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Microvesicles shed from bortezomib-treated or
lenalidomide-treated human myeloma
cells inhibit angiogenesis in vitro
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Abstract. Angiogenesis plays a significant role in the patho-
genesis of multiple myeloma (MM). Microvesicles (MVs), a
type of extracellular vesicles, are known as important players
in cell-to-cell communication. MM-derived MVs have
exhibited the activity of promoting angiogenesis. Bortezomib
and lenalidomide are important drugs for treating myeloma.
Therefore, the aim of the present study was to investigate
whether and how M Vs secreted from human myeloma cells
exposed to bortezomib and lenalidomide affect angiogenesis.
RPMI-8226 human myeloma cells and human umbilical vein
endothelial cells (HUVECSs) were used. MVs were isolated
from the drug-treated RPMI-8226 cells. The number of the
MVs were analyzed with flow cytometry. The expression of
pro-angiogenic factors was analyzed with PCR and ELISA.
The angiogenic potential of HUVECs was examined. NF-kB
activation was analyzed using PCR, immunofluorescent
staining and western blotting assays. We showed that bort-
ezomib treatment induced an increase in the number of MVs
shed from myeloma cells, but the number of MVs was not
significantly altered by lenalidomide. The expression levels
of vascular endothelial growth factor (VEGF), interleukin 6
(IL-6) and basic fibroblast growth factor (bFGF) were reduced
in the M Vs from the RPMI-8226 cells exposed to bortezomib
and lenalidomide. Consequently, these MVs exhibited
reduced angiogenic potential, as evaluated by wound healing
tests, Boyden chamber assays and tube formation assays.
Co-culturing HUVECs with drug-treated MVs inhibited
NF-«B activation in the HUVECs and reduced the secretion
of pro-angiogenic factors. In conclusion, bortezomib and
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lenalidomide treatment of cultured myeloma cells can block
MV-induced angiogenesis and hence provides another mecha-
nism for anti-angiogenic therapy.

Introduction

Multiple myeloma (MM) is an incurable hematologic neoplasm
of plasma cells. Despite the emergence of novel drugs including
proteasome inhibitors and immunomodulating drugs (IMiDs)
that have improved the overall patient outcome (1), the prog-
nosis for MM patients is still poor, and the pathogenesis of
this disease is only partially understood. Angiogenesis plays
a significant role in the pathogenesis of MM (2). Recent data
have shown that there is a close relationship between MM cells
and adjacent cells in the microenvironment (3) and that angio-
genesis in MM is tightly controlled by angiogenic cytokines
and inflammatory factors (4,5). However, how the release of
these cytokines is regulated and how myeloma cells act on
microvascular endothelial cells and bone marrow stromal cells
to promote angiogenesis remain unclear.

Microvesicles (MVs), a type of extracellular vesicles
(EVs), are also called shedding vesicles or microparticles
(MPs) and have emerged as important players in cell-to-cell
communication (6-8). MVs can load and transmit bioactive
molecules to target cells (9-11) and induce different signaling
cascades (10,12,13). A previous study found that MVs derived
from MM cells (MM MVs) can be internalized by endothelial
cells and promote angiogenesis (14). However, the mechanism
by which MM MVs promote endothelial cell angiogenesis
remains unclear.

The NF-«B signaling pathway is constitutively active in
MM and regulates the expression of numerous genes, such as
vascular endothelial growth factor (VEGF) and interleukin 6
(IL-6), that are involved in the pathogenesis of MM including
angiogenesis (15-17). Bortezomib and lenalidomide are impor-
tant drugs for treating myeloma, and both of them block NF-«xB
activation (18-20). Some studies have examined the MVs
shed by cells after drug treatments. One study demonstrated
that tumor-derived microparticles (TMPs) from mammary
carcinoma cells exposed to paclitaxel chemotherapy contrib-
uted to angiogenesis and tumor regrowth (21). However,
another study showed that the neutralization of VEGF-A



2874

with anti-angiogenic drugs in cultured breast carcinoma cells
blocked TMP-induced angiogenesis (22). There has been little
research on the effect of drugs on MM MVs. A recent study
(23) showed that the pro-angiogenic activity of MVs derived
from bortezomib-treated myeloma cells was decreased, but
the molecular mechanisms behind this inhibition of angiogen-
esis have not yet been elucidated. Moreover, there have been
no reports on the effect of IMiDs, including thalidomide and
lenalidomide, on the pro-angiogenic activity of MM MVs.

