
www.biosciencetrends.com

BioScience Trends. 2018; 12(3):338-341.338

The proangiogenic role of polymorphonuclear myeloid-derived 
suppressor cells in mice infected with Echinococcus granulosus

Jianhai Yin, Yujuan Shen, Aiping Yu, Congshan Liu, Jiaqing Yao, Wenci Gong, Jianping Cao*

National Institute of Parasitic Diseases, Chinese Center for Disease Control and Prevention, Chinese Center for Tropical Diseases 
Research, WHO Collaborating Centre for Tropical Diseases, National Center for International Research on Tropical Diseases, 
Ministry of Science and Technology, Key Laboratory of Parasite and Vector Biology, Ministry of Health, Shanghai, China.

1. Introduction

The circulatory system, consisting of the cardiovascular 
and lymphatic systems, transports circulating nutrients, 
oxygen, hormones, growth factors, and their metabolites 
to tissues and cells. Angiogenesis, the growth of new 
capillary blood vessels in the body, is an important 
physiological process (1). It is highly regulated by a 
precise balance of growth and inhibitory factors produced 
in healthy tissues (2,3). However, abnormal blood vessel 

growth due to the imbalance of these factors is related 
to many deadly and debilitating pathological conditions, 
including cancer, diabetic ulcers, and rheumatoid arthritis 
(1,4). More and more diseases are being reported to have 
angiogenesis as an underlying mechanism.
 Vascular endothelial growth factor (VEGF) is 
considered to be the strongest stimulator of angiogenesis 
(5). It promotes the proliferation and migration of 
endothelial cells, antagonizes cell apoptosis and 
promotes differentiation through activating intracellular 
tyrosine kinase, and finally directly forms blood vessels. 
Moreover, VEGF can also initiate the proteolytic enzyme 
system to participate in the degradation of extracellular 
matrix and promote the formation of new blood 
vessels (6). In addition, VEGF may increase vascular 
permeability resulting in plasma protein extravasation, 
participate in the formation of vascular basement 
membrane and extracellular matrix, and provide support 
for endothelial cell migration and blood vessel growth (7). 
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In contrast, soluble fms-like tyrosine kinase-1 (sFlt-1) is 
a tyrosine kinase protein that disables proteins that cause 
blood vessel growth (8,9).
 The growth, maturation, and reproduction of 
parasites in a host are inseparable from nutrient supply 
and metabolite excretion, both of which depend on the 
circulatory system (10). Angiogenesis in a host during 
a parasitic infection can be activated by various factors 
produced by the parasites themselves. For example, 
echinococcosis caused by Echinococcus multilocularis 
produces tumor-like infiltrative growth in the host liver, 
and causes the development of hydatid cysts wrapped 
by granulation tissues, with abundant new vessels 
visible (11). This is partially attributed to the glucose 
phosphate isomerase expressed by E. multilocularis, 
which is not only essential for the growth, development, 
infiltration, and metastasis of E. multilocularis, but also 
plays a potential role in host angiogenesis (12). 
 In addition to parasite-derived factors, parasite-
infected hosts can also produce factors that promote 
angiogenesis in the host. Myeloid-derived suppressor 
cells (MDSC) including polymorphonuclear MDSCs 
(PMN-MDSC) and monocytic MDSCs (M-MDSC) 
are activated and enriched during parasitic infections, 
and play an important role in immunosuppression (13). 
These cells have a proangiogenic role in the processes 
of tumor growth, invasion and metastasis (14-16), 
but whether they function similarly during parasitic 
infection is unclear. It has been reported that MDSCs 
secrete angiogenic factors such as VEGF and/or 
directly differentiate into vascular endothelial cells to 
promote host angiogenesis, which is beneficial to tumor 
development. In our previous studies, we found that 
hydatid cysts of Echinococcus granulosus promoted 
the formation of tubes by human umbilical vein 
endothelial cells (HUVEC) in vitro (17). We also found 
that MDSCs were significantly enriched in the spleen 
and peripheral blood of BALB/c mice infected with E. 
granulosus, and played an immunosuppressive role (18). 
Moreover, M-MDSCs from the spleen of BALB/c mice 
infected with E. granulosus could significantly promote 
HUVECs into forming tubes. 
 We therefore investigated the potential proangiogenic 
role of PMN-MDSCs from the spleen of BALB/
c mice infected with E. granulosus using the tube 
formation assay and analysis of key angiogenic factors. 
To our knowledge, this is the first time this has been 
investigated, and the results have important implications 
for the prophylaxis and treatment of echinococcosis.

