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Abstract

The function and clinical utility of stem cell markers in metastatic castration-resistant prostate
cancer (MCRPC) remains unresolved, and their expression may confer important therapeutic
opportunities for staging and therapy. In the adult human prostate, CD133 (PROM1) expression
identifies infrequent prostate epithelial progenitor cells and putative cancer stem cells. Previous
work demonstrated an association with CD133 and cancer cell proliferation using in vitro model
systems. The primary objective here was to investigate the expression of CD133 in circulating
tumor cells (CTCs) from patients with mCRPC and to test the hypothesis that patients with
mCRPC had CD133-positive CTCs associated with increased cell proliferation, changes in the
androgen receptor (AR) protein expression, or AR nuclear co-localization. We utilized
ImageStreamX technology, which combines flow cytometry and fluorescence microscopy, to
capture and analyze CD45-negative/EpCAM-positive CTCs for CD133, Ki-67, and AR. All
patient samples (20/20) contained CD133-positive populations of CTCs, and on average 50.9 +
28.2% (range of 18.2% to 100%) of CTCs were CD133-positive. CD133-positive CTCs have
increased Ki-67 protein expression compared to CD133-negative CTCs, implying that CD133-
positive CTCs may have greater proliferative potential when compared to their CD133-negative
counterparts. CD133-positive and CD133-negative CTCs have similar levels of AR protein
expression and cellular co-localization with nuclear markers, implying that CD133 expression is
independent of AR pathway activity and an AR-independent marker of mCRPC proliferation.

This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited.
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These studies demonstrate the presence of CD133-positive populations in CTCs from mCRPC
with increased proliferative potential.

Keywords

CD133; androgen receptor; circulating tumor cells; metastatic castration-resistance prostate
cancer; proliferation

Introduction

The dissemination and metastatic growth of prostate cancer cells continues to be a major
clinical problem, and new strategies are needed to detect and target prostate tumor
metastases [1,2]. Furthermore, despite favorable initial responses to hormone depleting
therapies, many patients develop metastatic castration-resistant prostate cancer (NnCRPC),
characterized by continued growth and metastasis of the tumor despite castrate levels of
testosterone [3]. Castration-resistance is thought to arise from diverse mechanisms.
Historically, the androgen receptor (AR) has been a crucial component of castration-
resistance through various ligand-dependent and ligand-independent pathways [4,5].
However, the role of stem cell genes and putative cancer stem cells (CSC) in mCRPC is
undefined and may have significant implications for therapeutic resistance and disease
progression. In particular, CD133 is thought to mark stem cells and is a widely expressed
CSC marker among various tumor types [6-8].

Various organs, including the prostate, harbor rare populations of CD133-positive
(CD133pos) cells [8,9]. We previously documented that CD133pos prostate cancer cells are
more likely to be in the G2-phase of the cell cycle relative to cells that stain negative for
CD133 (CD133neg); this G2-accumulation correlates with faster cell proliferation of
CD133pos cells in multiple prostate cancer cell lines [10]. Analyses using in vitro cell lines
documented that stable ectopic over-expression of CD133 does not alter the cell cycle, and
AR pathway activation increases the frequency of cells in the G2-phase of the cell cycle
specifically within CD133pos cells; collectively these data imply that AR may function
differently within CD133pos cells when compared to CD133neg cells [10]. It is unknown,
however, whether such a correlation between AR pathway activity and CD133 expression
exists within patient-derived mCRPC CD133pos cells.

