
Abstract. Background/Aim: Novel agents such as thalidomide,
lenalidomide and bortezomib have in part anti-angiogenic
properties. In this study, we examined gene expression of
angiogenic molecules in patients with plasma cell myeloma
(PCM). Materials and Methods: We included 93 patients with
PCM treated with novel agents (immunomodulatory drugs
(IMiDs), bortezomib or a combination of both). The mRNA
levels of angiogenic molecules were measured using the Human
Angiogenesis RT2 Profiler PCR Array. The response evaluation
was performed after three cycles. Results: Regarding all 93
patients, gene expression of 15 out of 84 genes tested (pre- and
post-treatment and changes in levels pre-treatment/post-
treatment) were significantly different in responders compared
to non-responders. Responders had a lower expression of pro-
angiogenic factors and increased expression of antiangiogenic
factors. Conclusion: In the IMiD-treated groups we found
significant changes of expression of angiogenic genes in
responders compared to non-responders, whereas in the
bortezomib-based group the difference in expression of
angiogenic genes was not significant. 

Plasma cell myeloma (PCM) is a prevalent disease which
accounts for about 1% of all neoplasias and more than 10%
of all hematological malignancies. It has a poor prognosis,
with a median survival of 3-5 years, despite all treatment
approaches, including intensive chemotherapy followed by
hematopoietic stem cell transplantation (1). The introduction
of new therapeutic strategies, such as lenalidomide and
bortezomib, which target malignant plasma cells to affect
their interactions with the bone marrow microenvironment,

has changed the management of PCM and has improved
survival rates (2, 3). In patients with myelodysplastic
syndrome (MDS) and del(5q), lenalidomide treatment
changes expression of genes involved in the tumor necrosis
factor (TNF) signaling pathway after treatment, which
suggests that lenalidomide affects inflammation (4).
Bortezomib is a proteasome inhibitor known to induce
apoptosis, reverse drug resistance of PCM cells, and block
cytokine effects, cell adhesion, and angiogenesis in the
myeloma cell microenvironment, all of which support the
proliferation and migration of neoplastic plasma cells (5). 

Recent studies have revealed that thalidomide,
lenalidomide, and pomalidomide share a novel
pharmacologic mechanism of action (6). The drugs bind to
an E3 ubiquitin ligase complex and modulate its substrate
specificity, resulting in the proteasomal degradation of
specific disease-related proteins. In lymphocytes, these drugs
induce rapid and effective degradation of Ikaros (IKZF1) and
Aiolos (IKZF3), two zinc finger transcription factors that
would generally be considered ‘undruggable’. Degradation
of IKZF1 and IKZF3 provides a mechanism for the effects
of lenalidomide in PCM. IKZF1 and IKZF3 are transcription
factors that are essential for B-cell differentiation, and PCM
cells require ongoing expression of IKZF1 and IKZF3 for
survival (6). Given this mechanism of action, it is intriguing
that immunomodulatory drugs (IMiDs) and proteasome
inhibitors may be synergistic in the treatment of PCM. 

PCM was the first hematological malignancy in which an
increased rate of angiogenesis was detected (7).
Angiogenesis, or new blood vessel formation, is fundamental
to the growth and spread of tumors. New vessel formation
in the bone marrow seems to play an important role in the
pathogenesis of PCM (8). Increased bone marrow
microvessel density in patients with PCM also appears to be
an important prognostic factor (9). Malignant plasma cells
can secrete various cytokines, including vascular endothelial
growth factor (VEGF), basic fibroblast growth factor
(bFGF), and hepatocyte growth factor (HGF), all known for
their proangiogenic activity (10, 11). It was shown that PCM
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cells are capable of secreting VEGF in response to
interleukin-6 (IL6) stimulation; in response to such VEGF
stimulation, microvascular endothelial cells and bone
marrow stromal cells secrete IL6, a potent growth factor for
malignant plasma cells, thus closing a paracrine loop (8).
Tight control of angiogenesis is maintained by a balance of
endogenous antiangiogenic and proangiogenic factors (12).
VEGF plays a key rate-limiting role in promoting tumor
angiogenesis and exerts its effects by binding to one of three
receptor tyrosine kinases: VEGF receptor-1 (VEGFR1; fms-
like tyrosine kinase-1, FLT1), VEGFR2 (human kinase
domain region, KDR/murine fetal liver kinase-1, FLK1), and
VEGFR3 (FLT4) (13). In previous studies, we showed that
serum angiogenic markers in patients with PCM correlated
to treatment response to novel agents (14).

The aim of this study was to investigate expression of 84
genes involved in angiogenesis in patients with PCM and to
correlate these markers with treatment response to novel agents.

Materials and Methods

The study was performed according to the regulations of the local
Ethics Committee (approval number 334/10). The study population
[already published (14)] included 93 patients newly diagnosed with
PCM at our institution between 2009 and 2015 (60 men, 33 women;
median age=59 years, range=30-75 years) fulfilling the International
Myeloma Working Group diagnostic criteria (1). Baseline patient
characteristics are shown in Table I. None of the patients had
received any myeloma-related therapy prior to the study.

