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Immunotherapy is a promising approach for treating metastatic breast cancer (MBC),
offering new possibilities for therapy. While checkpoint inhibitors have shown great
progress in the treatment of metastatic breast cancer, their effectiveness in patients
with bone metastases has been disappointing. This lack of efficacy seems to be specific
to the bone environment, which exhibits immunosuppressive features. In this study,
we elucidate the multiple roles of the sialic acid—binding Ig-like lectin (Siglec)-15/sialic
acid glyco-immune checkpoint axis in the bone metastatic niche and explore potential
therapeutic strategies targeting this glyco-immune checkpoint. Our research reveals that
elevated levels of Siglec-15 in the bone metastatic niche can promote tumor-induced
osteoclastogenesis as well as suppress antigen-specific T cell responses. Next, we demon-
strate that antibody blockade of the Siglec-15/sialic acid glyco-immune checkpoint
axis can act as a potential treatment for breast cancer bone metastasis. By targeting
this pathway, we not only aim to treat bone metastasis but also inhibit the spread of
metastatic cancer cells from bone lesions to other organs.
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The bone is a common site for breast cancer metastasis, affecting more than 70% of patients
with metastatic breast cancer (1, 2). This can lead to skeletal-related events like osteopo-
rosis, fractures, and hypercalcemia, resulting in a decreased quality of life and increased
mortality rates (3—6). Interestingly, recent genomic analyses have revealed that the bone
is not the final destination for metastasis. In over two-thirds of cases, bone metastases
continue to spread to other organs through a process called “metastasis-to-metastasis
seeding”, ultimately contributing to patient mortality (1, 7-9). As a new class of cancer
treatments, immune checkpoint inhibitors such as Atezolizumab, Pembrolizumab,
Ipilimumab, Relatlimab, and others have emerged as promising options (10, 11). However,
only a small subset of patients with bone cancer benefits from these novel treatments (12).

The glycocalyx, a sugar-rich coating present on the surface of tumor and immune cells,
is exploited by cancer cells to evade recognition by immune cells and suppress anti-tumor
immune responses. One frequently observed phenomenon in cancer is hypersialylation,
where sialic acid-rich glycans play a role. Similar to PD-L1, which leads to T cell exhaus-
tion, sialylated glycans enable tumors to escape immune surveillance by engaging recently
discovered sialic acid—binding Ig-like lectin (Siglec) immunoreceptors found on various
types of leukocytes (13-19). Siglecs are transmembrane receptors that bind to sialic acid
and are expressed by immune, hemopoietic, and nerve cell (15). In humans, there are 14
Siglec receptors, many of which possess a cytosolic immunoreceptor tyrosine-based inhib-
itory motif (ITIM) or immunoreceptor tyrosine-based activation motif (ITAM) that
regulates immune cell activities. One prominent Siglec, Siglec-2 (CD22), is involved in
cell adhesion and negatively regulates the B cell receptor (20-27). Due to its exclusive
expression on B cells, Siglec-2 is an attractive target for treating autoimmune diseases and
B cell malignancies (27-29). Several studies suggest that hypersialylation of cancer cells
contributes to immune evasion from macrophages, natural killer (NK) cells, neutrophils,
and T cells. A study demonstrated that human Siglec-9 or mouse Siglec-E induces mac-
rophages to adopt an immunosuppressive tumor-associated macrophage (TAM) pheno-
type, inhibiting the endogenous anti-tumor immune response and promoting tumor
progression and metastasis. Novel antibodies that target Siglec-9 can significantly reduce
ovarian tumor growth in a humanized mouse model (30). Dense clusters of sialylated
glycans on the cell surface can recruit NK cell-associated Siglec-7/9 to the immune synapse,
thereby suppressing the immune response. An antibody-sialidase conjugate, known as a
Glyco-Immune Checkpoint inhibitor, enables the blocking of Siglec/sialic acid interactions
by selectively removing sialic acid from the tumor cell glycocalyx, both in laboratory
experiments and animal models (31-35). These tumor glycosignatures strongly correlate
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with a poor prognosis, but their functional contribution and tar-
geted therapeutic strategies have remained unclear, particularly
for bone metastatic cancers.

Notably, Siglec-15, a member of the Siglec family proteins, is
primarily expressed on a subset of myeloid cells under normal
conditions but is upregulated on human cancer cells and
tumor-infiltrating myeloid/macrophage cells (36-39). Recent
studies have identified Siglec-15 as an immune regulator. Elevated
levels of Siglec-15 on tumors and tumor-infiltrating myeloid cells
have been shown to suppress antigen-specific T cell proliferation
and function both in vitro and in vivo (Fig. 14) (38, 40). In a
mouse melanoma model (using the BI6-GMCSF cell line that
overexpresses GM-CSE, a cytokine involved in recruiting myeloid
cells to tumors), specific blockade of Siglec-15 enhanced
anti-tumor immunity in the tumor microenvironment (TME) and
inhibited tumor growth (38). Furthermore, Siglec-15 is also known
to regulate osteoclast differentiation and function. Osteoclast dif-
ferentiation is primarily driven by the receptor activator of NF-kB
(RANK) signaling pathway, which is initiated by the binding of
the RANK ligand (RANKL) (41). Upon interaction with sialic
acids, Siglec-15 on osteoclast precursor cells associates with
DNAX-activating protein of 12 kDa (DAP12), which contains
an ITAM domain (42-47). This association between Siglec-15
and DAP12 induces downstream signal transduction of RANK,
leading to osteoclast maturation. Blocking Siglec-15 can suppress
osteoclast differentiation, and Siglec-15 knockout mice have
shown mild osteopetrosis and reduced urinary deoxypyridinoline
levels. Hence, the significance of Siglec-15 in osteoclastogenesis
suggests that it may play an essential role in bone metastasis since
the increased differentiation and activity of osteoclasts are crucial
for the formation of the “vicious cycle” of osteolytic breast cancer
bone metastases. The vicious cycle between bone destruction and
tumor growth is driven by paracrine crosstalk among cancer cells,
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osteoblasts, and osteoclasts. Specifically, cancer cells secrete mole-
cules such as parathyroid hormone-related protein (PTH:P) that
act on osteoblasts to modulate the expression of genes, including
RANKL and osteoprotegerin (OPG). Increased levels of RANKL
can lead to osteoclast maturation, resulting in bone matrix resorp-
tion and the release of TGF-p and other growth factors. These
factors stimulate osteoblasts as well as bone tumor cells, further
amplifying the vicious cycle. These findings suggest that Siglec-15
may serve as a central glyco-immune checkpoint axis for osteolytic
bone metastasis.