Various approaches are currently available to enable investigation of mMCRPC cells in
patients. However, these methods are usually invasive, generally yield a low amount of
sample, and may not fully capture castration-resistant disease [11]. An alternative to these
procedures is the acquisition and analysis of patient blood containing cells from a tumor or
metastases that have entered circulation. Since obtaining these Circulating Tumor Cells
(CTCs) is relatively non-invasive and may yield prognostic information, techniques have
been crafted to investigate these rare cells in patients [12-21]. However, to date the only
FDA approved method for collecting and enumerating CTCs in prostate cancer is the
CELLSEARCH system (Janssen Diagnostics) [22]. We have recently reported a novel
strategy for interrogating CTCs utilizing ImageStreamX, a marriage between high-resolution
microscopy and flow cytometry technology [23]. We chose to use the ImageStreamX
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platform because of the ability of this technology in enumerating, multiplexing, and
quantifying protein expression and cellular co-localization within CTCs. In addition,
ImageStreamX also enables fixation and storage of samples, which facilitates increased
flexibility in sample storage, staining, and analysis.

Because our previous work supports a role for CD133 in cell proliferation in vitro [10], the
aim of our current study was to determine if CD133 was associated with increased
proliferation, as well as changes in the Androgen Receptor (AR) expression or co-
localization with the nucleus in CTCs from patients with mCRPC. Previous work by both
Armstrong et al. and Pal et al. have documented the existence of CD133pos CTCs within
blood acquired from advanced mCRPC patients and after local therapy, respectively in both
studies the expression of CD133 was restricted to a sub-population of cells[24,25]. Thus,
based upon these observations and our in vitro data, we hypothesized that CD133 expression
will be associated with increased cellular proliferation and AR pathway activation.

To test this hypothesis, we utilized ImageStreamX technology to capture and analyze CTCs
for various markers associated with proliferation, including CD133, Ki-67, and AR. Our
results document that all patient samples (20/20) analyzed in this study contains a CD133pos
CTC population. Importantly, CD133pos CTCs have increased proliferative potential
compared to their CD133neg counterparts, which corroborates with our previously
published in vitro data [10]. Interestingly, AR protein levels and co-localization with the
nucleus remain similar in CTCs irrespective of CD133 status, implying that CD133
expression is independent of AR pathway activity in patient-derived CTCs.

Materials and methods

Study design

Patients

This was a primarily exploratory study with the primary goal of providing the expression
characteristics of CD133 on the surface of CTCs from patients with metastatic castration
prostate cancer. Based on our previous work with androgen receptor and Ki-67 staining [23],
we anticipated that 20patients would allow accurate CD133 CTC expression
characterization. As the biomarker expression characteristics and variability within our
patient cohort was not known, a formal biostatistical plan to determine the sample size
needed was not possible.

All patients were treated at the University of Chicago for mCRPC and provided informed
consent per an Institutional Review Board-approved (University of Chicago IRB 10-174B)
prospective clinical protocol. All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards. Informed consent was obtained from all individual
participants included in the study. Additional informed consent was obtained from all
individual participants for whom identifying information is included in this article. All
patients were progressing on their current therapy by PSA or radiologic criteria [23]. Blood
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(15 mL) was collected and processed within 2 hours, including isolation of mononuclear cell
fraction. All samples with detectable CTCs were included for the analysis. Patients with
mMCRPC with progressive disease were eligble to participate in the study.

