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223Ra is an a-emitter approved for the treatment of bone metastatic
prostate cancer (PCa), which exerts direct cytotoxicity toward PCa cells
near the bone interface, whereas cells positioned in the core respond
poorly because of short a-particle penetrance. b1 integrin (b1I) interfer-
ence has been shown to increase radiosensitivity and significantly
enhance external-beam radiation efficiency. We hypothesized that tar-
geting b1I would improve 223Ra outcome. Methods: We tested the
effect of combining 223Ra and anti-b1I antibody treatment in PC3 and
C4-2B PCa cell models expressing high and low b1I levels, respectively.
In vivo tumor growth was evaluated through bioluminescence. Cellular
and molecular determinants of response were analyzed by ex vivo
3-dimensional imaging of bone lesions and by proteomic analysis and
were further confirmed by computational modeling and in vitro func-
tional analysis in tissue-engineered bone mimetic systems. Results:
Interference with b1I combined with 223Ra reduced PC3 cell growth in
bone and significantly improved overall mouse survival, whereas no
change was achieved in C4-2B tumors. Anti-b1I treatment decreased
the PC3 tumor cell mitosis index and spatially expanded 223Ra lethal
effects 2-fold, in vivo and in silico. Regression was paralleled by
decreased expression of radioresistance mediators. Conclusion: Tar-
geting b1I significantly improves 223Ra outcome and points toward
combinatorial application in PCa tumors with high b1I expression.
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Prostate cancer (PCa) is the fifth leading cause of death from
cancer worldwide and the most common malignancy in elderly
men (1). Androgen receptor signaling inhibitors and chemotherapy
are effective in local tumors, with a 99% survival rate at 5 y from
diagnosis but responses of short duration for advanced metastatic
disease (,30% survival at 5 y) (1). Bone is the most frequent site
for PCa distant colonization, as identified in 84% of the patients
with metastatic lesions (2). The interactions between cancer and
bone-resident cells disrupt the finely balanced biology of bone,

leading to symptomatic remodeling, spinal cord compression, frac-
tures, limited mobility, and ultimately the patient’s death (3,4).

223Ra, a bone-targeted radionuclide, has recently been approved for
the treatment of advanced metastatic PCa patients with bone lesions
(5). This a-emitter accumulates in mineralized bone tissue because of
its calcium-mimetic properties and is enriched in areas with high bone
turnover (6,7). The short penetration range of a-particles (,100 mm)
minimizes the impact on the healthy bone marrow tissue, thus reduc-
ing side effects associated with treatment with b-emitters (6,8). 223Ra
low systemic toxicity coupled to improved survival and significant
delay of first symptomatic skeletal events led to clinical testing in other
neoplasias in bone, including multiple myeloma; renal cell carcinoma;
and breast, lung, and thyroid cancer (9).
Recently, we demonstrated that 223Ra kills with maximum effi-

ciency PCa cells proximal to the bone surface (within 100 mm),
whereas it leaves the distant core unperturbed (7). On the basis of
this strictly zonal toxicity, 223Ra therapy was more effective when
applied to lesions of limited size (7). As an alternative, the combi-
nation of 223Ra with other agents that radiosensitize PCa cells
could enhance its efficacy.
The inhibition of integrin pathways increases the effectiveness of

external-beam radiation in multiple cancer types, including head and
neck, breast, and prostate, both locally and in metastatic sites (10–14).
Integrins are heterodimeric transmembrane receptors composed of
a- and b-subunits, which mediate interactions with extracellular
matrix ligands (15) and signaling cross-talk with growth factor recep-
tors (16). Through these combined functions, integrins support cell
growth, decrease cell death by promoting anchorage-dependent sur-
vival, and enable radioresistance mechanisms on exposure to ionizing
g-radiation, including induction of adhesion and survival signaling
and enhanced DNA repair (14,17,18). Anti-b1 integrin (b1I) targeting
improves irradiation treatment outcomes in breast cancer cells in
3-dimensional cultures and in vivo subcutaneous xenografts, reaching
efficacy comparable to high-dose radiotherapy (11). Blocking b1I in
PC3 PCa subcutaneous tumors further inhibits their growth on irradia-
tion (13). Consequently, targeting of b1I in combination with g-radia-
tion can increase response and reduce survival of cancer cells.

