM was detected with biotinylated antibody and peroxidase-conjugated avidin followed
by colotimetric detection at 450 nm.

[00217] Mouse models of prostate cancer and in vivo quantitation of tumor growth

[00218]  Briefly, 5X10* PC3-luc cells were suspended in 30 pl of neutralized type I
collagen and allowed to polymerize for 16 hrs at 37°C before implantation into the prostate of
10 week old C.B-17/IcrHsd-Prkdc scid male mice (Harlan, Indianapolis, IN). Tumor growth
was monitored weekly by bioluminescent detection of luciferase expressing cells. For the
xenograft model, subconfluent PC3-luc cells were trypsinized, washed twice in PBS to
remove serum, and then resuspended in HBSS at a concentration of 1 x 107 cells/mL. One
hundred ul containing 1 x 10° PC3 cells in a 50/50 mix of PBS and growth factor-reduced

Matrigel (BD Biosciences, San Jose, CA) were injected subcutaneously into the right flank of
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7-week-old nude male mice (Harlan Laboratories; athymic Foxnl nu/nu). Tumor growth was
monitored weekly by caliper measurements, and tumor volume was calculated based on the
following formula: (length % length x width) / 6. PC3-luciferase shControl (Vector) or PC3-
luciferase ShALCAM (KD2 or KD3) tumor cells (1x10°) in a 10 pl volume of sterile
phosphate buffered saline (PBS) were injected into the tibia of anesthetized 6-week-old nude
male mice (Harlan Laboratories) Skeletal metastasis was performed. Briefly, 1 x 10° PC-3-
luc cells were injected into the left heart ventricle of male nude mice (Harlan Laboratories).
Skeletal metastases were monitored by bioluminescent detection of luciferase expressing
cells and formation of bone lesion by X-ray. Whole animal luminescent imaging was
performed with the IVIS™ system (Caliper Life Sciences, Hopkinton, MA). Luciferin (150
mg/kg in sterile PBS, Biosynth International, Itasca, IL) was delivered via intra-peritoneal
injection 10 minutes prior imaging. Living Image™ software (Caliper Life Sciences,
Hopkinton, MA) was used to quantify the luminescence intensity. Blood was obtained via the
saphenous vein and collected in either the presence of EDTA as an anticoagulant or a serum
separator tube (Fisher Scientific). Plasma and serum samples were stored at —80°C until
analyzed.

[00219]  Micro computed tomography (uCT) analysis

[00220] For gross analysis of trabecular bone volume, formalin fixed tibiac were
scanned at an isotropic voxel size of 12 pum using a microCT40 (SCANCO Medical,
Bruttisellen, Switzerland). The tissue volume (TV) was derived from generating a contour
around the metaphyseal trabecular bone that excluded the cortices. The area of measurement
began at least 0.2 mm below the growth plate and was extended by 0.12 mm. The bone
volume (BV) included all bone tissue that had a material density greater than 438.7
mgHA/cm’.

[00221]  Radiographic Analysis

[00222] Beginning 1 week after tumor cell inoculation, tumor-bearing animals were
subjected to radiographic imaging. Radiographic images (Faxitron X-ray Corp, Lincolnshire,
IL, USA) were obtained using an energy of 35 kV and an exposure time of 8 seconds.
Osteolytic lesions were quantified bilaterally in the tibia, fibula, femora, humeri, and pelvis at
the endpoint using x-ray images. Lesion area and lesion numbers were evaluated using image
analysis software (Metamorph, Molecular Devices, Inc.). Data presented are the average of
lesion area and lesion numbers per mouse in each group.

[00223]  Statistical Analyses
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[00224] Expression analysis was performed on datasets GDS1439 and GSE10645
available through the Gene Expression Omnibus (references (21)and (22) respectively).
Expression data for selected genes from GDS1439 was clustered in software Cluster 3.0 and
visualized with software TreeView. For survival analysis the patient population of GSE10645
(n=596) was dichotomized across upper and lower quartile of ALCAM expression. Statistics
were completed using either R, SPSS or GraphPad Prism. For all standard bar and box plots
the results were reported as mean and SEM unless stated otherwise in the legend.
Comparisons were performed using unpaired two-sided Student’s t test, nonparametric
Mann-Whitney test, or one-way ANOVA. R? and P values were reported from linear
regression analysis of mouse data. . All statistical tests were considered significant when
p<0.05 where * denotes p< 0.05, *¥ denotes p< 0.01 and *** denotes p< 0.001.

