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Abstract In multiple myeloma the angiogenic process is en-
hanced by various mediators. Among them interleukin-10 (IL-
10), secreted mainly by myeloma-associated macrophages
seems to participate in myeloma progression with variable
manners. The aim of the study was to measure serum levels
of IL-10 in various stages of MM patients and to correlate
them with various angiogenic cytokines, such as vascular en-
dothelial growth factor and angiopoietin-2 and with known
proliferation parameters, such as serum levels of B-cell acti-
vating factor and bone marrow infiltration by myeloma plas-
ma cells, in order to explore their clinical significance. We
measured serum levels of the above parameters by ELISA in
54 newly diagnosed MM patients. All of them were higher in
MM patients and were increasing in parallel with disease pro-
gression. Furthermore, IL-10 correlated positively with both
angiogenic cytokines and proliferation markers. This correla-
tion of IL-10 with both angiogenic cytokines and markers of
disease activity implicates that they all have an important role
in MM pathogenesis and progression.

Keywords Angiogenesis . Cytokines . Growth factors .

Multiple myeloma

Introduction

Multiple myeloma (MM) is a clonal B-cell neoplasia charac-
terized by the accumulation of malignant plasma cells within
the bone marrow (BM), in close contact with other cells of its
microenvironment. MM cells and BM microenvironment ac-
tivate the autocrine or paracrine secretion of various media-
tors. Among them, angiogenic factors promote tumor cell
growth and survival, a required step for the progression of
tumor growth, invasion and metastasis. MM-induced angio-
genesis is a complex process, with the participation of various
regulators. Its mechanisms include the production of cyto-
kines by myeloma cells and the induction of their secretion
by microenvironmental cells. Stromal cells support MM cell
growth and survival [1]. Among them, inflammatory cells,
such as macrophages, play an important role in tumor growth,
angiogenesis and disease progression [2, 3].

Interleukin-10 (IL-10) is a cytokine produced by mono-
cytes/macrophages, T and B lymphocytes, NK cells, as well
by mast cells [3]. IL-10 can significantly enhance the prolif-
eration of B cells, being involved in their terminal differenti-
ation into plasma cells [4]. IL-10 has been implicated in the
pathogenesis of other malignant B-cell neoplasms [5, 6], such
as chronic lymphocytic leukemia and diffuse large B-cell lym-
phoma, where its serum levels in untreated patients are in-
creased and have been correlated with an inferior survival
[7]. Thus, IL-10 may be involved at different steps of B line-
age expansion and differentiation. Furthermore, it seems to act
as a growth factor for MM cells [8]. Increased serum levels of
IL-10 have been associated with advanced MM stage [9].

Malignant plasma cells can secrete vascular endothelial
growth factor (VEGF), a well-known pro-angiogenic cyto-
kine, in response to interleukin-6 (IL-6) stimulation; in turn,
microvascular endothelial and BM stromal cells secrete IL-6,
a potent growth factor for malignant plasma cells, in response
to VEGF stimulation [10, 11].
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Maturation and stabilization of the vascular wall are criti-
cally regulated by angiopoietin-1 (Ang-1), which binds pri-
marily to Tie-2 receptor, expressed by endothelium [12]. By
contrast, angiopoietin-2 (Ang-2) antagonizes Tie-2 binding
and induces vessel destabilization, leading to the angiogenic
sprouting [13]. The expression of angiopoietins has been in-
vestigated in human solid tumors, including cancer of breast,
liver, lung, thyroid, colon and stomach [14, 15]. These studies
show an important role of Ang-2, in cooperation with VEGF,
in the initiation of tumoral angiogenesis. The expression of
Ang-2 by endothelial cells has also been observed in isolated
BM endothelial cells from patients with MM [16].

B cell-activating factor (BAFF), a member of tumor necrosis
factor (TNF) super-family, is critical for the maintenance of nor-
mal B-cell development and homeostasis. It is also a myeloma
cell growth factor. Myeloma cell lines and primary myeloma
cells express BAFF and its receptors. Furthermore, high serum
BAFF levels have been detected in newly diagnosed MM pa-
tients, being correlated with disease stage and known factors of
disease activity and decreased after effective treatment [17].

The aim of the studywas tomeasure serum levels of IL-10 in
MM patients with varying severity of disease and to correlate
them with various angiogenic cytokines, such as VEGF and
Ang-2 and with proliferation parameters, such as BAFF and
BM infiltration, in order to explore their clinical significance.