In the present study, we determined whether and how
bortezomib and lenalidomide affect the characteristics of
MM MVs derived from RPMI-8226 cells, including their
number and expression of pro-angiogenic factors and their
effects on the migration, invasion and tube formation of
endothelial cells. In this context, we evaluated the expression
levels of pro-angiogenic factors and the activity of NF-«xB in
endothelial cells.

Materials and methods

Cell lines and culture. The RPMI-8226 human multiple
myeloma cell line and human umbilical vein endothelial cells
(HUVECsS) were purchased from the American Type Culture
Collection (ATCC, Manassas, VA, USA). The cells were
cultured in medium containing 10% fetal bovine serum (FBS,
Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA)
and 1% penicillin-streptomycin (Solarbio, Beijing, China) at
37°C with 5% CO,.

MYV isolation. MVs were isolated by continuous differential
centrifugation as previously described (24) from the different
conditioned media of myeloma cells. Briefly, MM cells
growing in log phase were seeded at 5x10° cells/ml and were
randomly divided into 5 groups depending on treatment:
control group (PBS), 10 or 100 nM bortezomib (Selleck
Chemicals, Houston, TX, USA), 1 or 10 M lenalidomide
(MedChem Express, Monmouth Junction, NJ, USA). MVs
derived from corresponding RPMI-8226 cells from the 5
groups above were named: N-MV (PBS), B10-MV (10 nM
bortezomib), B1I00-MV (100 nM bortezomib), LI-MV (1 uM
lenalidomide), and L10-MV (10 M lenalidomide). After 24 h
of culture, the conditioned media were centrifuged at 750 x g
for 5 min and then at 1500 x g for 20 min to remove cells and
debris. After further centrifugation at 16000 x g for 45 min at
4°C, the MVs were pelleted. After washing twice with PBS,
the pelleted MVs were resuspended in PBS, stored at 4°C and
used for experiments within a few days.

Flow cytometric analysis of MVs. The number of MVs was
determined by flow cytometry (CytoFLEX, Beckman Coulter,
Inc., Brea, CA, USA) following the manufacturer's protocols.
Standard microbeads (1.1 #m, Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany) were used for size calibration, and
the number of MVs were calculated using 3-um standard
microbeads (Sigma-Aldrich; Merck KGaA) as previously
described (24). Briefly, 1.1-um standard microbeads were used
to set the gate, 3-um standard microbeads of an equal concen-
tration were added to the sample as an internal standard, and
the counting endpoint was set at 100,000 events for the 3-ym
standard bead population.
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Quantitative real-time polymerase chain reaction (qPCR) and
enzyme-linked immunosorbent assay (ELISA). To evaluate the
expression levels of pro-angiogenic factors, using qPCR, we
analyzed the mRNA expression levels of VEGF, IL-6 and
basic fibroblast growth factor (bFGF) in different groups of
MM MVs and HUVECs, and by ELISA, we analyzed the
protein expression levels of these factors in the conditioned
medium of HUVECs. Additionally, we measured the mRNA
expression of NF-kB in HUVECs. MM MVs from the
5 different groups were isolated and subjected to RNA prepa-
ration using TRIzol (Invitrogen; Thermo Fisher Scientific,
Inc.) and to cDNA synthesis with a cDNA Synthesis kit
(Thermo Fisher Scientific, Inc.) according to the manufactur-
er's protocol. The total RNA of HUVECs (5x10* cells/ml)
co-cultured for 24 h with MM MVs (10 pg/ml) from the
5 different groups above or without MVs was isolated, and
cDNA was synthesized. Each qPCR reaction was prepared in
triplicate. PCR was performed using SuperReal PreMix Plus
(SYBR Green) (Tiangen, Beijing, China) with a real-time PCR
system (Rotor-Gene Q, Qiagen, Hilden, Germany). The
following primer sequences (Invitrogen; Thermo Fisher
Scientific, Inc.) were used: VEGF, 5-AATGCTTTCT
CCGCTCTGAA-3'(F) and 5'-GCTTCCTACAGCACAGC
AGA-3' (R) (96 bp); IL-6, 5"ATGAGGAGACTTGCCTGGTG
AAAAT-3' (F) and 5“TCTGGCTTGTTCCTCACTACT-3' (R)
(104 bp); bFGF, 5-TTCATAGCAAGGTACCGGTTG-3' (F)
and 5'-AGAAGAGCGACCCACACG-3' (R) (97 bp); NF-«xB,
5'-GGGGACTACGACCTGAATG-3' (F) and 5-GGGCACG
ATTGTCAAAGAT-3' (R) (118 bp); and fB-actin, 5-GAGCT
ACGAGCTGCCTGAC-3' (F) and 5'-GGTAGTTTCGTG
GATGCCACAG-3' (R) (121 bp). The qPCR conditions were
2 min at 50°C, 2 min at 95°C and then 40 cycles of 15 sec at
95°C and 30 sec at 60°C. A comparative ACt method was used
to determine gene expression and [-actin served as the
normalization gene.