MATERIALS AND METHODS

In Vivo Studies
Animal studies were approved by the Institutional Animal Care and

Use Committee of the University of Texas M.D. Anderson Cancer
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Center and were performed according to the institutional guidelines
for animal care and handling. Luciferase-expressing PCa cells were
administered in the tibia as previously reported (7). Details on in vivo
studies are provided in the supplemental information.

Statistical Analysis
Statistical analysis was performed using Prism, version 8.0 (Graph-

Pad Software). An unpaired 2-sided Student t test was applied to ana-
lyze 2 populations, whereas 1-way ANOVA, followed by the Tukey
honestly-significant-difference post hoc test, was performed to com-
pare more than 2 populations. All statistical tests were 2-sided, and
statistical significance was considered for a P value of less than 0.05.
Data are shown as mean 6 SD.

Further experimental methods are detailed in the supplemental
information.

RESULTS

Expression of b1I and Consequences of Targeting, In Vitro
To define the relevance of anti-b1I targeting in PCa bone metasta-

sis, we confirmed its expression by interrogating transcriptomic data
from the Stand Up to Cancer/Prostate Cancer Foundation database,
which contains RNA sequence data derived from a cohort of 150
bone or soft-tissue biopsies (19). The b1I transcript showed hetero-
geneous expression in both sample types, with no significant differ-
ences (Fig. 1A), indicating that PCa bone metastases can retain b1I
expression at different levels. To recapitulate the role of b1I targeting
in PCa, we used PC3 and C4-2B cells as models for high or low b1I
expression (20), respectively, which was confirmed by flow cytome-
try and immunofluorescence analysis (Figs. 1B and 1C). For target-
ing, we used the antihuman b1I 4B4 blocking monoclonal antibody
(4B4-mAb), which sensitizes solid tumors to g-irradiation (21). To
explore the functional significance of b1I interference, we monitored
PCa cell growth in the presence of 4B4-mAb. PC3 cell proliferation
and mitotic index were significantly reduced by 4B4-mAb treatment
(Supplemental Fig. 1A; supplemental materials are available at http://

jnm.snmjournals.org), whereas C4-2B cell culture was not affected
by anti-b1I targeting (Supplemental Fig. 1B). These results suggest
that b1I is variably expressed in PCa patients and cell lines and that
its targeting has biologically active effects in a PCa subset endowed
with higher expression levels.

Effects of Combined 223Ra and Anti-b1I Treatment on PCa Cell
Growth in the Tibia
To determine the effects of 223Ra and anti-b1I combinatorial treat-

ment on PCa bone lesions, luciferase-expressing PC3 cells were
injected into mouse tibiae (n 5 13–19 tibiae/group), randomized at
day 3 after implantation and treated with a single dose of 223Ra (300
kBq/kg) and 4B4-mAb (100 mg/mouse), alone or in combination,
and tumor growth was monitored longitudinally by macroscopic bio-
luminescence imaging (Fig. 2A; Supplemental Fig. 2). 4B4-mAb
specifically targets human b1I without cross-reactivity to murine
integrins (22), thus allowing identification of direct effects exerted
on human tumor cells without perturbing the murine bone microen-
vironment. PC3 tumors retained b1I expression in vivo (Supplemen-
tal Fig. 3), and treatment with 4B4-mAb delayed their growth and
significantly extended mouse survival compared with control-treated
animals (Fig. 2B; Supplemental Fig. 2A). 223Ra treatment alone
extended survival more efficiently, and combinatorial treatment
further significantly improved mouse survival, with approximately
70% of mice still alive 40 d after treatment (Fig. 2B). No signs of
increased distress (including major weight loss, reduced hydration,
difficulties in breathing, aberrant behavior and movements, abdomi-
nal cavity swelling) were identified in mice treated with 223Ra or
4B4-mAb, alone or in combination.
When tested in C4-2B tumors implanted in bone (n 5 8–10

tibiae/group), 4B4-mAb improved neither survival nor the effi-
cacy of 223Ra (Fig. 2C; Supplemental Figure 2B), indicating
insensitivity to b1I targeting, probably due to low b1I expres-
sion levels in vivo (Supplemental Fig. 3). By comparison with
PC3 bone lesions, C4-2B tumors showed negligible growth until
day 21 after 223Ra treatment. To rule out the possibility that thera-
peutic improvement by 4B4-mAb treatment was confounded by
this strong response, a second cohort (n 5 9–12 tibiae/group)
received low-dose 223Ra treatment (100 kBq/kg) combined with
4B4-mAb. Reduced dosing of 223Ra resulted in accelerated
tumor progression, but similar to the high-dose regimen, 4B4-mAb
did not improve 223Ra outcome (Fig. 2D; Supplemental Fig. 2C).
These results suggest that combining b1I targeting and 223Ra treat-
ment improves efficacy of 223Ra in PCa tumors with higher b1I
expression.

