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The targeting of endoglin on vascular endothelial cells affects
the infiltration of M2 macrophages into the breast cancer
microenvironment by modulating the interleukin-6 (IL-6) level
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Background: The effect and underlying mechanisms of endoglin on angiogenesis and immunity during
tumour progression were investigated.

Methods: Differences in the growth of established EO771 breast tumours between endoglin-knockout
(Eng-iKO°) and control mice were evaluated. The tumour tissues were harvested on the day 7th and
14th after engraftment, at which times the growth differences between the groups were significant. The
expression of markers of angiogenesis (CD31), endoglin (CD105), tumour associated macrophages (TAMs)
(F4/80) and M2 macrophages (CD206) and of interleukin-6 (IL-6), IL-10, and IL-6/Janus kinase 2 (JAK2)/
signal transducer and activators of transcription 3 (STAT3) proteins in tumour tissues of Eng-iKO® and
control mice were evaluated.

Results: We found that tumour angiogenesis and growth were both inhibited in the Eng-iKO* group
relative to the control group on day 7, whereas, no significant between-group difference was observed on
day 14. Moreover, in breast cancer tissues of the Eng-iKO* group, the numbers of M2 macrophages were
significantly decreased on day 7 and increased on day 14, and the expression of IL-6 and IL-10 were lower
on day 7 and higher on day 14. Positively strong correlations were found between the IL-6 level and the
number of M2 macrophages both on days 7 (P=0.017, r=0.80) and 14 (P<0.01, r=0.94). However, there
was just a moderate correlation between IL-10 expression and the number of M2 macrophages on day 14
(P=0.043, r=0.682), not day 7 (P=0.055). Furthermore, the protein levels of IL-6, p-JAK2, and p-STAT3
were significantly lower on day 7, and higher on day 14 in the Eng-iKO® group compared with the control
group, which was in accordance with the changes of M2 macrophage numbers.

Conclusions: The effect of endoglin-targeted anti-angiogenic therapy was weakened by affecting the
infiltration of M2 macrophages in breast cancer through modulation of the IL-6 level. This indicated that
IL-6 could not only predict the efficacy after anti-angiogenic therapies, but also acts as a potential target to

improve efficacy of anti-angiogenic therapies.
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Introduction

Breast cancer is the most common malignancy in women
and the second leading cause of death in the world. The
American Cancer Society estimates that 167,114 cases of
breast cancer were newly diagnosed and 521,907 patients
died of breast cancer in the US in 2012 (1). Most patients
diagnosed early with breast cancer can achieve long-term
survival, and some patients can achieve disease-free survival.
However, advanced breast cancer is very difficult to treat.
Chemotherapy plus anti-angiogenic therapy is an effective
option for advanced breast cancer that improves the disease-
free survival but not the long-term survival of patients (2-4).
Many studies have discovered angiogenesis-related
signalling pathways in tumours and have revealed that the
blockade of a certain signalling pathway might activate other
signalling pathways, and thereby enhance angiogenesis in a
tumour, leading to failure of anti-angiogenic therapies (5,6).
Recent studies have shown that anti-angiogenic therapies
modulate the tumour microenvironment.

