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Background: Angiogenesis plays a significant role in complex inflammatory and angiogenic processes and is also involved in
multiple myeloma (MM) pathogenesis. IL-37 is a proinflammatory cytokine in antitumor activity. Our purpose
was to evaluate the IL-37 clinical significance on MM.

Material/Methods: We measured serum levels of IL-37 in 45 patients with different stages of MM and 30 healthy control sub-
jects and correlated IL-37 with numerous cytokines, such as angiogenesis factors including vascular endotheli-
al growth factor (VEGF) and angiotensin-2 (Ang-2). We also measured the tube formation of human umbilical
vein endothelial cells (HUVECs) after pretreatment with recombinant human IL-37 (rhiL-37).

Results: Serum IL-37 level was lower in the patients with MM than in the healthy control subjects, whereas VEGF and
Ang-2 levels were higher, depending on International Staging System stage. Serum IL-37 level had a negative
correlation to VEGF and Ang-2 levels, and VEGF had a positive correlation to Ang-2 level. The tube formation
of HUVECs was suppressed by the rhiIL-37 pretreatment.

Conclusions: Our results indicate that serum level of IL-37 plays a part in the pathophysiology of MM progression. Therefore,
IL-37 serum level may be a biomarker for disease stage and angiogenesis processes.
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Background

Multiple myeloma (MM) is a clonal B-cell dyscrasia character-
ized by the accumulation of monotypic paraprotein-secreting
cells in the bone marrow (BM), in close contact with adjacent
cells in its microenvironment [1]. MM derives from various com-
plex inflammatory and angiogenic processes [2].

A recent study reported that angiogenesis plays a significant
role in the pathogenesis of MM [3]. Plasma cells secrete a
well-known angiogenic cytokine, vascular endothelial growth
factor (VEGF), in response to stimulation of inflammatory fac-
tors, such as interleukin (IL)-6, IL-10, IL-17, and IL-20 [4-7];
on the other hand, microvascular endothelial cells (ECs) and
BM stromal cells secrete other potent growth factors for ma-
lignant plasma cells, thus regulating VEGF stimulation [8,9].
Another angiogenic cytokine, angiopoietin-2 (Ang-2), prevents
Tie-2 binding and leads to vessel instability, associated with
sprouting angiogenesis [10]. These accumulated data suggest
that angiogenesis is tightly controlled by angiogenic cytokines
and inflammatory factors in MM.

IL-37 is a natural suppressor of innate inflammatory and im-
mune responses. IL-37 protein is associated with plasma cells
and constitutively expressed in the cytoplasm of monocytes
and peripheral blood mononuclear cells [11]. IL-37 was report-
ed to markedly inhibit the migration and proliferation and pro-
mote apoptosis in renal cell carcinoma [12]. Moreover, IL-37
prevented the pathogenesis of malignant B-cell neoplasms
and NRasV12-mediated oncogenesis [13]. However, whether
IL-37 is involved in the progression of MM remains unknown.

The aim of this study was to measure serum levels of IL-37
in patients in different stages of MM and to correlate these
levels with VEGF and Ang-2 in order to investigate their clin-
ical significance.

Material and Methods

Patients

The original research was approved by the medical ethics
committee of our hospital, and every patient provided writ-
ten informed consent. A total of 45 newly diagnosed pa-
tients with MM were included in this study. We excluded in-
dividuals with hypertension, those with diabetes, and those
who received any other surgery. The stage of MM was clas-
sified according to the International Staging System (ISS).
Age- and sex-matched healthy individuals were used as con-
trol subjects. All participants in this study were from Binzhou
People’s Hospital (China), since January 2011. The study pro-
tocol was approved by the institutional ethics committee
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Table 1. Demographic and clinical data for patients with multiple
myeloma and control subjects.

Patients Control people

Total 45 30
 Maleffemale 224 713

fniear(]yzzzge) 62 (44-75) 65 (42-84)
s
7777777 Stagel 12 -
7777777 Stagel 18 -
7777777 Stageml 15—

ISS — international staging system.