In our study, we found elevated levels of Siglec-15 in both
tumor-infiltrating macrophage cells and osteoclasts within the
bone metastatic niche. The enhanced Siglec-15 level in the bone
metastatic niche significantly promotes tumor-induced osteoclas-
togenesis and inhibits T cell activities in bone metastatic models.
Moreover, the differentiated osteoclasts in the bone metastatic
niche effectively suppress T cells by interacting with Siglec-15. By
employing several syngeneic breast cancer bone metastasis models,
we demonstrated that targeted blockade of Siglec-15 within the
bone metastatic niche effectively impedes the growth of bone
metastases and prevents the seeding of additional metastases to
other organs from bone lesions.

Results

Overexpression of Siglec-15 in the Bone Metastatic Niche.
According to data from The Cancer Genome Atlas (TCGA)
program, Siglec-15 is found to be overexpressed in various
cancer types, such as breast cancer, kidney cancer, liver cancer,
lung cancer, esophageal cancer, pancreatic adenocarcinoma,
and others. The overexpression of Siglec-15 is associated with
a poor prognosis and the presence of an immune suppressive
microenvironment. Recent studies have identified Siglec-15 as
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Fig. 1. Siglec-15is abundantin bone metastatic niche. (A) Schematic of hypothesized Siglec-15 mechanism: Siglec-15 involves in the crosstalk of metastatic bone
tumors, osteoclasts, TAM, and T cells. Siglec-15 suppresses T cell function, induces osteoclast maturation, and promotes the vicious cycle. (B) Representative
immunofluorescence staining of patient samples from MD Anderson Cancer Center. Macrophage marker F4/80 (red), cancer (green), Siglec-15 (white), and
nuclei (blue). Representative Siglec-15 expressing cells (white arrow). (Scale bar, 50 pm.) (C) Representative immunofluorescence staining of metastatic bone
niche compared with normal bone from an LLC1 bone metastases-bearing mouse. Macrophage marker F4/80 (magenta), cancer (green), Siglec-15 (white), and
nuclei (blue). Representative Siglec-15 expressing cells (white arrow). (Scale bar, 50 pm.) (D) Representative immunofluorescence staining of metastatic bone
niche from an LLC1 bone metastases-bearing mouse. Osteoclast marker cathepsin K (red), cancer (green), Siglec-15 (white), and nuclei (blue). (Scale bar, 50 pm.)
(E and F) Expression levels of the Siglec-15 receptor on common human and mouse cell lines. (G and H) Expression levels of Siglec-15 ligands on common human

and mouse cell lines.
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an immune regulator, capable of suppressing antigen-specific T
cell proliferation and function both in vitro and in vivo when
present in high levels on tumors and tumor-infiltrating myeloid
cells. To gain a deeper understanding of the role of Siglec-15 in
the bone tumor microenvironment, the expression of Siglec-15
was studied in both clinical patient tumor samples and pre-clinical
mouse models. First, we examined the expression of Siglec-15 in
tumor samples resected from patients with bone metastatic cancers
using immunofluorescence microscopy. Consistent with previous
findings, Siglec-15 was found to be expressed on both cancer cells
and tumor-infiltrating macrophages in the bone metastatic niches
(Fig. 1B and SI Appendix, Figs. S1 and S2).

Furthermore, the expression of Siglec-15 was evaluated in the
bone metastatic niches of a mouse model of bone metastasis. To
establish a mouse model with bone metastasis, GFP-labeled LLC1
cells were injected into C57BL/6 mice via the intra-iliac artery (IIA)
injection. After approximately 3 wk, the tumor-bearing bones were
collected and examined under immunofluorescence microscopy.
Similar to the observations in patient samples, Siglec-15 expressions
on both cancer and macrophage cells were validated in our bone
metastatic mouse model, what's more, a significant elevation of
Siglec-15 was observed in the tumor-surrounding area compared to
the distal normal bone tissue (Fig. 1Cand SI Appendix, Figs. S3-S5).
The aforementioned results indicate that Siglec-15 is present in var-
ious cell types within the tumor microenvironment in the bone,
including macrophages. Based on previous research findings, it has
been established that Siglec-15 plays a crucial role in the process of
osteoclastogenesis. Furthermore, it has been observed that both
osteoclasts and macrophages share a common origin, indicating a
potential link between the two cell types. Indeed, an increase in
Siglec-15 levels was also detected in the Ctsk-expressing osteoclasts
neighboring bone metastatic tumor (Fig. 1D), suggesting that the
upregulation of Siglec-15 on osteoclasts may also contribute to the
immune suppressive microenvironment in these niches.

We conducted further investigations to examine the expression
of Siglec-15 in a panel of mouse and human breast cancer cell
lines using an anti-Siglec-15 antibody (Clone: 5G12) (S Appendix,
Figs. S6 and S7). Through flow cytometry analysis, we detected
high expression levels of Siglec-15 on several mouse and human
cell lines (Fig. 1E and F and SI Appendix, Figs. S8 and S9). In
addition to assessing Siglec-15 expression, we also evaluated the
expression levels of Siglec-15 ligands using recombinant chimeras
of Siglec-15 fused to the IgG1 Fc domain. Previous studies suggest
that the Siglec-15 ligands on cancer cells can engage Siglec-15 on
macrophages, increasing the production level of immunosuppres-
sive factor TGF-f (39, 48). We observed high expression levels of
Siglec-15 ligands on most of the tested cell lines, consistent with
previously reported findings (Fig. 1G and H and SI Appendix,
Figs. S$10-S12). To verify whether these ligands are sialic acid—
containing ligands, we subjected the cell lines to sialidase treat-
ment. The enzymatic removal of sialic acid from different mouse
and human cell lines resulted in a significant decrease in Siglec-15
binding (S/ Appendix, Fig. S13). It is worth noting that the expres-
sion level of Siglec-15 is relatively high in 4T1.2,4T1, LLC1, and
HCC1954 cells, which is consistent with their increased metastatic
capability. 4T1.2, a single-cell clone of 4T1, exhibits a higher
propensity for spontaneous bone metastasis, leading to fractures
and/or hind limb paralysis. This observation aligns with the sig-
nificantly elevated Siglec-15 expression level in 4T1.2 compared
to its parental cell line, 4T1.

