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Abstract. Multiple myeloma (MM) is a bone marrow neoplasia
with increasing incidence compared to previous years.
Although new therapeutic molecules have been introduced,
it remains an incurable disease with severe repercussions to
patients. For many patients, bone disease represents a severe
problem often causing pain, pathological bone fractures, and
spinal cord compression, which affects the quality of life. This
article analyzes the main markers of bone destruction in MM
as well as risk factors for severe bone damage. Bone complica-
tions have a negative impact on the quality of life of patients
with MM, along with other associated complications (renal
failure, hypogammaglobulinemia, osteolytic bone disease,
hypercalcemia, anemia). The markers of bone destruction
described in this article include: interleukin (IL)-6, tumor
necrosis factor (TNF)-a, receptor activator of nuclear factor
kappa-B ligand (RANKL), osteoprotegerin (OPG), amino- and
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carboxy-terminal cross-linking telopeptide of type I collagen
(NTX, CTX), human bone sialoprotein (BSP) and dickkopf-1
secreted glycoprotein (DKK1). The future practical applicability
of this literature review would be the large-scale determination
of markers of bone destruction that correlate with the negative
evolution to complications of bone disease or the implications
that these markers have in regards to treatment.
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1. Introduction

Myeloma is a disease characterized by clonal expansion of
malignant plasma cells accumulated in the marrow leading to
cytopenia, hypogammaglobulinemia, osteolytic bone disease,
hypercalcemia, and renal dysfunction (1). The incidence of
multiple myeloma (MM) accounts for 1% of all cancers and
10% of all hematological malignancies, with an incidence in
Europe of 4.5-6.0/100,000/year; the median age at diagnosis
being 72 years, and with a mortality of 4.1/100,000/year (2).
Some patients with MM emerge from an asymptomatic
pre-malignant stage, monoclonal gammopathy of undeter-
mined significance (MGUS), which has a rate of progression
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to MM of 1% per year, comparative smoldering or indolent
MM (asymptomatic but more advanced pre-malignant stage)
which has a rate of progression of 10% per year during the first
five years following diagnosis (3).

Evidence of end-organ damage manifested by anemia,
Iytic bone lesions, hypercalcemia, renal insufficiency, amyloi-
dosis, hyperviscosity, and recurrent infections, is suggestive of
symptomatic myeloma. The diagnostic criteria for myeloma
consist of evidence of either 10% or more of clonal bone
marrow plasma cells of biopsy-proven bony or extramedul-
lary plasmacytoma and the presence of one or more myeloma
defining events [the CRAB criteria (hypercalcemia, renal
failure, anemia, lytic bone lesions)], and three specific
biomarkers of malignancy (clonal bone marrow plasma cells
either 60% or more, the serum-free light chain of 100 or higher
and at least one focal lesions on MRI studies) (4).

One of the active myeloma criteria of bone lesions can
often lead to osteopenia and bone fractures in the patho-
logical bone (4,5). The osteolytic bone disease results from an
increased osteoclast activity and reduced osteoblast function,
characteristic of myeloma. Bone loss in MM is multifactorial;
during the disease most of the patients develop a severe osteo-
Iytic bone disease (6,7). It is still unclear why bone destruction
is a common component of this disease.

Myeloma cells secrete pathological monoclonal immuno-
globulins, and the presence of monoclonal immunoglobulins
in serum is a measure of tumor burden (5,8).

For many patients, the bone disease is a serious concern,
often causing pain, pathological bone fractures with different
localization producing specific complications. Typical exam-
ples are vertebral osteolysis which may produce pathological
fractures and spinal collapse with medullar compression and
different neurological symptoms. Considering all the clinical
consequences of MM (renal insufficiency, hyperviscosity,
anemia), the bone disease in MM has the most significant
impact on patient quality of life (8,9). An important aspect
of approaching MM is studying bone disease markers. It is
important to define serum risk factors for quantifying bone
lesions and risk factors predicting future severe bone lesions.

2. Physiopathology of bone lesions in multiple myeloma
(MM)

The bone disease occurs through several mechanisms that
cause an imbalance in bone remodeling, so bone resorption
increases compared to the bone formation that is suppressed.
Changes in bone modeling occur due to the secretion of
factors that have the direct ability to modulate osteoclasts or
osteoblasts (5,10,11).

The bone marrow microenvironment is composed of
endothelial, stromal, and immune cells, as well as cytokines
and participates in both the pathogenesis and progression
of MM (12). The bone structure is normally made up of a
mineralized and organic part of collagen and a portion made
up of non-collagenous proteins. In normal physiological states,
homeostasis is maintained through osteocytes, osteoclasts and
osteoblasts, which have the role of balancing bone formation
and bone resorption (6,13). Osteocytes represent 90-95% of
all bone cells, and osteoclasts and osteoblasts less than 10%.
Osteoblasts are mononuclear cells that contain the enzyme

alkaline phosphatase (ALP), used as a marker of osteoblastic
activity (6).