The expression levels of human VEGEF, IL-6 and bFGF in
the supernatants of HUVECs were measured by ELISA kits
(NeoBioscience, Shenzhen, China) according to the manufac-
turer's instructions. Experiments were performed in triplicate.

Angiogenesis assays

Wound healing assay. Cell migration was determined using
a scratch adhesion test. Briefly, the outside undersurface
of a 6-well plate was scored with a marker pen; HUVECs
(5x10° cells/well) were seeded onto a 6-well plate and cultured
overnight to confluence. Then, at time zero, the cell monolayer
was wounded artificially across the marked line using a 200-u1
pipette tip. The scratched area was captured using an inverted
microscope (Axio Observer D1, Zeiss, Germany) in low-
power fields (x40). Then, the cells were treated with medium
(DMEM without FBS) and the 5 groups of MVs (10 ug/ml)
for 24 h. Negative control cells were treated with PBS. The
wounded area was captured again at 24 h and measured by
ImagelJ software (National Institutes of Health, Bethesda,
MD, USA). The percentage of recovery was assessed. The
experiment was repeated in triplicate, and each sample was
tested in quadruplicate.

Cell invasion assay. Endothelial cell invasiveness was inves-
tigated using Transwell Boyden chambers (6.5 mm, Costar,
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USA). The polycarbonate membrane (8-ym pore size) was
coated with a layer of Matrigel matrix (Corning Inc., Corning,
NY, USA). HUVECs (2x10° cells per well) were added to
the upper chamber and starved; 750 ul of complete medium
with the indicated group of MVs was added at the indicated
concentration (50 ug/ml) to the lower compartment of the
chamber as a chemoattractant. PBS was used as the negative
control. After incubation at 37°C for 6 h, the cells on the
bottom surface of the membrane were fixed with methanol,
stained with Diff-Quik (Nanjing Jiancheng Bioengineering
Institute, Nanjing, China) and counted in five representative
high-power fields (x400).

Tube formation assay. Matrigel (50 ul, Corning Inc.) was
added to each well of a 96-well plate and allowed to polym-
erize at 37°C for 30 min. Then, HUVECs (2x10* cells per well)
were cultured in DMEM with 6% FBS in the presence of the
5 groups of MVs (10 ug/ml). PBS was used as the negative
control. Each treatment was repeated in three wells. After
incubation for 6 and 24 h, images of the tubular structure that
formed in each well were captured with an inverted microscope
(Axio Observer DI, Zeiss, Germany) with an attached digital
camera (Axiocam 506 color, Zeiss, Germany). The closed tube
formation was quantified in five low-power fields (x40).