[00225] Mouse models of acute inflammation

[00226] CS7RE/G(SILTe{SMAD hinding clement [SBEVTk-luc)7Two/d mice,
obtained from the laboratory of Harold Moses, MD (Vanderbilt University), were used at 16
weeks of age. These transgenic mice, referred to as SBE-Luc mice, express huciferase in
response to activation of the Smad?/3-dependent signaling pathway, Mice were adounistered
2mg/kg of LPS to induce an acute inflammatory response and bled via saphenous vein at §, 6,
24 hours and 1 week post-administration.

[00227] Mouse models of wound-healing

[00228] Mice were anesthetized by intraperitoneal injection. The back the C57/Bl6
male and female mice were shaved and two circular excisional full-thickness wounds of 6-
mm diameter generated using a standard biopsy punch. Mice were bled via saphenous vein at
0 hours (establish basal levels) , 24 hours, one week and two weeks after wound initiation.

[00229]  In vivo ALCAM serum half-life

[00230] Serum was harvested from ALCAM wild-type, mixed background, mice and
pooled. Combined serum collected from WT mice was injected retrorbitally in ALCAM KO
mice (100ul/mouse). ALCAM KO mice were pre-bled via saphenous vein bleed, and then
bled at 10 mins, 2 hours, 4 hours, 24 hours and 48 hours (n=2/time point; total n=10). WT
pooled serum was used as ELISA control to quantitatively determine ALCAM serum half-
life.

[00231] Results

[00232] ALCAM gene expression is elevated in advanced prostate cancer and

correlates with poor patient outcome
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[00233]  Several publicly available microarray datasets were evaluated to determine the
relationship between ALCAM mRNA levels, patient diagnosis and outcome (Figure 21). A
comparison of benign, localized and metastatic disease revealed increased levels of ALCAM
mRNA in metastatic prostate cancer (Figure 21A). Elevated levels of ALCAM coincided
with molecular evidence of a pro-migratory phenotype based on the decreased expression of
E-cadherin and p120 concurrent with elevated expression of N-cadherin (Figure 21B). These
observations were supported by survival analysis for a cohort of 600 prostate cancer patients
which revealed that high levels of ALCAM mRNA corresponded with poor patient outcome.
(Figure 21C). Immunohistological staining of prostate cancer tissue microarrays available
through the Human Protein Atlas revealed that ALCAM staining is evident in both normal,
benign and malignant disease but is frequently absent from the tumor cell surface in advanced
disease (proteinatlas.org, Figure 21D).

[00234] TGFf induces ALCAM expression and shedding

[00235] ALCAM is proteolytically shed from PC3 cells (Figure 21). Absence of the
cytoplasmic tail confirms that the ectodomain is shed (Figure 21A). Moreover, ALCAM is
absent from PC3-derived exosomes ensuring that the ectodomain is shed and not released
with cell-derived microparticles (Figure 21B). Since prostate cancer disseminates
predominantly to bone we selected cytokines thought to be involved in this process, including
TGFB. Of the 8 agents tested, TGFB promoted ALCAM shedding relative to overall total
protein increase (Figure 23A). To further explore the response to exogenous stimulation with
TGFB, ALCAM expression in PC3 cells was compared to ALCAM expression in LNCaP
cells which are unable to respond to the cytokine because they lack TGFf receptor type I
(Figures 23B and 23C). Quantitative RT-PCR analysis for ALCAM demonstrates that TGF(
was also able to induce ALCAM gene transcription in PC3 but not LNCaP cells (Figure
23B). The cytokine also increased levels of ALCAM protein expression and ectodomain
shedding (Figure 23C). Conversely, LNCaP did not respond to TGFf even though these cells
express abundant ALCAM (Figure 23C). TGFB-induced expression in PC3 cells could be
abrogated with the small molecule inhibitor SB431542 (Figure 23D, 10um; Sigma) while
TGFB-induced ALCAM mRNA and protein expression could be restored in LNCaP cells
when the cells were transfected with dominant-active TGFp receptor type I (Figures 23E
and 23F).

