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Brief Report

Normalization of the serum angiopoietin-1 to
angiopoietin-2 ratio reflects response in refractory/
resistant multiple myeloma patients treated with
bortezomib
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ABSTRACT

Neoangiogenesis is involved in the pathophysiology of multiple myeloma and angiopoietins possibly contribute to myeloma-induced
neovascularization. Bortezomib’s antineoplastic potential includes an anti-angiogenic effect. We determined serum levels of angiopoi-
etin-1 and angiopoietin-2 with ELISA pre- and post-bortezomib administration in 35 patients with relapsed/refractory multiple myelo-
ma. Pre-bortezomib, serum angiopoietin-1 levels did not differ in patients and in healthy individuals, while serum angiopoietin-2 levels
were elevated. Corresponding serum angiopoietin-1/angiopoietin-2 ratio was reduced in patients compared with controls. After treat-
ment, serum angiopoietin-1 levels increased, while serum angiopoietin-2 levels decreased, therefore the angiopoietin-1/angiopoietin-
2 ratio increased and normalized. This increase was significant in patients who responded to treatment. In conclusion, angiopoietin-
1/angiopoietin-2 ratio normalization reflected response to bortezomib.
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Introduction

Bone marrow (BM) neo-vascularization contributes to the
biology of several hematologic malignancies.”” The mecha-
nisms of MM-induced neo-angiogenesis includes direct pro-
duction of angiogenic cytokines by plasma cells, and the
induction of their secretion by microenvironmental cells.*
Cytokines such as basic fibroblast growth factor and vascular
endothelial growth factor were shown to play a leading role
in new vessel formation. However, other known and
unknown factors are also involved and are under investiga-
tion. Angiopoietins and their receptor Tie2 are pro-angiogenic
mediators that are important in developmental and postnatal
vasculature homeostasis, as well as in tumor angiogenesis.*”

They do not seem to participate in the initial phase of vascu-
lar development, but rather play a critical role in angiogenic
outgrowth, vessel remodeling, and maturation. Growth and
stabilization of the vascular wall are regulated by angiopoi-
etin-1 (ang-1) binding to Tie2 receptor. By contrast, angiopoi-
etin-2 (ang-2) antagonizes Tie2 binding and induces vessel
destabilization, which leads to the angiogenic sprouting.®®
The angiopoietin system was shown to be involved in the
mechanisms of MM-induced angiogenesis, and angiopoietins
are possibly expressed and secreted by myeloma cells
although reports are contradictory.®’

Bortezomib is a proteasome inhibitor producing high
response rates in relapsed/resistant MM patients.” It mainly
inactivates some key proteins implicated in cell growth and
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function, thus modulating cell cycle regulation, cytokine
and growth factor secretion, immunoreceptors and
adhesion molecules, apoptosis, and possibly angiogene-
sis. The effect of bortezomib on circulating angiopoi-
etins levels has not yet been investigated.

This study determined the serum values of ang-1 and
ang-2 in relapsed/refractory MM patients receiving
treatment with bortezomib and explored possible corre-
lations of their levels with clinical characteristics and
response to treatment.

Design and Methods

Patients

In a series of 75 consecutive relapsed/refractory MM
patients, uniformly treated with bortezomib according
to indications,” 35 had available serum samples pre-
bortezomib and after 4 cycles. Dexamethasone was
added to 15 patients who did not respond optimally
after 2 cycles of therapy. Objective response (OR) was
defined as any response better or equal to partial remis-
sion according to the EBMT criteria. Pre-bortezomib
patient baseline characteristics are summarized in Table
1. Median time from diagnosis to bortezomib-treatment
was 30 months (range 4.7-143). The OR rate after 4
bortezomib cycles in the 35 patients evaluated (32
relapsed and 3 refractory) was 71% (CR 8.5%, PR
62.5%). Thirty-four sex and age matched healthy indi-
viduals (HI) formed the control group.

Methods

Serum ang-1 and ang-2 were determined in frozen
sera collected at baseline and then on day 21 of the 4*
bortezomib cycle. Measurements were made with a
commercially available enzyme-linked immunosorbent
assay (ELISA) (R&D Systems, Minneapolis, USA)
according to the manufacturers’ instructions. The use of
sera samples for cytokine determination in patients
receiving bortezomib was approved by the local Ethical
Committee.

