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Abstract

Adenocarcinoma of the prostate remains a significant public health problem and a prevalent cancer
in men. Prostate-specific antigen used as a biomarker has established a clear migration of patients
towards earlier-stage disease at presentation. However, in spite of process improvements in
traditional therapies including surgery, radiation therapy, and hormone management, there remains
a significant cohort of patients with intermediate- to high-risk features for poor outcome in spite of
optimal use of traditional management. This paper focuses on future treatment strategies integrating
new therapeutic options with traditional management, specifically to pinpoint new radiation therapy
strategies.
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Excluding carcinoma of the skin, adenocarcinoma (ADC) of the prostate is the most common
cancer affecting men in the USA [1]. Owing to the high incidence of the disease, process
improvements in both disease detection and treatment are important issues in public health.
Technical improvements in both surgery and radiation management have improved clinical
outcome for patients. Extended use of prostate-specific antigen (PSA) as a biomarker has also
led to clinical-stage migration in a favorable manner, thus promoting improved clinical
outcome as more patients are identified with early-stage disease. However, improvements in
translational science are the next required step to improve the outcome of patients who remain
at high risk for failure in spite of optimal clinical management and treatment.

The development of the PSA assay has greatly improved clinical strategies for patients with
this disease. There has been a favorable stage migration because of the assay and many more
patients with early-stage disease and favorable Gleason grade are now identified at disease
presentation. Because of the success of both surgery and advanced technology radiation therapy
in early-stage patients with limited tumor burden, these favorable patients have become an
excellent cohort to evaluate quality-of-life index, since their outcome with treatment has been
outstanding. Hormone and advanced technology radiation therapy have good success rates in
patients with intermediate-risk factors for recurrence, including patients with less favorable
features on pretreatment imaging and those with Gleason-7 disease. Patients with more
advanced tumor burdens and those with Gleason 8-10 disease score comprise a measurable
patient population and require continued process improvements in treatment strategy, as their
disease can recur in spite of optimal hormone and radiotherapy management strategies [1,2].
In this review, we examine possible strategies for future direction for the care of patients with
ADC of the prostate, with a focus on process improvements for the application of radiation
therapy with translational science.
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Challenges for radiation therapy

Classic radiation biology matured under the watchful eye of many outstanding investigators,
whose primary interest was in identifying DNA damage associated with radiation exposure.
These pioneer experiments were based in cell culture and animal studies. These important
studies focused on identifying DNA-damage-repair mechanisms, including the speed of repair.
Downstream consequence of damage could not be assessed due to historical limitations in
scientific technique. Radiation therapy is thought to deliver lethal, potentially lethal, and
sublethal damage to the tumor. The balance of the therapeutic index is to ablate the tumor
compartment with as limited impact as possible to normal tissue. Lethal delivery of radiation
therapy to the tumor, however, cannot come at the expense of normal tissue function. Thus,
therapies that either make the tumor more sensitive to radiation treatment or protect normal
tissue from radiation therapy can be of significant benefit to the patient population. Strategies
that convert sublethal events into lethal events sensitize the tumor to radiation therapy.
Potentially lethal damage occurs when the post-treatment environment is altered to facilitate
cell death. Conversely, the environment can also be modified to limit cell death (hypoxia),
which in turn, can facilitate tumor repair. Therefore, treatment protocols that modify the
environment for repair could convert potentially sublethal treatment into lethal treatment.
Sublethal damage can be intrinsically repaired by cells. Many cell systems, including bone
marrow, have limited to no capacity to repair sublethal events, while other compartments,
including solid tumor systems, have significant capability of sublethal repair. Prostate cancer
is thought to have measurable capacity to repair sublethal events. Classic experiments have
shown that the intrinsic ability to repair is restored in cells in a short period of time after
radiation therapy (minutes to hours) [3]. Therapies designed to inhibit repair processes during
this posttreatment phase may be successful in making the tumor more sensitive to radiation
therapy.