Inhibition of Tumor Growth in an Ex Vivo Bone Metastasis
Model through Siglec-15 Blockade. To investigate the impact of
blocking the interaction between Siglec-15 and Siglec-15 ligands
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on metastatic bone tumors, we utilized a previously reported
ex vivo bone metastasis model known as the bone-in-culture
array (BICA) (49, 50). The BICA model replicates the interactions
between cancer cells and bone in both the pre-osteolytic and
osteolytic phases by fragmenting mouse bones and incubating
them with cancer cells (Fig. 24) and serves as a valuable pre-
clinical platform, bridging the gap between in vitro and in vivo
models, and facilitating mechanistic and pharmacological studies
of bone metastasis.

Tumor-free bone fragments containing bone marrow were col-
lected and arranged in low-attachment plates for BICA experi-
ments. EO771 cells, labeled with luciferase and GFP, were
introduced to the cultures, along with varying concentrations of
5G12. Following incubation, cancer cells were imaged using bio-
luminescence or immunofluorescence microscopy. As shown in
Fig. 2 B and C, treatment with Siglec-15 significantly enhanced
the killing response against EO771 cells across various antibody
concentrations in BICA. Notably, at a concentration of 10 pg/mL,
the anti-Siglec-15 antibody achieved over 50% inhibition of
tumor growth within a 7-d period in the BICA model (Fig. 2 B
and (). Additionally, after 7 d, the bone fragments were examined
using fluorescence microscopy. Consistent with the biolumines-
cence signal, treatment with 10 pg/mL of the anti-Siglec-15 anti-
body led to a substantial reduction in EO771 cell growth, as
evidenced by decreased GFP signal (Fig. 2D and S/ Appendix,
Fig. S14). Moreover, 4T1 cells, labeled with luciferase from
ATCC, were also used in this BICA assay and treated with varying
concentrations of 5G12 as a validation. A similar dose-dependent
cell-killing effect against 4T1 cells was observed (SI Appendix,
Fig. S15). Given the observed upregulation of Siglec-15 in mature
osteoclast cells in mouse samples with bone metastasis, we also
conducted staining of the bone fragments using anti-CTSK and
anti-Siglec-15 antibodies. As depicted in Fig. 2D, treatment with
the anti-Siglec-15 antibody resulted in a notable decrease in both
CTSK and Siglec-15 staining, suggesting that blocking the
Siglec-15/sialic acid axis may influence the differentiation and
activity of osteoclasts in the bone metastatic niches.

Blockage of Siglec-15 Inhibits Differentiation and Maturation
of Osteoclasts in Bone Metastatic Niche. To validate the role of
Siglec-15 in osteoclastogenesis within the bone metastatic niche,
we examined the effects of an anti-Siglec-15 blocking antibody,
5G12, on RANKIL~induced osteoclast formation. As expected,
RANKL stimulation led to the significant formation of tartrate-
resistant acid phosphatase (TRAP)—positive multinucleated
osteoclasts (Fig. 2 E and F). This observation was supported
by the increased expression of key osteoclast markers, such as
CstK, dendritic cell-specific transmembrane protein (DC-
stamp), and osteoclast-associated receptor (Oscar) identified
by mRNA expressions (Fig. 2 G—1). The upregulation of CstK,
Oscar, and DC-stamp peaked 4 d after incubation with RANKL,
indicating osteoclasts differentiation. However, treatment
with anti-Siglec-15 antibody significantly inhibited osteoclast
differentiation, as confirmed by both morphological analysis and
RT-qPCR (Fig. 2 £-1). Complete inhibition of osteoclastogenesis
was achieved with 30 pg/mL of the anti-Siglec-15 antibody,
consistent with our RT-qPCR findings. These results are in line
with a previous study that investigated the regulatory role of
Siglec-15 in osteoclasts during the development of osteopetrosis.
Furthermore, anti-Siglec-15 treatment significantly inhibited the
upregulation of Siglec-15 during osteoclastogenesis following
RANKL stimulation, consistent with our observations in
the BICA assay (Fig. 2 /). The maximum inhibitory effect of
Siglec-15 blockade against osteoclastogenesis was observed when
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Fig. 2. Siglec-15 blockage inhibits differentiation and maturation of osteoclasts. (A) Schematic of BICA. (B) Representative pictures of EO771 BICA lesions at
day 7 culture with different concentrations of 5G12. (C) Tumor lesion of BICA specimens with 5G12 treatment was quantified by bioluminescence total flux
at different time points and normalized to day 0. Data are mean + S.E.M. (n = 9 bone fragments per group). P values by two-way ANOVA. (D) Representative
immunofluorescence staining of BICA specimens after 7-d culture. Osteoclast marker cathepsin K (red), cancer (green), Siglec-15 (white), and nuclei (blue). (Scale
bar, 10 um.) (E) Bright-field image of TRAP stained RANKL-induced RAW264.7 differentiation and maturation followed by treatment with the indicated doses,
TRAP+ osteoclasts cells are shown in purple. (F) The TRAP-positive multinucleated (>3 nuclei) mature osteoclasts were counted. The P value was calculated by the
unpaired t-test. (G-/) Expression levels of the osteoclast-specific marker gene, CstK (G), DC-stamp (H), Oscar (/), and Siglec-15 (/) on different time spots and 5G12
treatment. P values by two-way ANOVA. (K) Bright-field image of TRAP stained cancer cell-induced RAW264.7 differentiation and maturation followed by treatment
with the indicated doses, mature osteoclasts (purple). (L and M) The TRAP-positive multinucleated (>3 nuclei) mature osteoclasts were counted for RAW264.7
coincubated with MDA-MB-231 (L) and EO771 (M) cells. The P value was calculated by the unpaired t-test. *P < 0.05, **P <0.01, ***P < 0.001, and ****P < 0.0001.

the anti-Siglec-15 antibody was added during the early phase of
RANKL treatment. In contrast, the suppressive effect was less
pronounced when the anti-Siglec-15 antibody was added during
the late stages, suggesting that the antibody primarily inhibits
early osteoclast formation.

