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INTRODUCTION:

Treatment modalities for breast cancer (BrCa) have improved therapeutic outcomes, but 40% will ultimately
die from this disease, highlighting the need for new therapies. Docetaxel is a well-established anti-mitotic
chemotherapy that has recently been shown in large clinical trials to improve survival and is arguably the
standard of care for BrCa that no longer respond to hormone or Herceptin therapies (i.e., triple negative).
However, docetaxel has a number of serious side effects in the majority of patients, due to non-tumor
interactions causing nephrotoxicity, neurotoxicity, nausea/vomiting, myelosuppression (thrombocytopenia and
neutropenia), hearing loss, and death. Hence, therapies that simultaneously prevent BrCa progression and
improve docetaxel efﬁcacy are greatly needed. To this end, the numerous anti-apoptotic mechanisms employed
by BrCa cells to survive serum-free environments or apoptosis-inducing agents (e.g., docetaxel) are not entirely
known, yet significantly contribute to BrCa’s morbidity and mortality. Chemokines have been shown to support
BrCa progression and cell survival. BrCa cells express CXCR3, CXCR4, and CXCR?7, which if stimulated can
support invasion and cell survival. The ligands for CXCR7 are CXCL11, which also binds CXCR3, and
CXCL12, which also binds CXCR4. CXCL11 and CXCL12 are expressed by stroma, activated vascular and
lymphatic endothelial cells, and tumor associated macrophages that can all support survival or promote invasion
of leukocytes (or BrCa cells) Indeed, these CXCR7 ligands are elevated in tlssues and serum from patients with
a variety of systemic diseases (1nclud1ng BrCa). To solve this problem of CXCR7" BrCa cell stimulation, we
created a mutant CXCR3/CXCR?7 ligand-immunoglobulin fusion protein (mut-CXCL11-Ig) that lacks
immunogenic, glycosaminoglycan (GAG)-binding sites but retains the ability to tightly bind, but not activate
CXCR3 and CXCRT7 receptors. It is important to note that chemokine receptor signaling following ligand-
binding can lead to signaling, which supports cell survival, growth, and/or cell invasion. Previously, we
demonstrated our mut-CXCL11-Ig inhibits signaling required for growth and matrix metalloproteinase (MMP)
expression by BrCa cells. We also had significantly greater bioavailability (~ 5 days) than compared to native
CXCL11 (~30 minutes) or CXCR3 and CXCR7 small molecule antagonists (< 6 hours) without liver toxicity
(unlike small molecule inhibitors). These previous studies provided biological and clinical rationales to support
the hypothesis that CXCL11 and CXCL12 interactions promote BrCa cell survival and invasion, which can be
inhibited with a single biological antagonist - mut-CXCL11-1g.

Desentization or
Internalization

Figure 1. Previously shown CXCR4 cell-signaling pathways. CXCR4 binding of CXCL12 has been shown to
activate G-proteins (heterotrimer a/p/y) mediated signaling to elevate intracellular Ca*, activate MAPK, JNK, and
PI3K. Cell signaling through these pathways lead to cell growth, migration and polarlzation. CXCR4 stimulation
by CXCL12 also results in increased phosphorylation of focal adhesion components e.g. the related adhesion focal
tyrosine kinase (RAFTK/PYK?2), Crk and Paxillin. Crk, which belongs to the adaptor family of proteins composed
of SH2 (Src Homology 2) and SH3 domains, has a putative role in signaling. The phosphorylation and
translocation of NF-kB, c-jun/c-fos, and ERK1/2 are also critical for activating genes and transcriptional factors
involved in many cellular events including: tumorigenesis, differentation, migration, growth and survival. JNK,
which is moderately activated by v-Crk, Rac and Cdc42, can activate genes needed for cell proliferation and
survival. All of these signaling pathways are key for the role of CXCR4 in BrCa progression.
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Figure 2. CXCR?7 (G protein-independent) cell-signaling pathways. The GPCR, CXCR7 is
hypothesized to signal via a pathway independent of its G-proteins (heterotrimer subunit afy)
but involves crosstalk with CXCR4. Interaction with JAK/STAT with the C-terminal tail of the
receptor is key for the activation of PI3K that induces downstream cascade components MAPK,
AKT, Rho GTPases, and Rho Gefs. These signaling pathways for CXCR7 enhances protein
translation, cell adhesion, migration, and survival in BrCa.

Chemokine Receptor Signaling

It has become evident that integrations between chemokines and their receptors lead to signal
transduction that requires cell-cell adhesion molecules, cell-matrix receptors, and intracellular signaling
proteins. A number of kinases have been shown to play a role in leukocyte (as well as cancer cell) adhesion,
motility and invasion. Chemokine-induced integrin clustering and affinity upregulation as well as chemotaxis
by lymphocytes via F-actin polymerization and lamelli-podia formation depends on a signaling network
involving Rac, Cdc42 and Rap (Dustin et al., 2004; Etienne-Manneville and Hall, 2002; Giagulli et al., 2004;
Laudanna et al 2002). Indeed, different 51gnal transduction proteins may regulate multlple invasion events
including adhesmn de- adhesmn motility, and invasion using pathways such as the Src-ERK, FAK/PYK2-
ERK, PI3K-Akt-NF-KB, and/or DOCK2-ELMO for Rac and/or Rap activation cascade(s). The current dogma
for chemokine receptor signahng21nvolves Gai protein, PI3K (upstream of ERK1/2), and phospholipase C
(PLC) activation that leads to Ca”" flux required for Src and FAK activation. There is no doubt that PI3K is a
key signaling molecule that is activated after chemokine-chemokine receptor interactions by BrCa cells.
Certain isoforms of p110 act to catalyze the formation of P/ (3,4,5) P3 and subsequent production of P/ (4,5) P2
by PTEN or PI (3,4) P2 by SHIP, which leads to the activation of Akt(s) (subsequent activation of NF-kB) and
ERK(s) to regulate cell functions including: proliferation, survival, membrane trafficking and cytoskeletal
structures (Cantrell, 2001).

Src activity is involved in cell invasion (and possibly motility) through its central role in the scaffolding
complex of signaling molecules at the focal adhesion signaling organelle (Miyamoto et al., 1996). Activation
by auto-phosphorylation of FAK induces another pathway for motility and/or invasion (Braga 2000; Ilic et al.,
1995; Miyamoto et al., 1996). PI3K(s), Src, and FAK/PYK2 can also activate ERK(s) for migration, adhesion
and invasion (Braga, 2000; Fashena and Thomas, 2000; Liotta and Kohn, 1995; Masiero et al., 1999; Xue et al.,
2000). It has been suggested that integrin avidity modulation by leukocytes appears to be mediated by ERK1/2.



