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Abstract
Laminin-binding integrin receptors are key mediators of epithelial cell migration and tumor metastasis.
Recent studies have demonstrated a role for the a6 integrin (ITGA6/CD49f) in maintaining stem cell
compartments within normal bone marrow and in residency of tumors metastatic to bone. In this study, we
tested a function-blocking antibody specific for ITGA6, called J8H, to determine if preexisting cancer lesions in
bone could be slowed and/or animal survival improved. Human prostate tumors were established by
intracardiac injection into male SCID mice and treatment with J8H antibody was initiated after 1 week.
Tumor progression was monitored by micro-computed tomography (CT) imaging of skeletal lesions. Animals
that received weekly injections of the anti-ITGA6 antibody showed radiographic progression in only 40% of
osseous tumors (femur or tibia), compared with control animals, where 80% of the lesions (femur or tibia)
showed progression at 5 weeks. Kaplan–Meier survival analysis demonstrated a significant survival advantage
for J8H-treated animals. Unexpectedly, CT image analysis revealed an increased proportion of bone lesions
displaying a sclerotic rim of new bone formation, encapsulating the arrested lytic lesions in animals that
received the anti-ITGA6 antibody treatment. Histopathology of the sclerotic lesions demonstrated wellcircumscribed tumor within bone, surrounded by fibrosis. These data suggest that systemic targeting of the
ITGA6-dependent function of established tumors in bone may offer a noncytotoxic approach to arrest the
osteolytic progression of metastatic prostate cancer, thereby providing a new therapeutic strategy for advanced
disease. Mol Cancer Ther; 13(6); 1558–66. 2014 AACR.

Introduction
Prostate cancer is the most frequently diagnosed
noncutaneous malignancy in North America and is the
second leading cause of cancer deaths in men. The most
debilitating and life-threatening aspect of advanced
prostate cancer is the propensity of the tumor to metastasize to bone. Approximately 85% of patients with
advanced disease have bone metastases (1, 2). Recent
genomic analyses of primary versus metastatic tumor
has suggested that in highly metastatic tumors, such as
prostate, breast, and lung carcinomas, micrometastases
in the bone marrow may occur very early in the natural
history of the disease. This early dissemination of malignant cells has been proposed as the basis for widespread
recurrence, which can occur as aggressive skeletal metastatic disease up to 10 years after primary therapy (3,
4). Prostate cancer is fundamentally an indolent tumor
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and preventing the progression of early bone metastases
may have a significant impact on survival and quality of
life (5, 6).
The a6 integrin (ITGA6/CD49f), a laminin receptor, is
expressed on human prostate tumors and is associated
with poor patient prognosis, reduced survival, and
increased metastasis in a variety of tumors (7–10).
ITGA6 is also expressed by human hematopoietic stem
cell populations and is coincident with abundant laminin 511 in normal human bone (11–13). The ITGA6
ligand, laminin 511 (LN511), is an essential component
of the stem cell niche and supports stem cell survival
independent of additional cytokines or growth factors
(14, 15). These observations suggest that the ITGA6–
LN511 interaction is a fundamental feature of both stem
cells and tumors within the bone marrow microenvironment and that this interaction may provide a therapeutic opportunity for systemic treatment of metastatic
tumors.
A tumor-specific form of ITGA6, called a6p, is generated by coordinated proteolytic removal of the lamininbinding domain from the tumor cell surface by urokinasetype plasminogen activator (uPA), a prometastatic factor
(16, 17). Expression levels of both uPA and its cognate
receptor are negatively correlated with prostate cancer
patient survival (18, 19). Our previous work has demonstrated that inhibition of ITGA6 cleavage function
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will significantly inhibit tumor migration both in vitro and
in vivo (20, 21). To further understand the molecular
requirements for ITGA6 in bone marrow metastases, we
have established a xenograft model of treatment for early
tumor dissemination. After tumor cell seeding within
bone from the circulation, an anti-ITGA6 function blocking monoclonal antibody (J8H) was administered weekly
and the progression of bone lesions monitored weekly by
micro-CT analysis, followed by image matched histopathology. Inhibition of ITGA6 cleavage blocked tumor
progression and increased overall survival. Animals treated with the J8H antibody displayed a higher frequency of
lesions with morphologic characteristics of a sclerotic
response. These data suggest that agents that target
ITGA6 and modulate the migration phenotype may provide a noncytotoxic alternative for patients with metastatic bone disease.

