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ABSTRACT

Tumor-associated macrophages (TAMs) mostly exhibit
M2-like (alternatively activated) properties and play posi-
tive roles in angiogenesis and tumorigenesis. Vascular en-
dothelial growth factor (VEGF) is a key angiogenic factor.
During tumor development, TAMs secrete VEGF and other
factors to promote angiogenesis; thus, anti-treatment
against TAMs and VEGF can repress cancer development,
which has been demonstrated in clinical trials and on an
experimental level. In the present work, we show that miR-
150 is an oncomir because of its promotional effect on
VEGF. MiR-150 targets TAMs to up-regulate their secre-
tion of VEGF in vitro. With the utilization of cell-derived
vesicles, named microvesicles (MVs), we transferred an-
tisense RNA targeted to miR-150 into mice and found that
the neutralization of miR-150 down-regulates miR-150 and
VEGF levels in vivo and attenuates angiogenesis. There-
fore, we proposed the therapeutic potential of neutralizing
miR-150 to treat cancer and demonstrated a novel, natu-
ral, microvesicle-based method for the transfer of nucleic
acids.

KEYWORDS microvesicle, miR-150, tumorigenesis, VEGF,
neutralization, attenuation

INTRODUCTION

Tumors have a complex cellular ecology. Previous studies
have shown that tumors consist not only of malignant cells but
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also of various stromal cell types (Lewis et al., 1995; Hanahan
and Coussens, 2012). The stromal cells in cancer can be divid-
ed into three subtypes: angiogenic vascular cells (AVCS), infil-
trating immune cells (lICs), and cancer-associated fibroblastic
cells (CAFs) (Hanahan and Coussens, 2012). Tumor growth
is clearly dependent on angiogenesis, as tumors need to es-
tablish a blood vessel network to access oxygen and nutrients
(Millan Nunez-Cortes, 1991; Cristofanilli et al., 2002; Folkman,
2007). The contributions of stromal cells include resisting cell
death, avoiding immune destruction, activating invasion, induc-
ing angiogenesis, and sustaining proliferative signaling (Hana-
han and Coussens, 2012).

The macrophages found in tumors are usually termed
tumor-associated macrophages (TAMs) (Lewis and Pollard,
2006). The general understanding is that macrophages are
subdivided into M1 (classically activated) and M2 (alternatively
activated) phenotypes (Murdoch et al., 2008). M1 macrophag-
es show a pro-inflammatory character, while M2 macrophages
exhibit an immunosuppressive phenotype. TAMs often express
many genes similar to those found in macrophages with the
M2 phenotype and are thought to be M2-like macrophages
(Murdoch et al., 2008). A number of studies have shown that
TAMs influence tumor angiogenesis (Qian and Pollard, 2010;
Fukuda et al., 2012). In human tumors, TAMs accumulate in
poorly vascularized, necrotic areas and are also found sur-
rounding blood vessels (Ferrara, 2010). A large number of
publications have indicated that high numbers of TAMs are a
poor prognostic indicator in cancer (Bingle et al., 2002). Lin
and colleagues showed that decreasing macrophage infiltra-
tion in tumors resulted in the inhibition of tumor angiogenesis
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and delayed tumor development (Lin and Pollard, 2007). Fur-
ther studies have found that TAMs express a broad range of
pro-angiogenic factors that positively regulate angiogenesis,
including vascular endothelial growth factor (VEGF) (Bolat et
al., 2006), basic fibroblast growth factors (bFGF) (Bolat et al.,
2006), tumor necrosis factor (TNF-a), and transforming growth
factor-B (TGF-B) (Luo et al., 2006). These TAM-secreted fac-
tors explain the role of TAMs in tumor development. Because
of their pivotal role in tumor growth, TAMs and their factors
have been considered to be anticancer therapeutic targets.
The blockade of colony stimulating factor-1 (CSF-1) signal-
ing resulted in macrophage depletion in mammary tumors,
reduced vascular density and improved responses to chemo-
therapy (Lin et al., 2001). Histidine-rich glycoprotein (HRG) can
induce the reprogramming of TAMs, which has been shown to
normalize vascular formations, resulting in a decrease in tortur-
ous vasculature, better pericyte coverage, less erratic blood flow,
and improved responses to chemotherapy (Rolny et al., 2011).
VEGEF is an angiogenic factor that can bind to receptors to
induce endothelial cell migration and form new blood vessels
(Ferrara et al., 2003). TAM-derived VEGF acts significantly on
angiogenesis and tumor development, whereas down-regulat-
ing VEGF levels induces antitumorigenesis (Bolat et al., 2006).
The deletion of the VEGF gene in macrophages decreases
tumor angiogenesis (Stockmann et al., 2008). Anti-bodies
against VEGF exert a large inhibitory effect on tumor growth
(Kim et al., 1993). Cancer patients can currently receive anti-
VEGEF treatment, which results in a greater anti-tumor effect.
miRNAs are a class of small, non-coding RNAs that regu-
late gene expression at the post-transcriptional level (Bartel,
2004). Previous studies have demonstrated that miRNAs are
relevant to cancers (Esquela-Kerscher and Slack, 2006), and
anti-miRNA treatments have demonstrated anti-tumor effects
on an experimental level (Kota et al., 2009). Previous study
has found that miRNAs can be packaged into microvesicles
(MVs), which are membranous vesicles that are secreted from
most cell types, and transferred to neighboring or distant cells,
where these miRNAs can regulate the functions of the recipient
cells (Zhang et al., 2010). MVs have been utilized to transfer
therapeutic RNAI to treat diseases (Alvarez-Erviti et al., 2011).
In our present study, we demonstrated that miR-150 serves as
an oncomir by regulating the VEGF secretion of TAMs. Then,
MVs were utilized as the means for delivering antisense RNA
targeted to miR-150 into mice to treat tumors and decrease
tumor development by influencing the level of VEGFs secreted
by TAMs. Our present study proposed a new anti-tumor mole-
cule and a new method for the transfer of antineoplastic drugs.