Akt binds to the phospholipids produced by PI3K and recruits this kinase to the plasma membrane,
where it is activated by phosphorylation. The non-universal role of PI3K in BrCa cell motility, adhesion, and
invasion has important implications for the development of new targets against metastatic cancers. Leukocyte
migration seems to be mediated in a predominately PI3K-independent and DOCK2-dependent manner
(Nombela-Arrieta et al., 2004). While PI3K and (Src and FAK) events have been shown to play a role in cancer
cell motility, adhesion, invasion, and survival (Bonaccorsi et al., 2004; Shulby et al., 2004), the potential of
PI3K-independent in CXCR7-mediated events remain uncertain. Most likely, PI3K-dependent and -independent
pathways may be involved in CXCR7-triggered integrin activation, for subsequent adhesion and invasion.

Chemokine Receptors and Cell Survival

The expression of chemokine receptors on migrating cells may provide these cells with more than
directional cues for metastasis. Chemokine receptor signaling may provide a survival advantage once in a
foreign environment. These molecular strategies for survival and growth are often the result of using or
reprogramming existing physiological pathways (Hendrix et al., 2007). In most cases, survival signals are
likely related to the role of chemokine receptor pairs e.g., CXCL12:CXCR4 and CXCL12:CXCR?7 in normal
development. Other situations for cell survival and proliferation may require redirecting signals from existing
migration pathways. For example, studies have shown that metastasized cancer cells have a strong propensity
to survive and resist apoptotlc stimuli and in some cases, extracellular survival signals can aide or promote cell
survival in the “foreign” microenvironment (Nishio et al , 2005).

Unlike other chemokine receptors (e.g., CXCR3 and CXCR4), CXCR7 does not induce Ca*" flux or
migration by BrCa cells (Burns et al., 2006). However, CXCR7 promotes cell survival and adhesion
(Balabanian et al., 2005). Studies have also shown that chemokine receptor signaling often leads to activation
of Akt and subsequent phosphorylation of multiple targets, e.g., glycogen synthase kinase (GSK)-3f3, Forkhead
[Drosophila] homolog 1 [rhabdomyosarcoma] (FKHR) and caspase 9 (without caspase 3 induction), which are
involved in cell survival (Datta et al., 1999). The gurrent dogma for chemokine receptor signaling involves Gai
protein, PI3K, and PLC activation that leads to Ca’* flux. There is no doubt that PI3K can be a key signal after
CXCR4 and CXCR3 activation on BrCa cells. The prosurvival molecule Akt binds to the phospholipids
produced by PI3K through its PH domain and is recruited to the plasma membrane where it is activated by
phosphorylation. Phosphorylated Akt in turn phosphorylates Bad, a pro-apoptotic protein belonging to the Bcl-
2 family. When phosphorylated, the cytoplasmic protein 14-3-3 sequesters Bad and apoptosis is inhibited.

A second Akt substrate includes FKHR (Balsara et al., 2001; Schuler et al., 2001). Phosphorylation of
FKHR prevents translocation of this protein to the nucleus where it regulates the transcription of genes involved
in apoptosis (Biggs et al., 1999). ERK1/2 signaling may also contribute to cell survival through these pathways.
For example, studies have shown that ERK1/2 via phosphorylation and inhibition of procaspase-9 and BAD
may provide signals for cell survival and proliferation (Allan et al., 2003). Further studies showed ERK1/2 can
localize to the nucleus and activate transcription factors involved in cell-cycle regulation and differentiation that
promotes cell proliferation (Kyriakis, 2000). Thus, chemokine receptor signaling can activate transcription
factors involved in anti-apoptotic mechanisms, cell-cycle regulation, and growth-factor production. These pro-
tumorigenic pathways are likely to be particularly important for the ability of metastatic cancer cells to thrive in
foreign microenvironments. These studies provide the rationale for my dissertation, which has demonstrated
some of the mechanisms of CXCR7 and CXCL12 interactions and subsequent signaling events that promote
BrCa cell invasion and survival.

Apoptosis

Apoptosis is an intrinsic cellular defense mechanism against tumorigenic growth, which, if suppressed,
can contribute to development of malignancy (Kerr et al., 1972). A wide variety of cytotoxic agents with
different intracellular targets can induce the uniform phenotype of apoptosis (Kerr et al., 1972). This implies
that the cytotoxic activity of anti-cancer drugs is not solely dependent on specific drug-target interaction, but
also on the activity of apoptotic (cell signaling) machinery of the cancer cell (Borner et al., 1995; Denmeade
and Isaacs, 1996). There are numerous downstream effectors and transcription factors of Akt, ERK1/2, and
tyrosine kinase signaling that can promote cell survival and proliferation. Chemokine signaling often activates
NF-kB, which is commonly downstream of Akt, but can be activated through other pathways, such as PKC (Ye,
2001). NF-kB dimerizes and translocates to the nucleus of the cell upon activation where it promotes
transcription of various apoptosis inhibitors and cell cycle-promoting genes (Karin, 2006). Interestingly, other
downstream cell signaling targets through select chemokine receptors activate AKT - NF-kB to promote the
phosphorylation of procaspase-9 and BAD, which inhibit cell signals that dictate apoptosis (Lee et al., 2004).
Together, these studies support the notion that CXCR7 (and/or CXCR3) signaling can interfere with apoptosis
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signals induced by chemotherapeutic agents, e.g., docetaxel. Hence, the following studies set out a series of
hypothesis-driven experiments to test the utility of CXCL11-Ig to block CXCR7 (and CXCR3) involved in
BrCa progression.

BODY:

It is important to mention that we encountered significant obstacles that delayed completion of the
proposed work. First, our move from University of Louisville to Morehouse School of Medicine delayed the
start of the project to the Fall of 2011. Secondly, the stable cell line engineered to express wtCXCL11-Ig and
mutCXCL11-Ig proteins failed and it took another year to generate new cells to express these proteins. Lastly,
the breeding of animals to generate F3 PyMT-Luc (CXCR3 ™" or CXCR3™") mice has been unsuccessful to date.
Our approved Statement of Work laid-out the following tasks, which I have summarized the completion or
work currently being performed on the proposed tasks. I apologize for my delay in submitting this progress
report, but I had hoped that I could have resolved the above mentioned issues sooner.

Aim One will assess the use of mut-CXCL11-1g to impede breast tumor growth and MMP expression.

Task 1.1 (complete): Immunogenic residues that also provide CXCLI11 the ability to bind GAG were removed
to engineer mut-CXCL11-Ig. Mouse anti-mut-CXCL11-Ig humoral and helper T lymphocyte (HTL) responses
have been evaluated to confirm that these modifications reduced the immunogenicity of this therapeutic protein.

Task 1.2 and 1.3 (incomplete, but underway, due to low production levels of CXCL11-Ig proteins): 10
mg/kg/week of Control-Ig, nonGAG-binding CXCL11-Ig, or mut-CXCL11-Ig will be used to treat MDA-MB-
23 1-luciferase-positive (luc) as well as MCF-7-luc xenografts. Mammary fat pad of 96 NIH-III mice will be
used to orthotopically graft MDA-MB-231-luc and MCF-7-luc cell lines. Breast tumor progression in these
mice will be followed non-invasively by in vivo imaging. Breast tumors from task 1.2 will be excised to
quantify levels of caspase-3/9, Ki67, and MMP expression by histology.

