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Myeloid-derived suppressor cells (MDSCs) from mice bearing bone metastases differentiate into functional osteoclasts
in vitro and in vivo, through a signaling pathway that relies on nitric oxide. In addition, MDSC-targeting drugs have been
shown to robustly inhibit osteolysis. Thus, MDSCs stand out as novel osteoclast progenitors and hence as candidate
targets for the control of osteolytic bone disease.

Mpyeloid-derived suppressor cells (MDSC)
constitute a major immunosuppressive cell
population that has been correlated with
poor prognosis in multiple neoplasms.
MDSC are a heterogeneous population
of myeloid precursors that fail to undergo
maturation. MDSC  exert immunosup-
pressive effects through a variety of mech-
anisms, many of which are mediated by
the upregulation of arginase 1 and pro-
duction of reactive oxygen and nitrogen
species (ROS and RNS, respectively).!

In healthy individuals, MDSC con-
stitute about 0.5% of peripheral blood
mononuclear cells. In patients at early
stages of neoplastic diseases, this propor-
tion can increase by more than 5-fold.?
About 30% of cells in the bone marrow
(BM) of normal mice can be considered as
MDSC. Following the metastatic spread
of experimental cancers to the bone, the
amount of MDSC increases by 2-3-fold,
promoting local immunosuppression and
hence allowing for the growth of meta-
static cells. Considering such a high influx
of MDSC to the bone, we hypothesized
that MDSC may contribute to metastasis
in more than one way. Hence, we investi-
gated if MDSC directly contribute to oste-
olysis by differentiating into osteoclasts.

Using a pre-clinical model of breast
cancer (BCa) bone dissemination, we
demonstrated that MDSC can function
as osteoclast precursors.” MDSC isolated

from mice bearing bone metastases under-
went osteoclast differentiation in vitro in
the presence of receptor activator of nuclear
factor-kB ligand (RANKL) and macro-
phage colony-stimulating factor (M-CSF).
In addition, MDSC gave rise to bone-
resorbing osteoclasts, causing increased
osteolysis in vivo. As MDSC exert immu-
nosuppression via arginase 1-, ROS- and
RNS-dependent pathways, we investigated
if any of these mechanisms would also be
involved in the differentiation of MDSC
into osteoclasts. Our data indicated a pos-
sible role of nitric oxide (NO) signaling in
the differentiation of bone-derived MDSC
into osteoclasts (Fig. 1).?