RESULTS

Microvesicle-delivered miR-150 promotes tumor
development in vivo

MiR-150 is an immune-related miRNA that is up-regulated in
the plasma with the occurrence of several types of cancers
(Fig. 1A). Thus, we hypothesized that miR-150 plays a role in
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Figure 1. Microvesicle-delivered miR-150 promotes tumor
development in vivo. (A) gqRT-PCR analysis of the miR-150
levels in plasma from normal controls and patients with breast
cancer, hepatocellular carcinoma, non-small cell lung cancer,
colon cancer or ovarian cancer (n = 4). (B) gRT-PCR analysis of
the miR-150 levels in MVs derived from 293T cells, 293T cells
transfected with miRNA mimic negative control and 293T cells
transfected with miR-150 mimic (n = 4). *, P < 0.05; **, P < 0.01.

tumorigenesis. To verify our hypothesis, we conducted the fol-
lowing experiments. We delivered miR-150 into mice using mi-
crovesicles to assess the effect of miR-150 on tumorigenesis.
The human embryo kidney cell line 293T and its MVs contain
a very low level of miR-150 (Zhang et al., 2010); thus, 293T
MVs were chosen to serve as the carrier for miR-150. MiR-150
was over-expressed in the 293T cell line by transfecting mimic-
miR-150 RNA; non-sense RNAs were also transfected into
293T cells to serve as the negative control. After transfection,
MVs from 293T cells transfected with mimic-miR-150 RNA
contained much higher levels of miR-150 compared with MVs
from 293T cells transfected with ncRNA (Fig. 1B). Mice were
subcutaneously implanted with sarcoma cells (S-180) to create
a tumor model, and 293T MVs with or without miR-150 were
intravenously injected into the tumor mice models as described
in Fig. 2A. The results showed that the injection of 293T MVs
containing miR-150 increased the plasma miR-150 levels (Fig. 2B).
Tumor weight also dramatically increased after treatment with
miR-150 (293T MV/miR-150) when compared with the saline
group and the 293T/ncRNA group (Fig. 2C and 2D), suggest-
ing that 293T MV-delivered exogenous miR-150 promotes
tumor development in vivo.