Task 1.4, 1.5, and 1.6 (incomplete and unlikely to complete during funding cycle due to breeding problems): 10
mg/kg/week of Control-Ig, nonGAG-binding CXCL11-Ig, or mut-CXCL11-Ig will be used to treat novel
CXCR3"" and CXCR3” MMTV-PyVT (PyMT)-luc mice will be developed and tested to assess the role of
CXCR3 in mut-CXCL11-Ig inhibition. Mice spanning 3 generations will be mated to create F3 MMTV-luc that
will be subsequently bred with PyMT mice to create PyMT-luc mice. Hence, 440 mice will be bred to create the
PyMT-luc mice. Breast tumor progression from task 1.4 will be followed non-invasively imaged to monitor
growth. Breast tumors from task 1.4 will be excised to quantify levels of caspase-3/9, Ki67, and MMP
expression by histology. Antisera will be collected before sacrifice and will be used to measure mouse anti-
chemokine-Ig antibody responses.

Aim Two will characterize the mechanisms of mut-CXCL11-Ig that modulate BrCa progression in the
presence and absence of docetaxel.

Task 2.1, 2.2. 2.3, 2.4 (incomplete, but underway, due to low production levels of CXCL11-Ig proteins): MDA -
MB-231-luc and MCF-7-luc will be orthotopically implanted into mammary fat pads of NIH-III mice. After
tumor formation, 10° photons/sec, mice from task 2.1 will be treated with optimal (10 mg/kg/week) or
suboptimal (0.1 mg/kg/week) doses of docetaxel and/or 10 mg/kg/week of Control-Ig, nonGAG-binding
CXCL11-Ig, or mut-CXCL11-Ig. 4T1-luc tumor-bearing wildtype mice will be treated with optimal (10
mg/kg/week) or suboptimal (0.1 mg/kg/week) doses of docetaxel and/or 10 mg/kg/week of nonGAG-binding
CXCL11-Ig or mut-CXCL11-Ig. Breast tumor progression will be non-invasively imaged to monitor growth.

METHODS

Cell Culture: Human BrCa cell lines, MCF-7 (HTB-22) and MDA-MB-231 (HTB-26), were purchased from
American Type Cell Culture. Primary human mammary epithelial cells (HMEC) were obtained from LONZA.
HMEC, MCF-7, and MDA-MB-231 cell lines were used for all experiments performed and discussed. HMEC
were maintained in MEGM supplemented with 2ml of BPE, 2ml of hydrocortisone, 2 ml of human epithelial
growth factor (hEGF), 500 1 of insulin, and 2 ml of gentamicin/amphotericin-B. MCF-7 and MDA-MB-231
cells were maintained in IMEM and DMEM (Gibco-Invitrogen) media, respectively, supplemented with 10%
FBS (Hyclone-Fisher), without phenol red and 5 pg/ml of penicillin/streptomycin (Gibco) at 37°C with 5%
CO,. Cells were cultured for 3 days in complete culture media then lifted with cell-stripper (Gibco) before
being counted with trypan blue by the Cellometer™ Auto T4 (Nexcelom Biosciences). Cells were seeded (5 x
10° cells per well) in 6-well plates (Corning-Fisher) containing 1% serum and allowed to acclimate overnight
before being treated. Treatments included no addition, 100 ng/ml of CXCL12 (SCYB12; R&D Systems), 100
ng/ml of CXCL12 + 100 ng/ml of pertussis toxin (List Biological Laboratories), 100 ng/ml of CXCL12 + 6 uM
6



of U73122 (Sigma). Cells were treated with inhibitors one hour prior to the addition of CXCL12 and allowed to
incubate for 16 hours. Media was collected and stored at -80°C and used for ELISA-based assays. Cells were
used for total RNA isolation using the TRIzol method.

Cell lines & Animals: MDA-MB-231-luc, MCF-7-luc, and 4T1-luc cell lines have been purchased or procured
from Caliper/Xenogen or Dr. Patrick Casey, respectively. These cell lines rapidly develop tumors when
orthotopically injected in mammary fat pad of Nu/Xid mice. Cells from these xenografts metastasize within 6
weeks on implantation; however, mice that receive MCF-7-luc cells will also require subcutaneous implantation
of estrogen pellets (17B-Estradiol, 0.36 mg/pellet, 60 day release), which will be obtained from Innovative
Research of America (Sarasota, F L) Six week old female NIH-bg-nu-Xid mice (NCI-Frederick) will receive
10° of MDA-MB-231-luc or MCF-7-luc cells in 100 pL of saline by orthotopic mammary fat pad injection
under anesthesia with pentobarbital (0.05 mg/g body weight).

Immuno-staining and Morphometric Analysis: After tumor excision, frozen sectioning, sections will be
blocked with 2% goat serum and incubated with FITC-conjugated anti-phospho ERK1/2, AKT, and GSK-3f
(BD Pharmingen, R&D Systems, and Santa Cruz Biotechnology), PE-conjugated anti-MMP Abs (R&D
Systems and Santa Cruz Biotechnology), and PE-Cy5-conjugated anti-luciferase Abs (Invitrogen). Abs will be
applied in serial and the slides will be developed and counterstained with a dilution of DAPI. Linear regression
analysis will be used to test the significances of tissue pathology and relevance of phospho ERK1/2, AKT, and
GSK-3p as well as MMP expression. Morphometric analysis of sections will be performed with the aid of
Spectrum Plus software (Aperio Technologies). Automated image analysis will be performed Spectrum Plus
algorithms for 1) Positive Pixel count and Color Deconvolution; ii) Immunohistochemistry Membrane; iii)
Immunohistochemistry Nuclear; and iv) Micromet.

Imagestream analysis of protein expression and localization: PE/Cy5 conjugated anti-human CXCR4
antibody (clone#12G5) was purchased from Biolegend, Inc. Polyclonal rabbit anti-CXCR7 antibody was
purchased from GeneTex, Inc and conjugated with a donkey anti-rabbit-FITC antibody (R&D Systems). BrCa
cells were seeded in 6-well non-adherent plates at 10° cells/well in media containing 1% FBS and allowed to
acclimate 3 hours before treatment. Cells were treated according to the above-mentioned protocols and cell
suspensions from each well were taken at 0 and 5 minute time-points and collected for further analysis. Cell
suspensions were centrifuged at 200 x g for 10 minutes at 4°C to pellet cells, supernatants were removed and
cells were resuspended in 500 pl of paraformaldehyde (PFA) / phosphate buffered saline (PBS) solution for 10
minutes at RT. Again, cells were centrifuged at 200 x g for 10 minutes at 4°C to pellet cells, supernatants were
removed and cells were resuspended in 100 pl of saponin solution for 30 minutes at RT. Cell suspensions were
centrrfuéged at 200 x g for 10 minutes at 4°C, supernatants were removed and cells were resuspended in 1 pug
(per 10 cells) of primary antibody solution, ‘which consisted of PE- -Cy5-conjugated anti-mouse CXCR4, FITC-
conjugated anti-mouse CXCR7, Alexa F luor 488- conjugated or PE-conjugated anti-mouse NF-kB p65, PE-
conjugated anti-mouse ERK1/2 antibodies and/or 7AAD (BD) for 30 min at room temperature. Next, Iml of
fluorescence-activated cell sorting (FACS) buffer (1% bovine serum albumin (BSA) in PBS) to remove any
unbound antibodies. Cell suspensions were centrifuged at 200 x g for 10 minutes at 4°C to pellet cells;
supernatants were removed and cells were resuspended in 100 pl of FACS buffer. Analyses were performed
using Amnis ImageStream, which allows for flow cytometry-based image acquisition and analysis with six
channel (Bright filed, dark filed, and four channel for different fluorochrome). This flow-based image
acquisition device is supported by INSPIRE™ software and statistical results gathered using Amnis IDEAS™
software (Amnis Corporation).