All patients received treatment with novel drugs, using either
thalidomide or lenalidomide (IMiD)-based regimens (n=29) (such as
melphalan, prednisone and thalidomide; lenalidomide and
dexamethasone), bortezomib-based regimens (n=30) (such as
bortezomib, melphalan and prednisone; bortezomib, cyclophospha-
mide and dexamethasone; bortezomib and dexamethasone), or a
combination of IMiD and bortezomib-based regimen (n=34) (such as
bortezomib, thalidomide and dexamethasone).

Response to treatment and relapse/progression events were
classified according to consensus guidelines (15). The study
population was divided into two groups after therapy: responders
(stringent complete response, complete response, very good partial
response, partial response) and non-responders (stable disease,
progressive disease). For each patient, gene expression was
measured at diagnosis and after three cycles of therapy, when
treatment response was assessed.

Bone marrow plasma cells were purified using CD138 microbeads
(Miltenyi Biotec, Bergisch-Gladbach, Germany), and purity was
assessed by flow cytometry (FACSCalibur; BD Biosciences,
Heidelberg, Germany). Gene expression profiling using the
Angiogenesis RT2 Profiler PCR Array (SA Biosciences, Frederick,
MD, USA) was conducted. This platform is designed to profile the
expression of 84 key genes in angiogenesis (for a comprehensive list
of genes included in this array see http://www.sabiosciences.com).
Relative gene expression was determined using the ΔΔCT method.
Data were further analyzed with the PCR Array Data Analysis Web
Portal (http://www.SABiosciences.com/pcrarraydataanalysis.php).
Three independent experiments were performed.

Statistical analysis. Alteration of angiogenic gene expression from
pre-treatment to post-treatment were assessed among responders and
non-responders using paired t-test or Wilcoxon test as appropriate
(repeated-measure analysis of variance method was used to compare
the changes in pre-treatment and post-treatment expression of
angiogenic gene in subgroups with different treatment responses).
Values were considered significant at a p-value of less than 0.05.

Results

In our study, we found changes in angiogenic gene levels
under therapy with novel agents, especially IMiD-based
regimens, in patients with PCM. Of the 93 patients, 29 were
treated with an IMiD-based regimen, 30 with a bortezomib-
based regimen and 34 with the combination
(IMiD/bortezomib) (Table I). The complete response plus
very good partial response rate was 45% in the IMiD-based
group (13/29), 52% in the bortezomib-based group (16/30)
and 58% in the IMiD/bortezomib combination group (20/34).

Regarding all 93 patients, gene expression of 15 out of 84
genes tested (pre-and post-treatment and changes in levels
pre-treatment/post-treatment) were significantly different in
responders compared to non-responders (Figure 1).
Responders had lower expression of pro-angiogenic factors
[e.g. C-C motif chemokine ligand 2 (CCL2), hepatocyte
growth factor (HGF), midkine neurite growth-promoting
factor 2 (MDK), placental growth factor (PGF), interleukin-
6 (IL6), vascular endothelial growth factor A (VEGFA),
angiopoietin 2 (ANGPT2), neuropilin 1 (NRP1), fibroblast
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Table I. Baseline characteristics of patients.

No. of patients 93
Age, median (range), years 59 (30-75)
Gender (male/female), n 60/33
Immunological subtype, n

IgG 54
IgA 22
IgM 2
IgD 1
Light chain 13
Non-secretory 1

ISS, n
I 10
II 50
III 33

Durie-Salmon, n
I 5
II 28
III 60

Induction regimen, n
IMiD-based 29
Bortezomib-based 30
Combination (IMiD/bortezomib-based) 34

ISS: International Staging System; IMiD: immunomodulatory drug.



growth factor receptor (FGFR) and matrix metallopeptidase
9 (MMP9)] and increased expression of anti-angiogenic
factors [e.g. TIMP metallopeptidase inhibitor 3 TIMP3),
transforming growth factor beta (TGFB), platelet factor 4
(PF4), jagged 1 (JAG1) and C-X-C motif chemokine ligand
10 (CXCL10)]. In the different treatment groups, the levels
of angiogenic genes (14/84) were significantly different in
responders compared to non-responders in the IMiD-based
group and the combination group after three cycles of
therapy but not in the bortezomib-based group. 