Materials and Methods
Cells
The PC3B1a cells are a bone-homing subclone of the
PC3 human prostate cancer cell line previously described
(21, 22). Cells were maintained in Iscove’s modified Dulbecco’s medium (IMDM; Life Technologies) supplemented with 10% heat-inactivated FBS (Hyclone Laboratories)
at 37 C in a 5% CO2 atmosphere at constant humidity. Cell
line identity was validated within 6 months using short
tandem repeat (STR) analysis by the Human Origins
Genotyping Laboratory (HOGL) at the University of
Arizona.

hyde. The adherent cells were stained with 0.5% crystal
violet in 20% (v/v) methanol/water, the dye solubilized
using 0.1M sodium citrate, and absorbance at 562 nm
wavelength was determined. Data shown are the mean
of triplicate determinations.
Cell migration assay
Cell culture inserts (BD Biosciences) with 8 mm pores
were coated overnight at 4 C on the underside of the insert
with 50 mL of conditioned media containing laminin 511
(26). The coated inserts were placed into wells containing
600 mL IMDM plus 10% FBS in a 24-well tissue culture
plate. Approximately 15,000 cells in 200 mL of serum-free
IMDM were incubated with or without inhibitor for 1 hour
at 37 C, before plating in the upper chamber of each insert
and additional incubation for 5 hours at 37 C. The inserts
were washed in PBS and cells on the underside of the
insert were fixed and permeabilized in methanol/acetone
and stained with 40 ,6-diamidino-2-phenylindole (DAPI; 1
mg/mL; Sigma Chemical Co.) for nuclei detection. The cell
numbers were counted using a Zeiss Axiophot inverted
fluorescent microscope at 200 magnification. The cells
were counted in 5 sections of each insert (4 corners and the
middle) to obtain the total number of cells migrating per
insert. Experiments were performed twice in triplicate,
and the average number of cells per insert was calculated.

Antibodies
The mouse monoclonal antibody, J8H, created by Dr. A.
Sonnenberg (23), recognizes an extracellular epitope of
ITGA6. For in vivo administration, endotoxin-free J8H
antibody was produced and purified by BIOCULT (Roelofarendsveen, the Netherlands) and resuspended in sterile saline for intravenous administration. For in vitro
characterizations, rat monoclonal antibody J1B5 (generated by Dr. C.H. Damsky; ref. 24), and GoH3 (generated
by Dr. A. Sonnenberg; ref. 25), both of which recognize an
extracellular epitope of ITGA6, were used. A6NT, a rabbit
polyclonal antibody, was generated against a recombinant fragment of the NH2-terminal ITGA6 b-barrel
domain (21). The AIIB2 function blocking antibody for
the b1 integrin (ITGB1/CD 29) was obtained from the
Developmental Studies Hybridoma Bank, University of
Iowa.

SCID mouse xenograft model
Animal experiments were conducted with animal care
and use committee approval using the facilities and staff
of the Experimental Mouse Shared Service at The University of Arizona Cancer Center. Left ventricle injections of
single-cell suspensions of 0.5 million cells in 0.2 mL PBS
were done with a 27-gauge needle as described previously
(21, 27). Mice were anesthetized with isoflurane (2%–3%,
delivered through a nose cone). Twelve mice were used in
each treatment group as dictated by statistical power
analysis. One-way ANOVA between 2 treatment groups
was used as the model with an 80% chance of detecting a
difference and no more than a 5% chance of error. Mice
receiving incorrectly placed injections indicated by chest
tumors at necropsy were removed from the study. Animals were terminated by CO2 inhalation if microfractures
were detected by micro-CT, if they showed signs of pain/
suffering, or in the case of unexplained weight loss as
specified by protocol. Survival advantage was determined using log-rank analysis of the Kaplan–Meier survival time.