An alternative for assessing bone condition in MM includes
bone turnover markers (BTMs). These biochemical markers
of bone fluctuation provide information on bone degradation
and formation. They could have a predictive role in the bone
condition of patients diagnosed with myeloma (5,10).

BTMs are products of osteoblast activity and include
bone-specific alkaline phosphatase (BAP), representing
membrane-bound osteoblast enzymes produced during bone
formation (5).

In percentage terms, BAP represents about half of the total
ALP in healthy subjects. Compared to ALP, BAP is a more
sensitive method that reflects both bone formation and bone
degradation. Serum BAP provides a marked correlation with
the dynamic parameters of bone formation (14). Statistically
significant correlations between BAP levels and bone pain,
lytic lesions, and bone fractures have been described in
numerous studies on MM (10,14,15).

3. Cytokine profiles

Numerous studies have been performed focusing on the
exploration of serum cytokine levels in patients diagnosed
with MM, and have found that their high serum levels are
correlated with aggressive or symptomatic disease (16). Other
studies have identified prognostic factors such as genetic or
epigenetic abnormalities, and anomalies of the immune system
that could predict the evolution of patients with myeloma.
Recently, although current therapies have improved MM
patient prognosis, MM still remains an incurable disease (12).

Not all cytokines participate in the pathogenesis, progres-
sion or have a role in the prognosis of MM. The most important
cytokines include: IL-6, RANKL, TNF-a, and -crosslaps
(B-CTx) (12,16).

IL-6. The growth, division and survival of malignant plasma
cells are supported by IL-6, which plays an important role in
the pathophysiology of MM. It can infiltrate tumors and tumor
cells themselves as well as fibroblast stromal cells. It belongs
to the interleukin family and stimulates the inflammatory and
autoimmune processes in many diseases (17,18).

IL-6 has a role in stimulating the humoral and cellular
immune response by acting on both B lymphocytes and
T lymphocytes (19). It also acts as a factor of growth and
differentiation of B cells and stimulates their immuno-
globulin production. IL-6 is involved in the pathogenesis
of myeloma, and it is used as a prognostic factor for the
disease (16,20-22).

Different cytokines take part in the pathogenesis, progres-
sion, and prognosis of MM. This was demonstrated in a
retrospective study by Gu et al, who aimed to investigate
the correlations between serum cytokine levels and clinical
symptoms. An increase in IL-6 levels was observed in newly
diagnosed patients with MM compared to healthy subjects,
indicating that IL-6 may be a strong predictor for prognosis
of MM (12).

Trabecular and endochondral bone loss was found to be
significantly improved in the presence of myelomatous cells,
being associated with osteoclast differentiation (23).
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TNF-a. TNF-a is a cytokine with an important role in the
immune system and belongs to the TNF superfamily. This
cytokine has an important role in many cellular pathways,
mainly in cellular proliferation, differentiation, survival, and
cell death (24-26).

Many factors such as osmotic stress with ultraviolet
light, various chemical agents, and viruses, can stimulate
the production of TNF-a. In addition, fibrin can induce the
production of TNF-a in macrophages. Initially TNF-a is a
type II transmembrane homotrimer protein that can undergo
a cleavage process by metalloprotease. Subsequently this
homotrimer protein can be released as a polypeptide. Of these
polypeptides, only three can polymerize and produce circu-
lating TNF-o with a characteristic pyramid shape. Due to the
receptor binding sites, located under these structures, it gives
them the ability to attach to receptor molecules (24).

There are two receptors of TNF-a: tumor necrosis factor 1
receptor (TNFRI1), present on almost all cell types, while tumor
necrosis factor 2 receptor (TNFR?2) expression is restricted to
minor subpopulations of the lymphoid system including regu-
latory T cells (Tregs) and myeloid suppressor cells, endothelial
cells, and certain tumor cells (23,27).

TNF-a has fundamental roles in the normal immune system
and is a proliferative factor for malignant plasma cells (15). It
is one of the three major proinflammatory cytokines besides
IL-1 and IL-6 and works synergistically with IL-6 and
RANKL; therefore, it regulates proinflammatory responses,
neovascularization and induces osteoclastogenesis (16,24).

Aberrant expression of TNFR2 on tumor cells has been
shown in many recent studies with evidence of the key role of
this receptor in tumor progression in rodents and humans (27).
TNFR?2 is aberrantly expressed on various cancer cells and
highly immunosuppressive Tregs accumulated in the tumor
microenvironment. Tregs promote cancer cell survival and
tumor growth. TNFR2 is considered to be a prospective target
for cancer immunotherapy.