The tumour microenvironment refers to the internal
environment for tumour growth, which consists of the
tumour parenchyma and interstitium. The interstitium
includes tumour-associated fibroblasts, the extracellular
matrix, immune cells, tissue fluid, and infiltrating biological
molecules (7). The immune cells in the microenvironment
play an important role in tumour immunity, which affects
the outcome of tumour treatment. Tumour associated
macrophages (TAMs) are macrophages that infiltrate
tumour tissue and are the most abundant immune cells in
the tumour microenvironment (approximately 50%) (8).
Macrophages are highly plastic and include both M1
macrophages, which are activated via conventional
pathways, and M2 macrophages, which are activated via
alternative signalling pathways according to the activation
state and function (9). M1 macrophages kill tumour cells
and inhibit lymphangiogenesis and neovascularization. In
contrast, M2 macrophages are primary tumour-associated
macrophages that synthesize and release various cytokines,
such as vascular endothelial growth factor (VEGF)
and tumour growth factor p (TGF-B), to suppress the
inflammatory response and promote tumour growth and
metastasis (10). Previous studies have shown that anti-
angiogenic agents targeting the VEGF pathway enhance
tumour immunity. Sunitinib and endostatin reduce the
amount of regulatory T cells (Tregs), myeloid-derived
suppressor cells (MDSCs) and B cells (11), promotes the
maturation of dendritic cells, and restores the function of
dendritic cells (12). A Low-dose of DC101 reduces the M2/
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MI ratio (13). However, other studies have shown that anti-
angiogenic therapy may inhibit the immunity of the tumour
microenvironment and thus promote tumour progression.
For example, some studies have shown that sorafenib,
an anti-angiogenic agent, increases the amount of M2
macrophages and Tregs (14). The number of Tregs is also
increased during anti-angiogenic therapies of renal cancer,
and this increase has adverse effects on overall survival and
progression-free survival (15). As anti-angiogenic agents
both promote and inhibit tumour immunity, there was a
controversy over the effects of anti-angiogenic agents on
tumour immunity.

Endoglin is a membrane glycoprotein on the surface of
the TGF-f receptor complex and a membrane antigen on the
surface of endothelial cells that is related to proliferation (16).
In addition, endoglin is closely associated with tumour
development and progression, is highly expressed only
in endothelial cells of new vessels, and is a marker of
tumour angiogenesis. During tumour progression,
endoglin promotes the proliferation and migration of
vascular endothelial cells, which ultimately leads to
neovascularization (17). The targeted blockage of endoglin
reduces angiogenesis and inhibits tumour growth (18).
Matsuno et al. showed that grafted tumours are completely
eliminated in nude mice after treatment with SN6j and
SN6k, which are anti-endoglin monoclonal antibodies (19).
Mizutani er al. showed that an anti-endoglin vaccine inhibits
tumour growth by effectively suppressing angiogenesis (20).
Phase Ib/II clinical trials have shown that chemotherapy
plus TRC105, an anti-angiogenic agent targeting endoglin
on vascular endothelial cells, is superior to chemotherapy
alone in extending the median progression-free survival
but not overall survival of patients with advanced tumours
(3,4,20). However, it is unknown whether anti-angiogenic
therapy targeting endoglin on vascular endothelial cells
affects the treatment outcome by altering the tumour
microenvironment.

In this study, we used a conditional inducible endoglin
knockout mouse model of orthotopic breast cancer to
investigate the effect of endoglin knockout on tumour
growth, macrophage infiltration, phenotype and related
mechanisms with the aim of improving the efficacy of anti-
angiogenic therapy for cancer patients.

Methods
Cell culture

The mouse breast cancer cell line EO771 was derived from
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a spontaneous mammary tumour in C57BL/6 mouse and
widely used in the study of breast cancer research. This cell
line was generously provided by Professor Helen Arthur
(Institute of Genetic Medicine, Newcastle University,
UK). EO771 cell line is reported to be negative expression
of estrogen receptor alpha (ERa), progesterone (PR) and
without human epidermal growth factor receptor 2 (HER2)
amplification (21). The cells were cultured in Dulbecco’s
modified Eagle’s medium (DMEM) (Corning, New Jersey,
USA) containing 10% fetal bovine serum and 1% penicillin-
streptomycin solution at 37 °C in humidified atmosphere
containing 5% CO,.

Mice and tumour establishment

Female Eng-iKO® (Engfl/fl VE-Cre) mice and control
(Engfl/fl) mice, aged eight to twelve weeks, were obtained
from Newcastle University (Newcastle upon Tyne, UK).
The mice was injected intraperitoneally every other day
with 2 mg of tamoxifen for a total of 5 times (T6448-1G,
Sigma), and a conditional endoglin knockout (Eng-iKO®)
group and a control (Engfl/fl) group (n=10 for each group)
were established (22).