Statistical analysis

Differences between patients’ serum ang-1 and ang-2
levels and their ratio versus HI were assessed by the
Student’s t-test (paired or unpaired, as appropriate).
Differences between groups of patients according to
their baseline characteristics [gender, Durie-Salmon
(DS)] and ISS stage both coded as 3 vs. 1 and 2, creati-
nine =2 mg/dL, elevated LDH, C-reactive protein levels
=4 mg/dL, and previous treatment lines =2) were
assessed using the Mann-Whitney test. Correlations
between serum cytokine levels and quantitative
patients’ characteristics (age, percentage of BM infiltra-
tion, and platelet counts) were assessed using the
Spearman’s p co-efficient. p-values <0.05 were consid-
ered to be of statistical significance.
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Results and Discussion

Serum angiopoietins levels pre-bortezomib
administration

The mean, median and range of ang-1 and ang-2 lev-
els (pg/mL), as well as their ratio in HI and patients pre-
and post-bortezomib administration, are summarized in
Table 2. There was no statistically significant difference
in baseline serum ang-1 levels between patients and HI
(mean difference (MD) 4146; 95% confidence intervals
(CI) -1497 to 9789; p=0.15). Serum ang-1 levels were
lower in patients with DS stage 3 vs. 1 and 2 (p=0.01)
and in patients with elevated LDH (p=0.03). Further-
more, ang-1 levels negatively correlated with the per-
centage of BM infiltration (Srho=-0.363; p=0.04) but
positively with platelet counts (Srho=0.55; p=0.001).
Baseline ang-2 levels were significantly higher in
patients compared with HI (MD 2690; 95% CI 1431 to

Table 1. Patient’s baseline characteristics prior to bortezomib
administration (baseline).

N. %

Male gender 24 69
Age, median [range] 68 [43-82]

Paraprotein type 1gG 24 69

IgA 8 23

BJ 3 8

Durie and Salmon Stage | 3 8

I 20 57

1] 12 35

ISS stage 1 10 29

2 7 20

3 18 51

Treatment lines >2 17 49

Platelet counts <100x10°/L 2 6

Creatinine >2 mg/dL 4 12

CRP >4 mg/L 1 33

LDH elevated 5 14
Bone marrow infiltration (%), median [range] 70 [10-90]

Table 2. Serum values of ang-1 and ang-2 (pg/mL) and their ratio
in HI and in patients pre- and post-bortezomib administration.

Mean Median Range
Ang-1 HI 20785 20833 120-45940
Ang-1 pre-B 24930 24954 2518-56176
Ang-1 post-B 30327 30644 2083-59754
Ang-2 HI 1361 1202 189-3313
Ang-2 pre-B 4051 3189 452-21163
Ang-2 post-B 2657 1895 332-10742
Ang-1/Ang-2 HI 26.3 16.8 0.06-175.5
Ang-1/Ang-2 pre-B 12.0 6.8 0.4-61.4
Ang-1/Ang-2 post-B 21.2 124 0.2-1139




3949; p<0.001). Ang-2 levels were higher in patients
with ISS 3 or DS stage 3 compared with ISS 1 and 2
(»=0.045) or DS 1 and 2 (p=0.049). Furthermore, ang-2
levels positively correlated with the percentage of BM
infiltration (Srho=0.336; p=0.05) but negatively with
platelet counts (Stho=-0.474; p=0.004). Baseline ang-
1/ang-2 ratio was reduced in patients compared with HI
(MD -14.26; 95% CI -26.20 to -2.32; p=0.02). Ang-
1/ang-2 ratio was lower in patients with ISS 3 or DS
stage 3 vs. ISS 1 and 2 (p=0.04) or DS 1 and 2 (p=0.003),
as well as in those with elevated LDH (p=0.02). In addi-
tion, the ang-1/ang-2 ratio correlated negatively with
the percentage of BM infiltration (Sp=-0.437; p=0.01)
but positively with platelet counts (Sp=0.641; »<0.001).

Serum angiopoietins’ fluctuations post-bortezomib
treatment

Bortezomib administration resulted in significantly
increased serum ang-1 levels compared with HI (MD
9542; 95% CI 3624 to 15461; p=0.002). The increase in
ang-1 values post bortezomib was significant compared
with baseline (MD 5397; 95% CI 1160 to 9633;
p=0.014; Figure 1). Serum ang-2 levels decreased but
were, however still higher than HI (MD 1295; 95% CI
524 to 2066; p=0.002). The decrease in ang-2 values
post-bortezomib was significant compared with base-
line (MD -1394; 95% CI -2549 to -240; p=0.019; Figure
1). Patients who achieved an OR showed a greater
increase in ang-1 and reduction in ang-2 compared with
those who did not (data not shown).