The presence of TNF-a polymorphisms has been associated
with an increased risk of MM, as presented by Hong et al (28)
in the meta-analysis. TNF-a 308 polymorphism has been
rarely observed in patients with myeloma; however, it may have
a role in the pathogenesis of MM. In an attempt to find links
between TNF-a polymorphisms in predicting MM risk, this
meta-analysis was performed in many geographic regions. The
heterogeneity of the group can explain the genetic diversity
caused by daily living habits, environmental differences, the
level of economic development, but also by the sex and age of
the people enrolled in the study. The results showed that the
TNFa-857 gene had significant associations with MM risk (28).

Lenalidomide and pomalidomide are analogues of thalido-
mide known as immunomodulatory drugs (IMiDs) that have
an anti-angiogenic, anti-inflammatory antitumor necrosis
factor activity in monocytes. Immunomodulators have the
opposite effect on T cells, which increase TNF-a production.
IMiDs have a direct effect on the proliferative capacity of
myeloma cells (29).

RANKL. A member of the TNF-a superfamily, RANK is a
transmembrane signaling receptor found predominantly on the
surface of osteoclasts. RANK is produced by bone marrow
stromal cells, osteoblasts and T lymphocytes (6,30).
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The RANKL is secreted mainly by osteocytes, bone
marrow-derived stem cells (BMSCs) and osteoblasts. RANKL
induces differentiation into mature cells by binding RANK
to immature osteoclasts. A positive correlation was noted
between the incidence of osteolytic lesions and increased
serum RANKL (30,31).

Excessive RANKL production has been shown to be
correlated with increased bone resorption. Inhibition of
RANKL in patients diagnosed with MM could prevent bone
destruction (31,32). A possible treatment with an anti-RANKL
monoclonal antibody, a treatment that could cause its
inhibition, has been the aim of clinical studies (31,33).

Denosumab is a fully human monoclonal antibody,
administered subcutaneously that can neutralize RANKL
thus preventing the interaction of RANKL with RANK. This
monoclonal antibody binds only to RANKL providing high
affinity and specificity (31). In a randomized, double-blind,
phase 3 study compared to zoledronic acid, denosumab was
shown to be superior in preventing skeletal-related events. In
the denosumab arm, a progression-free survival (PFS) advan-
tage was observed; yet, further more complex investigations
are needed to confirm this effect (34,35).

4. p-crosslaps (B-CTx)

Bone markers can be used to monitor therapy (including treat-
ment compliance) and to estimate the risk of fractures caused
by osteoporosis. The usefulness of bone markers is not limited
to the evaluation of osteoporosis, as they have clinical value in
bone diseases, such as MM.

In an increased proportion of >90%, the bone organic
matrix is composed of type I collagen, which subsequently
follows a degradation process. In the case of increased bone
resorption, there is an increased degradation of type I collagen,
with increasing levels of fragments released into the circula-
tion (11,36). The a-aspartic acid present in the C-terminal
telopeptides is converted to the f (f-CTx) form. These isom-
erized telopeptides are specific for the degradation of type I
collagen that predominates in the bone. 3-CTx is a specific and
stable marker of bone resorption, expressed in the early stages
of type I collagen degradation (11,36,37).

The degree of imbalance between bone resorption and
bone formation can be expressed by the ratio of 3-CTx/PINP
(type I procollagen amino terminal propeptide). Studies have
shown that CTx and PINP are important parameters values for
clinical evaluation of osteoclast and osteoblast activity (38).

PINP and B-CTx markers are widely used due to their
specificity for evaluating bone turnover in the clinical setting,
low analytical variability, and satisfactory results in clinical
trials (39).

Markers reflecting bone degradation, including 3-CTx, are
significantly higher in patients with MM than in patients with
MGUS. Furthermore, these markers can determine the degree
of bone damage and disease progression.

Thereby, the clinical significance of PINP and 3-CTx was
investigated in patients with MM or MGUS. A cohort study
of 241 patients showed increased serum levels of PINP and
B-CTx in patients with MM than in patients with MGUS (40).

The serum levels of 3-CTx represent a sensitive marker
capable of detecting the degree of bone resorption in MM.
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This marker has the advantage of predicting subclinical bone
disease before the onset of manifested lytic lesions (40,41).
In the management of metastatic bone diseases, 3-CTx looks
promising for detecting bone metastases, evaluating prognosis,
and monitoring treatment (11,36).