EO771 cells (5x10°) were injected orthotopically into
the fourth right mammary fat pad of Eng-iKO°® and control
mice to establish EO771 tumours. Tumour growth was
measured using a calliper every day, and the tumour volume
was calculated using the following formula: volume =

lengthxwidthz/ 2.

Immunofluorescence staining and evaluation

The tumour tissues were harvested on the 7th and 14th
days after inoculation, fixed in 4% PFA at 4 °C for 12 hours,
maintained overnight in 30% sucrose at 4 °C, and embedded
in optimal cutting temperature compound (OCT) (4583,
Sakura) at -80 °C for 2 hours. Then, 8-pm sections were cut
from each specimen for immunofluorescence staining. Prior
to immunofluorescence staining, frozen tumours tissues
sections were removed from the freezer, and defrosted to
room temperature, rinsed with PBS and blocked with 10%
bovine serum albumin (A1933, Sigma) for 1 hour at room
temperature. The sections were then incubated with primary
antibodies against CD31 (550274, BD Pharmingen,1:50),
CDI105 (550546, BD Pharmingen, 1:100), F4/80 (123140,
Biolegend, 1:200), CD206 (Sc-48758, Santa Cruz
Biotechnology, 1:200) overnight at 4 °C, and then with Alexa
Fluor 488-conjugated secondary antibodies (R37116, Alexa

© Translational Cancer Research. All rights reserved.

tcr.amegroups.com

Fluor, 1:200) at room temperature for 1 hour. The sections
were subsequently stained with DAPI (P-36931, Invitrogen)
under dark condition, and visualized under a fluorescence
microscope (Axio Imager M2, Carl Zeiss, Jena, Germany).
To identify “hot spots” of CD31-positive microvessels
or F4/80-positive macrophages, the entire stained sections
were observed under a fluorescence microscope. The
expression of CD31 and CD105 at the same location in
two serial sections were evaluated at high magnification
(x200), and the numbers of F4/80- and CD206-positive
macrophages were then counted, respectively (23,24).

Immunobistochemistry staining and quantitation

Tumour tissues, which were collected using a protocol as
described in immunofluorescence staining, were fixed in
4%paraformaldehyde for 12 hours, fixed in 40%, 70%,
90%, and 100% ethanol for dehydration and embedded
in paraffin wax at 65 °C. For immunohistochemistry
staining, 3-pm sections were cut from each specimen.
The specimens were blocked with 1% bovine serum
albumin (A1933, Sigma) and 5% normal goat serum
(S-1000; Vector Laboratories, Inc.) in PBS supplemented
with 0.04% Tween 20 at room temperature for 1 hour.
The tumour sections were then incubated overnight at
4 °C with primary antibodies specific for interleukin-6 (IL-6)
(WLO02138, Wanlei Bio, 1:100) and IL-10 (WLO01124,
Wanlei Bio, 1:200), and then treated with a 2-step plus
Poly-HRP anti-mouse/rabbit IgG detection system
(PV-9000, ZSGB-BIO). Antibody binding was detected
with 3,3'-diaminobenzidine tetrahydrochloride (DAB kit)
(ZLI1-9019, ZSGB-BIO), according to the manufacturer’s
recommended protocols. After a final wash with distilled
water, the sections were counterstained with Mayer’s
haematoxylin (MHS16, Sigma-Aldrich), dehydrated, cleared
and mounted with neutral balsam (G8590, Solarbio).
After staining, the cells were observed under a light
microscope (qualitative evaluation), and the IL-6 and IL-10
expression levels were evaluated under high magnification
(x200). Image] Pro software (version ImageJ 1.51k,
National Institutes of Health, Bethesda, MD, USA) was
used to determine the cumulative absorbance of positive
staining in each of five, non-overlapping field, and the mean
value was then calculated.