Cell adhesion assay
Each well of a 96-multiwell plate was coated with
laminin 511. Laminin was isolated from the conditioned
media (CM) of A549 cells as previously described (26). The
wells were blocked with 100 mL of 1% BSA for 1 hour.
PC3B1a cells (5  104) were suspended in serum-free
IMDM with or without 1 mg/mL of the indicated antibody and incubated for 60 minutes at 37 C. Wells were
washed 3 times with PBS and fixed with 2.5% formalde-

Micro-CT analysis
Micro-CT scans were performed before tumor injection,
and each week from 3 to 7 weeks after tumor cell injection
using a Siemens Inveon micro-CT Scanner. Required
calibrations (i.e., center-offset calibration and light/dark
calibration) for the selected CT scan protocol were done
before scanning test animals. Animals were anesthetized
with 4% isoflurane in an anesthesia chamber. After the
scan, 1 mL of sterile saline was injected subcutaneously to
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Results
J8H antibody blocks ITGA6 cleavage and invasion
without altering adhesion to laminin 511 in vitro
Monoclonal antibodies that bind the extracellular
domain of integrins can either block normal adhesion
and signaling functions or constitutively activate the
integrin (28–30). Our previous work has established that
a truncated form of ITGA6, called A6p, is produced by
proteolytic cleavage of ITGA6 on the cell surface during
cell migration on laminin coated surfaces (21, 22). A6p
contains the transmembrane and cytoplasmic domains
of ITGA6 and is required for cell migration and invasion, whereas A6N includes the ligand-binding region
of the molecule (16). The PC3B1a cell line, which was
previously established by in vivo selection for bonehoming capacity, displays constitutive production of
A6p and A6N (Fig. 1A). Incubation of PC3B1a cells
with the J8H antibody inhibits production of the cleaved
products, whereas J1B5 and GoH3 antibodies have no
effect on A6p production. The GoH3 and J1B5 antibodies are specific for ITGA6 and inhibit both the adhesion
and migration function of ITGA6 (23, 24). Similarly, the
AIIB2 antibody is a function blocking antibody specific
for ITGB1 that prevents both adhesion and migration on
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Senescence assay
PC3B1a cells were incubated in serum-deprived media
(0.5% FBS in IMDM), with or without J8H antibody, for 24
to 72 hours to generate PC3B1a CM. The conditioned
media from J8H immobilized or control PC3B1a cells was
collected at the indicated time point and analyzed using
the human cysteine-rich protein 61 (Cyr61/CCN1) DuoSet ELISA from R&D Systems. Function analysis of the
PC3B1a CM was done using a Quantitative Fluorescence
Senescence Assay Kit (Cell Biolabs, Inc.). Human foreskin
fibroblast (HFF) cells were incubated for 72 hours in
serum-deprived media (0.5% FBS in IMDM) with or
without recombinant human Cyr61 at 5 mg/mL (R&D
Systems), PC3B1a CM, or BC3B1a þ J8H CM. After 72
hours, cells were washed with PBS and incubated 2
hours at 37 C with pretreatment solution to neutralize
lysosomal b-galactosidase activity. The senescenceassociated b-galactosidase (SA-b-gal) substrate solution
was then added to the cells for an additional 4 hours.
The cells were washed with PBS, harvested by trypsinization, and fluorescence intensity analyzed by flow
cytometry.
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aid recovery. Micro-CT image interpretation and analysis
was done using Inveon Research Workplace (IRW) software. CT scans were reviewed and scored weekly by
a radiologist (G.D. Pond) without knowledge of the
treatment groups. Subjects were identified as having
progressive lesions if the lesions increased in size in all
3 views (axial, coronal, and sagittal). The specific anatomical location of the identified lesions was recorded
and lesions were individually followed for up to
8 weeks.
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Figure 1. J8H antibody prevents ITGA6 cleavage and inhibits migration. A,
PC3B1a cells were incubated with ITGA6 function-blocking antibodies
for 48 hours and whole cell lysates assayed for the full length (A6),
membrane-bound cleaved fraction (A6p), or amino terminal domain
(A6N). Lanes represent duplicate-treated samples. B, cell migration
through laminin-coated transwell inserts was assayed in the presence of
the indicated neutralizing antibody speciﬁc for ITGA6 (J8H, J1B5, GoH3)
or ITGB1 (AIIB2). Data are presented as % of control, which is isotype
matched, nonspeciﬁc immunoglobulin (IgG). The non-antibody negative
control is heparin sulfate proteoglycan (HSPG) and the non-antibody
positive control is EDTA. C, PC3B1a cells were assayed for adhesion to a
laminin 511–coated plate in the presence or absence of the indicated
reagent. Data are presented as % control, where control is IgG as above.