[00236] ALCAM shedding in vivo correlates with tumor progression

[00237] To determine if tumor-derived ALCAM is the source of elevated circulating

ALCAM, species-specific antibodies were used to monitor circulating levels of both host
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(mouse) ALCAM and tumor (human) ALCAM longitudinally during orthotopic and
subcutaneous growth of PC3 cells (Figure 24). The half-life of human ALCAM in the
circulation of its mouse host was determined to confirm that tumor-derived ALCAM could
act as a stable biomarker in vivo (Figure 25). Circulating ALCAM exhibits a 17hr half-life
which is sufficient for monitoring its release from an endogenous tumor burden.

[00238] Circulating levels of ALCAM were subsequently monitored on a weekly basis
(Figure 24A) in SCID mice bearing subcutanous (Figures 24B, n=5) or orthotopic
xenografts of PC3 (Figure 24C, n=8). Animals were bled on a pre-determined schedule via
saphenous vein puncture. Circulating ALCAM levels were detected by ELISA and a
comparison to pre-grafting baseline levels allowed for the detection of any increase in host
(mouse) ALCAM and the appearance of tumor (human) ALCAM in response to an
increasing tumor burden. Tumor-derived ALCAM levels showed significant weekly increases
in the serum of tumor-bearing mice (Figures 24B, 24C, and 26; P < 0.0001). Regression
analysis showed a direct linear relationship between circulating levels of tumor-derived
ALCAM and tumor burden for subcutaneous xenografts (Figure 24B; tumor-derived R* =
0.707, p<0.0001, n = 4) and orthotopic xenografts (Figure 24C; tumor-derived R* = 0.7066,
p<0.0001, n = 4). In contrast to tumor-derived ALCAM, changes in host-derived ALCAM
did not correspond to tumor burden (Figure 24B; host-derived R?=0.03671, n =4 animals;
Figure 24C; host-derived R* = 0.01358, n = 4 animals).

[00239] ALCAM shedding is mediated by ADAM17 in vitro and in vivo

[00240] Knockdown of ADAM17 using small interfering RNA (siRNA) transfection
resulted in a loss of TGFB-induced ALCAM shedding (Figure 27A). Similar results were
obtained using an ADAM17-specific inhibitor (Figure 27B, Compound-32, BMS). These
studies were extended to orthotopic models to confirm that ADAM17 was also the primary
protease responsible for ALCAM shedding in vivo (Figure 27C). In vivo inhibitor dosing
and efficacy was confirmed using serum TNF-alpha (Figure 28, n=6) which demonstrated
that 50% inhibition of ADAM17 could be achieved for the duration of the ALCAM serum
half-life (Figure 25; 17hr) without signs of distress or toxicity. Mice were treated twice-daily
for 3 days with 20mg/kg of the ADAM17 inhibitor (Compound-32 or vehicle DMSO
control). Pre-surgery, weekly, pre- and post-treatment saphenous vein bleeds were collected.
Inhibition of ADAM17 resulted in a significant decrease in serum levels of shed ALCAM
approximating the 50% inhibition we achieved with our dosing studies (Figure 28). Taken
together these data suggest that ALCAM cell surface shedding is mediated by ADAM17 and
promoted by TGFp.
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[00241]  Knockdown of ALCAM in PC3 cells inhibits TGFf-induced migration and in
vivo dissemination to bone

[00242] To test whether ALCAM is functionally involved in tumor cell migration and
metastasis, expression in PC3-Luc cells was knocked down using viral delivery of short
hairpin RNA (shRNA). Three separate stable ALCAM knockdowns were produced (ALCAM
KD 1, 2 and 3). Transduced cells were selected with puromycin and subsequently subjected
to flow-sorting to isolate the highest knockdown population (Figure 29A). PC3-luc-
ALCAM®! cells and PC3-luc-ALCAM shControl cells were pretreated with 10ug/ml
TGFP1 for 16hrs in serum-free conditions, followed by initiation of MAtS assay (Figure
29B) or scratch assay (data not shown). TGFB1 pre-treatment and treatment were compared
at the time of scratch and exhibited similar results. The analysis revealed a loss TGFp-
induced migration in PC3-luc-ALCAM®P! cells (Figure 29B) similar observations were
made in ALCAM*? and ALCAM®™? cells. The reduction in ALCAM expression led to a
slight increase in migration, possibly due to a loss of ALCAM-ALCAM homotypic
interaction on adjacent cells.