VEGEF is a very crucial factor in the process of tumor de-
velopment. Tumors secrete VEGF to induce endothelial cell
migration and the formation of new blood vessels. Serum
VEGF levels were also assessed after the injection of miR-
150. The ELISA results showed that VEGF levels increased in
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Figure 2. Microvesicle-delivered miR-150 promotes tumor development in vivo. (A) Flow chart depicting the experimental design.
The C57BL/6J mice were first implanted with S-180 sarcoma cells and injected via the tail vein with saline (control), normal or modified
293T MVs (named 293T MV/miR-150) once every two days. The modified 293T MVs were harvested by transfecting the cells with the
miR-150 mimic. Seven days later, the tumor tissues were analyzed and tumor sizes were measured. (B) gRT-PCR analysis of the plasma
miR-150 levels in tumor-implanted mice that were injected with saline (control), normal 293T MVs or 293T MV/miR-150 (n = 8). (C) Mor-
phology of the tumor tissues excised from tumor-implanted mice that were injected with saline (control), normal 293T MVs or 293T MV/
miR-150. (D) Weight of the tumor tissues excised from tumor-implanted mice that were injected with saline (control), normal 293T MVs or
293T MV/miR-150. (E) ELISA analysis of the plasma VEGF levels in tumor-implanted mice that were injected with saline (control), normal
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293T MVs or 293T MV/miR-150 (n = 8). *, P < 0.05; **, P < 0.01.

the plasma following the injection of miR-150 (Fig. 2E). Taken
together, these results demonstrate that miR-150 promoted
tumor development and suggest that the promotion of tumor
development may be mediated by VEGF.

MiR-150 targets TAMs and promotes VEGF secretion by
TAMs

To further assess whether miR-150 has a positive effect on
VEGF secretion, we performed an in vitro assay. Considering
that most TAMs are thought to be M2-like and that TAMs are
the major origin of VEGF during tumor development, we hy-
pothesized that miR-150 may target TAMs and consequently
alter the levels of VEGF secreted. To validate our hypothesis,
the effect of miR-150 on TAMs was assessed. TAMs were iso-
lated from mice sarcoma tissue. To verify whether TAMs from
the sarcoma were M2-like macrophages, bone marrow cells
were isolated from the femur and were polarized into M1 and
M2 macrophages, which were used as the reference cells for
TAMs. Markers that can efficiently distinguish between M1 and
M2 macrophages were tested. As we expected, the expression
of these markers in TAMs was similar to M2 macrophages and
differed from those observed in M1 macrophages, suggesting
that the sarcoma-derived TAMs were M2-like macrophages
(Fig. 3A). MiR-150 is abundantly expressed in MVs derived
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from THP-1 human monocyte cells following AGE treatment
(Fig. S1A). Thus, to examine the effect of miR-150 on TAMs,
AGE-treated THP-1 MVs that were rich in miR-150 were in-
cubated with TAMs for 8 h, after which the medium was col-
lected for use in an ELISA assay. The ELISA results showed
that THP-1 MVs (AGE) dramatically enhanced VEGF secre-
tion from TAMs (Fig. 3B). Although miR-150 is abundantly
expressed in THP-1 MVs, other contents in the MVs may be
responsible for the promotion of VEGF secretion. To solve this
problem and confirm the role of miR-150, the following experi-
ment was conducted. We knocked down miR-150 in THP-1
MVs by transfecting THP-1 cells with antisense oligonucleo-
tides against miR-150 (anti-miR-150); ncRNAs were also trans-
fected into THP-1 cells as a negative control. The transfected
THP-1 cells were treated with AGE before medium collection.
The results showed that miR-150 expression was reduced in
the modified THP-1 MVs (Fig. S1B). TAMs were incubated
with these miR-150-deficient MVs. After an 8 h incubation, the
results revealed that the miR-150-deficient MVs (THP-1 MV/
miR-150%") lost the ability to enhance VEGF secretion when
compared to THP-1 MVs loaded with ncRNAs (THP-1 MV/
anti-ncRNA), suggesting that the promotion of VEGF secretion
was mediated by miR-150 but not by other contents in the MVs
(Fig. 3C). Taken together, these results indicated that miR-150
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Figure 3. MiR-150 targets TAMs and promotes VEGF secretion by TAMs. (A) gRT-PCR analysis of the relative gene expression lev-
els of TNF-a, NOS1, Arg2, and Msr2 of M1 macrophages or TAMs. (B) ELISA analysis of the VEGF levels in the medium of TAMs treated
with saline (control) or THP-1 MV (AGE treated). (C) ELISA analysis of the VEGF levels in the medium of TAMs treated with normal THP-1
MV or miR-150 deficient MV (THP-1 MV/miR-150%). *, P < 0.05; **, P < 0.01.