Western blotting

Tumour tissues were harvested on the 7th and 14th days
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Figure 1 Tumour growth curves and the expression of CD31 and CD105 on days 7 and 14 after engraftment of EO771 breast cancer cells

in the Eng-iKO® (Engfl/fl VE-Cre) and control (Engfl/fl) mice. (A) Tumour growth curves for both groups during the first 7 days after

engraftment; (B) tumour growth curves for both groups during the first 14 days after engraftment between groups; (C,D) expression of
CD31 and CD105 in tumour tissue on days 7 and 14 in the Eng-iKO® and the control groups. *, P<0.05.

after inoculation, lysed with ice-cold RIPA Lysis Buffer
(P0O013B, Beyotime) containing 1% PMSF for 30 minutes
on ice and homogenized with a tissue homogenizer. The
lysates were centrifuged at 12,000 rpm and at 4 °C for
20 minutes. The protein concentration of the supernatant
was determined using the BCA Protein Assay (P0009,
Beyotime). Equivalent samples were subjected to SDS-PAGE
on a 12% gel, and the proteins were then transferred to
polyvinylidene difluoride (PVDF) membranes IPVH000 10,
Merck Millipore). The membranes were incubated
overnight at 4 °C with primary antibodies against IL-6
(WL02138, Wanlei Bio, 1:1,000), JAK2 (WL02188,Wanlei
Bio, 1:500), p-JAK2 (WL02997, Wanlei Bio, 1:500), STAT?3
(WL01836,Wanlei Bio, 1:300), p-STAT3 (WLP2412,
Wanlei Bio, 1:1,000) and B-actin (WL0962a,Wanlei Bio,
1:1,500) and then with horseradish peroxidase (HRP)-
conjugated anti-rabbit secondary antibody (31431,
Invitrogen, 1:3,000) for 1 hour at room temperature. The
proteins that reacted with the primary antibodies were
detected using an Electrochemi-Luminescence (ECL) Plus

kit (32132, Thermo).
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Statistical analysis

The analyses are performed using SPSS version 16.0
(IBM SPSS, Inc.). Normally distributed quantitative data
standard deviation (SD).
The statistical significance of the differences between
the Eng-IKO® group and the control group in tumour

was presented as the mean =

size, macrophage numbers, IL-6 expression, and IL-10
expression were determined using Student’s 7-test on days 7
and 14. Pearson’s correlation test was used to evaluate the
correlations among IL-6, IL-10 and M2 macrophages on
days 7 and 14, respectively. Statistical significance was set at

P<0.05.

Results

Endoglin knockout inbibits tumour angiogenesis and
tumour growth in mouse breast cancer animal models

(Figure 1)

In order to evaluate the effect of endoglin on angiogenesis
and tumour growth in breast cancer, EO771 breast cancer

Transl Cancer Res 2018;7(4):912-921
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cells were injected into mouse mammary glands of Eng-
iKO*and control mice. After 2 days, tumour volume was
measured daily. On day 7 after engraftment, the tumour
volume was significantly smaller in the Eng-iKO® group
than in the control group (P<0.05; Figure 14,B).

To confirm anti-angiogenic effects of endoglin
knockout on breast cancer, 5 mice were sacrificed in each
group. Breast tumours were obtained. CD31 and CD105
immunofluorescence staining was performed to confirm the
knockout of endoglin. The results showed that CD31 and
CD105 were expressed in vascular endothelial cells in breast
cancer tissue from the control group, whereas CD31, but not
CD105, was expressed in the Eng-IKO® group, confirming
that endoglin was knocked out and that the mouse model
was successfully established (Figure 1C,D). Moreover,
CD31 expression was lower in the Eng-iKO® group
compared with the control group on day 7 (Figure 1C),
which showed that tumour angiogenesis was inhibited by
targeting endoglin.