The Amnis ImageStream 100 is the first commercially available imaging flow cytometer. It combines
advantages of flow cytometry with those of image analysis (digital imagery of each individual cell, calculation
of morphological changes, subcellular localization or co-localization of fluorescent probes). Offering several
advantages over flow cytometry analysis or microscopic analysis of fluorescently stained cells. Simply put, the
ImageStream is essentially a flow cytometer where photomultiplier tubes have been replaced with an array of
sensitive charge coupled device (CCD) cameras to capture ~36X images at 100 cells per second.

The images were stored in a compensated image file (CIF) for subsequent analysis using IDEAS
software which quantifies change in fluorescent probe pixel intensities in: area of mask in pixels, aspect ratio of
mask, weighted aspect ratio of mask, mean intensity of pixels outside of mask, standard deviation of intensity of
pixels outside of mask, centroid of mask in horizontal axis, intensity-weighted centroid of mask in horizontal
axis, centroid of mask in vertical axis, intensity-weighted centroid of mask in vertical axis, total intensity of
image using logical "OR" of all six image masks, variance of intensity of pixels within masks, maximum
intensity gradient of pixels within mask, radius mean square (RMS) of intensity gradient of plxels within mask,
background-corrected sum of pixel intensities within mask, major axis of mask in pixels, intensity-weighted
major axis of mask in pixels, total Intensity of image divided by area of mask, minimum pixel intensity within
mask, minor axis of mask in pixels, intensity-weighted minor axis of mask in pixels, angle of major axis relative

7



to axis of flow, angle of intensity-weighted major axis relative to axis of flow, maximum pixel intensity within
mask, number of edge pixels in mask, maximum pixel intensity within large bright spots, sum of pixel
intensities within large bright spots, maximum pixel intensity within medium-sized bright spots, sum of pixel
intensities within medium-sized bright spots, un-normalized maximum pixel intensity within large bright spots,
sum of un-normalized pixel intensities within large bright spots, maximum pixel intensity within small bright
spots, sum of pixel intensities within small bright spots, sum of pixel intensities within mask, number of spots
detected in image, area of logical "OR" of all six image masks in pixels, camera line readout rate in Hertz at
time object was imaged, unique object number, pixel intensity correlation between two images of the same
object, and user-defined algebraic combination of i imagery and masks, user-defined masks using (erode, dilate,
threshold, and boolean combinations), and any boolean combination of user-defined populations.

MTT cell proliferation assay: Breast cancer cells, MCF7 and MDA-MB-231, were treated with different
concentrations of CXCL11-IgG fusion proteins IL.2ss.CXCL11(1-73). higG1Fc (wt) and IL2ss.CXCL11(4-73).
hIgG1Fc (mt) and proliferation was measured using MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide] assay. Briefly, cells were seeded in 96-well plates at a density of 10,000 cells per well per 100 pl
media and allowed to adhere for 24 h, followed by addition of wt- and mt-CXCL11-IgG proteins at 0, 50, 100,
200, 400 and 800 ng/ml. Plates in triplicates were then incubated for 24, 48, or 72 h. Each day, 3 hours prior to
the end of incubation times, the plates were centrifuged at 200 x g for 5 minutes to pellet potential floating cells,
then media were aspirated out of wells and 100 pl of fresh media containing MTT (5mg/ml) was added to each
well. Plates were returned to incubator for an additional 3 h. At the end of incubation time, media was aspirated
out of wells, and 200 pl DMSO was added to each well to solubilize the formazan crystals. Plates were then
read with a microplate spectrophotometer at 540 nm. The absorbance of formazan dye solution is in direct
proportion to the number of proliferating cells per well.

Flow Cytometry Analysis: CXCR3/CXCR4/CXCR7 expression: Breast cancer cells, MCF7 and MDA-MB-231,
were treated with wt- and mt- CXCL11-IgG fusion proteins (500 ng/ml) for 48h and expression of CXCR- 3, 4,
and 7 was analyzed using FACS. CXCL11 (100 ng/ml), CXCL12 (100 ng/ml) treated and untreated cells were
used as controls. Fluorescein (FITC)-conjugated mouse anti-human CXCR3, Allophycocyanin (APC)-
conjugated mouse anti-human CXCR4 and Phycoerythrin (PE)-conjugated mouse anti-human CXCR?7 antibody
and their respective isotype controls were purchased from R&D Systems. Breast cancer cells were washed three
times in phosphate buffered saline (PBS) [supplemented with 1% bovine serum albumin (BSA)] and treated
with 1.0 pg of Fe Block (Pharmingen) per 10 cells for 15 min at room temperature. Fc-blocked cells were
stained with 1.0 pg of FITC-, APC-, PE- conjugated mouse anti-human CXCR3, CXCR4, CXCR7 antibodies or
respective isotype control antibodies per 10° cells at 4°C for 1 h. Subsequently, the cells were washed with 2.0
ml of fluorescence-activated cell-sorting (FACS) buffer (1% BSA in PBS) to remove unbound antibodies.
Following washing, 10ul of 7-AAD, a nuclear stam was added to each tube. Next, labeled cells were fixed in
500 pl of 2% paraformaldehyde solutlon and 10° cells were analyzed by flow cytometry (FACS ARIA 11, BD
Biosciences) and data were analyzed using Flow Jo software 8.8.7 for MAC (Tree star Inc., Ashland, OR)

Cell cycle analyszs and stage specific expression of CXCR3/CXCR4/CXCRY7 in treated and untreated cells:
BrCa cells (1x10°) were treated with wt- and mt- CXCL11-IgG fusion proteins (500 ng/ml) for 48h, and cell
cycle distribution was determined by 7-AAD staining using BD FACS ARIA II as described prev10usly
CXCL11 (100 ng/ml), CXCL12 (100 ng/ml) treated and untreated cells were used as controls. Data were
analyzed using Flow Jo software 8.8.7 for MAC.

Annexin V/7AAD assay for Apoptosis: For apoptosis assay, BrCa cells (1x10°) were treated with wt- and mt-
CXCL11-IgG fusion proteins (500 ng/ml), CXCL12 (100 ng/ml), and Gemcitabine (6 uM) for 48h, stained with
annexin V-FITC and 7-AAD, according to the manufacturer’s protocol (Biolegend, San Diego, CA) and
evaluated by BD FACS ARIA II. Untreated cells, and cells treated only with gemcitabine were used as controls.
CXCL12 was used as growth factor in all the wells. Data were analyzed using Flow Jo software 8.8.7 for MAC.