Patients and Methods

Patients

Fifty-four newly diagnosed MM patients (28 males, 26 females)
were included in this study. Theirmedian agewas 69 years (range
49–85 years). According to international staging system (ISS) 15
were classified as stage I, 20 as stage II and 19 as stage III.
Concerning the types of monoclonal protein, 30 had IgG, 18
IgA and 6 light chain disease. Twenty, age- and sex–matched
healthy subjects were used as controls. Thework has been carried
out in accordancewith theDeclaration ofHelsinki. This study has
been cleared by our Institution Ethics Review Board for human
studies and all subjects have signed an informed consent.

Methods

Serum samples, from patients, before starting any myeloma-
related therapy, and controls, were collected, stored at −70 ° C
and analyzed at the end of the study, in order to avoid inter-
assay variability. The detection of BAFF, Ang-2, VEGF and
IL-10 in the serum was performed by a solid-phase sandwich
ELISA, using monoclonal antibodies against BAFF, Ang-2,
VEGF and IL-10 (Quantikine, R & D systems Inc.
Mineapolis, MN, USA) according to the manufacturers’
instructions.

Transiliac BM samples were collected fromMMpatients at
diagnosis. The pattern of BM plasma cell infiltration was
highlighted by their immunostaining with a monoclonal anti-
body to CD38. Monoclonality and percentages of κ/λ neo-
plastic cells in the BM were assessed by in situ hybridisation.

Statistical Analysis

Results are expressed as mean±SD. The non-parametric
Mann–Whitney test was applied to assess possible differences
between patients and controls. The non-parametric Kruskal-
Wallis test and one-way analysis of variance (ANOVA) were
assessed to examine the existence of differences between dif-
ferent stages. Correlations between the various measured pa-
rameters were calculated by the Spearman’s rank correlation
coefficient. A 5 % significance level was applied.

Results

All measured parameters were significantly higher in newly
diagnosed patients compared to healthy population (Table 1).
Furthermore, they were also increasing in parallel with disease
progression, with higher values in advanced ISS stages
(Table 2).

Serum levels of VEGF correlated positively with BAFF
(r=0.356), IL-10 (r=0.579) (Fig. 1), infiltration (r=0.641)
and Ang-2 (r=0.729) (p=0.008 for BAFF and p<0.0001 for
the other cases). Similarly, Ang-2 correlated significantly with
BAFF (r=0.547), IL-10 (r=0.487) (Fig. 2) and infiltration
(r=0.549) (p<0.0001 for all cases). Significant correlations
between BAFF with IL-10 (r=0.397, p<0.003) (Fig. 3) and
infiltration (r=0.387 p<0.004) and between IL-10 with infil-
tration (r=0.461 p<0.0001) (Fig. 4) were also found.

Discussion

The cellular and molecular basis of MM progression is fa-
vored by mechanisms involving the BM microenvironment.
Angiogenesis represents a main feature of disease progression
and is supported by all cellular and extracellular elements of

Table 1 Mean±SD values of angiopoietin-2 (Ang-2), vascular
endothelial growth factor (VEGF), interleukin-10 (IL-10) and B cell
activating factor (BAFF) in multiple myeloma patients and in healthy
controls

ANG-2
(pg/ml)

VEGF
(pg/ml)

IL-10
(pg/ml)

BAFF
(pg/ml)

Controls 277.6±49.5 87.3±18.7 103.7±16.1 252.7±185.4

Patients 660±449.3 259.2±168.3 185.5±79.0 880.1±552.0

p-value <0.001 <0.001 <0.001 <0.001
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BM niche. It is uncontrolled, unlimited in time and essential
for tumor growth, invasion and metastasis during the transi-
tion from the avascular to the vascular phase [18].

Macrophages play an important role in a wide variety of
biological functions, such as neovascularization [19]. In oncol-
ogy, tumor-associated macrophages (TAMs) coordinate various
aspects of the malignancy, such as tumor growth and progres-
sion, angiogenesis, metastasis, immunosuppression, and tissue
remodeling. In tumor microenvironment various molecules act
as chemoattractants for macrophages, such as IL-4, IL-13,
transforming growth factor-beta (TGF-beta), and IL-10 [20].
After stimulation, TAMs may produce high levels of IL-10.
This autocrine and paracrine network of IL-10 stimulation
seems to possess a significant activating role on the macro-
phages, promoting the production of IL-4 and IL-13 by Th2
cells [21], and consequently participating in tissue remodeling,
immune modulation, and tumor progression [22]. Furthermore,
TAMs are able to modulate, induce and regulate neovasculari-
zation [23]. Since TAMs are accumulated in hypoxic areas of
tumors, when they get activated they acquire the ability to se-
crete various pro-angiogenic mediators (including growth fac-
tors, cytokines, proteases, and chemokines) in order to promote
angiogenesis and to influence tumor growth [24]. By these

means, TAMs release growth factors, such as VEGF, platelet-
derived growth factor, TGF-beta, and a member of the fibro-
blast growth factor family, and proteases, such as matrix
metalloproteases, plasmin, and urokinase plasminogen, which
all participate on angiogenesis [25–27]. It seems that IL-10 and
hypoxia have a synergistic role to influence macrophage func-
tion and angiogenenic homeostasis, suggesting that the pro-
angiogenic effects of hypoxic macrophages are IL-10-
dependent and require IL-10 mediated signal transduction [23].