223Ra and 4B4-mAb Zonal Toxicity in PCa Bone Lesions
To determine the cellular effects of combined 223Ra and 4B4-mAb

treatment on PC3 bone lesions, we monitored cytotoxicity exerted
by combinatorial therapy versus single treatments by single-cell
cytometry in transversal 3-dimensional bone sections captured at
the confocal microscope 4 d after treatment (Fig. 3A). PC3 lesions
were segmented, and the number of mitotic and apoptotic events
was quantified for subregions with a 100-, 200-, or greater than
200-mm distance from cortical bone (Fig. 3B), a corridor that fully
accommodates the short distance reached by a-particles (,100mm)
(8). PC3 tumor cells were easily distinguishable from resident bone
marrow cells on the basis of the large nuclear size and pattern of het-
erochromatin; also, mitotic figures and cell death were clearly
identifiable on the basis of their typical nuclear pattern (Supple-
mental Fig. 4). Control-treated lesions lacked a zonal increase

FIGURE 1. b1I expression, in vitro. (A) RNA expression of ITGB1 in
bones and soft-tissue metastasis, Stand Up to Cancer/Prostate Cancer
Foundation database. (B and C) Flow cytometry and immunofluorescence
analysis of b1I expression in PC3 and C4-2B cells. Experiment was
repeated twice. Bar5 50 mm; n.s.5 nonsignificant.
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in mitotic or apoptotic cells; 4B4-mAb induced a uniform
decrease in mitotic index throughout the tumor (Fig. 3C),
whereas 223Ra induced zonal toxicity with higher rates of cell
death next to the cortical bone (0–100mm) and a decreasing effect
at a greater distances (Fig. 3C), as described (7). The combination of
223Ra and 4B4-mAb improved zonal efficacy by decreasing the
mitosis-to-apoptosis ratio (Fig. 3C). This effect was mediated by
coupling of significantly increased levels of apoptosis with a signifi-
cant reduction in mitosis, compared with 223Ra alone (Fig. 3D).
These results suggest that both the spatial extension of 223Ra cyto-
toxic effects and a decrease in mitosis contribute to improved out-
come (Fig. 2B).
Enlargement of the tumor cell nucleus induced by genome

replication without cell division follows exposure to high doses
of ionizing radiation and is already visible during the first days
after irradiation (23–25). No changes in size were evident in
control- or 4B4-treated lesions at any distance from bone, as
quantified using ImageJ and StarDist software (26,27). 223Ra
induced a tumor cell nuclear size enlargement within 100 mm,
compared with both 100–200 mm and more than 200 mm of dis-
tance from bone, whereas the 223Ra-4B4 combination showed a
significantly increased size up to a 200-mm distance from bone,

confirming that a broader area was impacted
by radiation effects (Supplemental Figs. 5A
and 5B).
Overall, these results indicate that b1I

targeting decreases mitosis and sensitizes
PC3 cells to 223Ra by broadening the tumor
volume fraction that responds to radiation
therapy.

Sensitization of Tumor Cells to Radiation
Through 4B4-mAb Treatment
To address the ability of b1I interference

to radiosensitize for 223Ra, we implemented
PC3 cell treatment with ultra-low 223Ra
doses in a 3-dimensional in vitro bone
mimetic environment (BME). This system
consists of a polycaprolactone scaffold func-
tionalized by human mesenchymal stem
cells differentiated to bioactive osteoblasts
that produce a calcified bone matrix (Fig. 4A),
which incorporates 223Ra efficiently and sim-
ulates in vivo distribution (28). PCa tumor-
oids were seeded on BMEs and were treated
with 4B4-mAb or 223Ra (10 Bq/mL (28)),
and the response was evaluated longitudi-
nally by live-cell microscopy (Fig. 4A). Indi-
vidually, neither 223Ra nor 4B4-mAb as
single modalities significantly impaired PC3
viability or growth. When combined, how-
ever, they significantly decreased tumoroid
growth and increased the number of apo-
ptotic cells (Figs. 4B and 4C; Supplemental
Fig. 6). To further identify whether b- or
g-emission (which represent 3.6% and 1.1%
of 223Ra decay series, respectively (29))
may contribute to 223Ra-mediated cyto-
toxicity, we preadsorbed 223Ra at high
doses (1,600 Bq/mL) to BMEs, washed
them, and fit them in a Transwell system