ImageStream X Analysis of CTCs from patients with mCRPC

Blood obtained from patients with mCRPC for ImageStreamX analysis was processed as
previously described [23]. Briefly, cells were centrifuged at 1500G for 20 minutes at room
temperature. Mononuclear cells (i.e. buffy coat) were transferred into a new tube and kept at
4°C. Cells were centrifuged at 450G for 10 minutes and washed with PBS. Cells were
blocked using FcR Blocking Reagent (Miltenyi Biotec (130-059-901), Bergisch Gladbach,
Germany; 1:10 dilution) for 10 minutes. One ul of Biotin anti-human CD45 (Biolegend
(304004), San Diego, CA; 1:100 dilution) per 5x106 cells was added, incubated for 20
minutes, washed with PBS, and centrifuged for 10 minutes at 450G. This was repeated
twice. Anti-biotin microbeads (Miltenyi (130-090-485), 1:4 dilution) were added to cells at a
1:4 dilution per 107 cells for 15 min, washed with PBS, and centrifuged at 450G. Cells were
resuspended in 500 ul PBS and CD45 depleted using AutoMACS Pro (Miltenyi) per the
manufacturer's instructions. Following depletion, cells were centrifuged for 10 minutes at
450G, washed and fixed for 15 minutes with 3.2% Ultra-Pure EM Grade Formaldehyde
(Polysciences, Warrington, PA; Inc.,1:6 dilution), and stored at 4°C for up tothree months
(average storage time was 4 weeks). Staining was performed using EpCAM (Biolegend
(324221); 1:40 dilution), CD133 (Miltenyi (130-090-853); 1:8 dilution), and CD45 (Life
Technologies (Q10156), Carlsbad, CA; 1:27 dilution) antibodies in the dark for 30 minutes.
For intracellular staining, cells were then washed with PBS. Fixation/Permeabilization
buffer from FoxP3 Buffer Set (eBioscience, San Diego, CA; 1:4 dilution) was added to cells
for 30 minutes then washed off with PBS. Next, cells were washed with Perm Buffer from
FoxP3 Buffer Set (eBioscience (00-5523-00), 1:10 dilution) and centrifuged at 450G for 5
minutes. Cells were stained intracellularly for AR (Cell Signaling Technology (7397S),
Beverly, MA,; 1:11 dilution), and Ki-67 (Biolegend (350517), 1:11 dilution) in the dark for
one hour. Cells were washed with Perm Buffer and then PBS. Finally, cells were stained
with FxCycle Violet (Life Technologies (F10347), 1:1000 dilution) and acquired on
ImageStream X (Amnis; Seattle, WA). Gating strategies and multi-marker compensation
was maintained throughout all samples. Analysis was conducted using IDEAS software
(Amnis).

Cell lines and spike-in experiments

The LNCaP and LAPCA4 cell lines were generously provided by Dr. John Isaacs at The
Johns Hopkins University. CWR-22Rv1's were purchased from ATCC. All cell lines were
authenticated (DDC medical) and mycoplasma tested (ATCC Universal Mycoplasma
Detection kit). LNCaP and CWR-22Rv1 cells were grown using RPMI-1640 plus 10% Fetal
Bovine Serum (FBS) and 1x Penicillin-Streptomycin(Life Technologies); LAPC4 cells were
cultured in IMDM media containing 10% FCS, Pen-Strep, and 1 nM R1881 [26]. To
establish controls for ImageStreamX analyses, CWR-22RV1 and LNCaP cells were spiked
into human blood and stained with CD133, FxCycle Violet, and EpCAM. ImageStreamX
was then used for the acquisition and analysis of CD133pos cells. LAPC-4 cells
overexpressing CD133 were used as a positive control for CD133 expression as previously
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described (Reyes et al., 2013). LAPC-4 cells stained with FxCycle Violet and EpCAM were
used as Fluorescence Minus One (FMO) negative control for CD133 staining. CD133
positivity was determined based on these controls.

Data from 938 CTCs from 20 prostate cancer patients were divided into two groups
according to CD133 expression (CD133pos vs. CD133neg). For Ki-67 expression, AR
expression, and similarity index, each patient's median intensity of their CD133pos CTCs
was compared to that of their CD133neg CTCs using the

Wilcoxon signed-rank test which is appropriate for analysis of paired data measured on a
continuous scale. The nonparametric Wilcoxon signed-rank test makes no assumptions
about the data distribution or about equality of variances. Statistical analysis was conducted
with Stata Version 13 (StataCorp, College Station, TX). Box-and-whisker plots were
generated to represent the distribution of medians where the top of each box represents the
75t percentile and the bottom of the box represents the 25t percentile. Box plots were
executed using RStudio software. In addition, the range and standard deviation of intensity
values for the CTCs were calculated.