5. Osteoprotegerin (OPG)

OPG, an inhibitor of RANKL, is a receptor responsible for
increased osteoclastogenesis and osteoclast activity. OPG is
secreted by osteoblasts, blocks the function of osteoclasts
and maintains the balance of bone formation and resorp-
tion. OPG and other protagonists regulate the binding of
RANKL or RANK, which are regulated by other signaling
factors. In the myeloma bone marrow microenvironment, the
RANKL/OPG ratio is in favor of RANKL, leading to increased
osteoclastogenesis and increased bone resorption (42 ,43).

Previous research has shown that in MM, the soluble
RANKL/OPG ratio is increased, while serum OPG levels
are low. It has also been found that the administration of
zoledronic acid reduce the RANKL/OPG ratio by increasing
OPG serum level (42). Raje et al presented in a review that
lenalidomide and pomalidomide, both immunomodula-
tory drugs, inhibit the interaction between osteoprogenitor
cells and myeloma, and may prevent an imbalance in the
RANKL/OPG ratio (43).

6. Amino- and carboxy-terminal cross-linking telopeptide
of type I collagen

In myeloma bone disease (MBD), an increased RANKL
production in the bone microenvironment of MM, alters the
RANKL/OPG ratio, leading to increased collagen degrada-
tion in the osteoclastic-mediated bone matrix. Bone resorption
markers obtained from type I collagen degradation are type I
C-terminal cross-linking telopeptide (CTX-1) and type 1
N-terminal cross-linking telopeptide (NTX-1) (38,42).

Biochemical markers of NTX, CTX, or CTX bone resorp-
tion generated by matrix metalloproteinases (ICTP) provide
bone dynamic information and reflect the activity of the bone
disease. These markers can also assess the degree of bone
disease, can evaluate the response to treatment and the risk of
skeletal morbidity in patients with MM (42).

Bone resorption markers NTX, ICTP, and CTX, are
increasingly used, replacing the old methods of bone disease
diagnostics, mainly due to their present characteristics.

CTX-1 is an inexpensive method used for monitoring
patients with MM, is robust and reproductible, with potential
for bone recurrence detection.

Ting et al presented in a research paper, a significantly
elevated level of CTX-1 in patients with lytic lesions, whose
MRI showed no bone marrow abnormalities or lytic bone
destruction. The study conclusions highlight the important
role of CTX-1 in predicting subclinical bone disease before
lithic bone destruction occurs (38).

7. Human bone sialoprotein (BSP)

BSP is a major non-collagenous extracellular protein of miner-
alized tissues. BSP is produced during bone morphogenesis

by osteoblasts, osteoclasts, osteocytes, and hypertrophic
chondrocytes.

One particular interest in malignant bone disease is the
serum levels of BSP, which were found to differ depending
on the stage of the bone disease, being high in patients with
MM. Additionally, Maaroufi et al showed in an article that
BSP serum levels play an important role in early diagnosis and
treatment of patients with MM. Patients included in the study
with normal serum BSP levels survived longer than patients
with high serum values, showing that BSP levels are correlated
with bone marrow plasma cell content (44.,45).

8. Dickkopf-1 secreted glycoprotein (DKKT1)

DKKI1 is an inhibitor of the Wnt signaling pathway, is gener-
ally expressed in myeloma cells, and is restricted in normal
tissues. DKKI1 actively participates in the regulation of MBD
by inhibiting osteoblasts and activating osteoclasts.

Reducing osteolytic bone resorption and increasing bone
formation can be achieved by blocking DKK1 activity. For this
reason, new therapies have appeared; anti-DKKI1 treatments
that can control the development and progression of MM.
Elevated serum levels of DKKI1 have been shown to cause
osteolytic damage, predominantly in plasma cell myeloma
(PCM). In a review by Zhou et al decreased DKK1 levels were
found in patients with MM who achieved complete or partial
remission. The results of the study clearly demonstrate that
myelomatous cells are the main source of circulating DKK1
proteins. In the future, new clinical trials with anti-DKK1
therapies should be performed (46).

9. Conclusions

In recent years, the emergence of new therapeutic molecules
has led to the increased survival of myeloma patients, but it
continues to be an incurable disease. Bone disease in MM
patients represents a serious problem leading to morbidities
and mortality.

Excessive osteoclastic bone resorption and decreased
osteoblastic bone formation are responsible for bone loss subse-
quently associated with bone pain. The quality of life of patients
with MM can be affected by the appearance of these complica-
tions during the disease with clinical consequences, including
pathological bone fractures and sometimes vertebral collapse.

Bone lesion markers in MM can be used as: markers
of prognostic factors (IL-6), therapeutic targets (anti-IL-6
agents), and for treatment monitoring (3-CTx).

Further studies are needed to understand the etiology and
the pathology of the disease and particularly of the bone disease
associated with MM, and to define new prognostic factors of
bone lesions. An important future issue is to discover, define
and study therapeutic targets for bone lesions.
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