(Corning) at more than a 1-mm distance from PC3 cells, ruling
out a-particles (Supplemental Fig. 7A). 223Ra was retained
within BMEs, with negligible release in the medium (,2%;
Supplemental Fig. 7B). However, PC3 cell growth was signifi-
cantly reduced in this large-distance culture by 223Ra alone
and was further diminished by 223Ra 1 4B4-mAb treatment
(Supplemental Fig. 7C). These data indicate that, besides a
direct short-range effect of a-particles, 223Ra cytotoxicity may
be supported by b- or g-emission, but considering the limited
fraction emitted (29), a minor contribution can be expected at
therapeutic doses.
Interestingly, functional proteomics (reverse-phase protein

array) performed on PC3 bone lesions treated with 4B4-mAb
showed that the top proteins mostly affected by b1I targeting
(Supplemental Table 1) were involved in tumor cell prolifera-
tion and radiosensitization, including lactate dehydrogenase-A
(30), bromodomain-containing protein 4 (31), and mitogen-
activated protein kinase (32). Lactate dehydrogenase-A overex-
pression in PCa has been linked to aggressive tumors with a
higher frequency of local relapse on radiotherapy treatments,
whereas its knockdown causes radiosensitization of PC3 cells
(30). Bromodomain-containing protein 4 plays a central role in

FIGURE 2. In vivo response of PCa cells in bone to anti-b1I (4B4) and 223Ra treatments. (A) Experi-
mental design and timeline of treatment schedule. (B) PC3 tumors, growth, and survival curve over
time (223Ra, 300 kBq/kg; 4B4-mAb, 100 mg/mouse; n 5 13–19 tumors). (C and D) C4-2B tumors,
growth curve, and survival curve over time (223Ra, 300 kBq/kg; 4B4-mAb, 100 mg/mouse; n 5 8–10
tumors [C]; 223Ra, 100 kBq/kg; 4B4-mAb, 100 mg/mouse; n 5 9–12 tumors [D]). *P , 0.05. ***P ,

0.001, 1-way ANOVA, followed by Tukey honestly-significant-difference post hoc test.
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the repair of DNA double-strand breaks,
and high expression is associated with
poor prognosis after PCa radiation ther-
apy (31). Mitogen-activated protein
kinase regulates the activation of the
mitogen-activated protein kinase/extracellu-
lar signal–regulated kinase pathway, thus
affecting the survival of nonadherent cells
(33), whereas its inhibition increases radio-
sensitivity of PCa xenografts via c-Myc
downregulation (32). Transcription factor
A, glutaminase, and fatty acid synthase
have been also linked to radioresistance
(34–36).
Overall, these results suggest that anti-

b1I treatment can sensitize tumor cells to
223Ra treatment.

Mathematic Modeling of 223Ra and
4B4-mAb Zonal Toxicity in PCa
Bone Lesions
Our analyses suggest that b1I interference

decreases mitosis rates, and when combined
with 223Ra treatment, increases apoptosis
along the bone interface. This dual effect
may translate into tumor growth reduction
and improved survival. To confirm whether
decreased mitosis combined with extended
zonal toxicity could mechanistically explain
in vivo outcome, we performed in silico
simulation based on an agent-based model
that recapitulates zonal toxicity of 223Ra on
tumors in bone (7,37). The agent-based
model was further developed to account
for the response to 4B4-mAb based on prob-
abilities of mitosis or apoptosis obtained
from 4B4-treated mice (Figs. 3C and 5A).
Tumor growth simulations in response to
4B4-mAb as a single agent or in combina-
tion with 223Ra were performed for up to
800 h in tumors of different sizes (1–9,800
cells; Figs. 5A and 5B). The responses to
combinatorial regimen and tumor size were
inversely correlated, with potent tumor rejec-
tion of single or few cells and further effi-
cacy improvement in bigger lesions that
responded poorly to 223Ra monotherapy
(e.g., initial size of 2,400 cells; Fig. 5B;
Supplemental Table 2). Control and 4B4-
treated lesions did not show any spatial cor-
relate for mitotic or apoptotic probabilities
(Fig. 5C; Supplemental Fig. 8), as expected.
223Ra treatment increased the apoptotic index
along the bone interface, in a time-dependent
manner accounting for 223Ra decay. Com-
bined 223Ra and 4B4-mAb broadened the
zone and duration of an elevated apopto-
tic index. These results confirm that 4B4-
mediated extension of 223Ra lethal effects
combined with mitosis reduction support
increased efficacy in vivo.

