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AZD3463, an IGF-1R inhibitor, suppresses breast cancer 
metastasis to bone via modulation of the PI3K-Akt pathway
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Background: The bone-derived insulin-like growth factor I (IGF-1) and its receptor IGF-1R play a crucial 
role in promoting the survival and proliferation of cancer cells, and have thus been considered as prime 
targets for the development of novel antitumor therapeutics.
Methods: By using the MDA-MB-231BO cell line, which is the osteotropic metastatic variant of the 
human breast adenocarcinoma cell line MDA-MB-231, and an in vivo model of breast cancer metastasis to 
bone, the current study evaluated the effect of AZD3463, an IGF-1R inhibitor, used alone or in combination 
with zoledronic acid (ZA), on the regulation of IGF-1R associated signal pathway and treatment of bone 
metastases (BM). Cell proliferation and invasion were measured by methyl thiazolyl tetrazolium (MTT) and 
Transwell assay respectively. Apoptotic cell number was detected by terminal deoxynucleotidyl transferase-
mediated dUTP-biotin nick end labeling (TUNEL).
Results: AZD3463 was shown to alleviate IGF-1R phosphorylation promoted by IGF-1 treatment 
in MDA-MB-231BO cells in a dose-dependent manner. In both the cells and the mouse model, 5 nM 
of AZD3463 stimulated cell apoptosis and suppressed proliferation on a level similar to that of 100 μM 
of ZA. Remarkably, the combined use of AZD3463 and ZA exhibited a synergistic effect and greater 
antitumor activity compared to when they were employed individually. Mechanistic investigations indicated 
that the apoptosis-inducing activity of AZD3463 could be associated to its role in the activation of the 
phosphoinositide 3-kinase (PI3K)-Akt signaling pathway.
Conclusions: These findings suggested that AZD3463 could serve as a promising therapeutic molecule for 
treating BM in breast cancer patients, particularly when applied in conjunction with ZA or other antitumor 
agents.
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Introduction

Metastatic breast cancer is the leading cause of cancer-
related deaths among women (1,2). More than 70% 
of patients with advanced breast cancer develop bone 
metastases (BM), which result in high morbidity and 
mortality rates (3), as well as severely impaired quality 
of life (4,5). In addition, breast cancer patients with BM 
are extremely susceptible to bone-related complications, 
also known as skeletal-related events (SREs), that require 
medical and surgical interventions. Common forms of SREs 
include pain, pathological fractures, spinal cord compression 
and hypercalcemia (6,7). Currently, bisphosphonates 
and the recently developed monoclonal antibody (mAb) 
denosumab are the most commonly used therapeutic agents 
for managing BM derived from breast cancer. However, 
it has been suggested that neither provides any survival 
advantage (8,9). Furthermore, the optimal duration and 
treatment schedule of these drugs are often not defined. 
It has been suggested that the development of a novel 
therapeutic agent with a mechanism of action distinct from 
that of bisphosphates would provide considerable benefits 
to the management of BM in breast cancer patients.

Interactions between cancer cells and the microenvironment 
at the site of metastasis play an important role for the 
development of secondary tumors (10). In the case of BM, 
improved understanding of its underlying mechanisms could 
greatly contribute to the invention of new, effective therapeutic 
strategies. Studies have shown that osteotropic tumors can 
secrete parathyroid hormone-related peptide, leading to 
stimulation of osteoclastogenesis (11). Similarly, bone stroma 
produces various growth factors, such as transforming 
growth factor-β, that promote tumor growth in bone (12). 
Therapeutic targeting of these microenvironmental factors 
is under intensive investigation. Other attractive targets 
include receptor activator of nuclear factor κB (NF-κB) 
ligand, Src kinase and cathepsin K, all of which are involved 
in the regulation of osteoclast functions, as well as chemokine 
receptor 4, which is closely involved in the high propensity of 
certain cancers toward bone migration (13).

Recently, Hiraga et al. reported that the bone-derived 
insulin-like growth factor I (IGF-1) promoted BM of 
human breast cancer cells through its stimulation of cell 
proliferation and inhibition of apoptosis (14). Association 
of IGF-1 with IGF-1 receptors (IGF-1R) were shown 
to activate both the serine/threonine kinase Akt and the 
transcription factor NF-κB, resulting in increased cell 
survival (15,16). In contrast, disrupting the activation of 
IGF-1R, Akt or NF-κB could significantly inhibit BM. 