[2011060]. The characteristics of subjects enrolled in the
study are shown in Table 1.

Cytokine measurements

All blood samples were collected, mixed with EDTA, centrifuged
at 3000 rpm for 15 min at room temperature, then stored at
-80°C and analyzed at the end of the collection. The detection
of IL-37, VEGF, and Ang-2 in the serum was performed by ELISA
(R&D Systems, CA, USA), according to the operating manual.

Tube formation

The tube formation of vascular-like structures was deter-
mined by human umbilical vein ECs (HUVECs) on Matrigel (BD
Biosciences, Franklin, NJ, USA) [14]. Onto a 48-well plate coated
with 150 pL Matrigel, 4x10* HUVECs were planted. Cells were
treated with recombinant human IL-37 (rhIL-37; 100 ng/mL)
or phosphate buffer solution and then were maintained at
37°C, 5% CO,, for 6 h. Tubes were defined as straight cellu-
lar extensions joining 2 cell masses; 3 random digital images
(200x) were counted for each well.

Statistical analysis

Results are expressed as mean +SD. Graphs were drawn us-
ing GraphPad Prism software. One-way analysis of variance,
followed by t test, was used to examine differences between
stages. Correlations between various measured parameters
were calculated by the Spearman’s rank correlation coefficient.
P<0.05 was considered statistically significant.

Results

Serum levels of IL-37 decreased in active patients with MM
compared with healthy control subjects, whereas VEGF and
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Table 2. Serum levels of interleukin-37, vascular endothelial growth factor, and angiopoietin-2 in patients with multiple myeloma and

in healthy control subjects.

IL-37 (pg/ml)

Controls 150.42+15.45
MM patients 58.89+33.85
P value <0.05

VEGF (pg/ml) Ang-2 (pg/ml)

335.15+74.64 250.77+101.23

Table 3. Serum levels of interleukin-37, vascular endothelial growth factor, and angiopoietin-2 in different myeloma stages.

IL-37 (pg/ml) VEGF (pg/ml) Ang-2 (pg/ml)
Stage | 81.01+25.49 137.233+49.02 239.42+65.07
Stage Il 67.64+33.97 210.15+50.14 612.79+135.68
Stage Il 30.70+£17.90 357.83+70.45 966.04+374.83
P value <0.01 <0.01 <0.01
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Figure 1. Negative correlation between serum levels of
interleukin-37 with vascular endothelial growth factor
in patients with multiple myeloma.

Ang-2 increased, as shown in Table 2. Table 3 shows the values
in each ISS stage; it also shows that VEGF and Ang-2 increased
and IL-37 decreased in parallel with disease stage (P<0.001
for all cases). Significant negative correlations were found
between serum levels of IL-37 with VEGF (r=0.337; Figure 1)
and Ang-2 (r=0.306; P<0.05; Figure 2), and a positive correla-
tion was found between VEGF and Ang-2 (r=0.6458; P<0.001;
Figure 3). The effects of rhIL-37 on tube formation are shown
in Figure 3A and 3B. Compared with the control (1.00+0.24),
rhiL-37 pretreatment significantly decreased tube formation
in HUVECs (0.6740.12) and significantly reduced supernatant

Figure 2. Negative correlation between serum levels of
interleukin-37 with angiopoietin-2 in patients with
multiple myeloma.