Further observation was conducted on the left 10 mice
(n=5 in each group) on tumour growth, however, the initial
difference in tumour vascularization and volume between
the two group gradually disappeared. On day 14 after
engraftment, no significant between-group difference was
observed (P>0.05; Figure 1B). Subsequently, CD31 and
CD105 expression were also examined, positive CD31, but
not CD105 was observed in the Eng-iKO*® group (Figure
ID). Taken together, the results showed that targeted
endoglin therapy inhibited breast tumour growth by reducing
angiogenesis, however, the short-term effect was neutralized,
and more pronounced tumour angiogenesis was detected.

TAM and M2 macrophages infiltration and the expression
of IL-6 and IL-10 in breast cancer tissue (Figures 2,3)

Tumour immunity is an important factor for the outcome
of cancer treatment, whereas infiltrating TAMs are
essential for tumour immunity. Moreover, M2 macrophages
have been shown to promote tumour angiogenesis (25).
Therefore, in this study, infiltration of macrophages into
the tumour microenvironment was investigated after
endoglin knockout. TAMs and M2 macrophages, which are
characterized by positive expression of F4/80 and CD206,
respectively (26-28), were examined and evaluated in tumour
tissue on days 7 and 14 after engraftment. On day 7, no
difference in the F4/80-positive cells was found between the
Eng-IKO* group and the control group (P>0.05; Figure 2B),
however, less CD206 positive cells were observed in the Eng-
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IKO* group than in the control group (P<0.05; Figure 2A).
On day 14, more F4/80- and CD206-positive cells were
observed in the Eng-IKO® group than in the control group
(P<0.05; Figure 2A4,B). These results indicate that CD206-
positive macrophages might be the primary cause leading to
failure of anti-endoglin therapy.

IL-6 and IL-10 are closely associated with the polarization
of macrophages in the tumour microenvironment during
tumour development (29-31). The analysis of IL-6 and IL-10
expression revealed that IL-6 and IL-10 expression in
tumour tissue was significantly lower on day 7 (P<0.05)
and significantly higher on day 14 in the Eng-IKO® group
compared with the control group (P<0.05; Figure 34,B,C,D).
On day 7, tumour growth was inhibited, at which time, the
expression of IL-6 and IL-10 in the Eng-IKO® group was
downregulated. On day 14, inhibited tumour growth was
neutralized and the expression of IL-6 and IL-10 in the Eng-
IKO® group was upregulated. The results indicate efficacy of
anti-endoglin therapy might be affected by IL-6 and IL-10.

Correlation between IL-6 and IL-10 levels and number of
M2 macrophages

In tumour tissues with more infiltration of M2 macrophages,
increased expressions of IL-6 and IL-10 were found.
Furthermore, to evaluate the role of IL-6 and IL-10
on the infiltration of M2 macrophages, the correlation
between IL-6 or IL-10 expression and M2 macrophages were
statistically analyzed. The results showed significant positive
correlations between the IL-6 level and the number of M2
macrophages in tumour tissue on days 7 (P=0.017, r=0.80)
and 14 (P<0.01, r=0.94) (Figure 3E). Positive correlation
between the IL-10 level and the number of M2 macrophages
wasn’t observed on day 7 (P=0.055), but found on day 14
(P=0.043, r=0.682) (Figure 3E). These results suggest that
IL-6 might be the main factor that affects the immune
status related to the polarization of tumour-associated
macrophages, which is associated with increased number of
M2 macrophages after endoglin-targeted therapies.