The results from previous studies strongly suggested 
that the IGF-1R signaling pathway, whose activation by 
bone-derived IGF-1 contributed mechanistically to the 
development of BM in breast cancer patients, could serve 
as a potential therapeutic target. Recently, AZD3463 was 
developed by AstraZeneca as a potent inhibitor of anaplastic 
lymphoma kinase, IGF-1R and additional kinases for 
clinical use against crizotinib-resistant anaplastic large 
cell lymphoma and small cell lung cancer (17). Herein we 
report the evaluation of AZD3463, an IGF-1R inhibitor, 
administered alone or in combination with zoledronic 
acid (ZA), for the treatment of breast cancer-derived BM 
using both an osseous metastatic variant of human breast 
adenocarcinoma cell line and a murine BM model.

Methods

Reagents and chemicals

AZD3463 (AstraZeneca UK Limited, London, England) 
was dissolved in 10% DMSO to a final concentration of 
10 nM for both in vitro and in vivo experiments. ZA was 
provided by Novartis China, Beijing, China. IGF-I was 
obtained from BioVision, San Francisco, CA, USA. CK7 
antibody was purchased from Abcam, Cambridge, UK. 
All other chemicals and reagents used in this study were 
purchased from Sigma-Aldrich, St. Louis, MO, USA unless 
noted otherwise.

Cell lines and treatment experiments

The osteotropic metastatic variant of MDA-MB-231, 
MDA-MB-231BO, was kindly provided by Dr. Toshiyuki 
Yoneda at the University of Texas Health Science Center 
at San Antonio, San Antonio, Texas, USA. The cells were 
maintained at 37 ℃ in Dulbecco’s Modified Eagle Medium 
(DMEM; Life Technologies, Grand Island, NY, USA) 
supplemented with 10% fetal bovine serum (FBS; Hyclone 
Laboratories, Logan, UT, USA) and 1% penicillin-
streptomycin solution (Life Technologies, Grand Island, 
NY, USA) under a humidified atmosphere with 5% CO2 in 
air. To determine the optimal duration for IGF-1 treatment, 
MDA-MB-231BO cells were serum starved overnight and 
then incubated with 100 ng/mL IGF-1 for varying periods 
of time, including 10 min, 30 min, 2 h, 8 h and 24 h. To 
determine the optimal concentration of AZD3463, cells 
were co-incubated with 100 ng/mL IGF-1 and 0.5, 2, 5 
or 10 nM of AZD3463 for 24 h. To study the effect of 
AZD3463 on the phosphorylation of IGF-1R downstream 
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targets and on MDA-MB-231BO cell viability, cells were 
divided into five experiment groups, including a negative 
control group, a positive control group (IGF-1 treatment), 
an AZD3463 group, a ZA group and an AZD3463/ZA 
group. All groups except the negative control group were 
treated with 100 ng/mL IGF-1 at for 24 h. In addition, the 
AZD3463 group, ZA group and AZD3463/ZA group were 
co-incubated with 5 nM AZD3463, 100 μM ZA and both, 
respectively.

Western blotting

Western blotting was performed as previously described 
(18-20). IGF-I Receptor β (D23H3) XP Rabbit mAb, 
Phospho-IGF-I Receptor β (Tyr1135/1136)/Insulin 
Receptor β (Tyr1150/1151) (19H7) Rabbit mAb and 
Phospho-Akt Pathway Antibody Sampler Kit were 
purchased from Cell Signaling Technologies, College Park, 
MD, USA. Anti-β-actin antibody was purchased from 
Sigma-Aldrich, St. Louis, MO, USA.

Methyl thiazolyl tetrazolium (MTT) assay and Transwell 
migration assay

MTT assay and Transwell migration assay were performed 
based on previously described protocols (18,21). For MTT 
assay, cells were trypsin-digested and then seeded to each 
well of a 96-well plate to a density of 500 cells per well. For 
Transwell assay, the digested cells were added to the upper 
Transwell chamber in 300 μL serum-free DMEM. Migrated 
cells were fixed in 40% formalin for 30 min and stained 
with 0.1% crystal violet.