RESULTS
Table 1. CXCR7, CXCR4, and CXCR3 antagonist bioavailabilities and toxicities.

Toxicities
Antagonist Affinity Serum Half-Life | Liver | Cardiac Reference
CCX451/CCX754 5 nM, CXCR7 < 6 hours + - (Burns et al.)
(WO/2005/074645)
AMD3100 12 nM, CXCR4 < 6 hours +/- + (Allen et al.)
AMG487 7 nM, CXCR3 < 6 hours + - (Heise et al.; Wijtmans et
al.)
CXCL11 1.4 nM, CXCR3 < 12 hours - - (Burns et al.; Cole et al.)
5 nM, CXCR7
nonGAG-binding 10 nM, CXCR3 5 days - - Patent Appl. 61/039,226
mut-CXCL11-Ig 7.5 nM, CXCR7

*Radio-ligand binding was quantified by analyzing CXCR3* and CXCR7* cells in a y counter (Perkin-Elmer). Data were
analyzed and plotted using software (Prism; GraphPad).

Expression of CXCR?7 by Breast Tumors: Prior studies in our laboratory and others have shown chemokine
receptor expression by various carcinomas (Singh et al., 2004a; Singh et al., 2004b). I confirmed in vivo protein
expression of CXCR?7 by breast tumor tissue. Immunohistochemistry was performed using deparaffinized
TMAs stained with DAB (brown), which is representative of CXCR?7, and counterstained with hematoxylin
(Figure 3). CXCR7 expression was elevated in breast tumors staged asT1 (n = 10), T2 (n =40), T3 (n=15),
and T4 (n = 4) and compared with non-neoplastic breast tissue from the same subject (i.e., n = 69). CXCR7
expression was significantly higher in all breast tumor tissue than compared to benign tissue and highest in T4 >
T1, T2, and T3 staged tumor tissue. While expression of CXCR?7 in breast tumors did not correlate with stage,
a trend of cytoplasmic to nucleur localization of CXCR?7 expression was observed when comparing early stage
with advanced stage cases, respectively. Amnis ImageStream confirmed strong CXCR7 and CXCR4 protein,
cell-surface expression by MCF-7 and MDA-MB-231 cell lines (Figures 4). Cell density plots, which analyzed
both positive and negative events of each receptor, show the percentage of cells that were positive either for
CXCR7, CXCR4, or both receptors. The percent distribution displayed in each cell density plot was based on
the intensity of each receptor’s protein expression. These findings demonstrate that CXCR4 and CXCR7
protein expression does not precisely correlate with mRNA expression in these cell lines. Further, these results
suggest post-transcriptional and/or -translational modification of chemokine receptors may occur, which would
not doubt effect their function.

Receptor expression during the cell cycle as well as translocation was also determined using untreated
BrCa cells. MCF-7 and MDA-MB-231 cell lines showed high expression of both CXCR7 and CXCR4 in G;
phase of the cell cycle, with moderate to low expression for S and comparatively low expression during Go/G1
phases (Figure 5). HMECs showed a similar pattern. Interestingly, this pattern of chemokine receptor
expression supports the notion that chemokine receptor signaling during the cell cycle might promote cell
survival and proliferation. It is important to mention that while CXCR4 expression is largely confined to the
cytoplasm during BrCa progression, the expression of CXCR?7 is localized to tumor cell nuclei for advanced
BrCa cases. When comparing BrCa cell lines and HMECs, CXCR4 and CXCR7 translocated to the nucleus of
cells after CXCL12 stimulation (Figures 6 and 7).

CXCL12 is a powerful chemo-attractant that stimulates bi-directional migration, invasion, and survival
of breast cancer cells (Huang et al., 2007). I examined whether the interactions of CXCL12-CXCR4/7 are
involved in signal-transduction pathways that lead to these events. Previous studies have shown that
phosphorylation of ERK1/2 in lung cancer cells is involved in cell migration and invasion (Fernandis et al.,
2004). Other studies have shown that NFkB activation is necessary for cell migration and invasion of other
cancer cells (Boukerche et al., 2007). To determine if ERK1/2 and NFkB are activated by CXCR4/CXCR7 by
CXCL12, in vitro assays followed by Amnis ImageStream analysis were performed. Untreated HMECs and
BrCa cell lines expressed moderate to high protein levels of phosphorylated ERK1/2 and NFkB in the cytosol
(Figures 8). After CXCL12 stimulation, both phosphorylated NFkB and ERK /2 translocated to the nuclei of
BrCa cell lines (Figures 9). This demonstrates that detection of CXCL12 by CXCR4 and/or CXCR7
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transduces cell signals leading to the activation of both ERK1/2 and NF-kB and their translocation to the
nucleus.

IL2ss.CXCL11.hIgG4Fc sequence

501

601

701

801

901

1001

1101

1201

1301

1401

1501

IL-2 secretion signal

MetTyrArg MetGlnLeu LeuSerCysIle:

TCTGTTCTGC GCCGTTACAG ATCCAAGCTG TGACCGGCGC CTACCTGAGA TCACCGGCGA AGGAGGGCCA CCATGTACAG GATGCAACTC CTGTCTTGCA
EcoRI

+IAlaLeuSer LeuAlaleu ValThrAsnSer
TTGCACTAAG TCTTGCACTT GTCACGAATT CG'

human IgG4 Fc (constant region)

ProProCys ProSerCysPro AlaProGlu PheLeuGly GlyProSerVal-:

CCCCCATGC CCATCATGCC CAGCACCTGA GTTCCTGGGG GGACCATCAG
+VPheLeuPhe ProProlLys ProLysAspThr LeuMetIle SerArgThr ProGluValThr CysValVal ValAspVal SerGlnGluAsp ProGluVal-
TCTTCCTGTT CCCCCCAAAA CCCAAGGACA CTCTCATGAT CTCCCGGACC CCTGAGGTCA CGTGCGTGGT GGTGGACGTG AGCCAGGAAG ACCCCGAGGT
*GlnPheAsn TrpTyrValAsp GlyValGlu ValHisAsn AlaLysThrLys ProArgGlu GluGlnPhe AsnSerThrTyr ArgValVal SerValLeu
CCAGTTCAAC TGGTACGTGG ATGGCGTGGA GGTGCATAAT GCCAAGACAA AGCCGCGGGA GGAGCAGTTC AACAGCACGT ACCGTGTGGT CAGCGTCCTC

ThrValLeuHis GlnAspTrp LeuAsnGly LysGluTyrLys CysLysVal SerAsnLys GlyLeuProSer SerIleGlu LysThrIle SerLysAlaLys-:

ACCGTCCTGC ACCAGGACTG GCTGAACGGC AAGGAGTACA AGTGCAAGGT CTCCAACAAA GGCCTCCCGT CCTCCATCGA GAAAACCATC TCCAAAGCCA
*LGlyGlnPro ArgGluPro GlnValTyrThr LeuProPro SerGlnGlu GluMetThrLys AsnGlnVal SerLeuThr CysLeuVallLys GlyPheTyr:
AAGGGCAGCC CCGAGAGCCA CAGGTGTACA CCCTGCCCCC ATCCCAGGAG GAGATGACCA AGAACCAGGT CAGCCTGACC TGCCTGGTCA AAGGCTTCTA
+ProSerAsp IleAlaValGlu TrpGluSer AsnGlyGln ProGluAsnAsn TyrLysThr ThrProPro ValLeuAspSer AspGlySer PhePheLeu
CCCCAGCGAC ATCGCCGTGG AGTGGGAGAG CAATGGGCAG CCGGAGAACA ACTACAAGAC CACGCCTCCC GTGCTGGACT CCGACGGCTC CTTCTTCCTC

TyrSerArgLeu ThrValAsp LysSerArg TrpGlnGluGly AsnValPhe SerCysSer ValMetHisGlu AlaLeuHis AsnHisTyr ThrGlnLysSer-

TACAGCAGGC TAACCGTGGA CAAGAGCAGG TGGCAGGAGG GGAATGTCTT CTCATGCTCC GTGATGCATG AGGCTCTGCA CAACCACTAC ACACAGAAGA
BmtI
NheI

*SLeuSerLeu SerProGly Lys***

GCCTCTCCCT GTCTCCGGGT AAATGAGTGC TAGCTGGCCA GACATGATAA GATACATTGA

CAAACCACAA C A GTGAAAAAAA

IL2ss.CXCL11(4-73).hIgGlFc sequence

501

601

701

801

901

1001

1101

1201

1301

1401

1501

IL-2 secretion signal

MetTyrArg MetGlnLeu LeuSerCysIle-

TCTGTTCTGC GCCGTTACAG ATCCAAGCTG TGACCGGCGC CTACCTGAGA TCACCGGCGA AGGAGGGCCA CCATGTACAG GATGCAACTC CTGTCTTGCA
EcoRI

+IAlaLeuSer LeuAlalLeu ValThrAsnSer
TTGCACTAAG TCTTGCACTT GTCACGAATT CG'

human IgGl Fc (constant region)

AspLysThr HisThrCys ProProCysPro AlaProGlu LeuLeuGly GlyProSerVal-

GACARAAC TCACACATGC CCACCGTGCC CAGCACCTGA ACTCCTGGGG GGACCGTCAG
*VPheLeuPhe ProProLys ProLysAspThr LeuMetIle SerArgThr ProGluValThr CysValVal ValAspVal SerHisGluAsp ProGluVal-
TCTTCCTCTT CCCCCCAAAA CCCAAGGACA CCCTCATGAT CTCCCGGACC CCTGAGGTCA CATGCGTGGT GGTGGACGTG AGCCACGAAG ACCCTGAGGT
+LysPheAsn TrpTyrValAsp GlyValGlu ValHisAsn AlaLysThrLys ProArgGlu GluGlnTyr AsnSerThrTyr ArgValVal SerValLeu
CAAGTTCAAC TGGTACGTGG ACGGCGTGGA GGTGCATAAT GCCAAGACAA AGCCGCGGGA 'AC AACAGCACGT ACC CAGCGTCCTC

ThrValLeuHis GlnAspTrp LeuAsnGly LysGluTyrLys CysLysVal SerAsnLys AlaLeuProAla ProlleGlu LysThrIle SerLysAlaLys-

ACCGTCCTGC ACCAGGACTG GCTGAATGGC AAGGAGTACA AGTGCAAGGT CTCCAACAAA GCCCTCCCAG CCCCCATCGA GAAAACCATC TCCAAAGCCA
*LGlyGlnPro ArgGluPro GlnValTyrThr LeuProPro SerArgGlu GluMetThrLys AsnGlnVal SerLeuThr CysLeuValLys GlyPheTyr-
AAGGGCAGCC CCGAGAACCA CAGGTGTACA CCCTGCCCCC ATCCCGGGAG GAGATGACCA AGAACCAGGT CAGCCTGACC TGCCTGGTCA AAGGCTTCTA
*ProSerAsp IleAlaValGlu TrpGluSer AsnGlyGln ProGluAsnAsn TyrLysThr ThrProPro ValLeuAspSer AspGlySer PhePheLeu
TCCCAGCGAC ATCGCCGTGG AGTGGGAGAG CAATGGGCAG CCGGAGAACA ACTACAAGAC CACGCCTCCC GTGCTGGACT CCGACGGCTC CTTCTTCCTC

TyrSerLysLeu ThrValAsp LysSerArg TrpGlnGlnGly AsnValPhe SerCysSer ValMetHisGlu AlaLeuHis AsnHisTyr ThrGlnLysSer:

TACAGCAAGC TCACCGTGGA CAAGAGCAGG TGGCAGCAGG GGAACGTCTT CTCATGCTCC GTGATGCACG AGGCTCTGCA CAACCACTAC ACGCAGAAGA
BmtI
NheI

*SLeuSerLeu SerProGly Lys**

GCCTCTCCCT GTCTCCGGGT AAATGAGTGC TAGCTGGCCA GACATGATAA GATACATTGA

CAAACCACAA C A GTGAAAAAAA

Preparation of chemokine-
immunoglobulin fusion proteins:
Specific chemokine-Ig fusion
polypeptides used in this study include
wild-type or mutations are named
accordingly to indicate the particular
mutation. For example, "mut-" before
the CXCL11 (e.g., mut-CXCL11) is
indicative of an engineered mutation to
CXCLI11. Specifically, a truncation of
the first three N-terminal amino acids
of the mature CXCL11 protein. Further,
GAG-binding sites were generated by a
chemokine-immunoglobulin fusion
polypeptide including in the mutant
chemokine polypeptide that has been
truncated at the N-terminus to remove
residues 1-4 and also mutated to
substitute alanines (A) for lysines (K)
and histidines (H) within neutral amino
acids. Finally, this study we use either
human wtCXCL11 or (human-derived)
mutCXCLI11 fused to Fc constant
region of IgG subclass 4 Ig.
Subsequently, recombinant vectors
comprising nucleic acid molecules that
encode the polypeptides disclosed were
created and expressed in Chinese

hamster ovary (CHO) cells to express the desired protein. An unexpected result was that expression of these
constructs were not stable in CHO cells. Moreover, the GAG-less CXCL11-Ig constructs did not form stable
dimers to optimally antagonize CXCR3 and CXCR7 as well as CXCR4/CXCR?7 heterodimers. After incurring
these problems and several failed attempts, we redesigned the expression vectors and cell lines to a HEK-239
expression system that produced grams per liter of constructs (Figure 10). The SDS-PAGE gel analysis
confirmed the ~38kDa and ~70kDa size of CXCL11-IgG1Fc under reducing and non-reducing conditions,
respectively. Importantly, the GAGless CXCL11-IgG1Fc constructs were expressed, but did not form
heterodimers.

