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Multiple myeloma (MM) is a
plasmacell malignancy character-
ized by the tight relationship with
the bone marrow (BM) microen-
vironment that has a pivotal role
in the regulation of myeloma cell
growth and survival through the
production of several growth fac-
tors and the increase of BM
angiogenesis. Bone microenvi-
ronment cells as osteoclasts and
osteoblasts also support the sur-
vival of MM cells. The study of
the alterations of the microenvi-
ronment and that of the interac-
tions between MM and microen-
viroment cells has leaded to iden-
tify new therapeutics targets in
MM patients and to develop new
drugs targeting both MM cells
and the microenvironment includ-
ing endothelial cells, T lympho-
cytes osteoclast and osteoblast.
Particularly in the last years we
and other authors have studied the
alterations occurring in the bone
cells in MM patients, the biologi-
cal mechanisms involved in the
interactions between MM cells
and osteoprogenitor/osteoblastic
cells and the potential role of
osteoblastic cells in the anti-
tumoral effect of the new drugs.

As known, several evidences
indicate that the impairment of
osteoblast and bone formation in
MM is mainly due to the block of
the osteogenic differentiation
process of mesenchymal cells
induced by MM cells. It has been

reported that human MM cells
were co-cultured with osteoprog-
enitor cells, MM cells inhibited
osteoblast differentiation in long
term bone marrow cultures,
reducing the number of both early
osteoblast precursors, fibroblast
colony-forming units (CFU-F),
and the more differentiated
osteoblast precursor, the colony-
forming osteoblast units (CFU-
OB), and decreasing the expres-
sion of osteoblast differentiation
markers, alkaline phosphatase,
osteocalcin and collagen I.1 These
in vitro evidences have been con-
firmed in vivo in MM patients by
the finding that isolated mes-
enchymal cells show a reduced ex
vivo osteogenic differentiation2

even if these observatiopn was not
confirmed by others.3-4 The
inhibitory effect of MM cells on
osteoblast differentiation seems to
be mediated by the capacity of
MM cells to inhibit Runx2 activi-
ty of human mesenchymal stem
and osteoprogenitor cells.1

Consistently it has been reported
that the number of mesenchymal
and osteoblastic cells positive for
Runx2 was lower in patients with
osteolytic lesions as compared to
patients without skeletal involve-
ment.1 The suppression of Runx2
activity by MM cells is mediated,
at least in part, by the cell-to-cell
contact between MM and osteo-
progenitor cells. This cell-to-cell
contact involves interactions
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between VLA-4 on MM cells and VCAM-1 on
osteoblast progenitors, as demonstrated by the
capacity of a neutralizing anti-VLA-4 antibody
to reduce the inhibitory effects of MM cells on
Runx2/Cbfa1 activity.1 The role of the cell-to-
cell contact via VLA-4/VCAM-1 interaction in
the development of bone lesions and osteoclast
activation and osteoblast inhibition in MM has
been recently demonstrated using in vivo mice
models.5 In addition to VLA-4/VCAM-1, other
adhesion molecules appear to be involved in
the inhibition of osteoblastogenesis by human
MM cells. For example, NCAM-NCAM inter-
actions between MM cells and
stromal/osteoblastic cells can decrease bone
matrix production by osteoblastic cells, and
may contribute to the development of bone
lesions in MM patients.6 Soluble factors con-
tribute to the inhibitory effects of MM cells on
osteoblast differentiation from mesenchymal
stem cells and Runx2/Cbfa1 activity.1 It has
been shown that interleukin-7 (IL-7) decreases
Runx2/Cbfa1 promoter activity in osteoblastic
cells and the expression of osteoblast markers.7

Moreover IL-7 can inhibit bone formation in
vivo in mice.7 We have demonstrated that IL-7
inhibited both CFU-F and CFU-OB formation
in human bone marrow cultures, and reduced
Runx2/Cbfa1 activity in human osteoprogeni-
tor cells.1 The potential involvement of IL-7 in
MM has been supported by the demonstration
of higher IL-7 plasma levels in MM patients
compared to normal subjects8 and by the
capacity of blocking antibodies to IL-7 to par-
tially blunt the inhibitory effects of MM cells
on osteoblast differentiation.1 These studies
suggest that MM cells block Runx2/Cbfa1
activity and osteoblast differentiation either by
cell-to-cell contact or by secreting IL-7, which
leads to a reduction in the number of more dif-
ferentiated osteoblastic cells. This decreased
osteoblast activity contributes to the develop-
ment of MM bone lesions. Other mechanisms
could be involved in the inhibition of Runx2

activity by MM cells. Recently in has been
shown that MM cells suppress the expression
of the Runx2 regulating factor TAZ in human
mesenchymal stem cells.9 IL-3 has been
reported as a potential osteoblast inhibitor in
MM patients.10 In both murine and human sys-
tem, IL-3 inhibited osteoblast formation in a
dose-dependent manner, without affecting cell
growth. IL-3 blocked differentiation of pre-
osteoblasts to mature osteoblasts in vitro, at
concentrations comparable to those seen in
bone marrow plasma from patients with MM.
The potential involvement of Wnt signaling in
the suppression of osteoblast formation and
function in MM has been hypothesized.
Primary CD138+ MM cells over-express the
Wnt inhibitors DKK-1 as compared to plasma
cells from MGUS patients and normal plasma
cells. Further, using gene expression profiling,
they showed a tight relationship between
DKK-1 expression by MM cells and the occur-
rence of focal lytic bone lesions in MM
patients. High DKK-1 levels were also
observed in bone marrow and peripheral sera
in MM patients correlated with the presence of
bone lesions.11 Interestingly, patients with
advanced disease, as well as human MM cell
lines did not express DKK-1, suggesting that
DKK-1 may mediate bone destruction in the
early phases of disease. MM cells may also
produce other Wnt inhibitors, including SFRP-
3/FRZB. FRZB is highly expressed by CD138+