Linear—quadratic platforms are often the best mathematical models to describe normal tissue
and tumor cell death with radiation therapy. Therefore, cell death with radiation therapy is best
demonstrated using a semi-log Y-axis and increasing dose on the X-axis, as cell death is initially
linear at low dose, then becomes exponential in function as the radiation dose increases. Certain
tissues are extremely sensitive to radiation therapy and enter exponential cell death with low
doses of radiation therapy. These are thought to have a high a component to the cell-survival
model. Bone marrow progenitors including granulocytes, macrophages and sperm are
examples of cells sensitive to radiation therapy as these enter exponential cell death at low
doses of radiation therapy. Most epithelial normal tissue and tumor demonstrate the described
two phases of cell death in response to radiation exposure. In developed models, the a
component of cell death is the linear component and equals the log cells killed/dose. The o
component is the response to low-dose radiation therapy. The p component is the exponential
phase and equals the log cell death/dose squared. This is best exhibited at higher doses of
radiation therapy. The linear—quadratic model best describes variances in normal tissue and
tumor response to radiation therapy. The ratio of a to B is often used to describe the response
of cells to radiation exposure. Prostate cancer cells are thought to have a low a:j ratio,
specifically they have a more protracted response to radiation therapy and require a relatively
high dose over an extended period of time for complete cell death. The linear—quadratic model
will permit evaluation of targeted therapies both in vitro and in vivo and determine which phase
of cell death targeted therapies may influence. Sequential or combination targeted therapies
may be used that influence either the a (linear) and/or B (exponential) phase of cell death, or
perhaps both components simultaneously [3].

Thus, both downstream intracellular biological mechanisms and tumor environment likely
share importance with DNA damage repair as key factors when identifying mechanisms of cell
injury owing to radiation therapy [2].
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Cellular & molecular responses during ionizing radiation

Biological processes beyond intrinsic cellular repair response likewise play an important role
in identifying strategies for additive treatment with radiation therapy. Oxygen is known to
sensitize the tumor to radiation therapy. Conversely, tumor residing in a hypoxic environment
requires much more radiation therapy to achieve the same degree of cell death. Hypoxia may
play an important role in prostate cancer. Facilitating reoxygenation of the tumor target with
biological modifiers may prove useful. Radiation therapy is clearly more effective in the G2/
M phase of the cell cycle and more resistant in the DNA-synthesis phase of the cell cycle.
Strategies enhancing cell death during DNA synthesis, or compounds that accelerate cell-cycle
kinetics during fractionated radiation therapy may prove very effective as a therapy copartner
to radiation therapy. This, in part, may explain the historical success of low-dose rate
brachytherapy in the treatment of prostate cancer since, in this case, treatment is delivered in
a continuous manner throughout the cell cycle and the tumor is killed during the reoxygenation
phase of tumor recovery [2,3].

The science of radiation therapy has expanded into the identification of molecular products
expressed after radiation therapy. Within a short period of time after exposure to radiation
therapy, expression of FOS, JUN, and EGR1 and other products occurs [4,5]. This is thought
to be due to transcriptional activation and protein synthesis. Radiation therapy induces TNF,
PDGF and FGF. These molecules are likely released from the stroma and vascular endothelium
as a by-product of radiation therapy. Now that we can identify specific molecular products of
treatment, the next step in the process is to determine how they function with respect to tumor
proliferation and normal tissue recovery. This would permit investigators to exploit therapeutic
advantages and prevent tumor recovery after radiation therapy [2,3].

Recent advances in radiation science have demonstrated a measurable impact on several tumor
cell expression products. Radiation therapy has an impact on cell signaling pathways, tumor
angiogenesis and tumor cell adhesion [2]. Targeted therapies are beginning to mature in clinical
use and it will be important to vet these therapies in the context of radiation management in
order to potentially improve therapeutic outcome for patients treated with radiation. This is an
important consideration for prostate carcinoma as many patients are treated with radiation
therapy with curative intent. As stated, there exists a cohort of patients who would benefit from
continued process improvement in therapeutic interventions. The role of chemotherapy is not
yet fully established in this disease. Multiple clinical trials have not yet established benefit
from the cytotoxic effect of chemotherapy. There may be an advantage of Taxol (Taxotere®)
in this disease, however, the benefits of taxanes may be related to their use as antiangiogenesis
agents as well as facilitating more rapid cell-cycle kinetics, thus placing the tumor into a more
vulnerable phase of the cell cycle. Angiogenesis and cell-cycle kinetics therapies may both
interdigitate with radiation therapy; hence these may become important targets for facilitating
cell death with radiation therapy. Signaling-pathway inhibitors and cell-adhesion modulators
may also become important copartners for radiation therapy moving forward as evidence grows
that radiation therapy has a relationship with these important agents [2].