In the vicious cycle of osteolytic bone metastasis, tcumor-secreted
PTHrP modulates gene expression in osteoblasts, including
RANKL and OPG, thereby stimulating osteoclast maturation and
accelerating bone resorption. To further investigate the role of
Siglec-15 in this vicious cycle, we employed a cancer-induced
osteoclastogenesis assay. In the co-culture system, different ratios

4 0of 11  https://doi.org/10.1073/pnas.2312929121

of RAW?264.7 cells and tumor cells (MDA-MB-231 and EO771)
were added to the plate, followed by the treatment with varying
concentrations of an anti-Siglec-15 antibody. The addition of
breast cancer cells significantly enhanced the osteoclastic bone
resorption activity, while the blockade of Siglec-15 using the
anti-Siglec-15 antibody resulted in significant inhibition of tumor
cell-mediated osteoclastogenesis (Fig. 2 K=M). These findings
demonstrate that the inhibition of Siglec-15 through the use of
an anti-Siglec-15 antibody can effectively impede the differenti-
ation and maturation of osteoclasts within the osteolytic bone
metastatic niches.
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Osteoclasts Inhibit T Cell Responses through the Siglec-15/Sialic
Acid Interactions in the Bone Metastatic Microenvironment.
A previous study suggested that Siglec-15, present on tumor-
associated macrophages, can suppress T cell responses by
interacting with the sialic acid ligands on the T cell surface. Thus,
the high expression level of Siglec-15 on osteoclasts, which we
observed in the bone metastatic niche, may also contribute to
the immune suppressive microenvironment of bone metastasis
by inhibiting T cell activities. To assess the T cell suppression of
Siglec-15 on osteoclasts, we conducted co-incubation experiments

dramatically decreased T cell numbers and led to a higher expression
level of T cell exhaustion marker PD-1, TIM-3, and LAG-3. To
demonstrate the involvement of Siglec-15 in this process, we
employed a Siglec-15 blocking antibody. Blocking Siglec-15
alleviates the immunosuppressive effects of osteoclasts in a dose-
dependent manner, thereby restoring CD8" T cell proliferation and
reversing T cell exhaustion (Fig. 3 A-D). Besides blockage of direct
interaction of osteoclasts and T cells by 5G12, we also studied the
changes in cytokine release of osteoclasts after applying 5G12,
since osteoclast is a paracrine cell. We compared cytokine levels in

with osteoclasts and CD3/CD28 activated CD8" T cells in the
presence or absence of osteoclasts. As shown in Fig. 3 A-D and
SI Appendix, Fig. S16, the incubation of T cells with osteoclasts

the supernatants of preosteoclasts, osteoclasts, and 5G12-treated
osteoclasts. The result indicated that expression of TNF-a and IL-
6 is significantly increased in the 5G12 treated group compared
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calculated by the paired t-test. (C and D) Flow cytometric quantification of the percentage of TIM3" and LAG3" CD-8" T cells in total CD8" T cells after co-cultured
with osteoclasts with or without 5G12 treatment, respectively, n = 6 independent experiments. The P value was calculated by two-way ANOVA. (E and F) ELISAs
of cytokine release of pre-osteoclasts, osteoclasts, and osteoclasts treated with 5G12, n = 6 independent experiments. The P value was calculated by the paired
t-test. (G) tumor cell were counted in T cells, osteoclasts, and tumor cells co-culture with or without 5G12 treatment. (H) cytotoxic CD8" T cells count after
co-culturing T cells, osteoclasts, and tumor cells with or without 5G12 treatment. The P value was calculated by the paired t-test. (/) Quantification of mouse
IFN-y in BICA culture medium at day 7. The P value was calculated by ordinary one-way ANOVA. (/) Representative immunofluorescence staining of BICA. CD8"
T cell (red), cancer (green), and nuclei (blue). (Scale bar, 100 um.) (K) Representative immunofluorescence staining of BICA. CD4" T cell (red), cancer (green), and
nuclei (blue). P> 0.05 [not significant (n.s.)], *P < 0.05, **P < 0.01, ***P < 0.001, and ****P < 0.0001.
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with osteoclasts (Fig. 3 E and F). Both cytokines promote
T cell proliferation and activation, suggesting that 5G12 restores
the T cell function through activating the paracrine function of
macrophages. To further demonstrate that osteoclasts can inhibit T
cell activities in the bone metastatic niche, we performed an in vitro
ovalbumin (OVA)-specific cytotoxic CD8" T cell killing assay. By
initially co-incubated osteoclasts, activated OT-I CD8" T cells,
and EO771-OVA cancer cells, we found that blocking Siglec-15
significantly increased the number of cytotoxic CD8" T cells
against OVA-expressing tumor cells. This, in turn, leads to a higher
incidence of cancer cell death through cytotoxic T lymphocytes-
mediated killing (Fig. 3 G and H). Since 5G12 was added to the
experimental group, to make sure the cell-killing effect did not
come from the 5G12 antibody itself, a cytotoxicity check was
performed by incubating EO771 and MDA-MB-231 with different
concentrations of 5G12, the result confirmed up to 50 pg/mL of
5G12, no obvious toxicity was observed (SI Appendix, Fig. S17).
Subsequently, we employed BICA to evaluate the role of Siglec-15
blocking in inducing T cell responses in the bone metastatic niche.
Through fluorescence imaging analysis of CD4 and CD8 T cell
subsets, we observed increased tumor-infiltrating CD8 and CD4
T cells when higher concentrations of the anti-Siglec-15 antibody,
5G12, were present (Fig. 3 /and K). Furthermore, we also found
that the IFN-y secretion in the BICA supernatant increased in
the 5G12-treated group (Fig. 3/), consistent with enhanced T cell
proliferation and cytotoxicity. These findings indicate that mature
osteoclasts expressing high levels of Siglec-15 can suppress IFN-y
production, leading to reduced proliferation and cytotoxicity of
T cells. However, blocking the interaction between osteoclasts and
T cells using a Siglec-15 antibody can restore T cell activities within
the bone metastatic niche.

Siglec-15 Blocking Antibody Inhibited the Growth of Bone
Metastasis in Murine Models. To investigate the potential of
blocking the unique multifunctional glyco-immune checkpoint in
the bone microenvironment to suppress osteolytic breast cancer
bone metastasis, we evaluated the in vivo efficacy of an anti-Siglec-15
antibody in several syngeneic breast tumor models, including 4T1,
EO771, and EMT-6. The 4T1 cell line, a triple-negative (ER, PR,

and HER?2 negative) murine cell line, is widely used as a metastatlc
breast cancer model in BALB/c mice. We injected 1 x 10*4T1 cells
labeled with firefly luciferase into the right hind limb of BALB/c
mice via para-tibial injection. Two days after injection, the mice were
treated with the anti-Siglec-15 antibody through intraperitoneal
injection. The anti-Siglec-15 antibody treatment exhibited
remarkable efficacy, as nearly all animals responded positively to
the therapy. Notably, most animals even achieved complete tumor
regressions (CRs) after receiving the second treatment (Fig. 4 A and
B). By the third treatment, all nine animals in the 5G12-treated
group showed complete regression (Fig. 4 A and B). In contrast,
the control group exhibited rapid tumor growth and reached the
humane endpoint within 18 d. Moreover, the 5G12-treated group
of mice experienced a 100% survival rate.