Discussion

More and more evidence indicates that BM angiogenesis is
crucial to MM pathogenesis and that the angiogenic and anti-
angiogenic switch contributes to MM progression [15,16]. The
identification and specific contribution of proangiogenic mole-
cules to be used as therapeutic targets and/or reliable angio-
genesis biomarkers in MM is still unresolved [17]. In this arti-
cle, we show that IL-37 correlates significantly with important
angiogenetic factors, suggesting that IL-37 may be a biomark-
er for MM disease stage and angiogenesis processes.
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Figure 3. Interleukin-37 (IL-37) suppressed tube formation in human umbilical vein endothelial cells (HUVECs). (A) Representative
pictures of control and recombinant human IL-37 (rhIL-37) pretreatments. (B) Quantitative analysis of tube formation.
Results are expressed relative to the control. (C) Supernatant vascular endothelial growth factor level from HUVECs

pretreated with rhIL-37 or control. **P < 0.01; n=3.

We first determined serum IL-37, VEGF, and Ang-2 levels in pa-
tients with MM at different stages of disease and in healthy
control subjects. We found that, compared with healthy con-
trol subjects, serum levels of IL-37 decreased in patients with
MM, whereas VEGF and Ang-2 levels increased, depending on
ISS stage. These data support a putative value of these mol-
ecules in the MM disease process.

IL-37 is a newly identified member of the IL-1 family, which
are proinflammatory cytokines demonstrating various anti-in-
flammatory and immunosuppressive properties in response to
infection and inflammation [17]. Recently, IL-37 emerged as a
fundamental anti-inflammatory cytokine, favoring tumor es-
cape from immune surveillance [18]. High expression of IL-37,
which may mediate antitumor immunity by regulating natu-
ral killer cell activity, was associated with better overall sur-
vival in hepatocellular carcinoma [19]. The ectopic selection
of IL-37 preserved the function of B-cell progenitors and pre-
vented NRasV12-mediated oncogenesis in aging [13]. These
results all suggest the essential role played by IL-37 in the

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

tumor microenvironment. Through this research, we verified
that serum IL-37 levels in patients with MM were lower than
in healthy control subjects and that levels decreased with ad-
vancing disease.

Upon activation by MM plasma cells and mesenchymal stro-
mal cells, macrophages can release growth factors, proteolytic
enzymes, cytokines, and inflammatory mediators that promote
plasma cell growth and survival. Indeed, these macrophages are
essential for the induction of an angiogenic response through
vasculogenic mimicry, and this ability proceeds in step with
progression of the plasma cell tumors [20]. Teng et al. observed
reduced systemic levels of IL-10 and local interferon-gamma
gene transcripts in keratin-14 VEGF-A transgenic mice treated
with plasmid coding human IL-37 sequence-formulated cat-
jonic liposomes [21]. In MM, plasma cells secrete various an-
giogenic cytokines, such as VEGF, matrix metalloproteinase-2,
and fibroblast growth factor-2, which in turn cause inflamma-
tory cells to secrete other angiogenic factors. All these factors
enlist and activate MM-associated macrophages to cooperate
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with other cells in angiogenesis [22]. BM sera with high Ang-2
levels specifically contributed to EC activation, suggesting that
Ang-2 produced in the BM may contribute to MM angiogene-
sis [17]. In our study, we found that both VEGF and Ang-2 were
significantly higher in patients with MM than in healthy con-
trol subjects and that these values increased in parallel with
disease progression. We also confirmed elevated IL-37 levels in
MM significant negative correlations with VEGF and Ang-2. In
view of these facts, we further investigated whether angiogen-
esis could be weakened by the increased expression of IL-37.
We found that the tube formation of HUVECs, which was also
suppressed by rhIL-37 pretreatment, may be involved in VEGF
secretion. These results suggest that IL-37 may play an impor-
tant role in angiogenesis during MM progression.
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Conclusions

Our results show that in patients with MM, serum VEGF and
Ang-2 levels increase and IL-37 level decreases with disease
progression. Moreover, IL-37 level has a strongly negative cor-
relation to Ang-2 and VEGF levels. Pretreatment with rhIL-37
promoted tube formation in HUVECs. These results suggest
that serum levels of IL-37 play a part in the pathophysiology
of MM progression. Therefore, IL-37 could serve as a biomark-
er of the disease state and angiogenesis processes in MM.
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