Cell adhesion

Tumor cell adhesion is evolving as an important target area for radiation therapy. Radiation
appears to have a clear impact on integrin biology. Likewise, integrins appear to facilitate and
promote prostate cancer cell survival and growth and may accelerate resistance to radiation
therapy (Figure 1). Copartnering inhibition of integrin-mediated cell adhesion with radiation
therapy may become integral to improve patient outcome, especially for those patients with
intermediate- and high-risk features for tumor recurrence.
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There is increasing evidence that cell adhesion molecules influence oncogenesis, tumor
aggression and resistance to treatment. Interactions between cells and extracellular matrix
(ECM) are known to modulate sensitivity to radiation and drugs. Adhesion of small-cell lung
cancer to the ECM enhances tumorigenicity and confers resistance to chemotherapy, perhaps
through amplification of integrin-stimulated and tyrosine-kinase-mediated suppression of
chemotherapy-induced apoptosis [6]. Human lung carcinoma cells grown on fibronectin
significantly elevated clonogenic survival as well as prolonged G2 arrest after radiation
therapy, yet this effect was not nearly as pronounced when grown on polystyrene [7]. lonizing
radiation is also known to upregulate the expression of integrins in a dose-dependent manner;
the effect being most notable at low doses [8]. Combination therapy with a3 integrin
antagonists appears beneficial in local tumor therapy [9]. Similarly, Cao et al. have
demonstrated that the combination of ay, SIRNA and irradiation leads to increased
radiosensitivity [10]. Investigators have demonstrated that ;-integrin-mediated signaling
through cytoplasmic domains is critical for efficient cell survival after radiation therapy [11].
Similarly, integrin expression appears to be clinically relevant for glottic and cervix cancers
[12,13]. Therefore, cell adhesion influences cell survival and appears to affect the response to
radiotherapy across many disease sites.

Data generated in our laboratory demonstrated that only high doses of radiation inhibit integrin
expression in prostate cancer cells lines [14]. In prostate cancer cell line LNCaP stably
transfected with a,B3 integrin, increased radiation resistance of LNCaP cells after clinically
relevant doses of 2-10 Gy and enhanced anchorage-independent growth after 5 Gy irradiation
[15]. The data revealed that integrin expression enhanced resistance to radiation therapy in
LNCaP cells exposed to radiation as evaluated in clonogenic assays and anchorage-
independent growth assays. In addition, treatment of cells with cRGDfV integrin antagonist
increased sensitivity of cells to radiation [15]. Integrin expression prevented down-regulation
of two downstream effectors, survivin and cdc2, in irradiated LNCaP cells [16]. The data
suggest that integrin expression is associated with resistance to radiation therapy in prostate
cancer cell lines.

The biology of radiation therapy is revealing a provocative and developing relationship with
cell adhesion. In a series of experiments performed by our group, LNCaP cells were irradiated
at doses of 500, 1000 and 1500 cGy, in the presence or absence of androgen. Tumor cell
adhesion to fibronectin was increased in the presence of androgen at radiation doses of 1000
and 1500 cGy. Casodex® (bicalutamide) is a non-steroidal antiandrogen chemical that binds
to the androgen receptor in target tissues and competitively inhibits the action of androgen in
that tissue, by assembly of a transcriptionally inactive receptor [17]. Casodex had minimal
influence on adhesion modulation in nonirradiated tumors in the presence of androgen;
however, it significantly inhibited the adhesion response in irradiated cells, thus reversing the
effect of androgen [18]. It implies that Casodex may play a key role in adhesion modulation
and possible tumor cell death during radiation therapy and, interestingly, may have little to no
adhesion modulation effect in untreated tissue in the presence of androgen. This further implies
that patients may benefit from adhesion modulation during radiation therapy with very limited
impact of Casodex prior to treatment in the presence of androgen. This is an important concept
in clinical trials since biological therapies are tested in a Phase | environment that may or may
not identify the appropriate environment for treatment application. Casodex is used in varied
formats in patient care in patients treated for prostate cancer, however, the data imply that it
may play an important role for patients undergoing radiation management. Identifying the
optimal environmental strategy for targeted therapies will be crucial in validating their utility
and enabling treatment sequence strategies to move forward.