[00243] Given the critical importance of cancer cell migration in malignant tumor
expansion and metastasis, the contribution of ALCAM to primary tumor growth and bone
metastasis was evaluated. Primary tumor growth was accomplished using an orthotopic
model based on implantation of tumor cells into the anterior prostate of SCID mice (Figure
29C, n=8 for PC3-luc-Control and PC3-luc-ALCAM*P"). Skeletal metastasis was
accomplished by intracardiac injection of tumor cells in nude mice (Fig. 5D, n=31 for PC3-
luc-Control and n=25 for PC3-luc-ALCAM*""). Bioluminescent imaging was used to
monitor tumor burden for both models at weekly intervals. Reduced ALCAM expression did
not limit tumor growth within the prostate (Figure 29C). Whole body and ex vivo
bioluminescent imaging of the orthotopic model upon experiment completion confirmed that
both the PC3-luc-Control and PC3-luc-ALCAM*P! exhibited similar tumor burden based on
luciferase activity (Figure 29C), and comparable tumor size based on weight (Figure 29D).
Local invasion and mesenteric dissemination is common in this model and was not altered by
reduced ALCAM expression.

[00244] In contrast to the orthotopic model, a reduction in ALCAM resulted in a
significant decrease in skeletal metastasis (Figure 29E). Both incidence and metastatic
burden were reduced. Approximately 75% of mice injected with PC3-luc-Control tumor cells
developed bone metastasis while only 17% of the mice injected with PC3-luc-ALCAM*"!

cells developed bone lesion. In addition, mice that did develop skeletal metastases formed by
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PC3-luc-ALCAM®P!, the number of lesions per mouse was greatly reduced (0.2 events
versus 1.4 events Figure 29F). The orthotopic and intracardiac experiments were repeated
with PC3-luc-ALCAM®™ and similar results obtained.

[00245] ALCAM expression contributes to tumor cell survival in the bone
microenvironment

[00246] To determine the biologic importance of tumor-derived ALCAM in prostate
tumor growth in the bone, PC3-luc-Control (n=8), PC3-luc-ALCAM*P? (n=8) and PC3-luc-
ALCAM*P? (n=8) were injected into the tibia of nude mice. Following intratibial injection,
luminescent and X-ray imaging was used to monitor tumor burden over time (Figure 30A).
Quantitation of the bioluminescent signal showed a lower growth rate for the ALCAM KD
cells (Figure 30B). At completion of the experiment 100% of control mice exhibited lesion
compared to an 80% incidence in limbs bearing PC3-luc-ALCAM*™ tumor cells (Figure
30C). ALCAMXP intratibial tumors continued to exhibit reduced ALCAM expression
(Figure 30D). Detailed imaging of the osteolytic lesions by microCT (Figure 31A) further
confirmed decreased lesion area and increased bone volume in the bones containing ALCAM
KD cells (Figures 31B and 31C). Finally, the histological visualization of bone tumors
generated by control and ALCAM KD cells resulted in reduced bone tumor size upon
ALCAM knockdown (Figure 31D). Tibias in the PC3-luc-vector, PC3-luc-ALCAM*™? and
PC3-luc-ALCAM®P? were stained for the osteoclast marker, tartrate-resistant alkaline
phosphatase (Figure 32). Both the ALCAM KD tumors induced osteolytic lesions as
evidenced by osteoclast presence adjacent to tumor lesions suggesting that the ability to
induce bone-remodeling was not deficient in these cells.

[00247] Immunofluorescent staining was performed for cleaved caspase-3 (Figure
31E, apoptosis) and Ki67 (Figure 31F, proliferation) on intratibial bone tumors harvested at
28 days post injection Compared to the control tumors, the bone tumors created by both
ALCAM KD cells exhibited elevated levels of cleaved caspase-3 suggesting that these cells
are experiencing a reduced ability to survive (Figure 31G). In addition, bone tumors from
PC3-luc-ALCAM*™ had significantly lower Ki67 staining suggesting that ALCAM
contributes to both proliferation and survival (Figure 31H).