CD133pos cells are detectable in blood using ImageStreamX

We previously demonstrated that our CTC detection and interrogation technique is reliable
and reproducible and enables quantitative characterization of intracellular and extracellular
epitopes from mCRPC patients [23]. In brief, our technique involves obtaining the
mononuclear cell layer (buffy coat) from patient blood, AutoMACS depleting CD45-
positive (CD45pos) cells, fixing and staining extra-and-intracellularly with the epithelial cell
marker EpCAM, the nuclear stain FxCycle Violet, the proliferation-associated marker
Ki-67, CD133, and AR, followed by ImageStreamX data acquisition and analysis. The
criteria for characterizing and defining a CTC has also been described (Reyes et al., 2014).
ImageStreamX was able to eliminate debris and false-positives, and 94.2% of events were
legitimate cells based on nucleation and cellular morphology [23].

We first sought to determine whether detection of CD133pos prostate cancer cells in blood
using ImageStreamX was feasible. To establish robust criteria for CD133-positivity vs.
CD133-negativity, we determined our gating strategy for CD133 staining in CTCs using
CD133 over-expressing LAPC-4 cells (Figures 1A and 1B) [10]. Our CD133pos CTC gate
cutoff was based on a commonly used “Fluorescence Minus One” (FMQ) approach [27].
Our CD133 FMO control accounted for background fluorescence in CTCs and excluded
99.9% of CTCs that stained negative for CD133. Based upon these criteria, we next spiked
defined quantities of CWR22Rv1 and LNCaP prostate cancer cells into blood obtained from
healthy donors. As expected, we reliably detected CD133pos/EpCAMpos nucleated cells,
even when cells were spiked at a low frequency (Figures 1C and 1D). The percentage of
EpCAMpos cells that were also CD133pos was consistent with the low percentage of
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CD133pos cells within the prostate cancer cell lines, as we have previously reported (Figure
1C) [10].

After establishing an optimal gating strategy for CD133pos CTCs, we next determined the
percentage of CD133pos CTCs within the EpCAMpos population in mCRPC patients using
ImageStreamX technology. Indeed, our method was able to reliably detect populations of
CD133pos/EpCAMpos CTCs in peripheral blood obtained from patients with mCRPC
(Figures 2A and 2B). Thus, we proceeded by utilizing this method to interrogate the
prevalence, molecular characteristics, and proliferation of CTCs from patients with mCRPC.

CD133 protein expression is prevalent in CTCs from patients with mCRPC

Under physiological levels of androgen, comparable to a noncastrated host, CD133pos cells
are an infrequent population in vitro [10]. However, using cell lines in vitro the response to
AR-blockade with the clinically approved anti-androgen enzalutamide showed that the
percentage of CD133pos cells increases [10]. Given that our patients were exposed to
various AR-targeted therapies, we hypothesized that CD133pos cells would be a relatively
robust population in CTCs. To test this, we enrolled 20 patients with mMCRPC who had
experienced clinical disease progression on their most recent therapy. The clinical
characteristics of these patients, including prior therapies, are summarized in Table 1.
Importantly, 20 of 20 patients samples had detectable CD133pos cells of varied levels of
CD133 expression (Table 1, Figure 2C). In total, among all patient-derived CTCs, 50.9%
(StDev of 28.2; Range 18.2% to 100%) of cells stain positive for CD133 (Figure 2C). These
data document that in every patient with EpCAMpos CTCs, there was a detectable sub-
population of CD133pos cells.