As noted, we now know that integrin expression is only negatively affected by relatively high-
dose radiation therapy. Simon et al. demonstrated that 2500 cGy delivered in a
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hypofractionation treatment platform can inhibit B integrin expression in DU-145 and PC3
prostate cancer cells [14]. This was not observed at lower doses of radiation therapy. There is
evidence that the presence of B3 and B4 integrins in prostate cancer cells further promotes
resistance to radiation treatment as well as promote tumor-growth Kinetics. This implies that
several biological factors may have an influence on radiation therapy treatment response.
Targeting these areas for additive therapies to facilitate cell death during radiation therapy is
an important area of translational science.

As tools for evaluation continue to improve, there is expanded opportunity to evaluate the
tumor microenvironment. 3D matrices are becoming more robust and evaluation with imaging
of these constructs will provide an opportunity to review tumor/stroma interactions as well as
evaluate conditions within the microenvironment that may influence tumor cell death and/or
repair. Finally, there are areas of hypoxia within prostate cancers. Hypoxia has been associated
with tumor resistance to radiation therapy [3]. Modifying the environment for this issue may
convert potentially lethal damage from radiation therapy into a lethal event. The impact of
integrin therapy in this area remains to be studied.

IGF-IR modulation

Intrinsic radiosensitivity is one of the critical factors that determine the probability of a
successful tumor cure or local control following radiotherapy. The IGF-I receptor (IGF-IR) is
a transmembrane receptor with intrinsic tyrosine kinase activity. IGF-IR mediates the
mitogenic, transforming, differentiating and antiapoptotic activities of IGF-I and -1l [19-21].
Several reports indicate that IGF-IR can induce radiation resistance in different tumor cells
[22-24]. Thus, study of this receptor is likely to shed light on the downstream pathways leading
to this phenomenon. Clonogenic radiation survival of small-cell lung cancer H226 and H460
cells, grown under anchorage-dependent conditions, is impaired by a fully humanized anti-
IGF-IR monoclonal antibody A12 demonstrating a radiation dose-enhancing effect for IGF-
IR blockade. Inthe H460 xenograft model, combining A12 and radiation significantly enhances
antitumor efficacy compared with either modality alone [25]. The activation of IGF-IR by its
ligands protects several cancer cell types from cell death caused by anticancer agents including
ionizing radiation [25,26]. Moreover, B4 integrins, known to increase radio-resistance,
selectively modulate IGF-IR signaling in response to IGF stimulation in prostate cancer cells
[27]. Thus, inhibition of IGF-IR may become a critical factor in determining the success of
radiotherapy. It is clear that prostate cancer cells expressing IGF-IR are more resistant to
radiation therapy [28,29]. As evidenced in Figure 2 and [29], DU-145 cells stimulated with
IGF demonstrate higher resistance to ionizing radiation with cell survival measured by standard
clonogenic assays. This may become another important pathway to target in selected patients
showing upregulation of this receptor.

c-JUN N-terminal kinase (JNK) role

JNK kinases, also called Sap kinases, are known to be activated by several stresses such as UV
light or y-radiation [30] as well as by integrins which act through focal adhesion kinase (FAK)
pathways [31].

It was recently reported that Bcl-2 inhibitor treatment followed by irradiation induces apoptosis
and JNK phosphorylation plays an important role in apoptosis induced by this combined
treatment [32]. Su et al. demonstrated that combined treatment of y-radiation and mda-7/IL-24
increases JNK phosphorylation, which results in apoptosis [33]. Restoration of expression of
the retinoblastoma (RB) gene to DU-145 cells sensitizes them to apoptosis induced by y-
irradiation. It was shown that, after ionizing radiation, intact RB mediates transcriptional
activation that leads to the activation of JNK that is required for RB-mediated DU-145 cell
death after ionizing radiation [34]. These data suggest that INK modulation in combination
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with radiation represents a potential treatment that could improve the therapeutic outcome for
prostate cancer patients.