increased the VEGF secretion of TAMs, resulting in a positive
effect on tumor development.

Microvesicle-delivered miR-150 inhibitor abolishes
tumorigenesis and is proposed to be a potential
therapeutic molecule against tumors

Because high levels of miR-150 promote tumor development,
neutralizing miR-150 could potentially attenuate tumorigen-
esis. Taking advantage of the low level of miR-150 in 293T
cells and 293T MVs, 293T MVs could be used as a carrier to
transfer antisense RNA against miR-150 (anti-miR-150) into
tumor models. We transfected 293T cells with antisense miR-
150 RNA to load the MVs with the miR-150 inhibitor (293T
MV/anti-miR-150). Mice were subcutaneously implanted with
S-180 sarcoma cells to create a tumor model, and we treated
this model with 293T MVs loaded with the miR-150 inhibitor
or ncRNA, as depicted in Fig. 4A. The plasma miR-150 levels
in mice treated with anti-miR-150 (293T MV/anti-miR-150)
decreased significantly compared with those from the ncRNA
group and the control group (Fig. 4B), indicating that the miR-
150 inhibitor effectively decreased the plasma miR-150 levels
of the tumor models. The VEGF levels in the plasma and tu-
mor tissue also decreased when mice were treated with miR-
150 antisense RNA (Fig. 4C). Subsequently, the tumor weights
from the 293T MV/anti-miR-150 group dramatically decreased
(Fig. 4D and 4E), suggesting that tumor development was
strongly restrained. Consistent with the previous result, the
protein levels of VEGF in xenograft decreased dramatically
with the treatment of miR-150 antisense RNA (Fig. 4F). The re-
sults of the HE staining of paraffin sections showed that tumors
treated with the miR-150 inhibitor presented large areas of ne-
crosis because of fewer palingenetic blood vessels (Fig. 4G), fur-
ther suggesting that angiogenesis and tumor development had
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been inhibited by the miR-150 inhibitor injection. The results of
the immunohistochemical staining of paraffin sections revealed
that the expression levels of the endothelial cell marker CD31
were dramatically reduced after miR-150 inhibitor treatment
(Fig. 4H), suggesting that the migration of endothelial cells into
the tumor was inhibited and that angiogenesis was inhibited in
the tumor. Taken together, these results demonstrated that the
down-regulation of miR-150 in a tumor model efficiently inhib-
ited VEGF secretion and consequently restrained tumor devel-
opment, suggesting that miR-150 could be a potential thera-
peutic target in cancers and that MV-delivered anti-miR-150
could be a novel strategy to treat cancers.