Level of IL-6/JAK2/STAT3 proteins in tumour tissue

Previous clinical studies revealed that IL-6 was upregulated
after endoglin-targeted therapy. The activation of JAK2/
STAT?3 signalling pathway was reported to promote the
polarization of macrophages into M2 macrophages, which
could be induced by IL-6 (30). To investigate the status of
IL-6/JAK2/STAT3 signaling pathway in the tumour tissue

Transl Cancer Res 2018;7(4):912-921
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Figure 2 Infiltration of TAMs (F4/80+) and M2 macrophages (CD206+) in tumour tissues on days 7 and 14 after engraftment. (A,C)
Infiltration of M2 macrophages in tumour tissues on days 7 and 14 after engraftment; (B,D) infiltration of TAMSs macrophages in tumour

tissues on days 7 and 14 after engraftment. *, P<0.05. TAM, tumour associated macrophage.

after endoglin-targeted therapy, the levels of IL-6, JAK2,
STAT3, and phosphorylation of JAK2 (p-JAK2) and STAT3
(p-STAT3) proteins were evaluated. No difference was
observed in the level of JAK2 or STAT3 between-group on
day 7 and day 14 (Figure 3F). But, the levels of IL-6, p-JAK2,
and p-STAT3 were lower on day 7 and higher on day 14 in
the Eng-IKO® group compared with the control group. The
results indicate that the activation of JAK2/STAT?3 pathway,
which is characterized by increased levels of p-JAK2 and
p-STAT3, might be directly associated with the expression
of IL-6 after endoglin-targeted therapy.

Discussion

Recent studies have shown that the effects of anti-
angiogenic agents in patients with advanced or progressive
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tumours show initial good responses followed by tumour
relapses (4,32). In Eng-IKO® mice, the phenomenon of
initial inhibition followed by rebound of tumour growth
was observed. The present study indicated that increased
infiltration of CD206-positive M2 macrophages and that
this increased infiltration might lead to failure of anti-
angiogenic therapy (33). Moreover, we found that the
increased number of infiltrated M2 macrophages might
be due to activation of the IL-6/JAK2/STAT?3 signalling
pathway in the tumour microenvironment.

It was widely discussed that, after a short-time efficacy
of anti-angiogenic therapies, the rebound of tumour
growth was observed. In the context of VEGEF inhibitions,
this accelerated growth may result from an increase in
pro-angiogenic factors, which can subsequently lead to
rapidly out-of-control neovascularization (34). In tumour

Transl Cancer Res 2018;7(4):912-921
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microenvironment, immune cells were an important
population that closely associated with treatment effects
and angiogenesis. Moreover, anti-angiogenic therapies
reportedly affect tumour immunity, which might in turn
have an influence on the treatment effects. Previous studies
have shown that sunitinib and bevacizumab appear to
improve the function of antigen presenting cells (APCs)
and T cells by reducing the number of immunosuppressive
cells, such as Tregs and MDSCs (2,11). However, cessation
of sunitinib treatment resulted in an immunosuppressive
rebound effect (34). Endoglin, an important regulator of
sprouting in angiogenesis, was also found to interact with
tumour immunity in our study. In the tumour-engraftment
mice model, we observed a short-term effect of endoglin-
targeted therapy on tumor angiogenesis and growth, and in
the treated tumours, exhibited fewer number of infiltrated
M2 macrophages. However, the efficacy of the therapy in
the endoglin knockout mice gradually disappeared, and
unfettered tumour growth with increased M2 macrophage
infiltration was observed. Previous studies have shown that
the number of M2 macrophages is positively correlated
with the density of tumour vessels in breast, lung, and
endometrial cancer (25,26). Moreover, macrophages are
demonstrated to promote tumour angiogenesis by releasing
a variety of cytokines, such as VEGE, nitric oxide (NO)
and IL-10 (27). In addition, increased number of M2
macrophages is reportedly the cause of a weakened anti-
angiogenic effect. Taken together, these findings indicate
that increased infiltration of M2 macrophages might
partially explain the inefficiency of endoglin-targeted
therapy.