Runx2 amplification

The family of Runx proteins are essential for normal development of hematopoietic tissue
(Runx1), bone formation (Runx2) and gut and neuronal cell development (Runx3). Runx
proteins are mutated, deleted, silenced or ectopically expressed in a variety of solid tumors and
leukemias [35]. Runx1 and 3 function as tumor suppressors in leukemias and gastric cancer,
respectively. By contrast, Runx2 is aberrantly expressed at high levels in breast and prostate
tumors cells that aggressively metastasize to the bone environment. Tumor explants and highly
metastatic cell lines placed directly into mouse femur and tibia readily form tumors in bone, a
rich environment for tumor growth. These tumors are extremely destructive to the bone,
resulting in osteoblastic and osteolytic lesions (Figure 3). The lytic nature causes profound
changes in metabolism (hypocalcaemia) and bone structure. Runx2 expression correlates with
their metastatic potential and coincides with higher expression of angiogenic and metastatic
gene markers such as VEGF, matrix metalloproteinases, and osteopontin, all of which are direct
targets of Runx2. Runx2 responds to growth factors, IGF-1, TGFf3 and bone morpho-genetic
protein signaling and act to facilitate tumor growth, as well as mediate tumor cell activities
that form either osteolytic or osteoblastic lesions, which cause the breakdown of bone structure
leading to high incidence of fractures. The tumor suppressor properties of Runx2 observed in
normal osteo-blasts appear to fail in tumor cells [36]. Runx2 upregulation in tumor cells does
not impede cell-cycle progression as it does in normal bone cells. In normal cells, the absence
of Runx2 results in genomic instability and a marked delay in DNA repair after a sublethal
dose of ionizing irradiation. Thus, with Runx2 being expressed in tumor cells, Runx2 may also
contribute to tumor cell viability at this level as well. In a broader biological context, recent
studies demonstrate that Runx factors facilitate genetic and epigenetic control of proliferation
and cell growth [37,38]. Runx2-deficient osteoblasts lack components of the Mre11/Rad50/
Nbs1 DNA-repair complex and exhibit a delayed DNA-repair response when cells were
exposed to 5 Gy ionizing radiation [36]. Establishing a strategy to inhibit Runx2 expression
may be of importance in the inhibition of the development of metastatic lesions. Studies have
already shown that inhibition of functional Runx2 by mutation of its essential transactivation
domain, the nuclear-matrix targeting signal, can prevent tumor growth and osteolytic lesions
associated with breast cancer metastasis [39].

Expert commentary

There is extraordinary opportunity for developing strategies for clinical protocols that could
potentially improve the application of radiation therapy for patients treated for ADC of the
prostate. Cell-adhesion modifiers appear to be a very good target for integration treatment
strategies and merit evaluation in the clinical trial setting. The actual mechanism of action for
Casodex remains to be fully characterized; however, it appears to have properties that influence
tumor cell adhesion, these being most pronounced in irradiated tumor. This would imply that
Casodex could be given to patients as a copartner with radiation therapy during teletherapy or
brachytherapy during the decay of radioactive seeds and potentially improve patient outcome.
Thereisinterest in limited hormone application in patients with both favorable and intermediate
risk factors for treatment failure, therefore, a clinical trial in this area with both tumor control
and normal tissue end points may be the appropriate next step for evaluation. Although these
therapies may not be robust as monotherapy in a Phase | setting, their optimal use may be with
copartnering with traditional therapies such as radiation therapy.

Integrins remain an interesting target for evaluation. There is increasing evidence that they
play a key role in tumorigenesis and may predict for aggressive tumor behavior in experimental
models of prostate cancer studied to date (Figure 1). A recent study has also demonstrated the
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role of ag integrin cleavage in modulation of tumor radiosensitivity. This study was performed
using PC3 cells conditionally expressing either a cleavable wild-type form of ag integrin
(PC3N-ag-WT) or a mutated noncleavable form of this integrin (PC3N-ag-RR). Their data
demonstrate that treatment with fractionated doses of ionizing radiation inhibited tumor growth
of cells expressing the mutant form as compared with the wild-type form. These results suggest
that blocking ag integrin cleavage in vivo may be efficacious for increasing responsiveness to
irradiation of slow growing, prometastatic human prostate cancer [40].

There is evidence in other tumor systems that integrin expression influences patient outcome
with radiation therapy in a negative fashion. Integrins also appear to be associated with
resistance to radiation therapy as observed in our study using cell lines. A protocol could be
designed to use integrin modulation with radiation therapy without hormone and determine if
PSA response and freedom from progression could mimic the established excellent outcome
with hormone-radiotherapy in patients with low- and intermediate-risk factors for treatment
failure. This would potentially hold hormone therapy in reserve for patients who progress in
spite of integrin modulation therapy coupled with radiation management or who do not
demonstrate reasonable PSA response to initial management. The advantage of such an
approach would be that the induction of hormone-resistant disease could potentially be delayed
or decreased by not introducing hormone therapy early in the treatment process. These issues
remain to be studied; however, they may prove to be interesting protocols to initiate in a clinical
trials process.