Immunofluorescent (IF) measurement of NF-kB. HUVECs
were seeded on climbing slices in 24-well plates and
co-cultured with the 5 groups of MM M Vs or PBS for 24 h. To
measure the effect of NF-xB activation, an NF-xB Activation
Nuclear Translocation assay kit (Beyotime Biotech, Haimen,
China) was used according to the manufacturer's protocol and
a previous study (25). Nuclei (blue) and NF-xB (red) were
viewed with a fluorescence-equipped microscope (BX51,
Olympus, Tokyo, Japan). Co-localization of NF-kB with the
nucleus appeared purple.

Western blot analysis. After co-culture with one of the
5 different MVs at 10 ug/ml or with PBS for 24 h, nuclear
protein or total protein were extracted from HUVECs using
a Nuclear Protein Extraction kit (BestBio, Shanghai, China)
or a Total Protein Extraction kit (BestBio), respectively, and
then quantified by the BCA method. Equal amounts (50 pg)
of protein extracts were loaded and separated by SDS-PAGE
and then transferred electrophoretically to a polyvinylidene
difluoride (PVDF) membrane. Nonspecific sites were blocked
by incubation with 5% nonfat dry milk in TBST at room
temperature for 1 h. The membranes were incubated with the
indicated primary antibodies [P65 (1:50000, 7R200963-9,
Abcam, Cambridge, MA, USA, rabbit monoclonal), p-p65
(1:1000, 3033S, Cell Signaling Technology, Inc., Danvers,
MA, USA; rabbit monoclonal), H3 (1:2000, KM9005T,
Tianjin Sungene Biotech, Tianjin, China; mouse monoclonal),
and (-actin (1:1000, sc-130657, Santa Cruz Biotechnology,
Santa Cruz, CA, USA; rabbit polyclonal)] in blocking buffer
overnight at 4°C. Anti-rabbit or mouse IgG (1:10000, 21032,
Rockland, Limerick, PA, USA) was used as a secondary
antibody and incubated with the membrane for 2 h at room
temperature. After washing, reactive bands were identified
by scanning infrared laser microscopy (LI-COR Biosciences,
Lincoln, NE, USA).
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Figure 1. Quantification of MM MVs from the RPMI-8226 cell line. MV
events were counted by flow cytometry and compared among the different
samples. "P>0.05, "P<0.05, °P<0.01. MM, multiple myeloma; MM MVs,
microvesicles derived from MM cells. Treatment groups: N-MV (PBS),
B10-MV (10 nM bortezomib), BI00-MV (100 nM bortezomib), L1-MV
(1 uM lenalidomide), and L10-MV (10 M lenalidomide).

Statistical analysis. All data are expressed as the means + SEM
of at least three experiments. Differences among groups were
analyzed with one-way ANOVA, and differences were consid-
ered statistically significant at P<0.05.

Results

The number of MM MVs was altered following bortezomib
treatment. MM cells had a high rate of MV shedding; signifi-
cantly more MVs were observed in the bortezomib groups
(B10-MV and B100-MV) than in the control group, but the
number of MVs was not significantly altered by lenalidomide
treatment (Fig. 1).

Drug treatment significantly decreases levels of VEGF, IL-6
and bFGF in MM MVs. MM cells in the log phase of growth
were seeded at 5x10° cells/ml and were randomly divided into
5 groups according to treatment: PBS (control), 10 nM bort-
ezomib, 100 nM bortezomib, 1 uM lenalidomide, or 10 uM
lenalidomide. After 24 h, MVs were isolated from the various
conditioned media, and RNA was extracted from MVs. The
PCR results showed that both bortezomib and lenalidomide
treatment significantly decreased the gene expression of
VEGEF, IL-6 and bFGF in M'Vs compared with those treated
with PBS, but no difference was observed between the bort-
ezomib and lenalidomide groups (Fig. 2A).