MM cells from patients as compared to MGUS
patients and BM plasma levels are higher in
MM patients with bone lesions as compared to
those without skeletal involvement.12 sFRP-2
has been also reported to be produced by some
human MM cell lines and by patients with
advanced MM bone disease, and can inhibit
osteoblast differentiation.13 The mechanism by
which DKK-1 and the other Wnt inhibitors
produced by MM cells is related to bone
destruction is not completely understood.
Neutralizing anti-DKK-1 antibody can block
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the inhibitory effect of bone marrow plasma of
MM patients on BMP-2 induced alkaline phos-
phatase expression and osteoblast formation
by a murine mesenchymal cell line11 but failed
to block the inhibitory effects of MM cells on
human bone marrow osteoblast formation.1 In
addition, only high concentrations of DKK-1
are able to inhibit CFU-F and CFU-OB forma-
tion and to block β-catenin signaling in human
bone marrow osteoprogenitor cells.1 Recently
we reported that MM cells failed to block the
canonical Wnt signaling in human BM
osteoblast progenitors but inhibited this path-
way in murine system suggesting the block on
canonical Wnt pathway does not occur in MM
patients.12 Studies in the SCID-hu mice model
of MM have shown that anti-DKK-1 increases
bone mineral density and the number of osteo-
calcin positive osteoblasts compared to control
mice.14 Interestingly, a reduction of the number
of osteoclastic cells was also observed, sug-
gesting that Wnt signaling could be involved
in the regulation of bone resorption.14

Consistently, it has been reported that Wnt3a
signal pathway activation in the microenviron-
ment and osteoblasts is able to block the devel-
opment of bone lesions and the growth of MM
cells in murine MM models in line with the
observation that canonical Wnt pathway stim-
ulate bone formation in mice.15-16 However it is
interesting to note that both anti-DKK-1 anti-
body and Wnt canonical activation by Wnt3a
by litium14-16 are able to blunted that inhibitory
effect of MM cells on osteoblast formation
independently to the production of DKK-1 by
MM cells suggesting that the microenviron-
ment rather than MM cells could be the target
of anti-DKK-1 antibody therapy. Other mech-
anisms could be involved in DDK-1 mediated
bone destruction in MM. For example, a link
between cell adhesion and the Wnt pathway
was recently reported. Wnt inhibitors such as
DKK-1 are triggered by cell contact and mod-
ulate adhesion of leukemia cells to

osteoblasts.17 Possibly, DKK-1 production by
MM cells could be involved in the adhesion of
stromal cells and MM cells, which is critical
for osteoclast activation and Runx2/Cbfa1
mediated osteoblast inhibition. Furthermore
crosstalk between MM cells and the microen-
vironment can stimulate both DKK-1 and IL-6
production in human bone marrow cultures.18

Finally, the capacity of DKK-1 to regulate the
osteoclast inhibitory factor OPG and RANKL
has been also reported in murine osteoblasts.19

The ubiquitin-proteasome pathway is the
major cellular degradative system for several
proteins involved in cell proliferation and sur-
vival in MM cells. Recently, it has been
demonstrated that this pathway may regulate
osteoblast differentiation and bone formation
in vitro and in vivo in mice.20 The ubiquitin-
proteasome pathway can modulate the expres-
sion of BMP-2, which can induce osteoblast
differentiation through the Wnt signaling and
regulates the proteolytic degradation of the
osteoblast transcription factor Runx2/Cbfa1.21

Different proteasome inhibitors that bind the
catalytic ‚ subunits of the 20S proteasome and
block its activity are able to stimulate bone for-
mation in neonatal murine calvarial bones.20 A
strong correlation between the capacity of
these compounds to inhibit proteasomal activ-
ity in osteoblasts and their bone forming activ-
ity was also demonstrated.20 Consistent with
these in vitro observations, the administration
of the natural proteasome inhibitors, PS1 and
epoximicin, to mice increases bone volume
and bone formation rate over 70% after 5 days,
indicating a potent stimulatory effect of these
drugs on osteoblastic cells.20 These evidences
are strongly supported by the in vivo observa-
tions obtained in MM patients treated with
Bortezomib, the first representative of this
class of drugs with a potent anti-MM activity.
An increase of total alkaline phosphatase and
in parallel of bone specific alkaline phos-
phatase has been reported in MM patients that
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respond to the treatment with bortezomib.22-24

Similarly a significant effect on bone remodel-
ing markers has been reported in MM patients
treated with bortezomib.25-26 Finally, recent our
data indicate that bortezomib induce osteoblast
phenotype in osteoblast progenitors in vitro
increasing Runx2/Cbfa1 activity without
changing Runx2/Cbfa1 mRNA level and con-
sequently stimulating the expression of
osteoblast markers as collagen I and osteocal-
cin.27 This stimulatory effect was further con-
firmed by the finding that bortezomib
increased bone nodule formation by human
osteoprogenitor cells. A similar effect was
observed using specific proteasome inhibitors
as MG-132 and MG-262 indicating that the
pro-osteogenic effect of bortezomib is due to
its capacity to block proteasome activity in
osteoblast and osteoblast progenitors.27 In line
with these observations it has been reported
that bortezomib stimulate bone regeneration in
mice in part by the modulation of the bone spe-
cific transcription factor Runx2/Cbfa1 and it is
able to rescue bone loss in a mouse model of
osteoporosis.28
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