Microvesicle-delivered miR-150 inhibitor prevents
tumorigenesis

We also found that the inhibitor of miR-150 played a long-term
function in regulating tumorigenesis in vivo. The experiment
was conducted as depicted in Fig. 5A. The MVs containing the
inhibitor of miR-150 were injected into mice via the tail vein pri-
or to the mice being implanted with sarcoma cells. After 7 days,
the plasma miR-150 and VEGF levels decreased dramatically
in mice receiving miR-150 inhibitor treatment (293T MV/anti-
miR-150) compared with mice treated with saline or ncRNA
(293T MV/anti-ncRNA) (Fig. 5B and 5C). The tumor weights
from the anti-miR-150 injection group (293T MV/anti-miR-150)
were lower than those from mice that were injected with 293T
MV/ncRNA or saline (Fig. 5D and 5E). The result of the HE
staining of paraffin sections showed a decrease in angiogene-
sis in tumors from mice treated with the miR-150 inhibitor (293T
MV/anti-miR-150) compared with those from the other two
groups (Fig. 5F). The immunohistochemical staining of paraffin
sections showed that CD31 expression was reduced in tumors
from mice treated with the inhibitor of miR-150 (293T MV/anti-
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Figure 4. Microvesicle-delivered miR-150 inhibitor abolishes tumorigenesis and is proposed to be a potential therapeutic mol-
ecule for tumor treatment. (A) Flow chart depicting the experimental design. The C57BL/6J mice were first implanted with S-180 sarco-
ma cells. After 6 days, the mice were injected via the tail vein with saline (control) or with “modified” 293T MVs (named 293T MV/ncRNA
or 293T MV/anti-miR-150) once every two days. The “modified” 293T MVs were harvested by transfecting the cells with negative control
RNA or anti-miR-150. Nine days later, the tumor tissues were analyzed and tumor sizes were measured. (B) qRT-PCR analysis of the
plasma miR-150 levels in tumor-implanted mice that were injected with saline (control), 293T MV/ncRNA or 293T MV/anti-miR-150 (n = 8).
(C) ELISA analysis of the plasma VEGF levels in tumor-implanted mice that were injected with saline (control), 293T MV/ncRNA or 293T
MV/anti-miR-150 (n = 8). (D) Morphology of the tumor tissues excised from tumor-implanted mice that were injected with saline (control),
293T MV/ncRNA or 293T MV/anti-miR-150. (E) Weight of the tumor tissues excised from tumor-implanted mice that were injected with
saline (control), 293T MV/ncRNA or 293T MV/anti-miR-150. (F) Representative image of Western blot analysis of xenograft VEGF from
mice that were untreated or treated with 293T MV/ncRNA or 293T MV/anti-miR-150 (n = 8). (G) Left panel: H&E stained sections from the
tumor tissues shown in panel C, with arrows pointing to the luminal structures containing red blood cells. Right panel: Quantitative analy-
sis of the numbers of newly formed vessels in tumor sections (n = 8). (H) Left panel: Immunohistochemistry of the paraffin-embedded

tumor tissues shown in Fig. 4C using a CD31 antibody. Right panel: Quantitative analysis of the intensity of CD31 in tumor sections (n = 8).
*, P<0.05;**, P<0.01.
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Figure 5. Microvesicle-delivered miR-150 inhibitor prevents tumorigenesis. (A) Flow chart depicting the experimental design. The
C57BL/6J mice were first injected via the tail vein with saline (control) or “modified” 293T MVs (named 293T MV/ncRNA or 293T MV/
anti-miR-150) once every two days. The “modified” 293T MVs were harvested by transfecting the cells with negative control RNA or anti-
miR-150. After 8 days, the mice were implanted with S-180 sarcoma cells. Seven days later, the tumor tissues were analyzed and tumor
sizes were measured. (B) qRT-PCR analysis of the plasma miR-150 levels in tumor-implanted mice that were injected with saline (control),
293T MV/ncRNA or 293T MV/anti-miR-150 (n = 8). (C) ELISA analysis of the plasma VEGF levels in tumor-implanted mice that were
injected with saline (control), 293T MV/ncRNA or 293T MV/anti-miR-150 (n = 8). (D) Morphology of the tumor tissues excised from tumor-
implanted mice that were injected with saline (control), 293T MV/ncRNA or 293T MV/anti-miR-150. (E) Weight of the tumor tissues ex-
cised from tumor-implanted mice that were injected with saline (control), 293T MV/ncRNA or 293T MV/anti-miR-150. (F) Left panel: H&E
stained sections from the tumor tissues shown in panel C, with arrows pointing to the luminal structures containing red blood cells. Right
panel: Quantitative analysis of the numbers of newly formed vessels in tumor sections (n = 8). (G) Left panel: Immunohistochemistry of
the paraffin-embedded tumor tissues shown in Fig. 5C using a CD31 antibody. Right panel: Quantitative analysis of the intensity of CD31
in tumor sections (n = 8). *, P <0.05; **, P < 0.01.
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miR-150), suggesting that MV-delivered anti-miR-150 inhibited
endothelial cell migration and angiogenesis in the tumors
(Fig. 5G). Taken together, these results demonstrated that the
preemptive neutralization of miR-150 may alter the microen-
vironment of tumors and prevent subsequent tumorigenesis.
The inhibitor of miR-150, protected by MVs, may survive and
contribute to the regulation of tumor development over a long-
term period.