IL-10 is an important cytokine in tumor microenvironment,
being expressed by TAMs, tumor and CD8+ T-cells. IL-10 can
be regarded as an anti-inflammatory and immunosuppressive
cytokine, favoring tumor escape from immune surveillance.
The autocrine circuit of TAM-derived IL-10 may suppress the
expression of the potential antitumor IL-12 [28]. Nevertheless,
immunosupressive effect of IL-10 is not steady, since it has
been postulated to possess some immunostimulating properties,
playing, by these means, important role in antitumor response
[29–31]. All the above information suggests the controversial
role of IL-10 in tumor microenvironment.

In the present study we confirmed higher serum levels of
IL-10 in MM patients compared to controls and moreover,
increased in advanced disease [9]. We also confirmed

Τable 2 Mean±SD values of
angiopoietin-2 (Ang-2), vascular
endothelial growth factor
(VEGF), interleukin-10 (IL-10),
B cell activating factor (BAFF)
and bonemarrow infiltration from
plasma cells, between myeloma
stages (ANOVA test)

ANG-2 (pg/ml) VEGF (pg/ml) IL-10 (pg/ml) BAFF (pg/ml) Infiltration (%)

Stage 1 268.8±100.6 139.2±74.9 140.3±29.4 537.6±224.7 23.5±10.3

Stage 2 577.3±309.5 252.8±165.9 173.6±63.4 901.2±497.0 39.0±12.0

Stage 3 1056.1±429.7 383.9±148.8 233.6±95.7 1130.2±658.0 56.1±15.9

p-value <0.001 <0.001 <0.001 <0.001 <0.001

Fig 1 Positive correlation
between serum levels of
interleukin-10 (IL-10) with
vascular endothelial growth factor
(VEGF), in multiple myeloma
patients

IL-10 induces myeloma growth and angiogenesis 931



significant correlations with markers of proliferation (BAFF
serum levels and bone marrow infiltration), as have been cor-
related with levels of IL-6, Il-15, C-reactive protein (CRP) and
beta-2 microglobulin [9]. Moreover, we found correlations
with markers of angiogenesis (VEGF and Ang-2 serum
levels). BAFF serum levels have been correlated with serum
levels of IL-6, lactic dehydrogenase and CRP, being all well
known markers of disease activity [17]. In a series of MM cell
lines, it was reported that IL-6 leads to a marked production of
IL-10, suggesting that it is an IL-6- related growth factor for

MM cells [8]. Consequently, elevated IL-10 levels in MM
patients can be related to the clinical manifestation and stage
of the disease.

In MM, macrophages possess an abundant and important
component of stromal cells, and their infiltration has been asso-
ciated with vascularity and prognosis [32]. In activeMM, plasma
cells secrete angiogenic cytokines such as VEGF and FGF-2
inducing inflammatory cells to secrete their own angiogenic fac-
tors. All these cytokines recruit and activateMM-associatedmac-
rophages to collaborate with other cells in vessel formation [33].

Fig 2 Positive correlation
between serum levels of
interleukin-10 (IL-10) with
angiopoietin-2 (Ang-2), in
multiple myeloma patients

Fig 3 Positive correlation
between serum levels of
interleukin-10 (IL-10) with B-cell
activating factor (BAFF), in
multiple myeloma patients
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In this study we also confirmed that both VEGF and Ang-2
serum levels were significantly higher in MM patients compared
to controls and were increasing in parallel with the disease pro-
gression. These findings confirm the increased expression of
VEGF and Ang-2 in myeloma cells and corroborate low levels
of Ang-2 detected in patients with monoclonal gammopathy of
undetermined significance and reactive plasmacytosis [34, 35].

In conclusion our results provide evidence that patients with
active myeloma have raised serum levels of the angiogenic cy-
tokines Ang-2 and VEGF, as well BAFF and IL-10. All these
parameters strongly correlate to one another. The correlation of
the angiogenic cytokines with IL-10, which in turn correlates
with markers of disease activity, implies that they have an impor-
tant role in MM pathogenesis. These findings support the hy-
pothesis that VEGF, BAFF and Ang-2 might be used in future
prognostic models and provide evidence that these cytokines
could be a molecular target for MM drug development.
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