High level of CD133 expression is associated with increased Ki-67 expression in CTCs

We next sought to determine whether such CD133pos CTCs had distinct characteristics
when compared to their CD133neg counterparts. In the prostate, CD133 has been defined as
a stem cell marker and a putative cancer stem cell marker [28,6,7]. For this reason, cells
expressing CD133 are generally thought to be a quiescent population [29,30]. However, we
have previously shown that CD133pos prostate cancer cells are more proliferative compared
to CD133neg cells in vitro [10]. We also recently demonstrated variable protein expression
of Ki-67 within CTCs utilizing ImageStreamX, whereby increased levels of Ki-67 is
associated with increased AR expression and nuclear co-localization [23]. Using flow
cytometry and ImageStreamX, Ki-67 protein expression is detectable at the G1-phase of the
cell cycle, and expression increases with cell cycle progression [23,31]. This is a different
method to measure the expression pattern of Ki-67 compared to what has been previously
observed using immunohistochemistry where bimodal Ki-67 is a qualitative marker of a cell
undergoing cell proliferation.

Expression of Ki-67, however, has been discussed as a marker of the potential for a cell to
divide but does not predict the actual division of the cell [32]. These observations support

that increased Ki-67, when analyzed using flow cytometry and ImageStreamX, indicate an
increased potential for cell division.
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To test the proliferative potential of CD133pos cells within mCRPC patient samples, we
compared Ki-67 protein expression between CD133pos and CD133neg CTC populations.
Our results document that CD133pos CTCs have more Ki-67 protein expression compared
to CD133neg CTCs (Figure 3, p=0.03). Analyses of captured CTCs (N=591 of 12 patients)
document detectable Ki-67 protein expression, with a wide range of staining intensity. There
were clear differences in the range and variability of Ki-67 expression between CD133pos
(Range: —348967.9 to 500145.3; StDev: 78338.2) versus CD133neg CTCs (Range:
—-79806.3 to 1510095.9; StDev: 156288.1). Within 10/12 individual patients, the CD133pos
CTC populations had increased Ki-67 expression compared to CD133neg cells. In 2 of 12
patients, however, the reverse was true; this could be due to differences in therapeutic
regimen or underlying molecular differences within the tumor cells. Overall, these data
support our hypothesis that CD133pos CTCs have enhanced potential for cell division.

Analyses of androgen receptor expression and nuclear co-localization between CD133pos
andCD133neg CTCs

To further study the underlying mechanisms leading to an association between CD133 and
proliferation in CTCs, we interrogated the Androgen Receptor (AR). AR is a steroid
transcription factor known to drive prostate cell proliferation and remains a clinical target
even in the context of MCRPC [33]. Furthermore, we previously showed that AR expression
and nuclear co-localization are associated with increased Ki-67 expression within our
current CTC populations from patients with mCRPC [23]. Moreover, AR pathway activation
within prostate cancer cells grown in vitro increase the percentage of CD133pos cells [10].
Thus, we sought to test whether CD133 expression and AR protein expression were
correlated in CTCs derived from patients with mCRPC. To test this, we compared CD133
and AR intensity in our patient samples using ImageStreamX. We previously reported that a
fluorescence intensity cutoff of 1 x 104 RFIU (relative fluorescence intensity units) defines
AR-high (ARhigh) cells based on the treatment of LAPC-4 control cells with the AR-agonist
R1881 and the AR-antagonist enzalutamide [23]. Intriguingly, our results show that AR
protein intensity within CTCs are not statistically different (p=0.31) between CD133pos
(Range: —62337.8 to 1427349.4; StDev: 190738.3) and CD133neg populations (Range: —
149354.6 to 11054469.4; StDev: 618909.1 (Figures 4A-4C).

While our data demonstrates that increased AR protein expression is not associated with
CD133 expression, AR function could be increased by nuclear co-localization without an
increase in overall AR protein expression. Thus, we reasoned that CTCs with increased
levels of AR within the nucleus would have more AR available to bind DNA and activate
cell cycle genes, thus promoting cell proliferation. We analyzed the nuclear co-localization
of AR in CTCs by utilizing the Similarity Index (SI) feature of ImageStreamX to
quantitatively determine AR co-localization with the nuclear staining FxCycle dye as we
have previously reported [23]. Our results demonstrate that CD133pos (Range: —1.76to 4.27,
StDev: 1.11) and CD133neg (Range: —4.17 to 3.99; StDev: 1.11) CTCs have comparable
levels of AR co-localized with the nucleus (Figure 5A-5C, p = 0.68). Collectively, our
results demonstrate that CD133 expression is not specifically associated with AR protein
expression or nuclear co-localization within CTCs derived from patients with mCRPC.
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Discussion