laminin. Importantly, the J8H antibody inhibits cell
migration but does not alter cell adhesion to laminin
511 (Fig. 1B and C).
Treatment with J8H antibody reduces lesion
progression in a xenograft model
Our previous work demonstrated that inhibition of
A6p production by J8H treatment delays, but does not
prevent prostate tumor homing to bone (21). To investigate the efficacy of J8H as a noncytotoxic treatment
of early disseminated cancer in bone, PC3B1a cells
were injected into the arterial circulation of SCID mice.
This cell line was selected for its bone-trophic
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phenotype, reproducible aggressive metastasis formation, and constitutive expression of intact ITGA6 and
ITGA6p. Animals were randomly assigned to control or
treatment groups before tumor detection and intravenous administration of 4 mg/kg J8H antibody was
initiated 1 week after cell injection as indicated in the
study design (Fig. 2). Preliminary experiments demonstrated the presence of circulating antibody well beyond
the 1 week treatment interval (data not shown). Osseous
tumor growth was monitored by weekly micro-CT
imaging and volumetric analysis. Lesions were
recorded only when detected in all 3 views by microCT (axial, coronal, and sagittal).
Twenty-two of 24 mice developed bone lesions that
were identified by micro-CT in the third week and 1
additional animal in the J8H treatment group developed
a visible lesion at week 6. Initial tumor volumes were
comparable in the J8H-treated and -untreated control
groups at 3 weeks and the number of detectable lesions
in each group at the outset was not significantly different (n ¼ 24 and 26, respectively). Figure 2 shows a
representative micro-CT image series of 2 animals with
the region of interest (ROI) used for analysis. Evaluation
of tumor volume in each lesion at termination demonstrated a trend of reduced tumor volume in the J8H
treatment group; however, the intragroup variation
negated statistical significance (untreated mean ¼ 1.16
 0.96 mm3; J8H-treated mean ¼ 0.8  1.02 mm3; P ¼
0.488). At week 4, radiographic progression was apparent in nearly 40% of the lesions in untreated animals,

whereas only 17% of the J8H-treated tumors showed an
increase in lesion volume (Fig. 3A). By week 5, over 80%
of the untreated lesions demonstrated progression compared with 45% in the J8H-treated group. Regression,
defined as any decrease in tumor volume over time, was
seen in 30% of lesions in the J8H-treated group, whereas
only 11% of the untreated group demonstrated any
degree of tumor reduction (data not shown). There
was also a statistically significant difference in the
specific growth rate between the treated and untreated
groups over the entire time course of the study (Fig. 3B).
The mean specific growth rate of the J8H-treated
group was 0.109%/day [95% confidence interval (CI),
0.0767–0.142] compared with 0.187%/day (95% CI,
0.141–0.232) in the untreated animals (P < 0.01). Specific
growth rate is calculated as "percent increase/day"
(%/d) and is considered more accurate than doubling
time for in vivo measure (31).
J8H-treated animals demonstrate a survival
advantage
Although bone lesion progression was markedly
reduced in J8H-treated animals, the question remained
whether this would reflect a survival benefit. Animal
protocols dictated the removal of any animals that
appeared distressed or those for which the radiologist
(without knowledge of the treatment groups) indicated
fracture was imminent. Survival advantage was determined using log-rank analysis of the Kaplan–Meier survival time. Animals receiving the J8H antibody