Terminal deoxynucleotidyl transferase-mediated dUTP-
biotin nick end labeling (TUNEL) assay

Apoptotic breast cancer cells were detected by TUNEL 
assay using the fluorometric TUNEL system (Promega, 
Madison, WI, USA) according to the protocol provided by 
the manufacturer. Briefly, 50 μL of rTdT incubation buffer 
was added to the permeabilized cells on slides, which were 
then incubated under humidified atmosphere for 60 min 
in darkness and rinsed three times with 2X saline-sodium 
citrate buffer. The slides were subsequently stained with 
DAPI and imaged under a fluorescence microscope (BX51, 
Olympus, Japan). TUNEL-positive cells were indicated 
by the emission of green fluorescence and the nuclei were 
indicated by their blue fluorescence.

Establishment of the murine BM model and therapeutic 
intervention

Female, 4-week-old, nude mice were maintained in the animal 
facility of Zhongshan Hospital Fudan University. All animal 
experiments were performed in accordance with the Guide 
for the Care and Use of Laboratory Animal of Zhongshan 
Hospital Fudan University and approved by the Ethics 
Committee. One week after intracardiac inoculation of MDA-
MB-231BO cells, BM development in mice was detected 
using the IVIS Lumina XR Series III In Vivo Imaging System 
(PerkinElmer, Waltham, MA, USA). A total of 24 mice were 
found to have developed BM, which were then divided into 
four equal groups: a control group, an AZD3463 group, a ZA 
group and an AZD3463/ZA group. The animals in the four 
experiment groups were subjected to intraperitoneal injections 
of different reagents at varying frequencies. The control group 
were administered with 10% DMSO daily as a vehicle control 
for eight days. The AZD3463 group received AZD3463 at a 
dose of 15 mg/kg body weight once every 2 days for a total of 
four times. The mice of the ZA group were administered with 
4 μg/mouse ZA once a day over eight days, whereas those in 
the AZD3463/ZA group were subjected to a combination of 
ZA and AZD3463 treatment mentioned above. All mice were 
maintained under otherwise identical conditions, scanned by 
the IVIS Lumina XR Series III In Vivo Imaging System every 
week, and sacrificed on day 36 after the initial inoculation of 
the cancer cells.

Histological analyses

Following the sacrifice, hind limb long bones and vertebras 
are removed and fixed in phosphate-buffered saline (PBS, 
pH 7.2) containing 10% formalin for 2 days, followed by 
decalcification in 14% ethylenediaminetetraacetic acid 
(EDTA) with constant stirring over 2 weeks. The decalcified 
bone specimens were then embedded in paraffin and 
stained with hematoxylin-eosin (H&E) based on previously 
described protocols (20,21). For immunohistological 
staining, bone sections were first incubated with a primary 
antibody against CK7, an epithelial cell marker, and then 
incubated with a biotinylated secondary antibody after 
washing with PBS. Signal was generated by incubation with 
streptavidin-horseradish peroxidase complex.

Statistical analyses

All data were expressed as mean ± standard error. 
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Figure 1 AZD3463 could attenuate IGF-1-promoted phosphorylation of IGF-1R in a dose-dependent manner. (A) Left: Western blot 
showing the levels of phosphorylated and total IGF-1R at various time points after IGF-1 exposure. Right: Western blot band intensities 
for Phospho-IGF-1R relative to β-actin were evaluated; (B) left: Western blot showing the levels of indicated proteins in the presence of 
a combination of 100 ng/mL of IGF-1 and varying concentrations of AZD3463. Right: Western blot band intensities for Phospho-IGF-
1R relative to β-actin were evaluated. β-Actin was used as an internal control. The error bars represent the SD of the mean from three 
independent experiments. IGF-1, insulin-like growth factor I; IGF-1R, IGF-1 receptors.

Statistical analysis was performed using StatView (SAS 
Institute, Cary, NC, USA). Student t-test or Welch t-test 
was conducted to assess differences between any two 
experiment groups. One-way analysis of variance followed 
by Fisher’s least significant difference post-hoc test was 
used for differences among three or more experiment 
groups. P<0.05 (denoted by asterisks) was considered 
statistically significant.