CXCL11-1gG1Fc fusion proteins inhibit proliferative of BrCa cells: Both wt- and mt-CXCL11-IgG1Fc fusion
proteins inhibited the growth of MCF7 and MDA-MB-231 cells in a dose- and time-dependent manner. The
anti-proliferative affect on both cell lines was highest at 72 hours after either wt- and mut-CXCL11-IgG1Fc¢’s.
However, the response was significantly higher with wt (GAG) proteins, than compared to mut(GAGless)-
proteins. The maximum growth inhibition in MCF-7 and MDA-MB-231 cells was found to be ~51% and ~79%,
respectively, with wt-CXCL11-IgG1Fc. However, mut-CXCL11-IgG1Fc induced the greatest growth inhibition
in MCF-7 and MDA-MB-231 cell lines at 40% and 73%, respectively (Figure 11).

CXCL11-IgG1Fc fusion proteins bind and decrease expression of CXCR3, CXCR4, and CXCR7 by MCF-7
and MDA-MB-231 cells: To determine the binding of CXCL11-IgG1Fc¢’s to CXCR3, CXCR4, and CXCR?7,
we incubated BrCa cells with wt- or mut- proteins for 48h and analyzed the surface expression of these
chemokine receptors by flow cytometry. Untreated, CXCL1 1-treated and CXCL12-treated cells were used as
positive controls to access receptor expression. The expression of receptors (CXCR3/4/7) were significantly
decreased following wt-CXCL11-IgG1Fc or mut-CXCL11-IgG1Fc treatment, than compared to controls
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(Figure 12). The decrease in expression suggests either i) CXCL11-IgG1Fc¢’s bind to CXCR3, CXCR4, and
CXCR?7 and prevent receptor internalization and subsequent recycling or ii)) CXCL11-IgG1Fc’s interactions

lead to a significant reduction in CXCR3,
CXCR4, and CXCR7.

CXCL11-IgGIFc fusion proteins induce

Table 2. Effect of CXC11, CXCL12, and CXCL11-IgG1Fc fusion
proteins on cell cycle distribution in MCF-7 and MDA-MB-231 cells.

G2/M phase arrest in BrCa cells: We
also investigated the influence of cell Treatment %G1 %S %G2/m
cycle stage specific expression of MCE7 759 - 04
CXCL11,CXCL12, and CXCL11- Untreated DAME231 - 13 037
IgG1Fc’s. All conditions shifted and : : :
arrested BrCa cells at G2 phase (from G1) WECXCL11-1gG MCF-7 4.18 12.7 99.5%
(Figure 13, Table 2). wtCXCL11-IgG1 MDA-MB-231 265 11.2 70.4*
showed the maximum effect on both mt-CXCL11-1gG MCF-7 109 21 76.8*
MCF7 and MDA-MB-231 cell cycle. We MDA-MB-231 23 211 64.6%
also noted that QXCR3, CXCR4, .and MCF7 0.066 133 258"
CXCR7 expression were highest in G2 CXCL11

o C MDA-MB-231 17.9 9.64 71.1*
phase with little or no expression in S and
G1 phases of cell cycle (Figure 14). CXCL12 MCF-7 0 77 97.6%
CXCL11-IgG1Fc’s were further shown to MDA-MB-231 14.4 >.95 7917

significantly shift or increase the number
of cells in G2 phase in both MCF7 and
MDA-MB-231 cells, compared to other
culture conditions.

*BrCa cells were treated with wt- or mt-CXCL11-IgG1Fc (500 ng/mL) for 48 hours, stained with
7AAD, cell cycle distribution was acquired by flow cytometry, and data were analyzed
analyzed using FlowJo V.10.
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Figure 3. Relative CXCR7 Expression by non-neoplastic and malignant breast tissues.
Previously evaluated samples were stained for CXCR7. Relative expression (i.e., colorimetric
intensity) = SD by non-neoplastic (n = 4) breast tissue and T1 (n = 10), T2 (n = 40), T3 (n = 15),
and T4 (n = 2) staged tumors are shown in the left panel. Representative CXCR7 (DAB-brown)
and hemotoxylin-counter-stained (20X magnification) sections are shown in the right panels.
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Figure 4. Protein expression and cellular distribution of CXCR4 and CXCR?7 by BrCa cell lines.
MCF-7 and MDA-MB-231 cells were stained with polyclonal-rabbit anti-CXCR7 antibody conjugated
with donkey-anti-rabbit-FITC and PE/Cy5 anti-human CXCR4 antibody. After staining, cells were
washed with FACS buffer and analyzed. 7-AAD was used to stain the nucleus and quantified using
Amnis Imagestream System. Image analyses were performed using Image Data Exploration Analysis
Software (IDEAS). Top panels show density plots of cell populations. Bottom panels from left to
right is 7-AAD (red), CXCR7 (green), CXCR4 (purple), and composite respectively.
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Figure 5. Cell cycle-dependent CXCR4 and CXCR?7 expression by (untreated) primary
mammary and BrCa cell lines. HMEC cells as well as MCF-7 and MDA-MB-231 cell lines were
stained with polyclonal-rabbit anti-CXCR7 antibody conjugated with donkey-anti-rabbit-FITC and
PE/CyS5 anti-human CXCR4 antibody and 7AAD was used to stain cell nuclei. After staining, cells
were quantified by Amnis ImageStream and analyzed using Amnis IDEAS. Histograms represent
cell populations CXCR4 and CXCR7 intensity.
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Figure 6. Expression and intracelluar distribution of CXCR4 and CXCR7 in (untreated)
primary mammary and BrCa cells. HMEC, MCF-7 and MDA-MB-231 cell lines were stained
with polyclonal-rabbit anti-CXCR7 antibody, FITC-conjugated donkey-anti-rabbit antibody, and
PE/Cy5-conjugated anti-human CXCR4 antibody and 7AAD was used to stain cell nuclei. After
staining, cells were quantified by Amnis ImageStream and analyzed using Amnis IDEAS.
Histograms represent cell populations CXCR4 and CXCR7 intensity. Panels show the spatial ratio
of CXCR4 or CXCR7 and their nuclei intensities as a histograms.
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Figure 7. CXCR4 and CXCR?7 cytoplasmic to nucleus translocation and expression by MDA-MB-231 and MCF-7
cell lines. MCF-7 cells were treated with 100 ng/ml of CXCL12 for 5 minutes and stained with polyclonal-rabbit anti-
CXCR7 antibody, FITC-conjugated donkey-anti-rabbit antibody, PE/Cy5-conjugated anti-human CXCR4 antibody, and
7AAD to stain cell nuclei. After staining, cells were quantified by Amnis ImageStream and images analyzed using
Amnis IDEAS. The spatial ratio of CXCR4/CXCR7 and nuclei intensities are shown as histograms representing
chemokine receptor nuclear localization or translocation. The right panel shows representative images of the major cell