[00248] Discussion

[00249] The data reveals that ALCAM plays a role in prostate cancer establishment in
the bone microenvironment. ALCAM mRNA is elevated in malignant disease yet by
immunohistochemistry it is frequently absent from the tumor cell surface in advanced disease

(Figure 24D). In colorectal cancer, ectodomain shedding is responsible for the apparent loss
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of ALCAM detection. This shedding is likely the cause for conflicting results reported for
several malignancies. Indeed the protease responsible for shedding of ALCAM ectodomain
(ADAM17), is elevated in advanced prostate cancer (Figure 21B). This data implies that,
while ALCAM gene transcription is elevated in prostate cancer, ectodomain shedding
depletes the cell surface of intact protein in advanced disease. Regression analysis showed a
direct linear relationship between circulating levels of (human) tumor-derived ALCAM and
tumor burden in animals with subcutaneous xenografts (Figure 24B) and orthotopic
xenografts (Figure 24C). In contrast, the host-derived ALCAM did not correspond to tumor
burden (Figures 24B and 24C), demonstrating that elevations in circulating ALCAM are
tumor-specific. Consistent with this observation, host-derived ALCAM does not increase, but
rather decreases slightly, in immunocompetent mice challenged LPS (a model of acute
inflammation)or full-thickness skin punch ( a model for wound-healing, Figures 24B and
24C, respectively). These data suggest that tumor-derived ALCAM is a marker specific of
tumor burden and that host ALCAM is not significantly shed in response to the tumor burden.

[00250] Suppression of ALCAM expression using gene-specific ShRNAs prevented
TGFp induced migration in vitro (Figure 29B) and inhibited metastasis as well as tumor
growth in bone in vivo (Figures 29-31). These observations demonstrate that ALCAM is not
only a marker of cancer progression but also a significant regulator of tumor cell migration
and metastasis to bone. Within the metastatic cascade there are many sequential steps that can
contribute to the overall success of any single metastatic lesion. Evaluation of the primary
tumor within the prostate did not reveal any deficiency in growth or local invasion.
Conversely, experimental metastasis by intracardiac injection resulted in nearly 10-fold
reduction of skeletal metastasis (Figure 29). This reduced metastatic incidence suggests that
ALCAM is required for dissemination to the bone. Further examination tumor growth after
intratibial injection (Figure 30) revealed a significant inhibition in tumor growth without
affecting the tumor incidence. The reduced metastatic incidence from circulating tumor cells
(intracardiac injection) together with the reduced growth of the metastatic burden in the bone
(intratibial injection) without further impact on incidence indicates that ALCAM contributes
to metastatic dissemination as well as growth in the metastatic sites.

[00251]  Although the role of ALCAM in extravasation was not be tested directly, it is
possible that the requirement for transendothelial migration extends to metastatic tumor cells.
The reduced metastatic incidence after intracardiac injections indeed supports that hypothesis
(Figure 29). The lesions that did arise from circulating PC3-luc-ALCAM®P cells were

smaller than those generated from PC3-luc-Control cells suggesting an additional
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contribution from ALCAM to metastatic growth. Indeed, metastatic lesions generated after
intratibial injection did not significantly impact tumor incidence (Figure 30C) but did
dramatically reduce expansion of the metastatic tumor burden (Figure 31F).

[00252] Intratibial tumors generated by PC3-luc-ALCAMX®P did not re-express
ALCAM (Figure 29D) allowing further investigation of any molecular disparities between
metastatic lesions that expressed ALCAM and those that did not. The abundant presence of
osteoclast activity by TRAP staining (Figure 32) in metastatic lesions of PC3-luc-ALCAM®P
suggests that there is no deficiency in osteolysis. Nevertheless, these lesions remain
significantly smaller than those created by PC3-luc-Control suggesting that there was not a
lag in tumor growth but rather a persistent reduced ability to proliferate or, conversely, a
decreased ability to survive. Although reduced proliferation in vitro was not observed
(Figure 33), in vivo metastatic lesions created by PC3-luc-ALCAMX? did exhibit reduced
proliferation and increased apoptosis. Intriguingly, PC3-luc-ALCAM*™2, which retains more
ALCAM expression than PC3-luc-ALCAM™™? (Figure 30A), did not exhibit reduced
proliferation suggesting that the threshold of ALCAM expression that influences cell survival
is different from the threshold influencing cell proliferation.

[00253] Together these observations suggest a dual adhesive and signaling function of
ALCAM whereby the intracellular signaling function of ALCAM functions to serve a
protective role in apoptosis, and the extracellular adhesive function is required for

extravasation and subsequent colonization at a secondary site.