In contrast, the control group had a survival rate of only 11%
(Fig. 4C). Treatment with the 5G12 antibodies was well tolerated,
as no evident signs of toxicity were observed. There were no differ-
ences in body weight among the various treatment groups (Fig. 4D).
At the end of the experiment, the tibiae from the tumor-bearing
legs were harvested and subjected to micro-computed tomography
(micro-CT) scanning. Encouragingly, the tibiae from the 5G12-
treated mice exhibited greater bone volume (BV, Fig. 4 £and Fand
SI Appendix, Fig. S18), a higher bone volume/tissue volume ratio
(BV/TV, Fig. 4 Eand G), and thicker trabecular bone (Tb.Th, Fig. 4
E and I and SI Appendix, Fig. S18), while showing a smaller bone
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surface/bone volume ratio (BS/BV, Fig. 4 £ and H) compared to
those from the control group, indicating that 5G12 treatment sig-
nificantly inhibited bone destruction during metastatic tumor
growth. Histological analysis also supports that blocking of Siglec-15
prevents the massive invasion of tumor cells into the bone matrix
and the adjacent tissue. Bone matrix is generally destroyed in bones
with high tumor burden, whereas bones with less tumor burden in
the 5G12-treated group exhibit intact bone matrix (Fig. 4)).
Tartrate-resistant acid phosphatase (TRAP) staining of bone sec-
tions identified reduced numbers of osteoclasts (pink cells) in Fig. 4
Kand L, indicating that osteogenesis is significantly inhibited by
5G12. To validate the therapeutic effect, human IgG1 was used as
an isotype control antibody, similar results were obtained compared
with the previous study (Fig. 4 M-P).

To demonstrate that anti-Siglec-15 treatment can be a general
strategy for reversing the immunosuppressive microenvironment of
the bone metastatic niche, we conducted experiments using two
additional mouse models, EO771 and EMT-6. EO771 isa C57BL/6
cell line that functionally resembles the triple-negative subtype due
to its truncated estrogen receptor (ER) without estrogen responses.
We injected 1 x 10° EOQ771 cells labeled with firefly luciferase and
GFP into the right hind limb of C57BL/6 ] mice through para-tibial
injection. As shown in Fig.4 Q and R, mice treated with the
anti-Siglec-15 antibody exhibited significant improvements com-
pared to the PBS group. Four out of ten mice achieved a complete
immune response to EO771 cancer, resulting in a remarkable reduc-
tion in tumor burden and notable delays in tumor growth (Fig. 4 Q
and R). The 5G12-treated group demonstrated a 60% survival rate,
whereas the PBS group had a 0% survival rate at the endpoint of
the in vivo experiment (Fig. 45). Treatment with the 5G12 antibod-
ies was well tolerated, as no evident signs of toxicity were observed,
and there were no differences in body weight among the various
treatment groups (Fig. 47). Furthermore, we tested the EMT-6
model, a BALB/c triple-negative (ER, PR, and HER2 negative)
murine cell line with an invasive phenotype. EMT-6 has recently
emerged as a valuable pre-clinical model for immune-oncology stud-
ies of triple-negative breast cancer. While complete removal of
EMT-6 tumors was not achieved with 5G12 treatment, there was
a significant reduction in tumor burden and tumor growth
(SI Appendix, Figs. S19-S21).

Having demonstrated the efficacy of anti-Siglec-15 in inhibiting
bone metastasis growth in murine models, we investigated whether
the therapeutic impact of Siglec-15 blockade is dependent on
T cells or osteoclasts. To deplete T cells, we initially treated the mice
with anti- CD4 and anti-CD8 antibodies before inoculating them
with 1 x 10 4T1 cells per mouse (51). As shown in ST Appendix,
Fig. S22, we observed significant differences in the efficacy of 5G12
in mice with and without T cells, underscoring the crucial role of
T cells in Siglec-15 blockade. Osteoclast depletion was carried out
as previously reported, involving the administration of clodronate
liposomes to the mice (52-54). Post-osteoclast depletion and bone
tumor inoculation, we found no significant difference in the pres-
ence or absence of anti-Siglec-15 treatment, highlighting the
essential contribution of macrophages to the effectiveness of
Siglec-15 blockade (87 Appendix, Fig. $22). Collectively, these data
suggest that blocking Siglec-15 with 5G12 effectively decreases
tumor burden and tumor growth in breast cancer bone
metastasis.

Blocking Siglec-15 Inhibited Metastasis-to-Metastasis from
Bone Lesions. Recent studies have indicated that established
bone lesions in breast cancer patients can give rise to multi-organ
metastases in the late stage of the disease, significantly reducing
the survival rate (Fig. 54) (8, 55, 56). Next, we investigated
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Fig. 4. Anti-Siglec-15 inhibits bone metastasis. (A) 4T1-luc2 cells were para-tibia injected into the right hind limb and treated by PBS and 5G12 as described in
Methods. Tumor burden was monitored by weekly bioluminescence imaging. (B) Tumor growth curve measured by bioluminescence intensity and quantified by
the IVIS® system. Data are mean + S.E.M. (n = 9 mice per group). P values by two-way ANOVA. (C) Kaplan-Meier plot of the time-to-euthanasia of mice treated as
described in (A). (D) Body weight change of tumor-bearing mice over time. (E) Micro-CT scanning of the tibia from mice in (A), trabecular bone and cortical bone
were reconstructed by using NRecon software. (F-/) Quantitative analysis of bone volume (BV), bone volume/tissue volume ratio (BV/TV), bone surface/bone volume
ratio (BS/BV), and trabecular thickness (Tb.Th). n = 5 independent experiments. The P value was calculated by the paired t-test. (/) Representative longitudinal,
midsagittal hematoxylin and eosin (H&E)-stained sections of the tibia/femur from each group. T, tumor; B, bone; BM, bone marrow. (K) Representative images
of TRAP staining of bone sections from each group. (L) Osteoclast number per image calculated at the tumor-bone interface in each group [red cells in (K) were
considered as osteoclast positive cells]. (M) 4T1-luc2 cells were para-tibia injected into the right hind limb and treated by human isotope 1gG1 (Iso) and 5G12
as described in Methods. Tumor burden was monitored by weekly bioluminescence imaging. (N) Tumor growth curve measured by bioluminescence intensity
and quantified by IVIS® system. Data are mean + S.E.M. (n = 9 mice per group). P values by two-way ANOVA. (0) Kaplan-Meier plot of the time-to-euthanasia of
mice treated as described in (M). (P) Body weight change of tumor-bearing mice over time. (Q) EO771-GFP/luciferase cells were para-tibia injected into the right
hind limb and treated by PBS and 5G12 as described in Methods. Tumor burden was monitored by weekly bioluminescence imaging. (R) Tumor growth curve
measured by bioluminescence intensity and quantified by IVIS® system. Data are mean + S.E.M. (n = 10 mice per group). P values by two-way ANOVA. (S) Kaplan-
Meier plot of the time-to-euthanasia of mice treated as described in (Q). (T) Body weight change of tumor-bearing mice over time. P> 0.05 [not significant (n.s.)],
*P <0.05, **P <0.01, ***P <0.001, and ****P < 0.0001.