Enhancing our knowledge of signaling pathways and their response to radiation management
is an important scientific effort. Radiation therapy plays an important role in the treatment of
patients with prostate cancer. Both brachytherapy and intensity-modulated radiotherapy
teletherapy have demonstrated outstanding clinical outcome both with and without hormone
intervention as part of primary management. Understanding the influence of hormones on
pathways is important as it may change strategies for intervention with radiation therapy. It is
clear there exists opportunity to promote tumor cell death with radiation therapy alongside
integrin modulation or IGF-IR modulation, and other strategies may play an important role
moving forward in improving the clinical outcome for patients affected with this disease.
Likewise, if adhesion modulation appears to be a valuable copartner to radiation therapy,
protocols can be designed to either limit and/or hold hormone therapy in patient care in order
not to influence the development of hormone-resistant disease. As science matures, integrating
our knowledge into translational protocols will hopefully serve to further improve clinical
outcome.

Five-year view

Adenocarcinoma of the prostate remains an important public health problem as it is one of the
leading cancers affecting men. Despite improvements in patient detection and stage migration
at the time of disease presentation and in spite of optimal patient management with traditional
therapies including hormone deprivation, advanced technology radiation therapy and surgery,
many patients remain vulnerable to tumor recurrence and disease progression. In order to
improve patient outcome for those with intermediate- and high-risk features for tumor
recurrence, process improvements are needed in patient care, as we have likely best optimized
the use of traditional therapies in patient care. We need to look to alternative strategies to
improve patient outcome. To do so, we need to revisit basic principles of prostate cancer tumor
biology and develop treatment strategies which, to date, have been less visible to the
translational scientist.

Improvements in molecular medicine, including proteomic analysis, have yielded interesting
findings in cell culture. More importantly, the data appear to be validated in animal models.
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Cell adhesion appears to be an important feature in prostate cancer tumor progression as
demonstrated by the influence of integrin expression. Accelerated expression of integrins in
this disease appears to be associated with a less favorable outcome, thus making adhesion
modulation a potential target for treatment. Integrin expression also appears to induce
resistance to radiation therapy in this disease, thus adhesion molulation coupled with radiation
therapy may be an excellent translational science effort in the future. Another important issue
is that the prolonged use of hormone therapy may impart the transition to hormone-resistant
disease in patients. Therefore, identifying translational science strategies that mimic the
positive effect of hormone manipulation without imparting/inducing therapeutic resistance is
of crucial clinical importance. Interestingly, cell adhesion may be the bridge between these
objectives as hormone therapy appears to have an impact on the tumor at this level. Therefore,
adhesion modulation may prove to be very important as it could provide the necessary
therapeutic sensitization to traditional therapies while permitting hormones to be delayed or
given in a shorter course. This may decrease the risk of developing hormone-insensitive
disease.

Key issues
e Targeted therapy in prostate cancer.
e Alteration in signal transduction in prostate cancer.
¢ New strategies for the treatment of prostate cancer.
e Radiation therapy in prostate cancer.
e Alteration of the effect of radiation therapy in prostate cancer.
e Cell adhesion and the role of resistance to radiation therapy in prostate cancer.
e Signal transduction modification with radiation therapy in prostate cancer.

»  Future management strategies for prostate cancer.
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Figure 1. Treatment of prostate cancer cells with radiation controls tumor progression

Aberrant expression or activation of either integrins or growth factor receptors stimulates cell
survival or antiapoptotic pathways, which results in escape from irradiation-induced cell death
and tumor formation.
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Figure 2. IGF increases surviving fraction of DU-145 cells exposed to ionizing radiation

DU-145 cells were starved in serum-free culture medium for 24 h followed by addition of 50
ng/ml IGF-I for 15 min immediately before radiation. For the clonogenic assay, cells were
exposed to 0, 2, 4, 6, 8 or 10 Gy x-ray at room temperature in the presence or absence (control)
of IGF. After irradiation, cells were cultured in the culture medium for 2 weeks and cell colony
with more than 50 cells was counted to score the surviving fraction (p < 0.01 at radiation doses
of 8 and 10 Gy).
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Figure 3. Summary of the functional roles of Runx2 in facilitating metastasis and tumor-induced
lesions in the bone environment

Br: Breast cancer; BSP: Bone sialoprotein; MMP: Matrix metalloproteinase; OB: Osteoblastic;
OL: Osteolytic; OP: Osteopontin; PrC: Prostate cancer; PTHrP: Parathyroid hormone-related
protein.
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