The aim of our current study was to determine whether CD133 was associated with
proliferation or changes in AR expression and activity within CTCs from patients with
mCRPC. To that end, we demonstrate that high levels of CD133 protein expression is
detectable in a significant subset of EpCAMposCTCs, and that 20/20 patients with advanced
disease had detectable populations of CD133pos cells. These data corroborate previous
studies that detected sub-populations of CD133pos CTCs in prostate cancer patients [24,25].
Expression of CD133 is associated with Ki-67 staining intensity in CTCs, but is not
associated with AR expression or nuclear translocation.

Our results raise several important considerations concerning the role of CD133 in
metastatic progression. First, we show that CD133 protein expression is non-uniform in
CTCs from patients with mCRPC and is expressed in a sub-population of EpCAMpos cells.
The overall inter-patient variability of CD133pos CTCs suggests enrichment within certain
contexts. Moreover, these data imply that CD133 does not serve a necessary functional role
for tumor cell dissemination, as both CD133pos and CD133neg CTCsexist in the
circulation. In support of this, Pal et al. documented 76% CD133-positivity of CTCs
detected after surgery for localized prostate cancer [25]; this data further supports the lack of
an association between AR signaling and CD133 as these patients here hormone therapy
naive. Second, the observation that CD133pos CTCs appear to have greater proliferative
potential than CD133neg CTCs suggests that CD133 expression may mark a cancer cell
with greater potential to form a metastatic lesion; this observation may help to explain the
enhanced tumor-initiating qualities of CD133pos cells in multiple tumor types [8,6,9] and
also suggests that CD133pos cells may be more sensitive to cytotoxic therapies. Thus, our
data contradicts the historical definition of CD133 as a marker of a quiescent “stem-like”
cell [29,30], implying that the percentage of CD133pos CTCs may change in response to
therapies targeting dividing cells; such a question is an area for future research.

The association between CD133 expression and proliferation has been investigated in other
tumor and model systems, and data from these studies also support a significant link
between CD133 expression and increased cellular proliferation. In the human kidney,
CD133 expression is associated with proliferating cells and in human osteosarcoma, cells
which stain high for CD133 are more likely to be in the G2-phase of the cell cycle and are
enriched for Ki-67 [34,35]. CD133 expression was also shown to correlate positively with
Ki-67 expression in patients with gastric cancer [36]. However, to the best of our
knowledge, we are the first to report a positive association between CD133 and proliferation
in CTCs from patients with mCRPC.

Our data support a model whereby a non-AR dependent proliferation pathway(s) may be
causing CD133pos CTCs to have increased proliferative potential. In fact, various proteins
are associated or directly implicated in regulating CD133 expression in several mouse and
human cancers; these include HNF4-alpha, AF4, EZH2, and HOXA10 [37-40]. Intriguingly,
some of these proteins have also been implicated in altering cell proliferation [41-43].
However, determining if these or other proteins are directly involved in regulating CD133 or
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altering the proliferative phenotype of CD133pos prostate cancer cells needs to be studied in
greater detail, and is a clear avenue for future research.

The criterion used to identify CTCs is an area of concern when studying sparse cell
populations. To eliminate the vastly abundant CD45+ cells, we AutoMACS depleted the
CD45+ population. Although our CD45-depletion method was efficient, low levels of CD45
positive staining was present in our CD45negative population. CD45+EpCAM+ cells were
found; thus CD45+ cells may have escaped depletion. However, visual inspection suggested
that this population was comprised of false positives, and thus the double-positive
population was due to non-specific EpCAM staining of debris, as we have previously
reported [23].