whether blocking Siglec-15 could impede the development of
these secondary metastases orlglnatmg from bone lesions. To
examine this, we injected 5 x 10° 4T1 cells labeled with firefly
luciferase into the right hind limb of BALB/c mice through para-
tibial injection, followed by treatment with 5G12 and PBS. In
this model, localized tumors developed primarily in the tibiae at
an early stage. However, as the bone lesions progressed, metastases
marked by bioluminescence signals began to disseminate to
other major organs, including the lungs, liver, spleen, kidneys,
brain, and skeleton. At the endpoint, these organs were dissected
to assess metastasis. As shown in Fig. 5 B-D, 77% of mice in
the control group developed multi-organ metastases, with the

PNAS 2024 Vol.121 No.5 e2312929121

lungs being the most affected organ, as all mice with secondary
metastases showed lung involvement. Additionally, three mice
in the control group developed skeletal metastases, suggesting
that the skeletal system is also affected by late-stage bone lesions.
Encouragingly, no secondary metastatic tumors were detected in
the 5G12 treatment group, indicating that blocking Siglec-15
inhibits further dissemination of bone metastases effectively. A
similar trend was observed in the EO771 model. We injected 1 x
10° EO771 cells labeled with firefly luciferase and GFP into the
right hind limb of C57BL/6 ] mice through para-tibial injection,
followed by treatment with 5G12 and PBS. The results showed
that 80% of mice in the control group developed multi-organ
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Fig. 5. Siglec-15 blockage prevents secondary metastases from bone lesions. (A) Bone lesions more readily give rise to secondary metastases to multiple
organs. (B) Secondary metastases of PBS-treated (Top, n = 9) and 5G12-treated (Bottom, n = 9) 4T1 bone tumors were detected by bioluminescence imaging
after dissection. (C) Heat map of ex vivo BLI intensity and status of metastatic involvement in tissues from the 4T1 tumor model mice treated with PBS and
5G12. Each column represents an individual animal, and each row represents a type of tissue. The presence of metastasis was defined as the presence of BLI
signal above 30 counts/pixel under 60 s exposure time. Multisite metastases were defined as the metastatic involvement of at least two tissues. P-values were
determined by Fisher's exact test on the frequency of metastatic involvement while by the Mann-Whitney test of the metastatic burden. (D) The ratio of multi-
site metastasis of 471 tumor model mice. (E) Secondary metastases of PBS-treated (Top, n = 10) and 5G12-treated (Bottom, n = 10) EO771 bone tumors were
detected by bioluminescence imaging after dissection. (F) Heat map of ex vivo BLI intensity and status of metastatic involvement in tissues from EO771 tumor
model mice treated with PBS and 5G12 as described in (C). (G) The ratio of multi-site metastasis of EO771 tumor model mice.

metastases, with the lungs and liver being the most affected organs
(Fig. 5 E~G). In contrast, the 5G12 treatment group exhibited a
significantly reduced incidence of secondary metastases, while 6 of
10 mice carried bone metastases, only one developing multi-organ
metastases. Among the mice with secondary metastases in the
5G12 group, 80% exclusively exhibited lung metastases. Notably,
one mouse in the 5G12 treatment group had a relatively late-stage
primary tumor but did not develop any secondary metastasis.
These data suggest that blocking Siglec-15 in osteolytic bone
metastatic niches can inhibit the growth of bone metastasis and
prevent secondary metastases originating from bone lesions.

Discussion

Despite a high 5-y survival rate of over 90%, a substantial portion
(20 to 40%) of breast cancer survivors will eventually experience
metastases to distant organs, even years after undergoing surgeries
(57). Among these metastases, bone is the most common site,
accounting for over 47% of first-site metastases, followed by the
lung, liver, and brain (1). The prognosis for breast cancer patients
with bone metastases is challenging, with a 1-y survival rate of
51% and a 5-y survival rate dropping to 13% (5, 58). Consequently,
there is a pressing need for therapies that can improve outcomes
for breast cancer patients with bone metastases. While immuno-
therapy has emerged as a promising approach for metastatic breast
cancer (MBC) treatment, its efficacy in patients with bone metas-
tases has been disappointing. Immune checkpoint inhibitors
(ICIs) have shown effectiveness in several cancer types (59-61),
but their success in breast cancer has been limited, particularly in
breast cancer patients with bone metastases. For instance, a phase
II clinical trial evaluating atezolizumab for metastatic triple-
negative breast cancer demonstrated that progression-free survival
was significantly longer in the atezolizumab group compared to
the placebo group. However, among breast cancer patients with
bone metastases, there was no significant difference in the risk of
progression or death between the atezolizumab and placebo groups
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(median progression-free survival: 5.7 vs. 5.2 mo; stratified hazard
ratio for progression or death: 1.02; 95% CI: 0.79-1.31) (12).
These findings suggest that the current immunotherapy approaches
have limited efficacy when it comes to bone tumors.

The glycocalyx, a network of glycolipids and glycoproteins on cell
surfaces, plays a pivotal role in immune modulation and is exploited
by tumors to evade immune recognition. One prominent tumor
glycosignature is hypersialylation. The identification of a large family
of Siglec receptors has accelerated the understanding of sialic acid—
binding immunoreceptors. Siglec-15, a member of the Siglec family
proteins, is normally expressed on a subset of myeloid cells but
becomes upregulated on tumor-infiltrating myeloid/macrophage
cells, leading to suppression of antigen-specific T cell responses. In
this study, we observed upregulation of Siglec-15 in both mac-
rophages and osteoclasts within the bone metastatic niches of human
and mouse samples. This upregulation contributes to the establish-
ment of an immunosuppressive microenvironment. Siglec-15
upregulation on osteoclasts promotes tumor cell-mediated osteo-
clastogenesis while inhibiting T cell activity, facilitating the growth
of bone cancer and further secondary metastases. Treatment with
anti-Siglec-15 antibody demonstrated high efficacy in various syn-
geneic breast tumor models, resulting in T cell activation and pro-
liferation, which gives a remarkable response rate. Furthermore,
blocking Siglec-15 in osteolytic bone metastatic niches effectively
inhibits the growth of bone metastases and prevents secondary
metastases originating from bone lesions. While the therapeutic
efficacy of Siglec-15 blockade has been remarkable, our understand-
ing of the molecular mechanism underlying the Siglec-15/sialic acid
axis remains limited. Previous research has hinted at CD44 being a
potential ligand on osteoclasts (62), and a more recent investigation
has proposed CD11b as a ligand on T cells (63). These findings
imply that Siglec-15 may have the capacity to bind to multiple
ligands depending on the cell type, underscoring the need for more
rigorous studies to identify its ligands on various cell types.
Nevertheless, further research is essential to validate these biochem-
ical mechanisms.
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The Siglec-15/sialic acid axis represents as a glycoimmune
checkpoint and modulator of tumor-induced osteoclastogenesis
for bone cancers. Targeting this Siglec-15/sialic acid axis in the
bone could be beneficial for patients with bone cancers and bone
metastases from other primary cancer types, as the bone is a pref-
erential site for metastasis in prostate, lung, kidney, and thyroid
cancers.