Results

AZD3463 attenuated the IGF-1-promoted phosphorylation 
of IGF-1R and concomitantly enhanced the migration of 
MDA-MB-231BO cells

We began our study by confirming the stimulatory effect 
of IGF-1 on the proliferation of MDA-MB-231BO cells, 
which are the osteotropic variant of the human breast 
adenocarcinoma cell line MDA-MB-231 (22). Consistent 
with previous findings (14), Western blot analysis showed 
that incubation of MDA-MB-231BO cells with 100 ng/mL 
of IGF-1 resulted in a time-dependent increase of IGF-1R 

phosphorylation, which plateaued after 24 h (Figure 1A). 
Based on the data, we chose 24 h as the incubation time for 
IGF-1 stimulation in all subsequent cellular experiments. 
We next evaluated whether AZD3463, a preclinical IGF-
1R inhibitor, could reverse the phosphorylation of IGF-1R 
induced by its association with IGF-1. Based on a previous 
study that calculated the IC50 of AZD3463 to be in the 
range of 2.8 to 21.3 nM in wild-type ALK neuroblastoma 
cells (17), we treated MDA-MB-231BO cells with both  
100 ng/mL of IGF-1 and varying concentrations of 
AZD3463 in the range of 0.5–10 nM for 24 h. Compared to 
the IGF-1-treated cells, incubation with AZD3463 reduced 
the level of phosphorylated IGF-1R in a dose-dependent 
manner, with the total amount of the receptor remaining 
relatively stable (Figure 1B).

Consistent with the previous findings (15,16), MTT 
assay demonstrated that IGF-1 treatment resulted in 
a 3-fold increase in the number of viable MDA-MB-
231BO cells over 96 h compared to the mock experiment 
in which no IGF-1 was added (Figure 2A). However, co-
incubation with AZD3463 mitigated the elevation of 
cell viability in a dose-dependent manner, particularly 
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Figure 2 AZD3463 could reduce the proliferation and migration of MDA-MB-231BO cells in a dose-dependent manner. (A) MTT assay 
showing the relative viable cell numbers in different experiment groups; (B) Transwell assay indicating a gradual decline in the number of 
migrated MDA-MB-231BO cells with increasing AZD3463 concentrations; (C) crystal violet staining images of migrating cells. Scale bar, 
100 μm. *, P<0.05; **, P<0.01; ***, P<0.001. MTT, methyl thiazolyl tetrazolium; IGF-1, insulin-like growth factor I.
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at 5 and 10 nM. These findings were echoed by the cell 
invasion assay, in which the migration of MDA-MB-
231BO cells were stimulated by IGF-1 but suppressed 
in a dose-dependent fashion by the inhibitor (*, P<0.05; 
**, P<0.01; ***, P<0.001) (Figure 2B,C). Notably, cells 
treated with 100 ng/mL of IGF-1 and 10 nM of AZD3463 
exhibited 87% lower invasive capabilities than those with 
IGF-1 stimulation. Based on the experimental data, we 
opted to set the concentration of AZD3463 to 5 nM in all 
subsequent experiments. In addition, the results confirmed 
that AZD3463 could alleviate the stimulatory effect of 
IGF-1 on the viability of MDA-MB-231BO cells by 
preventing IGF-1R phosphorylation.

Combination of AZD3463 and ZA suppresses the viability, 
proliferation and migration of MDA-MB-231BO cells

ZA is one of the most commonly used bisphosphate 
compounds that effectively inhibits bone resorption and 
ameliorates osteoporosis. In recent years, ZA has also 
been employed to reduce the risk of bone fractures in 
patients with BM (23). As a result, we decided to compare 
the effects of AZD3463 and ZA on the proliferative 
and metastatic capabilities of MDA-MB-231BO cells. 
Both 100 μM of ZA and 5 nM of AZD3463 were found 
to completely abolish the IGF-1-induced increase of 
cell viability as indicated by the MTT assay (Figure 3A) 

and the cell invasion assay (Figure 3B,C), respectively. 
Furthermore, the combined use of both ZA and AZD3463 
resulted in a further, statistically significant decrease in 
the invasive ability of MDA-MB-231BO cells compared 
to when only one of the therapeutic agent was included 
(*, P<0.05; **, P<0.01) (Figure 3A,B,C). Consistent with 
these results, Tunel assay showed that the percentages of 
apoptotic MDA-MB-231BO cells in the IGF-1/AZD3463-
treated group and in the group co-incubated with IGF-1 
and ZA were 21.2% and 58.6%, respectively, up from 3.3% 
when the cells were only treated with IGF-1, or 8.5% in 
the untreated control group (Figure 4A,B). Remarkably, 
the combined application of both therapeutic agents 
induced apoptosis in 87.7% of the total cell population 
after 24 h of incubation (Figure 4A,B).