[00254]  While the terms used herein are believed to be well understood by one of
ordinary skill in the art, definitions are set forth herein to facilitate explanation of the
presently-disclosed subject matter.

[00255] Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which the
presently-disclosed subject matter belongs. Although any methods, devices, and materials
similar or equivalent to those described herein can be used in the practice or testing of the
presently-disclosed subject matter, representative methods, devices, and materials are now
described.

[00256] Following long-standing patent law convention, the terms “a”, “an”, and “the”
refer to “one or more” when used in this application, including the claims. Thus, for

example, reference to “an antibody” includes a plurality of such antibodies, and so forth.
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[00257]  Unless otherwise indicated, all numbers expressing quantities of ingredients,
properties such as reaction conditions, and so forth used in the specification and claims are to
be understood as being modified in all instances by the term “about”. Accordingly, unless
indicated to the contrary, the numerical parameters set forth in this specification and claims
are approximations that can vary depending upon the desired properties sought to be obtained
by the presently-disclosed subject matter.

[00258]  As used herein, the term “about,” when referring to a value or to an amount of
mass, weight, time, volume, concentration or percentage is meant to encompass variations of
in some embodiments £20%, in some embodiments +£10%, in some embodiments +5%, in
some embodiments +1%, in some embodiments +0.5%, and in some embodiments £0.1%
from the specified amount, as such variations are appropriate to perform the disclosed
method.

[00259]  As used herein, ranges can be expressed as from “about” one particular value,
and/or to “about” another particular value. It is also understood that there are a number of
values disclosed herein, and that each value is also herein disclosed as “about” that particular
value in addition to the value itself. For example, if the value “10” is disclosed, then “about
10 is also disclosed. It is also understood that each unit between two particular units are also

disclosed. For example, if 10 and 15 are disclosed, then 11, 12, 13, and 14 are also disclosed.

[00260] Throughout this document, various references are mentioned. All such
references are incorporated herein by reference, including the references set forth in the
following list:
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CLAIMS

What is claimed is:

I. A shed ALCAM label for use in the identification of shed ALCAM in a sample from

a subject.

2. The label of ¢laim i, wherein the label includes an antibody.

3. The label of claim 1 or 2, wherein the label can produce a signal which can be
detected.

4. The label of claim 3, wherein the signal is an optical signal.

3. The label of claim 3, wherein the optical signal includes fluorescence.

6. The label of any preceding claim, wherein the label comprises an antibody and a

signal-producing moiety conjugated to the antibody.

~
/

The label of any preceding claim, wherein the label recognizes the C-terminal

ALCAM, shed ALCAM, or a combination thereof.

8. The label of ¢laim 1 to 6, wherein the label recognizes the N-terminal ALCAM, shed
ALCAM, or a combination thercof.

9. The label of any preceding claim, wherein the label is detectable with the use of
ELISA.
10. A method for characterizing and/or monitoring a cancer in a subject, comprising:

(a) providing a biological sample from the subject;

(b) determining a presence or an amount of shed ALCAM in the biological
sample; and

(©) comparing the presence or the amount of the shed ALCAM in the biological

sample to a reference, wherein the cancer is characterized and/or monitored based on a
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measurable difference in the presence or the amount of the shed ALCAM from the biological

sample as compared to the reference.

It The method of claim: 10, wherein the characterizing comprises providing a diagnosis,

prognosis and/or theranosis of the cancer.

12. A method for evaluating treatment efficacy and/or progression of a cancer in a
subject, comprising:

(a) providing a biological sample from the subject;

(b) determining a presence or an amount of shed ALCAM in the biological
sample; and

(c) comparing the presence or the amount of the shed ALCAM to a reference,
wherein the treatment efficacy and/or progression of the cancer is evaluated based on a
measurable difference in the presence or the amount of the shed ALCAM as compared to the

reference.

13 The method of any one of claims 10 to 12, and further comprising determining an

amount of intact ALCAM.

14. The method of claim: 13, and further comprising calculating a ratio of intact ALCAM
to shed ALCAM.

15, The method of any one of claims 10 to 14, wherein the cancer is a precancerous or
cancerous pathology selected from the group consisting of urogenital cancer, bladder cancer,

renal cell cancer, and colorectal cancer.