Figure 2. Study design.
A, schematic illustrating the animal
protocol including intracardiac
injection (I.C. injection) with
prostate cancer cells (PC3B1a)
and weekly tail vein injections of
antibody (J8H, 4 mg/kg).
B, representative micro-CT scans
of control vs. J8H-treated animals
are shown before injection (Wk 0) or
weekly beginning with week 3,
which is the ﬁrst point that
radiographic lesions could be
detected. The ROI used for lesion
volume analysis is shown (white
dotted circle). Animals were
removed from the study (X) when
imminent fracture was indicated by
the radiologist ( ).
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lesions (n ¼ 39) in the untreated animals. Taken together,
the data indicate that inhibition of ITGA6 cleavage in vivo
reduces osteolytic tumor activity and induces a sclerotic
reaction in bone lesions.
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Figure 3. Quantitative analysis of tumor progression. A, metastatic bone
lesions were recorded if detected in 3 views by micro-CT (axial, coronal,
and sagittal) as lytic lesions. The osteolyic lesions (n ¼ 69) were followed
weekly by micro-CT analysis in untreated animals (solid line, diamonds,
n ¼ 9) or J8H-treated animals (dashed line, squares, n ¼ 13). The
untreated lesions (n ¼ 29) and treated lesions (n ¼ 40) were scored for
progression by the radiologist without knowledge of the treatment
groups. B, serial lesion volumes were used to determine the rate of tumor
progression over time. Signiﬁcance was determined using the Kruskal–
Wallis nonparametric analysis (P < 0.01).

demonstrated a statistically significant survival advantage, with a median survival time of 41 days (SE ¼ 3.5)
compared with 34 days (SE ¼ 2.2) in the control group (P <
0.05; Fig. 4). All animals in the untreated group were dead
at 50 days, where as 30% of the J8H-treated mice survived
and remained alive at the end of the study, for example, 8
weeks after systemic tumor injections.
Arrested tumor progression is associated with
sclerotic bone reaction
Inspection of the images from animals with a J8H
survival benefit revealed an unanticipated finding of
lesions containing a sclerotic rim of reactive bone. Representative 3-dimensional micro-CT views of the lesions
(Fig. 5A) indicated a well-circumscribed lesion observed
within the axial, coronal, and sagittal views. Companion
histology of the lesion demonstrated the presence of
tumor in the trabecular bone (Fig. 5B), abutting the epiphyseal plate. The tumor was surrounded by fibroblasts and
microvessels giving the appearance of granulation tissue
as is seen in wound healing. Retrospective analysis of the
lesions indicated that 67% of lesions (n ¼ 29) in mice
treated with the anti-ITGA6 antibody demonstrated features of a sclerotic bone reaction, compared with 33% of
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Engagement of ITGA6 with J8H induces tumor
production of soluble factors
Secreted proteins that interact with the extracellular
matrix have been shown to modify cellular response to
the microenvironment via interaction with integrin
receptors, including ITGA6. Specifically, the matricellular protein cysteine-rich protein 61 (CCN1/CYR61)
has been implicated in both cutaneous wound healing
and bone remodeling (32, 33). To determine if ITGA6
engagement affects tumor cell production of CCN1,
conditioned media was collected from PC3B1a cells
treated with J8H antibody for 24, 48, or 72 hours. ELISA
assay for secreted CCN1 demonstrates a time-dependent increase in the production of CCN1 by cells
with extracellular engagement of ITGA6 (Fig. 6). The
PC2B1a and PC3B1a þ J8H CM was tested for biologic
function using an HFF senescence assay. In these experiments, HFFs are incubated with conditioned media
from antibody-treated PC3B1a cells for 72 hours. HFF
cells are then assayed for SA-b-Gal activity. Incubation
of the HFF cells in serum-deprived media alone induces
a low level of senescence, as indicated by SA-b-Gal
activity (Fig. 6B). Treatment of the HFF cells with
recombinant CCN1 (5 mg/mL) induces SA-b-Gal activity by 19% compared with control cells. Conditioned
media collected from antibody treated PC3B1a cells
resulted in a 61% increase in SA-b-Gal activity,
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Figure 4. Survival advantage of J8H-treated animals. Survival advantage
of the J8H-treated animals was determined using log rank analysis of the
Kaplan–Meier survival time. Animals were followed for up to 8 weeks and
were sacriﬁced if an imminent fracture in any lesion was detected by the
radiologist, as dictated by the protocol.
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Figure 5. J8H-treated animals demonstrate a higher frequency of sclerotic lesions. A, axial, coronal, and sagittal views demonstrate reactive bone surrounding
the osteolytic lesions. B, matched histologic sections obtained at the end of the study of the lesion in A. The black dotted circle deﬁnes PC3B1a prostate tumor
growth abutting the epiphyseal plate. Increased magniﬁcation of the lesion demonstrates a sclerotic type lesion, encircled by vessels and new bone formation.
C, the frequency of lytic or sclerotic lesions was scored by a radiologist using micro-CT images from untreated (n ¼ 29) or J8H-treated (n ¼ 40) animals.
Individual lesions were evaluated at the end of the study, and data are presented as % of total lesions.