AZD3463 blocks IGF-1 signaling pathway by suppressing 
the phosphorylation of Akt

Previous studies have indicated that IGF-1 could regulate 
cell apoptosis by activating the phosphoinositide 3-kinase 
(PI3K)-Akt signaling pathway and/or the Raf-MAPK/
ERK kinase (MEK)-extracellular regulated kinase (ERK) 
signaling pathway (24). To probe the mechanistic role 
of AZD3463 in the induction of MDA-MB-231BO cell 
apoptosis, we analyzed the expression levels of various 
factors involved in the PI3K-Akt pathway and the MEK-
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Figure 3 The combination of AZD3463 and ZA suppressed the proliferation and migration of MDA-MB-231BO cells. (A) MTT assay 
showing the relative viable cell numbers in different experiment groups; (B) Transwell assay indicating the numbers of migrated cells in 
different experiment groups; (C) crystal violet staining images of migrating cells. Scale bar, 100 μm. *, P<0.05; **, P<0.01. ZA, zoledronic 
acid; MTT, methyl thiazolyl tetrazolium; IGF-1, insulin-like growth factor I.
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ERK pathway. As illustrated in Figure 4C, both AZD3463 
and ZA could reverse IGF-1-promoted phosphorylation 
of IGF-1R, with their combination exhibiting a further 
augmented effect. Compared to the untreated control 
group, cells incubated with IGF-1 showed enhanced 
phosphorylation of Akt, Raf and similar phosphorylation 
levels of glycogen synthase kinase 3 beta (GSK-3β) and 
phosphatase and tensin homolog (PTEN) (Figure 4C). 
Treatment with AZD3463 led to a significant drop in Akt 
phosphorylation but no obvious change in the levels of 
the other proteins tested (Figure 4C). Meanwhile, cells 
incubated with ZA exhibited a further decrease of Akt 
phosphorylation, and noticeably, an elevation in the level 
of phosphorylated PTEN, with no detectable impact on 
Raf or GSK-3β phosphorylation (Figure 4C). It should be 
emphasized that the observed regulatory effects of ZA on 
Akt and PTEN were consistent with the results described 
in several previously published studies (25-27). Finally, the 
combination of AZD3463 and ZA also caused the level of 
phosphorylated Akt to decline and that of phosphorylated 
PTEN to further increase, without exerting any observable 
effect  on the phosphorylat ion of  Raf  or GSK-3β  
(Figure 4C). Taken together, the experimental data 
suggested that AZD3463 modulated the apoptosis of MDA-
MB-231BO cells through its activation of the PI3K-Akt 

signaling pathway.

AZD3463, alone or coupled with ZA, could prevent the 
metastasis of breast cancer to bone

To further assess the clinical relevance of AZD3463, we 
generated a murine model of breast cancer metastasis 
to bone and investigated the effectiveness of different 
treatment strategies against BM in vivo (Figure 5A,B,C,D). 
After the intracardiac injection of MDA-MB-231BO cells, 
mice showing signs of BM development were divided into 
four experiment groups, each of which were administered 
with physiological saline, AZD3463, ZA or a combination 
of both drugs. The mice treated with physiological saline 
(control group) were indicated by bioluminescent imaging 
(BLI) to have developed multiple BM one week following 
the injection of cancer cells (Figure 5A,B). At 5 weeks, the 
tumor burden in these mice showed a dramatic increase. 
In comparison, both the ZA group and the AZD3463 
group displayed fewer and smaller tumor lesions compared 
to the control throughout the course of the treatment 
(Figure 5B). Quantitation of BLI revealed that the use of 
ZA reduced the tumor burden by 38.4% 5 weeks after the 
injection of MDA-MB-231BO cells, whereas AZD3463 
was found, around the same period, to result in a 69% 
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Figure 4 AZD3463 effectively promoted the apoptosis of MDA-MB-213BO cells through blocking the PI3K-Akt signaling pathway. (A) 
TUNEL assay denoting the percentage of cell apoptosis in different experiment groups (green, TUNEL-positive cells); (B) quantification of 
viable and apoptotic MDA-MB-213BO cells; (C) Western blot assay showing the levels of phosphorylated and total IGF-1R, phosphorylated 
and total Akt, as well as phosphorylated GSK-3β, Raf and PTEN in different experiment groups. β-actin was used as an internal control. 
Scale bar, 100 μm. PI3K-Akt, phosphoinositide 3-kinase; TUNEL, terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end 
labeling; IGF-1R, IGF-1 receptors; GSK-3β, glycogen synthase kinase 3 beta; ZA, zoledronic acid; IGF-1, insulin-like growth factor I.
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decrease in the bioluminescence signal compared to the 
control group (Figure 5C). However, neither compound 
was shown to be able to completely halt or even reverse the 
cancer progression as the bioluminescence signal intensities 
continued to rise slowly in both cases. In contrast, treatment 
with a combination of AZD3463 and ZA led to significant 
tumor shrinkage between week three and week five, 
demonstrating the best overall therapeutic effect among 
the four experiment groups (P<0.001) (Figure 5C). These 
findings lent convincing evidence that AZD3463 exhibited 
comparable or even greater antitumor activity against 
BM derived from breast cancer cells in the mouse model. 
Furthermore, the results suggested that the combined use 
of both compounds could serve as a promising therapeutic 
strategy for BM in breast cancer patients.