A limitation of our study is defining CTCs by EpCAM positivity. Other groups have used
various markers to define CTCs [44,24]. A concern when using EpCAM as a marker of CTC
identification is that normal epithelial cells can be in circulation, although a rare event
[45,46]. However, after CD45 depletion, cells staining EpCAM+ were larger compared to
EpCAM- cells, as we have previously reported [23]. Since CTCs have been shown to be
larger than hematologic cells our data support the notion that EpCAM+CD45-depleted cells
are CTCs [47-49]. Furthermore, we also may have failed to detect EpCAM- CTCs
However, we chose EpCAM because of the extensive literature supporting EpCAM
positivity as a reliable marker of CTCs and we report successful detection of EpCAM+
CTCs expressing CD133, AR, and Ki-67 markers.

Our results raise interesting avenues for future studies. We show that CD133pos CTCs have
more Ki-67 staining compared to CD133neg CTCs. Determining if CD133pos CTCs are
actively cycling in circulation or if they simply have the increased potential to proliferate
and are thus not actively dividing requires further experimentation. Testing this would
require sorting CTCs and performing a time-course proliferation assay (e.g. BrdU).
Although ImageStreamX is not capable of cell sorting, this may be accomplished with
Fluorescence-Activated Cell Sorting (FACS), and is an avenue for further study. Of equal
importance, determining the clinical relevance of CD133pos Ki-67high CTCs is of interest,
and a prospective study with a larger, more homogenous patient cohort would be required to
determine if increased CD133pos Ki-67high CTCs is correlated with decreased patient
survival.

In summary, we demonstrate that CTCs from patients with mCRPC have robust CD133
protein expression, and high levels of CD133 are associated with an increased capacity for
proliferation. AR expression and cellular co-localization is comparable in CTCs irrespective
of CD133 status, implying that AR may not be directly causing CD133pos CTCs to be more
proliferative. Finally, as we learn more about the biology of CD133 in the context of CTCs,
novel breakthroughs in this field may open avenues for the use of cytotoxic drugs to target
these cells with enhanced proliferative potential.
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CD133P=

CD133Nes

CD133P=

CD133M=

CD133pos cells are detectable in blood using ImageStreamX. A and B. Representative dot
plot and ImageStreamX images comparing CD133neg and CD133pos cells in Fluorescence
Minus One (FMO) LAPC-4 (negative control), and LV-CD133-expressing LAPC-4 cells
(positive control). C and D. Dot plot and ImageStreamX images detecting LNCaP and
CWR-R1 prostate cancer cells spiked into blood from ahealthy donor.
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Figure2.

CD133 protein expression is prevalent in CTCs from patients with mCRPC. A.
Representative dot plot comparing CD133neg and CD133pos CTCs from patients with
mMCRPC. B. Images of CD133neg and CD133pos cells from patients 9, 12, and 16. C.
Percentages of CD133pos CTCs in individual patients with mCRPC. All twenty patients had
detectable CD133pos CTCs, and on average 50.9% of their EpCAMpos CTCs were also
positive for CD133. All images were captured on ImageStreamX. All cells included in the
analyses were CD45-depleted, EpCAM-positive and had discernable nuclei when stained

with FxCycle.
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Figure 3.
High level of CD133 expression is associated with more Ki-67 expression in CTCs. A.

Representative ImageStreamX image of CD133, Ki-67, and FxCycle for CTCs from patients
with mCRPC. Ki-67 intensity was calculated using ImageStreamX. B. Box-and-whisker plot
comparing patients’ median Ki-67 protein intensity of their CD133neg versus CD133pos
CTCs. All data was captured on ImageStreamX (n = 12 patients; *P<0.05 from Wilcoxon
signed-rank test). This patient level analysis was based on 282 CD133neg CTCs and 309
CD133pos CTCs.
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CD133neg and CD133pos CTCs have comparable levels of androgen receptor protein
expression. A. Representative dot plot showing androgen receptor (AR) gating strategy of
CD133neg and CD133pos CTCs. B. Representative ImageStreamX images of CD133neg
and CD133pos CTCs showing ARhigh and ARlow cells. C. Box-and-whisker plot
comparing patients’ median AR intensity of their CD133neg versus CD133pos CTCs (n=19;
N.S. = not statistically significant from Wilcoxon signed-rank test).
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Figureb5.
Androgen receptor co-localization in the nucleus remains consistent irrespective of CD133