FIGURE 3. Cellular mechanisms of response to anti-b1I and 223Ra treatments. (A) Cartoon and time-
line. (B) Representative overviewmicrograph. Insert shows zoomed subregions segmented every 100 mm
from bone interface. Bar 5 100 mm. (C) Quantification of mitosis/apoptosis nucleus ratio for each treat-
ment condition. Data are mean 6 SD (n5 3 bones/treatment, 3–5 slices/bone). (D) Zonal comparison of
apoptotic and mitotic cells for 223Ra and 223Ra 1 4B4 treatments. *P , 0.05. **P , 0.01 by 1-way
ANOVA and honestly-significant-difference post hoc test. DAPI5 49,6-diamidino-2-phenylindole.

FIGURE 4. Effects of 4B4-mAb treatment on a-radiation sensitization. (A) Cartoon of experimental
pipeline. (B and C) Representative pictures of PC3 tumoroids treated with 4B4-mAb (15 mg/mL) and
223Ra (10 Bq/mL) alone or in combination (B); growth curve, with 3 independent experiments per-
formed (means 6 SD, 6 scaffolds/condition; C, left panel); and percentage of apoptotic cells after
treatment (means 6 SD, 6 scaffolds/treatment; C, right panel). Bar 5 100 mm. *P , 0.05 by 1-way
ANOVA and honestly-significant-difference post hoc test.
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DISCUSSION

Metastatic cancer to bone is a persistent clinical challenge and a
source of significant morbidity and mortality for patients afflicted
with PCa. The inefficiency of current clinical investigations can
be overcome, in part, by identifying new vulnerabilities and
markers that can be used to select patients and monitor therapy
response. We were motivated to perform this work to address
the promising but limited efficacy that recently emerged from
targeting bone metastasis by 223Ra. b1I interference increased
223Ra therapeutic outcome in tumors expressing higher levels of
b1I by decreasing tumor growth and improving mouse survival via
combined reduction of tumor cell mitosis and extension of 223Ra-
mediated zonal apoptosis. Although b1I interference increases the
efficacy of radiotherapy by means of external-beam radiation, we
here establish integrin targeting as an efficient radiosensitizing
strategy to improve the efficacy of a-particle–emitting bone-
seeking radioisotopes.
Activation of b1I occurs during PCa progression and has been

detected in 65% and 72% of primary PCa or lymph node speci-
mens compared with normal prostatic tissue (38). Variable expres-
sion of transcripts has been also identified in both soft-tissue and
bone metastatic patient samples (19). Accordingly, b1I is constitu-
tively activated in highly metastatic PC3 cells compared with low
metastatic C4-2B. Notably, b1I expression levels in PCa cells do
not correlate with their lytic function, as strongly osteoblastic
MDA PCa 118b tumors display higher expression levels of b1I
than do PC3 cells (20).
b1I represents a potential marker to select a subset of meta-

static patients who would benefit of cotargeting by 223Ra as a
novel therapeutic strategy. Here, we tested only 2 cell lines
endowed with b1I expression levels that differ by about 1 log
in vitro and 1.5–2 log in vivo. The resistance of C4-2B cells to
4B4-mAb treatment suggests that b1I expression levels can
correlate with targeting efficacy; however, we do not exclude
that further alternative mechanisms could support resistance to
this treatment. To better characterize this process and define a
threshold for effective targeting of malignant cells, expression of
b1I in vivo should be tested in a variety of PCa patient-derived xen-
ografts (39) followed by combined 223Ra/anti-b1I treatment and
response monitoring. Patient-derived xenografts have the advantage
of replicating the heterogeneity of human cancer biology with high
fidelity, thus more accurately modeling these aspects in translational
therapeutic studies. In this work, we identified the consequences of
specific tumor cell targeting by 4B4-mAb, which blocks exclusively
human b1I and does not cross-react with the mouse stroma.
Although being mechanistically informative about the direct effects
on the tumor compartment, this approach does not address the role
of targeting the bone environment. Besides in tumor cells, this
integrin is expressed by bone stromal and immune cells (40), the
targeting of which could further improve outcome, such as by inter-
fering with the vicious cycle that supports cancer progression. On
the other hand, stronger 223Ra-mediated effects on bone cells might
exacerbate bone remodeling or increase bone marrow toxicity,
which can be mitigated by administration of bisphosphonates or
granulocyte-stimulating factor, respectively. These studies would
require analysis in syngeneic or genetically engineered models
using an antimouse b1I antibody that targets both tumor and stro-
mal cells.
Combination of 4B4-mAb with 223Ra extended cancer cell