Internalization of MM M Vs alters the level of pro-angiogenic
factors in HUVECs. HUVECs were randomly divided
into 6 groups and co-cultured with the different MM MVs
(as above) or with PBS (control group) for 24 h. qPCR and
ELISA assays were used to examine the expression levels of
VEGTF, IL-6 and bFGF in HUVECSs and in the conditioned
medium, respectively. Both qPCR (Fig. 2B) and ELISA
(Fig. 2C) results showed that these cytokines were signifi-
cantly higher in the normal MV-treated HUVECs than in
the PBS group. Moreover, VEGF, IL-6 and bFGF expres-
sion levels in all drug-treated-MV groups were significantly
decreased compared with those in the normal-MV group
(Fig. 2B and C).
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Figure 2. Drug treatment leads to decreased pro-angiogenic factor expression.
(A) The mRNA expression levels of VEGF, IL-6 and bFGF were significantly
decreased in the drug-treated microvesicles (M Vs) compared with those in the
normal MVs. After incubation with drug-treated MM M Vs for 24 h, reduced
expression levels of VEGF, IL-6 and bFGF were found in the cells (B) and
supernatant (C) of HUVECs. "P<0.05. VEGF, vascular endothelial growth
factor; IL-6, interleukin 6; bFGF, basic fibroblast growth factor; HUVECsS,
human umbilical vein endothelial cells; MVs, microvesicles; MM, multiple
myeloma; MM MVs, MVs derived from MM cells. Treatment groups: PBS
(cells treated only with PBS), N-MV (PBS), B10-MV (10 nM bortezomib),
B100-MV (100 nM bortezomib), L1-MV (1 M lenalidomide), and L10-MV
(10 M lenalidomide).

Normal MVs (N-MVs) promote the migration, invasion and
tube formation of HUVECs, while drug-treated MVs (DM Vs)
inhibit angiogenesis. The angiogenic properties of MM MVs
were evaluated as their ability to induce HUVEC migration,
invasion and tubulogenesis. Cell migration was tested using
a wound healing assay; after treatment with N-MVs for 24 h,
HUVEC migration towards the scratched area was significantly
improved. As shown in Fig. 3A, N-MVs (10 xg/ml) induced
55.71% (P<0.05) of wound recovery compared with 44.95% in
the PBS group. Compared with N-MVs, the DM Vs decreased
cell motility, although the BI00-MV and L1-MV groups were
not statistically significantly different (Fig. 3A). Next, the inva-
sive ability of HUVECs was demonstrated by the Transwell
invasion system. In this experiment, different MM MVs were
used as chemoattractants. N-MVs promoted cell invasion
through Matrigel, but cell invasion was significantly inhibited
by the 4 groups of DMVs compared with that of the N-MV
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group (Fig. 3B). Finally, the angiogenic activity of MVs was
investigated by in vitro tube formation assay. Tubulogenesis
was qualified by counting the number of closed tubes observed
at 6 and 24 h. At 6 h, no significant effects were observed in
the N-MVs group compared with the medium control, but
all DMV groups significantly suppressed the tube formation
activity of HUVECs compared with that of the N-MV group
(Fig. 3C). At 24 h, the results showed that N-M Vs significantly
promoted the tube formation of HUVECsS, but tube formation
activity was significantly suppressed by the presence of DM Vs
(Fig. 3C).

Normal MVs (N-MVs) increase NF-xB activation in HUVECS,
while drug-treated MVs (DMVs) reduce NF-kB activation.
The expression of the NF-xB p65 subunit was determined
using qPCR. The expression of NF-kB p65 was increased in
the N-MV group compared with the control group and was
significantly decreased in all DM Vs groups compared with the
N-MV group (Fig. 4A). Then, the expression levels of p65 in
the total protein and p-p65 in the nuclear protein of HUVECs
were analyzed by western blot analysis, and the ratio of p-p65
to p65 was calculated. As shown in Fig. 4B, the protein expres-
sion level and the mean optical density of p-p65 were higher in
the N-MV group than in the control group. However, all DMV
treatments caused a reduction in the protein expression levels
and the mean densities of p-p65 in nuclear proteins compared
with those in the N-M V-treated group. However, p65 exhibited
no significant differences among the MV groups. As shown
in Fig. 4C, the same tendency was found in the immuno-
fluorescence microscopy assay; p65 translocation was greatly
increased in the N-MV group and reduced in the DMV groups.
Our data suggested that N-M Vs significantly increased NF-xB
activation in HUVECs, whereas it was decreased by DM Vs.
These data supported the regulation of NF-kB activity in
target HUVECs by different M Vs.