Discussion

Tumor angiogenesis plays a key role in the pathogenesis and
progression of PCM (8). Thereby, pro- and anti-angiogenic
growth factors and cytokines regulate the angiogenic
process. Bone marrow angiogenesis, as measured by
microvessel density, has been shown to be markedly
elevated in myeloma compared to its pre-malignant state,
monoclonal gammopathy of unknown significance (9).
Approved agents with anti-angiogenic mechanisms of action
for the treatment of PCM are thalidomide, lenalidomide, and

bortezomib. Early studies showed that thalidomide had anti-
angiogenic activity in a rabbit model of corneal
neovascularization that was induced as a response to bFGF
(16). Thalidomide and the newer IMiDs have also been
shown to significantly reduce the expression of angiogenic
factors VEGF and IL6 in PCM, thereby reducing
angiogenesis and hence contributing to clinical activity in
PCM (17, 18). Lenalidomide, an analog of thalidomide, has
shown greater efficacy than thalidomide in myeloma, with
reduction in angiogenesis through inhibition of VEGF
secretion being one of its mechanisms of action (19). The
proteosomal inhibitor bortezomib is well established in the
treatment of myeloma and in addition to its proteosomal
inhibitory effects, it has been shown to have significant
inhibitory effects on endothelial cell proliferation and
migration, as well as in the down-regulation of VEGF and
angiopoietin expression by endothelial cells (20, 21).

The available data on angiogenic markers at the gene level
under therapy with novel agents in PCM are rare. On the
molecular level, a study by Hose et al. assessed the
expression of 402 angiogenesis-associated genes from 300
previously untreated patients (22). They found that 97% of
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Figure 1. Changes of fold expression of most commonly deregulated angiogenesis-related genes measured by quantitative real-time polymerase chain
reaction from 93 patients with plasma cell myeloma, before (blue and yellow bars) and after three cycles (red and green bars) of therapy with novel
agents in responders. Data of pro-angiogenic (blue and red bars) and anti-angiogenic genes (yellow and green bars) are shown. Bars represent the
average fold expression and error bars represent the SEM. ANGPT2: Angiopoietin 2; CCL2: C-C motif chemokine ligand 2; CXCL10: C-X-C motif
chemokine ligand 10; FGFR: fibroblast growth factor receptor; HGF: hepatocyte growth factor; IL6: interleukin 6; JAG1: jagged 1; MDK: midkine:
neurite growth-promoting factor 2; MMP9: matrix metallopeptidase 9; NRP1: neuropilin 1; PF4: platelet factor 4; PGF: placental growth factor;
TGFB: transforming growth factor beta; TIMP3: TIMP metallopeptidase inhibitor 3; VEGFA: vascular endothelial growth factor A.



myeloma cells samples aberrantly express at least one of the
angiogenic factors HGF, IL15, angiogenin (ANG), tumor
necrosis factor superfamily member 13 (APRIL), connective
tissue growth factor (CTGF), or transforming growth factor
alpha (TGFA). Supernatants from myeloma cells and human
myeloma cell lines induced significantly higher in vitro
angiogenesis compared with normal bone marrow plasma
cells. They concluded that aberrant expression of pro-
angiogenic and down-regulation of anti-angiogenic genes by
myeloma cells increases the angiogenic stimulus, together
leading to bone marrow angiogenesis to various degrees in
all patients with myeloma (22). 

Biomarkers are molecular, cellular or functional
parameters that are indicative of a particular genetic,
epigenetic or functional status of a biological system (23,
24). Not all patients with PCM benefit from such therapies
with anti-angiogenic mode of action, and some who benefit
initially might develop treatment failure, as well as showing
some adverse effects. Thus, the development of biomarkers
for antiangiogenic therapies is urgently needed to select
those patients most likely to benefit, to prevent unnecessary
toxicity in patients with resistant disease and to avoid high
therapy costs (25). Non-responsiveness and failure to anti-
angiogenic treatment can be the result of intrinsic tumor
resistance or acquired resistance. Different mechanisms can
explain such resistance, including redundant angiogenic
factors, with up-regulation of alternative angiogenic signals,
induction of hypoxia, selection of more aggressive tumor
cells, recruitment of bone marrow-derived pro-angiogenic
cells and inflammatory cell invasion, modification of
vascular pericyte coverage and vessel co-option (25). Our
data on gene expression under therapy with novel agents are
in line with the already published data on serum angiogenic
markers (14). The response rate of all therapy regimens
(IMiD-based regimens, bortezomib-based regimens or a
combination of IMiD and bortezomib-based regimens) in our
patients is nearly the same. These are first-line therapies with
a short follow-up period. Thus, for the examination of how
angiogenesis influences progressive disease and response
duration, a longer follow-up period would be necessary.
Furthermore the examination of gene expression in PCM
bone marrow endothelial cells would help to understand the
effect of novel agents on the PCM microenvironment (26). 

In conclusion, the changes in several angiogenic markers
at the gene level in patients with response to novel agents
indicate that the rate of angiogenesis is possibly reduced
after successful treatment for PCM. In the groups treated
with IMiD-containing therapy, we found significant changes
of angiogenic gene markers in responders compared to non-
responders, whereas in the bortezomib-based group, the
difference in angiogenic gene markers was not significant.
The mode of action of IMiDs may have a greater
antiangiogenic effect than bortezomib and thus the levels of

angiogenic gene markers was more influenced by IMiD-
based therapies in PCM. Our study contributes to greater
understanding of the mode of action of novel agents in
patients with PCM. 
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