Methods

Human Bone Metastasis Samples. The protocols for collecting and utilizing
human bone metastasis samples were conducted in compliance with the prin-
ciples outlined in the Declaration of Helsinki. These protocols were approved by
the Institutional Review Boards at Baylor College of Medicine (H-49396), the
University of Texas MD Anderson Cancer Center (PA15-0225), and the University
of Texas Medical Branch (H-46675). Prior to undergoing orthopedic surgery,
all patients provided written informed consent for the use of their samples in
research endeavors.

Bone Sectioning. The bone tissues were fixed in 4% paraformaldehyde at 4 °C
for 24 h. Following fixation, the tissues were washed with PBS and subsequently
subjected to 14% EDTA for decalcification. Decalcification was carried out for 5 d
(bone fragments) or up to 2 wk (intact bones). The Breast Center Pathology Core
at Baylor College of Medicine will assist to perform the paraffin embedding and
microtome sectioning (4 um) for bone fragments and perform OCT embedding
and frozen sectioning (10 pm) for the intact bones.

Immunofluorescent Staining on Bone Sections. For paraffin-embedded
sections, slides were baked at 55 °Cfor 2 h, dewaxed, and rehydrated according
to the standard protocol. Make antigen retrieval dilutions (PH 9.0) by mixing
one part of 10X IHC Antigen Retrieval Solution (ThermoFisher, 00-4956-58)
with nine parts of deionized water. The slides were immersed in the antigen
retrieval dilutions and placed into a pressure cooker. The pressure cooker was
setat 125 °Cand 25 psi for 10 min. After the antigen retrieval process, the slides
were allowed to cool down to room temperature. For frozen sections, the slides
were thawed at room temperature for 10 min. Following the thawing process,
the slides were incubated in PBS (phosphate-buffered saline) for an additional
10 min. All the slides underwent treatment with a 0.1 M NH,CI solution for a
duration of 10 min to reduce autofluorescence. Following this, they were blocked
using a 10% donkey serum solution in PBS-GT (2% Gelatin, 0.5% TritonX-100)
for 1 h at room temperature. The slides were then incubated with the specific
primary antibodies at 4 °C for overnight and then stained with corresponding
secondary antibodies at room temperature for 1 h. The primary antibodies used
in this study were Rabbit anti-CTSK (Abcam, ab19027), Rabbit anti-CD8 (Abcam,
ab217344), Rat anti-CD4 (ThermoFisher, 14-9766-82), Chicken anti-GFP (Novus
Biologicals, NB100-1614), Rabbit anti-Siglec15 (Invitrogen, PA5-72765), Rat
anti-F4/80 (Cell Signaling Technology, 71299), Pan Cytokeratin Monoclonal
Antibody-Alexa Fluor™ 488 (Invitrogen, 53-9003-82), and 5G12.

Osteoclastogenesis Assay, qPCR, and TRAP Staining. RAW264.7 cells were
purchased from American Type Culture Collection and cultured according to the
American Type Culture Collection instructions. To induce osteoclastogenesis,
RAW264.7 was seeded in a 24-well plate at a density of 1 x 10* cells/well and
allowed to adhere overnight. The medium was replaced, and the cells were
treated with 50 ng/mL RANKL from R&D system (462-TEC-010/CF) for 4 d. For
co-culture experiments with tumor cells, RAW264.7 cells were seeded at 3 x
10* cells/well on day 1 and allowed to adhere overnight. MDA-MB-231 and
E0771 cells were seeded at 1 x 10° cells/well were added to the RAW264.7-
containing wells on day 2, and co-cultured for 4 d before TRAP staining. TRAP
staining was performed using Leukocyte Acid Phosphatase (TRAP) Kit (Sigma-
Aldrich, 387A)following the provided procedure. The cells for gPCR study were
prepared as described as above; an extra group was treated with 10 pg/mL of
5G12.The expression level of mRNAwas analyzed by RT-qPCR at day 4. Primers
can be found in S/ Appendix.

Detection of Cytokine Release. RAW264.7 cell was seeded in a 24-well plate at
adensity of 1 x 10* cells/well and allowed to adhere overnight. RAW264.7 cell was
divided into three groups: 1) no treatment, as pre-osteoclast; 2) osteoclast, treated
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with 50 ng/mLRANKL; and 3) 5G12 treatment, treatment with 50 ng/mLRANKL and
10 pg/ml 5G12 antibody. Three groups were cultured for 4 d, the supernatants were
collected on day 4, at the time of collection, no significant difference in cell number
was observed. IL-6 and TNF-a levels were detected by ELISA (Biolegend, 431307
and 430907).The experiment followed the instructions provided by the kits.

BICA. The BICA experiment was performed as previously reported (49). The
tumor-free bone fragments were obtained and arranged in a low-attachment
96-well plate. Then, 5,000 E0771 cells were added to each well and cultured
in a 37 °Cincubator for 24 h. Following incubation, the wells were thoroughly
washed and rinsed with PBS to completely eliminate any unattached cancer cells.
The bioluminescence intensities of all the cancer cells present in the bone were
measured using the IVIS Lumina Il system (PerkinElmer, Advanced Molecular
Vision) as the baseline (day 0). After the imaging process, the culture medium
was replenished, and the antibody was introduced at different concentrations.
Subsequently, all the bioluminescence data were analyzed using the Living Image
Software (PerkinElmer, v4.7.3) and normalized with the day 0 data.