Discussion

Multiple myeloma (MM) is a B-cell neoplasm. Selective
supportive conditions of the bone marrow (BM) micro-
environment, especially BM angiogenesis (26), are involved
in the development of MM. Microvesicles (MVs), also called
microparticles, range in size from 100 to 1000 nm in diameter,
are formed by the outward blebbing of the plasma membrane
and are known as important players in the cell-to-cell commu-
nication that occurs in normal physiology and in pathological
conditions such as the angiogenic process (10-14). A recent
study has shown that MM-derived MVs (MM M Vs) are inter-
nalized by endothelial cells and promote angiogenesis (14)
in vitro and in vivo. Our results in the present study also
indicated that MVs from normal cultured myeloma cells can
induce angiogenesis in vitro.

The NF-kB signaling pathway is activated in myeloma
under environmental stress, which plays a critical role in
disease oncogenesis and progression (27). Angiogenesis is
critical for the progression of multiple myeloma. NF-xB
regulates the expression of pro-angiogenic genes related to
myeloma pathogenesis including VEGF and IL-6 (28). In addi-
tion, interactions between myeloma cells and the bone marrow
environment are critical to NF-kB activation and myeloma
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Figure 3. MM MVs (N-MVs) have angiogenic effects on HUVECs, while drug-treated MVs (DM Vs) inhibit angiogenesis. (A) N-MVs increased HUVEC
migration, while DM Vs reduced it. The denuded area was captured (x40) at 0 and 24 h (left panel), and the percentage of wound recovery was calculated (right
panel). (B) N-MVs promoted HUVEC invasion, while DM Vs reduced it. Photomicrographs (x400) depict the invading HUVECSs at the end of the experiment
(left panel). The number of invading cells was counted and compared (right panel) among groups. (C) N-MVs enhanced HUVEC tubulogenesis, while DM Vs
inhibited it. Typical morphology of the tube-like structure formed by HUVECsS (x40) is shown (left panel). A quantitative measurement of the closed tubes was
performed, and the results are shown (right panel). (A-C) Data are presented as the means + SEM from triplicate experiments. “P>0.03, "P<0.05, °P<0.01. MVs,
microvesicles; MM, multiple myeloma; MM MVs, MVs derived from MM cells; HUVECs, human umbilical vein endothelial cells.Treatment groups: PBS
(HUVEC: treated only with PBS), N-MV (PBS), BI0-MV (10 nM bortezomib), BI00-MV (100 nM bortezomib), LI-MV (1 uM lenalidomide), and L10-MV

(10 uM lenalidomide).

pathogenesis. MM-derived MVs are acknowledged for their
role in the cell-cell communication between MM cells and
the bone marrow microenvironment, and several drugs that
are effective in the treatment of multiple myeloma, including
bortezomib, thalidomide, and lenalidomide, have been found
to block NF-kB activation (18-20).

MVs are released from different cell types under both
normal and stressed conditions. Their biological activity
depends on the origin of the cells, the content they carry and
the environmental conditions of their release, which may
have beneficial or harmful effects. The microenvironment
can regulate their release and the amount and quality of
their cargo. Herein, we studied various differences in MV
populations, content and angiogenic impact under different
conditions of normal culture and drug treatment (bortezomib
or lenalidomide). In this study, the number of MM MVs was
substantially increased in a dose-dependent manner when MM
cells were treated with bortezomib compared to the number of
MVs in untreated control cells. In contrast, exposing cells to

lenalidomide did not significantly change the number of M'Vs.
We speculate that these phenomena may be due to differences
between cytotoxic drugs, which induce tumor cell apoptosis
and anti-angiogenic agents, which inhibit endothelial cells
instead of tumor cells and do not cause apoptosis. This is
consistent with previous reports (21,22). The number of tumor-
derived microparticles (TMPs) was significantly increased in
breast carcinoma cells exposed to paclitaxel chemotherapy
compared to the number in untreated tumor cells (21), but
treatment with anti-VEGF-A neutralizing antibodies, which
is a cytostatic drug, did not lead to a significant change in the
number of TMPs (22).