Furthermore, when the tumour growth is uncontrolled,
infiltration of TAMs in the Eng-iKO® group was significantly
increased compared with the control group. Previous
studies reported that monocyte-derived tissue-resident
macrophages were recruited to tumour microenvironment
as a pro-inflammatory factor (M1 macrophages) or
tumour promoter (M2 macrophages). Thus, the increased
number of M2 macrophages observed in our study likely
resulted from the polarization of an increased number of
macrophages. A clinical study revealed that circulating
biomarkers, such as Ang-2, C-reactive protein, intercellular
adhesion molecule-1 ICAM-1), IGFBF-1, IL-6, TSP-2,
and vascular cell adhesion molecule-1 (VCAM-1), were
upregulated following TRCI105 treatment, and these
effects might contribute to the polarization of macrophages
towards M2 (35). Apart from IL-4, IL-13 and IL-10,

IL-6 also plays a role in promoting the polarization of
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M2 macrophages via the JAK2/STAT?3 pathway (28).
Additionally, in the tumour microenvironment, IL-6 can
sustain a pro-tumour milieu by supporting angiogenesis and
tumour evasion of immune surveillance to promote tumour
progression (36). Consistently, in the present study, efficient
or inefficient treatment was accordingly accompanied by
decreased or increased IL-6 expression during endoglin-
targeted therapy. Our findings also show a strong positive
correlation between the expression of IL-6 and the number
of M2 macrophages on both day 7 and day 14. In addition,
M2 macrophages can release IL-10, which activates M2
macrophages via positive feedback (37). However, even
though IL-10 expression was positively associated with
increased M2 macrophages on day 14, no correlation was
observed on day 7. Altogether, on day 7, at which time the
tumour growth was inhibited by endoglin-targeted therapy,
lower expression of IL-6 and IL-10 accompanied by less
infiltrated M2 macrophages was detected. However, on day
14, at which time the inhibited effect on tumour growth was
neutralized, both higher expression of IL-6 and IL-10, as
well as more infiltration of M2 macrophages were found. As
IL-10 could be released into the tumour microenvironment
by M2 macrophages and in turn promoted M2 macrophages
polarization, the results indicate that the expression of
IL-6 might the direct cause for changes of the number of
infiltrated M2 macrophages and thereby an inefficient effect
of endoglin-targeted therapy on anti-angiogenesis.

STAT?3 is considered a primary signaling molecule in
the process of macrophage polarization towards the M2
phenotype (29). IL-6 is a common activator of the JAK2/
STAT3 signaling pathway (31), which is an important
pathway in tumour progression. An inhibitor of the JAK2/
STAT3 pathway could block M2 polarization. Consistent
with the positive correlations between the expression of
IL-6 and the number of M2 macrophages, the expression of
proteins involved in the activated JAK2/STAT?3 signalling
pathway was changed by changes in the number of M2
macrophages and the expression of IL-6 (31). However, in
our study, we didn’t evaluate changes of anti-angiogenic
efficacies, M2 macrophages by blocking IL.-6, and definitely,
our further studies will focus on it. Taken together, the
result suggest that anti-angiogenic therapies targeting
endoglin on vascular endothelial cells affects the infiltration
of M2 macrophages in breast cancer tissue by modulating
the presentation of IL-6 and activating the JAK2/STAT?3
signalling pathway.

In summary, this finding provides non-mature conclusive
but accumulating evidence that suggests that the efficacy
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of anti-angiogenic therapies targeting endoglin on vascular
endothelial cells might be blunted by increased infiltration
of M2 macrophages associated with higher IL-6 expression
and activation of the IL-6/JAK2/STAT3 signalling pathway.
The results of the present study provide evidence indicating
that IL-6 could serve as an indicator for monitoring
therapeutic efficacy and a potential target for improving the
efficacy of antiangiogenic therapy. Nevertheless, additional
studies are required to further investigate the interactions
between anti-angiogenic therapy and M2 macrophage
infiltration, as well as the involvement of the IL-6/JAK2/
STAT3 pathway.
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