Discussion

The current study aims to evaluate the clinical value 
of AZD3463, an IGF-1R inhibitor, for combating the 
development and progression of BM in breast cancer 
patients. Initial studies indicated that AZD3463 could 
attenuate IGF-1-promoted phosphorylation of IGF-1R 
and concomitantly reduce the viability as well as metastatic 
potential of human breast adenocarcinoma MDA-MB-
231BO cells in a dose-dependent manner. Subsequently, 
we demonstrated that 5 nM of AZD3463 and 100 μM 
of ZA produced similar effects on inhibiting IGF-1-
induced cell proliferation and promoting cell apoptosis. 
In comparison, cells treated with both compounds showed 
an even greater extent of apoptosis and lower level of 
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Figure 5 The combination of AZD3463 and ZA inhibited breast cancer metastasis to bone in murine model. (A) Treatment strategies for 
different experiment groups; (B) respective radiologic analysis merged bioluminescent images and X-ray radiography; (C) BLI quantitation 
of tumor load in different experiment groups (n=6 for each group) 1 week and 5 weeks after the inoculation of MDA-MB-213BO cells; 
(D) respective images of IHC analyses of CK7 as a marker of breast cancer (top) and H&E (bottom) staining of bone tissue obtained 
from different experiment groups (n=6 for each group). The arrow indicated the invasive lesion in breast cancer. Scale bar, 100 μm. *, 
P<0.05; ***, P<0.001.  ZA, zoledronic acid; BLI, bioluminescent imaging; H&E, hematoxylin-eosin; PBS, phosphate-buffered saline; IHC, 
immunohistochemistry.
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proliferative capabilities. Quantitative analysis of a variety 
of factors involved in cell apoptosis revealed that AZD3463 
could down-regulate the phosphorylation of Akt and 
increase that of PTEN, but exert no detectable effect on 
Raf or GSK-3β. This suggested that IGF-1R modulated 
the apoptosis of MDA-MB-231BO cells by activating the 
PI3K-Akt signaling pathway. In a murine model of breast 
cancer metastasis to bone, the administration of AZD3463 
exhibited similar or better therapeutic effect compared to 
ZA on slowing cancer development and progression. Most 
importantly, the combination of both AZD3463 and ZA 
not only demonstrated better antitumor activity compared 
to when only one of the two compounds was used, but also 
resulted in significant diminishment of the tumor lesions.