The role of MDSC as osteoclast pro-
genitors in BCa was also demonstrated in
an independent study by Danilin et al.
This study indicated MDSC as osteoclast
precursors using the human BCa cell line
MDA-MB-231. MDA-MB-231 cells cul-
tured with tumor-derived MDSCs express
high levels of GLI family zinc finger 2
(GLI2)- and parathyroid hormone-like
hormone (PTHLH)-coding mRNAs.
Both these factors are important in osteo-
clast activation and in the induction of
osteolysis. MDSC-mediated ~ osteolysis
was also observed in multiple myeloma
(MM). Thus, using a murine syngenic
MM model, Zhuang et al. demonstrated
that MDSC are capable of mediating bone
resorption in vitro and in vivo. Both BCa
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and MM metastases are characterized by
increased MDSC infiltration as neoplas-
tic cells grow in the bone, and both these
carcinomas are associated with osteolytic
bone lesions. Osteolysis is a prominent fea-
ture of metastatic cancer as well as of rheu-
matoid arthritis (RA). MDSC isolated
from a murine RA model also functioned
as primary osteoclast progenitors and were
capable of differentiating into functional
osteoclasts in a NO-dependent fashion.
One of the major findings of our study
is that only MDSC obtained from the
bone microenvironment of tumor-bearing
mice can undergo osteoclast differen-
tiation. Thus, neither MDSC from other
metastatic sites nor MDSC from the bone
of tumor-bearing mice devoid of bone
metastases differentiated into osteoclasts.
Similar observations were also reported
by Danilin et al* and Zhuang et al’
Hence, it is clear that a cross-talk between
MDSC, tumor cells and the bone micro-
environment is necessary for the differen-
tiation of MDSC into osteoclasts. MDSC
from mice bearing bone metastases also
induced osteolysis in syngenic animals,
indicating that these cells are primed as
osteoclast progenitors and that the bone
microenvironment triggers their differen-
tiation into functional osteoclasts in vivo.
It is possible that soluble factors secreted
by tumor cells in the bone “prime” these
cells to be osteoclast progenitors. BCa
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Figure 1. Role and mechanism of MDSC-mediated osteoclastogenesis in bone metastases. (A) As osteolytic cancers grow within bone, an increased
influx of myeloid derived suppressor cells (MDSC#Poremes) js noted. When these MDSC®*Poremets) gre cultured in the presence of receptor activator of
nuclear factor-«B ligand (RANKL) and macrophage colony-stimulating factor (M-CSF), they undergo differentiation into multi-nucleated, acid phos-
phatase 5, tartrate resistant (ACP5)* osteoclasts. Nitric oxide (NO) signaling is crucial for MDSC differentiation into osteoclasts and can be blunted using
NG-monomethyl-L-arginine acetate (L-NMMA), an inducible NO synthase (iNOS) inhibitor. The adoptive transfer of MDSC#Pone et results in increased
osteolytic lesions and tumor growth in the bone of recipient mice. MDSC-mediated osteolysis can also be controlled in vivo by gemcitabine or zole-
dronic acid. The administration of either these agents reduces MDSC abundance, hence limiting osteolytic lesions and tumor growth. (B) Data show
that MDSC isolated from mice bearing bone metastases (MDSC#Pomemet9) are capable of differentiating into osteoclasts and resorbing bone, whereas
MDSC from mice bearing non-metastatic tumors (MDSCbememet) failed to differentiate into osteoclasts or exert bone-resorbing functions. NO levels
are elevated in MDSC%**°remet) and NO production can be inhibited with L-NMMA. In the presence of LLNMMA, MDSCeremets) f3j to differentiate into

S process.

cells secrete a variety of pro-osteoclasto-
genic growth factors. For instance, the
chemokines chemokine (C-C motif)
ligand 2 (CCL2, also known as monocyte
chemoattractant protein 1) and CCL5
(best known as RANTES), secreted by
BCa bone metastases are known stimula-
tors of osteoclastogenesis. MDSC express
CCR2, the receptor for CCL2, implying
that they are responsive to this chemo-
kine. Secreted phosphoprotein 1 (SSP1,

best known as osteopontin) is expressed
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by a majority of Bca metastatic lesions
and promote the expression of cathepsin K
and matrix metallopeptidase 9 (MMP9),
thus enhancing osteoclast functions.”
The BM in MM lesions contains high
levels of interleukin (IL)-1, IL-3, IL-6,
IL-7, CCL20 and activin, all of which are
osteoclast activating factors.® Moreover,
factors secreted by cancer cells as well as
mediators released by immune cells in
the bone microenvironment also con-
tribute to osteolysis. Both BCa and MM
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bone metastases are infiltrated by plas-
macytoid dendritic cells (pDC), which
promote immunosuppressive effects.”!?
In both these settings, robust pDC infil-
tration is associated with high levels of
IL-3, IL-6, IL-10, IL-15, CCL2, CCL5
and chemokine (C-X-C motif) ligand 10
(CXCL10). Some of these cytokines can
induce osteoclastogenesis, either directly
or indirectly by promoting the expression
of RANKL. So, the presence of a pro-

osteoclastogenic milieu in the metastatic
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bone microenvironment may drive the
differentiation of MDSCs into osteoclasts.

Considering the complications and
poor prognosis that are associated with
metastatic disease, there is an urgent
need to develop novel specific therapeu-
tic strategies. Targeting MDSC can be
one of such approaches. For instance, the
inhibition of NO signaling in MDSC
may reduce MDSC-mediated oste-
olysis. Nitroaspirin is known to inhibit
the inducible nitric oxide synthease
(iNOS) in MDSC. Targeting the NO
pathway in MDSCs may also inhibit
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