16, The method of claim 15, wherein the cancer is urogenital cancer
17. The method of ¢laim 15, wherein the cancer is bladder cancer.

I8. The method of ¢latm 15, wherein the cancer is renal cell cancer.
19. The method of clainm 15, wherein the cancer is colorectal cancer.
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20.  The method of any one of claims 10 to 1%, wherein the reference comprises a level of

the shed ALCAM in one or more samples from one or more individuals without the cancer.

21.  The method of any one of claims 10 to 19, wherein the reference comprises a level of

the shed ALCAM in a sample from the subject taken over a time course.

22. The method of any one of claims 10 to 19, wherein the reference comprises a sample
from the subject collected prior to initiation of treatment for the cancer and/or onset of the
cancer and the biological sample is collected after initiation of the treatment or onset of the

cancer.

23. The method of any one of claims 10 to 19 wherein the reference comprises a standard

sample.

24, The method of any one of claims 10 to 19, wherein the reference comprises control

data.

25. The method of any one of claims 10 to 24, wherein the amount of the shed ALCAM is

increased relative to the reference.

26. The method of any one of ¢claims 10 to 25, further comprising: providing a series of
biological samples collected from the subject over a time course; and determining a presence

or an amount of shed ALCAM in each of the series of biological samples.

27. The method of ¢laim 26, wherein the series of biological samples comprises a first
biological sample collected prior to initiation of treatment for the cancer and/or onset of the
cancer and a second biological sample collected after initiation of the treatment or onset of

the cancer.

28. The method of any one of claims 10 to 27, wherein the biological sample comprises
blood, serum, plasma, a tissue sample (including, but not limited to, a formalin-fixed tissue
sample, a biopsy sample, or a sample obtained at the time of or from a resection), and cells

recovered from stool.
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29. The method of any one of claims 10 to 2¥, wherein the biological sample comprises
tissue.
30. The method of any one of claims 10 to 29, wherein the biological sample comprises
urine.
31. The method of any one of claims 10 to 30, wherein the biological sample comprises
serum.
32, The method of any one of claims 10 to 31, wherein providing the biological sample
from the subject comprises extracting the sample.
The method of any one of claims 10 to 32, wherein providing the biological sample

33.
from the subject comprises isolating the shed ALCAM from the sample.

34, The method of any one of claims 10 to 33, further comprising contacting the
biological sample with an antibody that selectively binds shed ALCAM.

35. The method of claim: 34, wherein the antibody recognizes the C-terminal ALCAM,
shed ALCAM, or a combination thereof.

36.  The method of claim 34, wherein the antibody recognizes the N-terminal ALCAM,
shed ALCAM, or a combination thereof.

37. The method of any one of claims 10 to 36, wherein determining a presence or an
amount shed ALCAM in the biological sample includes use of an ELISA.

38, The method of any one of claims 10 to 37, wherein the method is performed in vitro.
The method of any one of claims 10 to 3§, further comprising selecting a treatment or

39.
modifying a treatment for the cancer based on the amount of the shed ALCAM determined.

40.  The method of any one of claims 10 to 39, wherein a reagent is used.
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41. A kit comprising a reagent to carry out the method of any of claims 10 to 40.

42. The kit of claim 41, comprising an antibody that selectively binds shed ALCAM.

43. The kit of claim 42, wherein the antibody recognizes the C-terminal ALCAM.

44. The kit of claim 42, wherein the antibody recognizes the N-terminal ALCAM.

45.  The kit of any one of claims 41 to 44, further comprising a reference standard sample.

46, The kit of any one of claims 41 to 45, further comprising reference control data.

47.  The kit of claim 45 or 46, wherein the standard sample or the control data is for a

cancer.

48.  The kit of ¢laim 45 or 46, wherein the standard sample or the control data is for non-

cancer.
49. The kit of claim 4%, further comprising a standard sample or control data for a cancer.
50. The kit of any one of claims 41 to 49, wherein the cancer is a precancerous or

cancerous pathology selected from the group consisting of urogenital cancer, bladder cancer,

renal cell cancer, and colorectal cancer.

51. The kit of claimn 50, wherein the cancer is urogenital cancer

|94
N2

The kit of claim 50, wherein the cancer is bladder cancer.

53. The kit of ¢laim 50, wherein the cancer is renal cell cancer.

54, The kit of clazim 50, wherein the cancer is colorectal cancer.
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