compared with 42% increase by conditioned media
from cells without J8H treatment. These data indicate
that both recombinant CCN1 alone and conditioned
media (containing CCN1) collected from antibody treated PC3B1a cells, resulted in increased HFF senescence.

Discussion
Metastatic tumors in the bone marrow are typically
refractory to standard chemotherapy and radiation treatment (5, 6). The mechanism(s) of resistance can be related
to intrinsic characteristics of the tumor or mediated by the
tumor microenvironment. Because of the significant contribution of the bone marrow microenvironment, many of
the therapeutic strategies currently under development

A

are designed to target not only the tumor itself, but the
bone marrow microenvironment and the tumor/bone
interface. For example, the bisphosphonate zoledronic
acid is FDA approved for the treatment of prostate cancer–induced skeletal-related events (SRE). Another bonetargeted agent currently in clinical trials is denosumab,
which is a monoclonal antibody that blocks osteoclast
activation by inhibiting the receptor-activated NF-kb
ligand (RANKL; ref. 34). These agents have shown efficacy in reducing tumor progression, but are not without
systemic effects on bone metabolism, and both have been
implicated in osteonecrosis of the jaw (ONJ) disease and
pathologic fractures.
Integrins are critical intermediaries in cell/microenvironment communication and thus represent a highly
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Figure 6. Soluble factors produced by PC3B1a cells with extracellular engagement of ITGA6. A, PC3B1a cells were incubated with J8H antibody for the
indicated time, and the conditioned media collected and analyzed for Cyr61 concentration by ELISA assay. Concentration was calculated based on standard
curve. B, PC3B1a CM or serum-deprived media (SDM) prepared in the presence or absence of J8H antibody engagement was incubated with HFF
cells for 72 hours, followed by incubation with b-galactosidase substrate for 4 hours. Cells were then harvested and analyzed for SA-b-Gal activity by
ﬂow cytometry.
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attractive target in oncology therapy (35, 36). Although
many approaches to targeting integrin receptors have
focused on the development of the tripeptide arginylglycyl-aspartic acid (RGD)-based therapeutics, most notably the pentapeptide Cilengitide (37), our work utilizes a
function-blocking antibody specific for ITGA6, a laminin
receptor that does not recognize RGD-containing ligands.
ITGA6 has been identified as a stem cell marker and is
expressed by more than 70% of advanced prostate carcinomas. Targeting laminin-binding integrins is particularly relevant to bone metastatic lesions as bone is a lamininrich environment that provides a protective adhesion site
for early metastatic tumors to survive standard chemotherapeutic agents (38–40). Importantly, the J8H antibody
will block tumor migration without altering cell adhesion
to laminin, as loss of ITGA6 adhesion by either circulating auto-antibody or ITGA6 mutation has been associated with epithelial blistering and basement membrane separation (41, 42). Control experiments demonstrated no direct effect of the antibody on cell proliferation or survival in short-term assays (data not shown).
J8H recognizes both human and mouse integrin A6 and
blocks A6p production but does not inhibit adhesion,
which may be one reason for its low in vivo toxicity. J8H
does inhibit tumor cell migration; however, it remains
to be determined if normal cell migration, such as
induced by wound healing, would be affected by
J8H. In addition, we do not yet know the specific effects
of J8H antibody treatment on hematopoietic stem cells
and other normal cells in the bone marrow. However,
we found no adverse effects or evidence of toxicity in
the J8H-treated animals.
Bone-resident tumors induce a dysregulation of normal bone remodeling and can appear as either osteolytic or osteoblastic lesions (reviewed in refs. 43 and 44).