The metastasis of breast cancer to bone is associated with 
osteolysis, disruption of normal bone modeling and a variety 
of other pathological changes (28). IGF-1 is one of the most 
abundant factors in bone matrix and has been known to 
function as a key suppressor of cell apoptosis. The PI3K-
Akt pathway is considered to be the primary mechanistic 
route through which IGF-1 asserts its antiapoptotic effects. 
Less frequently, the regulatory role of IGF-1 in cell survival 
is manifested through the Raf-MEK-ERK signaling  
pathway (24). It is generally accepted that osteotropic 
migration of breast cancer is facilitated, under most 
circumstances, by an up-regulation of osteoclastic activity 
due to the discharge of soluble factors from the tumor 
cells. In turn, the destruction of bone tissues releases IGF-
1 and other mitogenic signaling molecules, which promote 
further tumor growth, adhesion and osteolysis (12). Due to 
its involvement in enhancing cell apoptosis, the regulation 
of the IGF-1R signaling pathway has been investigated 
as a potential therapeutic approach against metastatic 
tumors, particularly those in bone. Targeting of the IGF-
1R pathway was found to augment the effectiveness of 
simvastatin, a stimulator of cell apoptosis, in the treatment 
of prostate cancer (29). However, it should be noted that 
clinical trials of IGF-1R inhibitors have yielded mixed 
results. A recent phase I study on the efficacy of an IGF-1R 
antibody CP-751,871 against nonhematologic cancers found 
limited evidence supporting the antitumor value of the 
drug (30). Another IGF-1R-targeting antibody, IMC A12, 
exhibited only moderate therapeutic activity when used in a 
monotherapy against metastatic castration-resistant prostate 
cancer (31). These disappointing findings possibly arose 
from the fact that the IGF-1R signaling pathway is located 
at a nexus point where a variety of different regulatory 
mechanisms converge and interact (32,33).

Our finding that AZD3463 could significantly inhibit 
Akt phosphorylation is consistent with the results of several 
previous studies. Sampson and colleagues reported that 
AZD3463 could increase the cytotoxicity of SN-38, the 
active metabolite of irinotecan and topoisomerase 1 inhibitor, 
temozolomide and vorinostat in Ewing sarcoma tissues. This 
effect was attributed to the ability of AZD3463 to block the 
IGF-1R pathway, thereby suppressing the activity of Akt and 
STAT3, both of which could contribute to tumoral resistance 
to chemotherapy regimens (34). Similarly, AZD3463 
was shown to effectively suppress the proliferation of 
neuroblastoma as a PI3K-Akt pathway inhibitor in a mouse 
xenograft model (17). In addition, AZD3463 demonstrated 
enhancing effect on the cytotoxicity of the antitumor drug 
doxorubicin on the cancer cells (17). Although there are only 
a few published studies on this topic, their results suggested 
that AZD3463 might achieve the best clinical efficacy 
when applied in conjunction with one or more additional 
chemotherapeutic drugs that target other oncogenic 
pathways to minimize the development of tumor resistance.

Other novel combination therapies that aim to inhibit 
both IGF-1R and additional targets have also been proposed 
with the aim to compensate for the reduction in IGF-
1R pathway activity. For example, the use of an IGF-
1R inhibitor AZD9362 coupled with an Akt inhibitor 
AZD5363 demonstrated higher antitumor activity 
against estrogen receptor α-positive breast cancer cells 
compared to when only one of the therapeutic agents was  
used (35), possibly due to the ability of the drug combination 
to block the compensatory stimulation of Akt that arose 
in the context of IGF-1R inhibition (36). In the current 
study, we also observed enhanced antitumor activity when 
ZA and AZD3463 were concurrently applied on metastatic 
breast cancer cells in bone. Multiple studies have indicated 
significantly diminished IGF-1 expression in bone tissues 
following the administration of ZA (37,38). It is possible that 
the observed therapeutic benefit of using both AZD3463 
and ZA in our study could be attributed to the additional 
yet underexplored suppression of the IGF-1/IGF-1R axis 
provided by the bisphosphate compound. On the other 
hand, as stated earlier, the progression of osteolysis is a main 
contributing factor to the induction of tumor development 
in bone. In this regard, ZA-promoted down-regulation of 
osteoclastic activity has been linked to attenuated release of 
tumor-enhancing growth factors in the bone matrix, which 
could play a key role in its synergistic effect with AZD3463.

In summary, our study indicated that AZD3463 could 
effectively suppress the metastatic and proliferative 
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capabilities of MDA-MB-231BO cells by modulating 
the PI3K-Akt signaling pathway, providing preliminary 
experimental evidence that supported the antitumor activity 
of AZD3463, particularly when administered together with 
ZA, against BM derived from primary breast tumors. There 
would be a limitation that only one cell line was employed 
to study the anti-metastasis effect of AZD3463. Given that 
other widely-used BM cells were also derived from MDA-
MB-231 cells and the lack of breast cancer BM cell lines 
with hormone receptor (HR)-positive or human epidermal 
growth factor receptor 2 (HER2)-positive, future research 
could be required for the validation of therapeutic potential 
of AZD3463 in other preclinical mouse models.
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