The ratio of ang-1/ang-2 increased post-bortezomib
administration compared with baseline (MD 9.18; 95%
CI1.23 to 17.14; p=0.025) and normalized, no longer dif-
fering from HI (MD -5.08; 95% CI -18.80 to 8.64; p=0.46;
Figure 1). Significant correlations were no longer found
between serum ang-1, ang-2 or their ratio with platelet

Bortezomib-Induced fluctuations of serum angiopoietins in MM

counts. There are few reports on the serum levels of ang-
1 and ang-2 in MM or other plasma cell dyscrasias.
Circulating soluble angiopoietin-2 was recently found to
be increased in MM patients,™" while another study
reported the serum angiopoietin-1/angiopoietin-2 ratio
to be reduced in Waldenstrom’s macroglobulinemia
patients and related to disease activity."

In the present study, soluble serum ang-2 levels were
high in relapsed/refractory MM patients compared with
HI but serum ang-1 was not. Serum ang-2 values corre-
lated with advanced DS and ISS staging, in agreement
with a previous study.”" Given that ang-1 and ang-2 are
competitive ligands of Tie2 receptor, we evaluated the
serum ang-1/ang-2 ratio and found that it was signifi-
cantly reduced compared with HI. This suggests that
the angiopoietin balance is disrupted in favor of ang-2 in
relapsed/refractory MM and thus the ang-1/ang-2 ratio
is decreased, possibly leading to vessel destabilization
and to angiogenic sprouting. Our results may be
explained by the observation that ang-1 gene expression
was found significantly up-regulated in MGUS but not
in overt MM endothelial cells.” The reversal of the nor-
mal angiopoietin balance in favour of ang-2 has been
observed in other active hematologic malignancies. It
has recently been reported that ang-2 expression was
significantly higher in the bone marrow of patients with
AML while on the contrary, ang-1 expression did not
differ from HI." Increased serum ang-2 and reduced
ang-1/ang-2 ratio was also reported in patients with
untreated or relapsed Waldenstrém’s macroglobuline-
mia, while in patients with IgM MGUS the ang-1/ang-2
ratio was comparable to HI." In addition, high expres-
sion of ang-2 in malignant tissue and low or unde-
tectable expression of ang-1 have been correlated with
poor survival, high metastasis rate, and increased MVD
in solid tumors.’®” These and our studies implicate the
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Figure 1. Serum Ang-1 and Ang-2 levels (pg/mL) and Ang-1/Ang-2 ratio pre-, post-bortezomib and in HI. The bold horizontal line repre-
sents the median value, rectangles represent the 25" and 75" percentile, while the thin vertical lines represent the 10" and 90" per-

centile of patients.
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Tie2-angiopoietin system as a potent target for anti-
angiogenic cancer therapy. In fact, there are already data
in mice showing that blocking ang-2 activity by anti-
bodies can lead to tumor growth control and a reduction
in endothelial cell proliferation.®

We also found a significant correlation of baseline
serum ang-1 levels with patient platelet counts. This
may be partly due to ang-1 release from platelets upon
serum sample clotting, given its consistent presence in
platelets.” Platelet count restoration post-bortezomib
may also account to some extent for the increase in ang-
1 serum levels. However, the absence of a significant
correlation between ang-1 levels and platelet count
post-bortezomib suggests that a possible biological
effect of bortezomib on the angiopoietin system further
contributes to this phenomenon.

Bortezomib has been shown to induce a dose-
dependent down-regulation of the expression of VEGE
IL-6, and ang-2 genes, in ex vivo experiments with
endothelial cells from myeloma patients; the expression
of ang-1 was reduced only when the highest dose of
bortezomib was added.” In our study, bortezomib
administration resulted in the normalization of the

serum ang-1/ang-2 ratio. This suggests that part of
bortezomibs’ anti-myeloma effect may be accom-
plished via anti-angiogenetic action through the Tie2-
angiopoietin system. However, it is unknown whether
the ang-1/ang-2 normalization is related to response to
bortezomib treatment or to a response to any active
treatment modality.

In conclusion, patients with relapsed/refractory MM
presented a low ang-1/ang-2 ratio, while response to
bortezomib administration was accompanied by nor-
malization of this ratio.
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