DISCUSSION

During tumor development, tumor cells secrete chemoattract-
ants to ensure the ongoing recruitment of monocytes into tu-
mors, including some types of growth factors, such as VEGF,
placenta growth factor (PIGF), and CSF-1 (Coffelt et al., 2009).
TAMs exhibit several characteristics of M2-polarized mac-
rophages and promote tumor development by promoting angi-
ogenesis and lymphangiogenesis, sustaining proliferative sign-
aling and resisting cell death (Fukuda et al., 2012). Our present
study focused on the role of TAMs in the regulation of angio-
genesis, largely via their production of VEGF. MiRNAs are a
class of classic molecule that regulates tumor development.
The term oncomir is specifically used to reference miRNAs that
have critical functions in tumor development (Goga and Benz,
2007). MiR-150 is an immune-related miRNA, and, for the first
time, the present study has found that miR-150 promotes tum-
origenesis (Fig. 2C). MiR-150 also promotes increased levels
of VEGEF in plasma (Fig. 2E). Considering the large role VEGF
plays in the induction of angiogenesis and tumor development,
the significant promotion of tumor growth by miR-150 may
be mediated by increased VEGF levels. TAMs are a major
source of VEGF, which binds to receptors on endothelial cells
to promote migration and budding (Bolat et al., 2006). Thus,
we proposed the hypothesis that TAMs may be the target cell
of miR-150 during tumor development. In the present study,
our results showed that exogenous miR-150 can increase the
VEGF secretion by TAMs in vitro, revealing that miR-150 acts
as a promotion factor in tumor development by regulating the
VEGF secretion of TAMs (Fig. 3B and 3C). VEGF is not the
direct target of miR-150, and miR-150 may target other up-
stream proteins involved in VEGF regulation. We predicted the
target genes of miR-150 using Targetscan (http://www.targets-
can.org/) and found that the inhibitor of growth family member 4
(ING4) is a very perfect target. It is well known that ING4 is a
tumor suppressor for it intervenes the activity of hypoxia induc-
ible factor (HIF) which has an important positive role in angio-
genesis and tumorigenesis. HIF promote tumor angiogenesis
by inducing VEGF and other factors (Ozer et al., 2005; Colla
et al., 2007). Thus, the up-regulation of VEGF by miR-150
may be mediated by ING4 (Brahimi-Horn and Pouyssegur,
2006). Another predicted target of miR-150 by miRnada (http:/
www.microma.org/) is OS9, which is an essential component
of a multiprotein complex that regulates HIF1A levels in an
oxygen-dependent manner (Baek et al., 2005). It is reported
that knockdown of OS9 by RNA interference increased HIF1A
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protein levels, HIF1A transcriptional activity, and VEGF mRNA
levels under nonhypoxic conditions (Baek et al., 2005). We
also found that THP-1-derived MVs contained VEGF, which
raised the issue of whether the VEGF in the MVs or miR-150
was responsible for the increased levels of VEGF. Through
calculation, we found that the proportion of VEGF contained
in the MVs was only 1.5% of the increased VEGF in medium,
and the other 98.5% of increased VEGF was contributed by
the effects of exogenous miR-150 (Fig. S1C).

Great progress has been made in developing therapeutic
strategies that target TAMs and VEGF to treat cancer (Kim
et al., 1993). Several studies have revealed that TAMs are a
very critical cell group in tumor tissue and that TAMs contribute
greatly to tumorigenesis and the protection of tumors from ther-
apy (McDonnell et al., 2003). VEGF inhibition represses tumor
angiogenesis, and this result has led to the clinical utilization
of VEGF inhibitors to treat cancer (Warren et al., 1995; Presta
et al., 1997). In our present study, we used a microvesicle-
delivered antagonucleotide against miR-150 to treat tumors.
After the injection, VEGF levels decreased because of the
down-regulation of miR-150 (Fig. 4C), and tumor growth was
abolished by anti-miR-150 treatment (Fig. 4D). Through the
angiogenic morphogenesis results, we found that angiogen-
esis was attenuated after antisense injection (Fig. 4F and 4G).
Thus, we concluded that the miR-150 antisense caused the
anesis of tumor development by down-regulating VEGF. This
method provides a new, potential target to treat cancer, and
the function of miRNAs in cancer development should not be
ignored.