Osteolytic lesions appear more frequently in patients
with advanced breast cancer, whereas patients with
metastatic bone lesions of prostate cancer are often
osteoblastic, and the vast majority of patients display
mixed osteolytic and osteoblastic bone disease. The
molecular basis for the establishment of osteolytic versus osteoblastic bone metastasis in patients is not well
understood and has been characterized as a vicious
cycle driven by factors derived from both the tumor
and the environment. In this study, inhibition of the
cell-surface ITGA6 cleavage reaction, and not the adhesion function of the integrin, significantly decreased
bone lesion progression. Sequential micro-CT imaging
of animals in the J8H treatment group showed a frequent conversion of the scores from osteolytic to sclerotic lesions with a well-circumbscribed rim of
increased density immediately surrounding the tumor.
Interestingly, all lytic lesions progressed independent
of treatment conditions until 4 weeks of treatment,
when more than 60% of the lesions converted to sclerotic lesions over the remainder of the study. Taken
together, these data suggest that the J8H treatment may
affect the long-term host reaction to bone-resident
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tumor cells rather than blocking the early onset lytic
process.
Although 100% of the surviving mice contained sclerotic lesions, it is an important limitation that only 4
mice survived to the end of the study. An increased
number of mice would be needed to verify the dominance of the sclerotic lesions for predicting the
increased survival of the mice, especially given the
coexpression of lytic and blastic lesions. This study
mimics the clinical situation in 2 important ways: the
J8H antibody was delivered after lesions were detected
in live animals by micro-CT and lesion progression;
identification and scoring of sclerotic lesions in the same
live animals was done by a board-certified radiologist.
A future histomorphometric analysis using higher resolution images and isolated femurs at each time point
could be done to provide additional details and insight
about the changes in bone morphology.
Clinically, the development of sclerotic lesions is
often considered curative (45, 46) and has been
described as a "flare phenomenon" in which patients
respond to bone metastasis treatment but have unexpected transient increases in alkaline phosphatase and
show positive Technetium-99m-polyphosphate bone
scans (47). Sclerotic lesions are considered benign-type
lesions that progress slowly, involve a host reaction for
entombment of the tumor, and are less painful than
lytic-type lesions (48). Our data suggest that lesion
conversion may be an indirect effect of ITGA6 engagement, perhaps by altering the secretome of the tumor
in bone marrow. Fibroblast senescence is associated
with cutaneous wound healing, and has been shown
to be dependent on CCN1 binding to ITGA6 (49). Ex
vivo analysis indicates that CCN1 seems to be a component of the soluble factors produced when cell motility is blocked; however, the functional effects on adjacent stromal components are likely to be multifactorial,
and characterization of the mechanisms responsible
for lesion conversion will require a more comprehensive approach (50). CCN1 likely is not the only factor in
the conditioned media that causes senescence. Future
studies using a broad-based proteomic approach may
reveal additional senescence and growth regulatory
factors.
The targeting of the extracellular domain of ITGA6,
independent of the ligand-binding region may represent a new noncytotoxic approach for prostate patients
with advanced disease and extensive skeletal involvement. Using a noncytotoxic approach to alter the cell–
cell interactions and break the cycle of bone destruction may provide disease control without systemic
toxicity.
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