population.
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Figure 8. NFxB and ERK1/2 activation state and cellular distribution by resting (untreated) BrCa cells. MCF-7
and MDA-MD-231 cell lines were stained with Alexa Fluor 488-conjugated mouse anti-NFkB p65 and PE-conjugated
mouse anti-ERK1/2 antibodies. 7-AAD was used to stain the nucleus. Subsequently, images of cells were acquired by
Amnis ImageStream and analyzed using IDEAS software. The top panels show the spatial ratio of NFkB, ERK1/2, and
nuclei intensities and co-localization as a histogram. The bottom panel shows representative 7-AAD (red), NFxB
(green), ERK1/2 (orange), and composite images of the major cell populations.
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Figure 9. NFx B and ERK1/2 expression and cytoplasmic to nuclear translocation by CXCL12-treated MCF-7 cells.
MCEF-7 and MDA-MB-231 cells were stained with Alexa Fluor 488-conjugated mouse anti-NFkB p65 and PE-conjugated
mouse anti-ERK1/2 antibodies. 7-AAD was used to stain the nucleus. Subsequently, images of cells were acquired by
Amnis ImageStream and analyzed using IDEAS software. The top panels show the spatial ratio of NFxB, ERK1/2, and
nuclei intensities and co-localization as a histogram. The bottom panel shows representative 7-AAD (red), NFkB (green),
ERK1/2 (orange), and composite images of the major cell populations.
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Figure 10. SDS PAGE analysis of HEK-239 cell line expressed CXCL11-IgG1Fc constructs. wtCXCL11-IgG1Fc (A),
mutCXCL11-IgG1Fc (B), wtCXCL11-GAGless-IgG1Fc (C), and mutCXCL11-GAGless-IgG1Fc (D) were expressed
using human HEK 239 cells. Secreted proteins were captured from serum cell growth medium using protein A columns.
Purified proteins were analyzed by NuPAGE Novex Bis-Tris 4-12% gel in both reducing (R) and non-reducing (NR)
conditions.
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Figure 11. Effect of CXCL11-FclIgG fusion proteins on MCF-7 and MDA-MB-231 cell growth and viability. The
effects of MCF-7 and MDA-MB-231 cell viability 24, 48 and 72 hours after wtCXCL11(1-73)-IgG1Fc (Panel A) and
mutCXCL11(4-73)-IglgG1Fc (Panel B) treatment was measured using a MTT assay. The percent of cell viability was
calculated as the percentage of the number of treated cells divided by the number of viable cells before treatment.
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Figure 12. CXCL11, CXCL12, wtCXCL11-IgG1Fc and wtCXCL11-IgG1Fc effects on CXCR3, CXCR4, and
CXCR?7 expression by MCF-7 and MDA-MB-231 cells. Cells were treated with wtCXCL11-IgG, mtCXCL11-IgG,
CXCL11 or CXCL12. After 48 hours, cells were stained with FITC- or PE-conjugated anti-CXCR3, -CXCR4, or —
CXCR?7 antibodies or respective isotype controls. Next, fluorescent events were acquired using a BD FACS ARIA II and
Flow cytometry analysis showing change in expression of chemokine receptors

data were analyzed using FlowJo V.10.
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Figure 13. CXCL11, CXCL12, wtCXCL11-IgG1Fc and wtCXCL11-IgG1Fc effects on MCF-7 and MDA-MB-231
cell cycle. Cells were treated with or without wtCXCL11-IgG, mtCXCL11-IgG, CXCL11 or CXCL12. After 48 hours,
cells were stained with 7AAD. Next, fluorescent events were acquired using a BD FACS ARIA 1II and data were analyzed
using FlowJo V.10.  Flow cytometry analysis showing change in 7AAD uptake by cell nuclei were represented Watson
Pragmatic histograms to denote G1, S, and G2 phases of the cell cycle.
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Figure 14. CXCL11, CXCL12, wtCXCL11-IgG1Fc and wtCXCL11-IgG1Fc effects on MCF-7 and MDA-MB-231
cell cycle-dependent CXCR3, CXCR4, and CXCR?7 expression. Cells were treated with or without wtCXCL11-IgG,
mtCXCL11-IgG, CXCL11 or CXCL12. After 48 hours, cells were stained with FITC- or PE-conjugated anti-CXCR3, -
CXCR4, or -CXCR7 antibodies or respective isotype controls. Next, fluorescent events were acquired using a BD FACS
ARIA II and data were analyzed using FlowJo V.10. Flow cytometry analysis showing change in expression of
chemokine receptors were represented as either shaded (isotype controls) or solid line (stained) histograms. Flow
cytometry analysis showing change in 7AAD uptake by cell nuclei were represented Watson Pragmatic histograms to
denote G1, S, and G2 phases of the cell cycle.
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Key Research Accomplishments & Conclusions:

CXCRT7 expression was elevated in breast tumors staged asT1 (n = 10), T2 (n =40), T3 (n=15), and
T4 (n =4) and compared with non-neoplastic breast tissue from the same subject (i.e., n = 69).

While expression of CXCR7 in breast tumors did not correlate with stage, a trend of cytoplasmic to
nucleur localization of CXCR7 expression was observed when comparing early stage with advanced
stage cases, respectively.

CXCR4 expression is largely confined to the cytoplasm during BrCa progression, the expression of
CXCR?7 is localized to tumor cell nuclei for advanced BrCa cases.

These findings demonstrate that CXCR4 and CXCR7 protein expression does not precisely correlate
with mRNA expression in these cell lines.

Receptor expression during the cell cycle as well as translocation was also determined using untreated
BrCa cells. MCF-7 and MDA-MB-231 cell lines showed high expression of both CXCR7 and CXCR4
in G, phase of the cell cycle, with moderate to low expression for S and comparatively low expression
during G¢/G1 phases.

Detection of CXCL12 by CXCR4 and/or CXCR7 transduces cell signals leading to the activation of
both ERK1/2 and NF-kB and their translocation to BrCa cell nuclei.

CXCL11-1gG1Fc¢’s are ~38kDa and ~70kDa in size of under reducing and non-reducing conditions,
respectively. Importantly, the GAGless CXCL11-IgG1Fc construct did not form heterodimers.
wt-CXCL11-IgG1Fc and mut-CXCL11-IgG1Fc inhibit growth of MCF-7 and MDA-MB-231 cells.
CXCR3, CXCR4, and CXCR7 were significantly decreased following wt-CXCL11-IgG1Fc or mut-
CXCL11-IgG1Fc treatment, than compared to controls.

CXCL11, CXCL12, and CXCL11-IgG1Fc’s shift and/or arrest BrCa cells from G1 to G2 phase.

Reportable Outcomes:

PRESENTATIONS: NATIONAL/INTERNATIONAL MEETINGS
Mechanisms Mediated by CXCL12 Si%naling through CXCR4 and CXCR?7 in Breast Cancer. American
Association for Cancer Research, 101" Annual Meeting. April 17-21, 2010, Washington, DC.

PATENT

Application Serial #: 13/480,526 (Utility) Filing Date:  5/25/2012 (United States)
This invention relates to novel chemokine-immunoglobulin fusion polypeptides and uses to treat chemokine
receptor-mediated disorders, including cancer and inflammatory disorders.

Application Serial #: PCT/US12/039550 (Utility) Filing Date:  5/25/2012 (International)
This invention relates to novel chemokine-immunoglobulin fusion polypeptides and uses to treat chemokine
receptor-mediated disorders, including cancer and inflammatory disorders.
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