2. Angiogenesis caused by E. granulosus infection

Host angiogenesis caused by parasite infection is an 
extremely complicated process that is not only affected 
by parasitic factors; host response to infection is also 
important (10). In general, the exchange of angiogenic 
factors between parasite and host plays an important 

role. In this study, around 2,000 live protoscoleces from 
sheep liver hydatid cysts were injected intraperitoneally 
into each BALB/c mouse (aged 4 weeks), and it was 
clear that new blood vessels were wrapped around the 
outside of cysts developed 8 months post infection 
through visual observation (Figure 1A). Meanwhile, 
CD31 was highly expressed in these tissues using 
immunohistochemistry (Figure 1B), suggesting that the 
host cells stimulated by this parasite have a tendency to 
differentiate into endothelial cells, thereby possessing 
the potential for the tube formation that is necessary for 
angiogenesis. 
 It has been reported that the supernatant from hydatid 
cysts isolated from mice infected with E. granulosus 
significantly induced HUVEC tube formation in vitro 
(17), suggesting that parasite-derived angiogenic factors 
are involved in the regulation of host angiogenesis. In the 
current study, a significantly higher level of VEGF was 
found in serum from mice infected with E. granulosus 
(548.100 ± 134.200 pg/mL) than in serum from control 
mice (76.950 ± 2.760 pg/mL; t = 4.109, p = 0.001) by 
Enzyme-linked immunosorbent assay according to the 
instructions of Mouse VEGF ELISA Kit (RayBiotech, 
USA) (Figure 1C). It is therefore likely that this increased 
level of VEGF could boost host angiogenesis.
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Figure 1. Angiogenesis casused by E. granulosus. (A) New 
blood vessels wrapped around the hydatid cysts isolated from 
mice infected with Echinococcus granulosus. (scale: cm) 
(B) CD31 was highly expressed in the tissues surrounding 
the hydatid cysts using immunohistochemical staining. (C) 
Higher level of VEGF in serum from mice infected with E. 
granulosus compared with controls (n = 7, each) detected by 
ELISA. (D) Total tube segment length induced by supernatant 
of PMN-MDSCs from infected mice was higher than that 
from controls. (E) HUVEC tube formation induced by the 
supernatant from PMN-MDSCs from infected mice. (F) 
HUVEC tube formation induced by RPMI-1640. *p < 0.05.
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other angiogenic factors in addition to VEGF derived 
from host cells (such as MDSCs) and pathogens (such as 
E. granulosus) in the microenvironment of local lesions 
should be clarified in future studies. This would provide 
ideas for the further study of host angiogenesis induced 
by E. granulosus infection.
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3. PMN-MDSCs promotes angiogenesis

MDSCs are enriched in peripheral blood and spleen 
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HUVEC tube formation assay and transcriptome 
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isolated from spleens of BALB/c mice infected with E. 
granulosus after 8 months post-infection and normal 
control mice (n = 7, each) using a mouse Myeloid-
Derived Suppressor Cell Isolation Kit (Miltenyi Biotec, 
Germany) and flow cytometry (purity higher than 90%) 
(18), VEGF was detected by Mouse VEGF ELISA Kit 
(RayBiotech, USA) in the supernatant of PMN-MDSCs 
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Roswell Park Memorial Institute (RPMI)-1640 medium 
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 An in vitro tube formation assay was used to evaluate 
the effect of PMN-MDSCs on HUVECs differentiation 
on a Matrigel matrix (BD Biosciences, USA). In brief, 
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segment length of tube-like structures in three random 
fields per well was quantified using the angiogenesis 
module of the NIH ImageJ software. As a result, 
HUVEC tube formation was much greater with the 
supernatant (4873 ± 586.1) than control group (3015 ± 
269.3) (t = 2.685, p = 0.025) (Figure 1D-1F). Moreover, 
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with E. granulosus appeared to be promoted by PMN-
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mRNA and lower expression of sFlt-1 mRNA. Taken 
together, it suggests that MDSCs, including M-MDSCs 
and PMN-MDSCs, from mice infected with E. 
granulosus play a role in host angiogenesis. Furthermore, 

Figure 2. The relative mRNA expression levels of target 
genes. (A) VEGF mRNA was expressed more highly in PMN-
MDSCs from mice infected with E. granulosus than in normal 
control mice. (B) sFlt-1 mRNA was expressed at a lower level 
in PMN-MDSCs from mice infected with E. granulosus than in 
controls. *p < 0.05.
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