apoptosis beyond the spatial range expected to be reached by

a-particles (,100 mm). Reduced tumor density, caused by
death induction, may allow the a-particles to travel farther than
in a tighter, denser cellular matrix. In addition, we showed in a
high-dose setting, in vitro, that long-range cytotoxicity can be
in principle caused by 223Ra, but further biophysical analyses
are needed to dissect the relative contribution of a-, b-, or
g-radiation to the zonal cytotoxic effect achieved in bone at a
therapeutically administered dose. Lastly, enhanced bystander
effects may account for broadened zonal cytotoxicity by 223Ra.
Irradiation can induce a mutagenic response and cell activation,
followed by juxtracrine bystander signaling toward nonirradi-
ated neighboring cells through cell–cell interactions and
release of soluble factors, including reactive oxygen species,
toxic metabolites, and cytokines, which might be amplified by
b1I targeting (41,42). In line with these concepts, indirect
effects of 223Ra are supported by recent mouse and computa-
tional modeling, showing that a robust bystander effect compo-
nent was required to simulate results achieved in vivo whereas
a direct-effect component contributed modestly and was insuf-
ficient to explain in vivo outcome (43,44).
Interestingly, a humanized anti-b1I monoclonal antibody has

recently been developed for applications in patients and is cur-
rently being tested in a phase I clinical trial for glioblastoma (45).
Therefore, clinical b1I targeting combined with 223Ra may be a
realistic option in patients on identification of suitable candidates
based on its expression levels.

CONCLUSION

Targeting bone metastasis by 223Ra resulted in promising but
limited therapeutic efficacy due to short a-particle penetrance. Our

FIGURE 5. Mathematic modeling of 223Ra and 4B4 response. (A) Sche-
matic representation of in silico tumor lesions in bone. White dot 5 inter-
phase (IP) cell; red dot 5 apoptotic cell; cyan dot 5 mitotic cell. (B) In
silico simulations of tumor growth by lesions of different sizes in control,
4B4-mAb, 223Ra, or 223Ra 1 4B4 treated samples (data represent means
of 10 simulations). i #5 initial number of tumor cells. (C) Apoptotic index
(probability of apoptosis/probability of mitosis for each agent).
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work identified b1-integrin interference as the first cotargeting
strategy to improve 223Ra outcome.

DISCLOSURE

This work was supported by the Cancer Prevention and Research
Institute of Texas (RP140482); the Prostate Cancer Foundation
(16YOUN24); Prostate Cancer SPORE (P50 CA140388-07); the
European Research Council (ERC-CoG DEEPINSIGHT, 617430);
the National Institutes of Health (U54 CA210184–01; P41
EB023833; P30 CA016672); and the Cancer Genomics Cancer,
The Netherlands. 223Ra is from Bayer. The funders had no role in
the design of the study; the collection, analysis, or interpretation of
the data; the writing of the manuscript; or the decision to submit
the manuscript for publication. No other potential conflict of inter-
est relevant to this article was reported.

ACKNOWLEDGMENT

We thank Dr. Kent Gifford (University of Texas M.D. Anderson
Cancer Center) for the insightful discussion.

KEY POINTS

QUESTION: Can we improve the promising (but limited) effi-
cacy that recently resulted from targeting bone metastasis
by 223Ra?

PERTINENT FINDINGS: b1I interference combined with 223Ra
reduced PCa cell growth in bone and significantly improved
overall mouse survival. Targeting b1I significantly decreased the
tumor cell mitosis index and spatially doubled 223Ra lethal effects
through radiosensitization and reduction of radioresistance
mediators.

IMPLICATIONS FOR PATIENT CARE: b1I expression can
represent a biomarker to select a subset of metastatic
patients who would benefit from cotargeting by 223Ra; the
availability of a humanized anti-b1I monoclonal antibody
will soon make combinatorial testing in patients clinically
feasible.
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