Microvesicles, a class of membrane vesicles with a diam-
eter of 30—1000 nm, contain shedding vesicle and exosome
(Chen et al., 2012). They are secreted by most cell types in vitro
(Valadi et al., 2007). MVs have been utilized for the delivery of
therapeutic RNAI and are considered to be a more effective,
advantageous method than other options. Compared with the
delivery strategies of viruses, lipid nanoparticles and polymeric
nanoparticles, MVs present some major advantages. MVs are
a natural carrier and are not subject to attack by antibodies,
complements or opsonins in circulation. Other methods are
prone to be cleared or trigger unwanted immune responses
(van den Boorn et al., 2011). In our present study, MVs deliv-
ered the antagonucleotide for miR-150 into tumors efficiently
and repressed tumor development, further suggesting that
MVs are the perfect carrier for transferring therapeutic small
RNA. Furthermore, we found that the function of the injected
antisense continued for quite a long time. Seven days after the
injection, miR-150 was maintained at a low level in the plasma,
and VEGF levels and tumor development were also repressed
(Fig. 5B-D), demonstrating that the antisense was still func-
tional in vivo. In this process, MVs may act as a protector for
the inner antisense and allow the antisense to exist and act for
along time.

An increasing body of research has revealed the critical role
of miRNAs in the process of tumor development and demon-
strated that miRNAs can serve as therapeutic targets. Our pre-
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sent study found that anti-miRNA treatment efficiently triggered
the attenuation of tumor growth and suggests that MVs may
be a potential carrier for the delivery of small nucleic acids. The
utilization of MV-delivered small RNA may be a prospective
therapeutic strategy.

MATERIALS AND METHODS
Cell lines

The human embryonic kidney 293T cell line and the human acute
monocytic leukemia cell line THP-1 were purchased from the Shang-
hai Institute of Cell Biology, Chinese Academy of Sciences (Shanghai,
China). The 293T cells were cultured in high-glucose DMEM medium,
supplemented with 10% fetal bovine serum (FBS) (Gibco, CA, USA).
The THP-1 cells were cultured in standard RPMI 1640 medium, sup-
plemented with 10% FBS (Gibco).

Animals, tumor model generation, and primary cell isolation

C57BL/6J (male, 8-week-old) mice were purchased from the Model
Animal Research Center (MARC) of Nanjing University (Nanjing,
China) and were maintained in pathogen-free conditions. The animals
received humane care according to the guidelines prepared by the Na-
tional Institutes of Health’s Guide for the Care and Use of Laboratory
Animals and approved by the Institutional Review Board of Nanjing
University, Nanjing, China.

To generate the xenograft tumor models, S-180 mouse sarcoma
cells (10° cells per mouse) were subcutaneously injected into the left
armpits of the animals. The tumor sizes were measured using a caliper
and the tumor weights were determined after the tumors were sepa-
rated from the animals.

Bone marrows were isolated from 8-week-old mice by flushing their
femurs. The cells were suspended and maintained in RPMI 1640 me-
dia, supplemented with 10% FBS (Gibco) and 800 pg/mL mice M-CSF.
Bone marrow cells were differentiated into non-polarized macrophages
(MO) after 7 days. MO cells were treated with 1 pg/mL LPS and 20 ng/mL
IFN-y to polarize them into classically activated macrophages (M1), or
treated with 20 ng/mL IL-4 to polarize them into alternatively activated
macrophages (M2).