status in CTCs. A. Representative similarity indexes comparing the nuclear co-localization
of AR with the nucleus of CD133neg and CD133pos CTCs. AR is nuclear if the similarity
index is one or greater. B. Representative CD133neg and CD133pos CTCs showing nuclear
versus cytoplasmic AR and the similarity index (S.1.) for each cell. C. Box-and-whisker plot
comparing patients’ median similarity indexes of their CD133neg versus CD133pos CTCs
(n=16; N.S.=not statistically significant from Wilcoxon signed-rank test)
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Patient 1D | prior therapies®® | Psa® (ngmL) | EpcampescTes? | CPISFFCTCs (%) | Mean CDI3 1y, o0 cD133 I ntensity®
Intensity (Range)
(StDev)
1 LB 168.4 5 5 (100) 223551 (165371) | 206716 (47354,475964)
2 L B.K A 41.16 115 70 (60.9) 78990 (307899) 34321 (4080,3265320)
3 L.B,S 32.24 104 87 (83.7) 137883(309028) | 53887 (8760,2430557)
4 L B, K 1112 33 25 (75.8) 113613 (163497) 60516 (374,634912)
5 LD,C 275.4 36 15 (41.7) 15640 (14070) 8991 (1010,54904)
6 B.S 5.78 18 7(38.9) 15338 (17248) 10515 (809,64674)
7 LB, AE 522.3 12 9(75) 132840 (299868) | 24581 (14149,1070550)
8 L 164.1 24 22 (91.7) 498300 (993270) | 70587 (3689,3289138)
9 B, L, KéD, AE, 1152 121 34 (28.1) ~7545 (161732) | 55568 (~199450,1170616)
a
10 LB 20.35 35 31 (88.6) 314035 (559318) | 41524 (-65294,2174574)
1 L B, K F,D 0.06 21 5(23.8) 26449 (82493) | -51749 (-108878,296092)
12 LB, D AE 37.23 50 20 (40) 24511 (263475) | -32723 (-279033,1635699)
13 LB, K A C 6.33 4 1(25) 2732 (113373) | -45784 (-68888,171384)
14 B,L,A D 20.59 220 181 (82.3) 202050 (430120) | 60047 (~170488,2680751)
15 CilEt, To, Et/Te 1.83 7 3(42.9) 116908 (339944) | 28597 (-46217,881717)
16 L, B, N, K, D/Da, 489.8 40 16 (40) 28043 (216375) | -37228 (-97909,1119994)
AE R

17 LB, K N AR 4987 13 3(23.1) ~26152 (67535) | -51487 (-106443,149757)
18 L. B, K A D 9.33 59 11 (18.6) -32570 (123775) | -60245 (-231488,592272)
19 LB, N,S A 6.81 10 2 (20) ~27457 (90698) | -50383 (~142138,140905)
20 LB 5.06 1 2(18.2) -81231 (126841) | -68302 (-310788,122334)

a_ . . . . . . . . - . .
Prior therapies: A=abiraterone, B=bicalutamide, C=cabazitaxel, Ci=cisplatin, D=docetaxel, Da=dasatinib, E=enzalutamide, Et=etoposide,
K=ketoconazole, L=LHRH agonist, N=nilutamide, R=radium223, S=sipuleucel-T, Sa=samarium, Te=temozolemide, To=topotecan

bPreviously reported (Reyes et. al 2014)

c . . .
Negative values are due to compensation within ImageStreamX
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