CD8+ OT-1T Cell Isolation and Activation. The spleen cells of OT-1 mice were
dissociated by mechanical disruption and lysed in the red blood cells (RBC) lysis
buffer (Tonbo Biosciences, TNB-4300-L100). For sorting CD8+ Tecells, spleen cells
were stained with Biotin anti-B220, Biotin anti-CD11b, Biotin anti-Gr1, Biotin
anti-Ter119 (all from BD Pharmingen™ Biotin Mouse Lineage Panel, 559971),
Biotin anti-CD11c (Tonbo, 30-0114), and Biotin anti-CD4(Tonbo, 30-0041), fol-
lowed by incubating with Streptavidin Particles (BD IMag™ Streptavidin Particles
Plus, 557812) for 15 min. After incubation, CD8+ T cells (Biotin-) were collected
in the remaining supernatant, while non-CD8+ T cells (Biotin+) were enriched
and separated by using magnet negative selection (STEMCELL, EasySep™ Cell
Separation magnet, #18000). After isolation of CD8+ OT-1T cells, they were
cultured in a T cell culture medium, which consisted of RPMI-1640 medium
(HyClone) supplemented with 10% heat-inactivated fetal bovine serum (FBS)
that was heat-inactivated at 56 °C for 30 min, HEPES (5 mM), Glutamax (2 mM),
Penicillin/Streptomycin (50 mg/mL), non-essential amino acids (NEAA, 5 mM),
sodium pyruvate (5 mM), beta-mercaptoethanol (50 uM) and human IL-2 (20
ng/mL).To activate the T cells, they were incubated with a 1:1 ratio of CD3/CD28
Dynabeads for a period of 48 h. After activation, T cells were separated from
Dynabeads using EasySep magnet, allowing for the isolation of the activated T
cells for further experiment.

In Vitro Co-culture Assay. For co-culture of osteoclasts and CD8+ OT-1T cells,
bone marrow from WT mice was flushed and lysed in RBC lysis buffer. After isola-
tion of bone marrow cells, they are cultured in an Osteoclast differentiation (OCD)
medium, which consisted of MEM Alpha Modification medium (HyClone) sup-
plemented with 25 ng/mL Recombinant Murine M-CSF(PeproTech, 315-02) and
60 ng/mL Recombinant Murine sRANK Ligand (PeproTech, 315-11) for 7 d. The
medium was replenished with fresh OCD medium every 48 h. The differentiated
osteoclasts were co-cultured with CD3/CD28 activated T cells ata 1:5 ratio for 48 h.
5G12 (anti-Siglec15) was added when co-culture started. For the T cell cytotoxicity
assay, the differentiated osteoclasts were co-cultured with CD3/CD28 activated T
cells at a 1:1 ratio. Additionally, 5612 was added to the co-culture at the start.
After 48 h of co-culture, the cells were mixed in a 1:1:5 ratio with E0771-OVA
cells and further incubated for an additional 2 d. Following this, the cells were
collected and analyzed using flow cytometry. Flow antibody used in the study were
(CD45-VF450 (Tonbo, 75-0459), CD8-BV711 (BioLegend, 100747), CD3e-PerCP/
Cy5.5(Tonbo, 65-0031), PD-1-PE (Tonbo, 50-9985), TIM-3-APC (Tonbo, 20-5870),
and LAG3-PE (Tonbo, 50-2231). Prior to flow cytometry analysis, the cells were resus-
pended in PBS containing 2% FBS.To aid in cell viability and nuclear staining, DAPI
(Invitrogen™ R37606) was added to the PBS solution. Additionally, liquid counting
beads from BD Bioscience (335925) were included for accurate cell counting during
the analysis. All flow cytometry analyses were conducted using a BD LSRFortessa
instrument, and the resulting data were analyzed using FlowJo software.

Animal Models. Para-tibia injections and in vivo imaging system (IVIS) imag-
ing were performed. Forthe EO771 model, 1 x 10° EO771-GFP/FLuc cells were
inoculated into the right hind limb tibia of 7-8 weeks female C57BL/6J mice
at day 0, 5 d after injection, the animals were randomized into two groups:
PBS-treated control and 5G12 treatment. The first treatment was given on
day 5,200 pg/mice, i.p. The treatment was repeated twice per week for 3 wk,
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six doses in total were given. The animals were imaged twice a week using IVIS
Lumina Il (Advanced Molecular Vision), following the recommended procedures
and manufacturer's settings. On day 28, mice were anesthetized and blood was
collected by cardiac puncture before euthanasia. The liver, spleen, lung, brain,
kidney, and skeleton were collected for further tests. For the 471 model, 1 x 10*
AT1-luc? cells (ATCC, CRL-2539-LUC2™) were inoculated intothe right hind limb
tibia of 7-8 weeks female BALB/c at day 0; 2 d after injection, the animals were
randomized into two groups: PBS-treated control and 5G12 treatment. The first
treatmentwas given on day 2, 200 pg/mice, i.p. The treatment was repeated three
times, given at day 2, day 6, and day 10. For the isotype control experiment, the
4T1 tumor was inoculated as described above, the animals were randomized into
two groups: isotype control and 5G12 treatment. human IgG1 isotype (BioXCell,
BE0297) was used as an isotype control antibody, the treatment was repeated
three times, given at day 2, day 7, and day 13, 200 pg/mice, i.p. Same ex vivo
study was applied to this model as described above. For the EMT-6 model, 1 x
10° EMT-6-FLuc cells were inoculated into the right hind limb tibia of 7-8 weeks
female BALB/c mice at day O; 1 d after injection, the animals were randomized
into two groups: PBS-treated control and 5G12 treatment. The first treatment was
given on day 1, 200 pg/mice, i.p. The treatment was repeated twice per week
for 3 wk, six doses in total were given. For osteoclast (macrophages) depletion
study, clodronate liposome (C-010, Liposoma BV) was injected intraperitoneally
at 4-d intervals from 6 d before tumor inoculation and repeated for four times at
adose of 0.3 mLof liposomes as reported previously (52-54). In addition, 1 x 10*
AT1-luc2 cells were inoculated into the tibia at day 0. The experiment group was
treated with 5G12 antibody intraperitoneally at day 2 and day 6, 200 pg/mice. For
Tcell depletion study, mice were treated with intraperitoneal injection of an initial
dose of 200 pg/mouse of anti-CD4 (clone GK1.5, BioXCell) and anti-CD8 (clone
2.43, BioXCell) antibodies, followed by similar dosing with 150 pg/mouse every
4 d for three times (51). In addition, 1 x 10* 4T1-luc2 cells were inoculated into
the tibia at day 0. The mice were treated with 5G12 antibody intraperitoneally at
day 2 and day 6, 200 pg/mice.
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