Primary tumor-associated macrophage cells were isolated from the
S-180 mouse sarcomas. Briefly, solid tumors were shredded and dis-
aggregated by exposure to 0.3% collagenase IV (Invitrogen, CA, USA)
for 40 min at 37°C; 10° cells/mL were seeded in 60-mm dishes (Comn-
ing, Tewksbury, MA). After 12 h of incubation, non-adherent cells were
washed away, and adherent cells were maintained.

MV isolation

MVs were isolated from cell culture medium by differential centrifuga-
tion, according to previous publications (Valadi et al., 2007; Skog et al.,
2008). After removing cells and other debris by centrifugation at 300 g
and 3000 g, the supernatant was centrifuged at 110,000 g for 70 min (all
steps were performed at 4°C). MVs were collected from the pellet and
resuspended in PBS.

Cell transfection with scrambled negative control RNA,
mimic-miR-150 RNA, and anti-miR-150 RNA

Synthetic RNA molecules, including mimic-miR-150, anti-miR-150,
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and scrambled negative control oligonucleotides (mimic-ncRNA or
anti-ncRNA), were purchased from Ambion (Austin, TX). THP-1 cells
and 293T cells were seeded in 75 cm? flasks (Corning) and were
transfected the following day using Lipofectamine 2000 (Invitrogen),
according to the manufacturer’s instructions. To over-express miR-150
in 293T cells, 750 pmol of mimic-miR-150 RNA or scrambled nega-
tive control RNA was used. To knockdown miR-150, 750 pmol of anti-
miR-150 RNA or scrambled negative control anti-miRNA (anti-ncRNA)
was used. Cells and media were harvested 48 h after transfection.

RNA isolation and quantitative RT-PCR

The total RNA of cells was extracted using TRIzol Reagent (Invit-
rogen), according to the manufacturer’s recommended protocols.
Quantitative RT-PCR of mature miRNA was performed on an ABI
7900 (Applied Biosystems; Foster City, CA) instrument using the
Tagman miRNA probes (Applied Biosystems). Gene Quantitative RT-
PCR was performed on an ABI 7900 machine, and the primers used
were purchased from Invitrogen. The primers used for macrophage
marker genes were as follows: TNF-a: 5~ACGGCATGGATCTCAAA-
GAC-3' (forward primer) and 5-AGATAGCAAATCGGCTGACG-3'
(reverse primer); Nos2: 5-CCAAGCCCTCACCTACTTCC-3' (forward
primer) and 5-CTCTGAGGGCTGACACA-3' (reverse primer); Arg1:
5-CTCCAAGCCAAAGTCCTTAGAG-3' (forward primer) and 5-AG-
GAGCTGTCATTAGGGACATC-3' (reverse primer); and Msr2: 5-AAA-
GAAAGCCCGAGTCCC-3' (forward primer) and 5-TGCCCAAGGA-
GATAGCAAGA-3' (reverse primer).

ELISA assay

The VEGF levels in cell supernatants were measured using specific
enzyme-linked immunosorbent assays. Briefly, 2 mL cell-free super-
natant (each sample) from TAMs was harvested from 10° cells after
8-hour incubations, and VEGF levels were determined using an ELISA
kit (Invitrogen), following the manufacturer’s instructions. Data were
representative of 3 independent experiments.

Western blotting

The levels of VEGF protein in xenograft were quantified by Western
blot analysis using antibodies against VEGF (147, Santa Cruz). Nor-
malization was conducted by blotting the same samples with an anti-
body against GAPDH (6C5, Santa Cruz).

Hematoxylin and eosin staining

The tumors were fixed in 4% paraformaldehyde, embedded in paraffin,
sectioned, and then stained with hematoxylin and eosin. To perform a
quantitative analysis, the numbers of erythrocyte-filled blood vessels
(capillary density) were counted in 5 independent fields from three sections.

Immunohistochemistry

The tumors were fixed in 4% paraformaldehyde, embedded in paraffin,
sectioned, and then stained with DBE-conjugated anti-CD31 antibod-
ies (Abcam, MA, USA). Quantitative analysis was conducted by quan-
tifying the fluorescence intensity from five sections.

Statistical analysis

Statistical analysis was performed using a T-test. Data are presented
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as the means + SEM of at least three independent experiments. Differ-
ences were considered statistically significant at P < 0.05.
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