We were surprised to find that MVs from cells exposed
to bortezomib and lenalidomide both exhibited reduced
angiogenic potential compared to MVs from control cells,
as evidenced by the reduced migration, invasion and tubulo-
genesis of HUVECs exposed to DMVs. EVs have increased
levels of angiogenic cytokines, such as VEGF (29,30) and
IL-6 (31), which play a crucial role in MM pathogenesis and
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tumor progression. In our study, the M'Vs derived from normal
cultured MM cells contained high levels of VEGF, IL-6 and
bFGF. However, we demonstrated that the expression levels
of these pro-angiogenic factors were decreased in MVs from
bortezomib- and lenalidomide-treated cells, thus we specu-
late that these drugs alter the angiogenic activity of MVs by
reducing their content of angiogenic factors.

We also demonstrated that after co-culture with MVs from
bortezomib- or lenalidomide-treated MM cells, endothelial
cells had reduced expression levels of VEGF, IL-6 and VEGF.
A previous study demonstrated that MM MVs exposed to bort-
ezomib had lower expression levels of angiogenic factors, which
limited the proliferation and migration of these endothelial
cells (23). Similarly, another study showed that the expression
level of VEGF-A was decreased in TMPs from breast carcinoma
cells exposed to anti-VEGF-A antibody and thereby reduced the
angiogenic potential (22). However, the impact of anti-angiogenic
therapy with lenalidomide has not been elucidated; moreover,
the effects of bortezomib- or lenalidomide-exposed MVs on
the NF-kB activity of endothelial cells have not been reported.
Here, we showed that the expression levels of angiogenic factors
were reduced in MVs from myeloma cells exposed to either
bortezomib or lenalidomide. Furthermore, both bortezomib-
MV- and lenalidomide-M V-treated endothelial cells had reduced
expression levels of VEGF, IL-6 and bFGF compared with those
of the N-MV-treated group. Consequently, these M Vs exhibited
areduced angiogenic ability, as evaluated by migration, invasion
and tubulogenesis assays. Furthermore, NF-kB was activated
in endothelial cells co-cultured with MVs from untreated cells,
while NF-«B activity was reduced in endothelial cells incubated
with M Vs from bortezomib- and lenalidomide-exposed cells.

EVs can modulate angiogenesis by stimulating or inhib-
iting it, highly depending on the content of EV and the
expression of surface molecules, which are highly regulated
by the stimulation of EV production (7). Many mechanisms
are involved in the modulation of angiogenesis by EVs. For
example, transfer of proteins such as VEGF (11,32), bFGF (32)
and regulation of signaling pathways, such as PI3K (10),
ERK1/2 (12,32), Wnt4/B-catenin (33), and NF-xB (13,34). We
speculate that drug-treated M'Vs can inhibit angiogenesis by
the following mechanisms. i) Microvesicles contain VEGF,
IL-6 and bFGF mRNA, and they can release these contents
after internalization by endothelial cells. Drug-exposed M'Vs
had decreased mRNA expression levels of VEGF, IL-6 and
bFGF, leading to a reduced expression of VEGF, IL-6 and
bFGF mRNA in endothelial cells and a decreased secretion
of these pro-angiogenic factors. ii) Microvesicles act as exog-
enous substances that can be internalized by endothelial cells
and activate NF-«kB, resulting in increased VEGF, IL-6 and
bFGF mRNA expression and protein secretion in endothelial
cells. Microvesicles exposed to drugs can inhibit NF-xB after
fusion with endothelial cells and thereby lead to decreased
expression levels of angiogenic factors. However, It remains
unclear how the drug-treated MVs inhibit NF-xB activation
and to what extent the inhibition of angiogenesis by drug-
treated M'Vs can be attributed to NF-xB inhibition. Overall,
our data suggest that there are additional mechanisms worthy
of further investigation.
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