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Abstract
Background/Aims: This study aims to predict the pro-angiogenic functions of monocytic-
type myeloid-derived suppressor cells (M-MDSCs) derived from mice infected with 
Echinococcus granulosus. Methods: M-MDSCs were collected from Balb/c mice infected 
with E. granulosus and normal mice (control) and cultured in vitro. Human umbilical vein 
endothelial cells (HUVECs) were stimulated with the cell supernatant, and angiogenesis was 
investigated and analysed by the Angiogenesis module of the software NIH Image J. RNA was 
extracted from fresh isolated M-MDSCs and analysed with miRNA microarray; differentially 
expressed miRNAs and their potential functions were analysed through several bioinformatics 
tools. Finally, quantitative PCR was used to confirm the results of microarray analysis. Results: 
M-MDSCs from mice infected with E. granulosus could promote the formation of tubes from 
HUVECs in vitro. Moreover, vascular endothelial growth factor (VEGF) showed significantly 
high expression, whereas soluble fms-like tyrosine kinase-1 (sFlt-1) showed low expression 
at the transcriptional level in M-MDSCs from mice infected with E. granulosus. Microarray 
analysis of miRNAs showed that 28 miRNAs were differentially expressed in M-MDSCs from 
the two experimental mice groups, and 272 target genes were predicted using the microRNA 
databases TargetScan, PITA and microRNAorg. These target genes were mainly involved in the 
biological processes of intracellular protein transport, protein targeting to the lysosome and 
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protein transport, and mainly located in the cytoplasm, neuronal cell body and membrane. 
Moreover, they were mainly involved in the molecular functions of protein binding, metal 
ion binding and SH3 domain binding. Further, the differentially expressed miRNAs were 
mainly enriched in the endocytosis, Wnt and axon guidance pathways, as well as the MAPK, 
focal adhesion, PI3K-Akt, cAMP, mTOR and TGF-b signalling pathways, which are linked to 
immunoregulation and angiogenesis based on the results of bioinformatics analysis with 
DIANA-miRPath 3.0. In addition, the expression of eight miRNAs was randomly verified by 
quantitative PCR independently in three mice infected with E. granulosus and three normal 
mice. Conclusion: M-MDSCs have a potential angiogenic role during E. granulosus infection, 
and miRNAs may play a role in the immune response and angiogenesis functions of M-MDSCs 
through regulation of the identified signalling pathways.

Introduction

Cystic echinococcosis is an important zoonotic disease caused mainly by cystic growth 
of the metacestode of Echinococcus granulosus. The molecular mechanisms underlying its 
development and pathogenesis are still unclear [1-3], although it has been reported that this 
parasite can successfully escape host immune responses, and a number of immunoregulatory 
mechanisms related to macrophages and dendritic cells as well as regulatory T cells are 
potentially involved [2]. In our previous studies, we found that hydatid cysts of E. granulosus 
could promote the formation of tubes from human umbilical vein endothelial cells (HUVECs) 
in vitro [4], and that myeloid-derived suppressor cells (MDSCs) were significantly enriched 
in the spleen and peripheral blood of Balb/c mice infected with E. granulosus and played 
an immunosuppressive role [5]. The in vitro results are supported by other studies which 
have shown that angiogenesis is critical for parasites to acquire the nutrients necessary for 
growth, maturity and breeding after infection [6]. Moreover, MDSCs have been reported to 
be enriched in the host of parasitic infections and to play an important regulatory role in the 
interaction between parasitic pathogens and host clearance of parasites [7]. MDSCs, which 
are a group of heterogeneous cells derived from myeloid progenitor cells and immature cells, 
are classified into polymorphonuclear-type MDSCs and monocytic-type MDSC (M-MDSCs) 
[8]. Under normal physiological conditions, M-MDSCs differentiate into mature dendritic 
cells and macrophages, but they exert strong immunosuppressive effects and perform other 
functions such as pro-angiogenic functions in tumours, autoimmune diseases, viruses, 
bacteria and parasitic infections [9-12]. In the context of parasitic infection, studies mostly 
focus on the immunosuppressive function of MDSCs [7], and whether they also have a pro-
angiogenic effect remains to be clarified. Research on pro-angiogenic factors associated with 
MDSCs and their mechanisms in E. granulosus infection could have important implications 
for the prophylaxis and treatment of echinococcosis.

The proliferation, differentiation, chemotaxis and function of MDSCs are influenced by 
many factors. In particular, microRNAs (miRNAs) play an important role via the regulation 
of related signalling pathways. For example, miR-494 activates MDSCs by inducing MMP-
2, MMP-13 and MMP-14 through inhibiting tyrosine phosphatase (PTEN) [13]; miR-155 
and miR-21 activate STAT3, which then promotes the enrichment of MDSCs and stimulate 
their immunosuppressive function [14]; miR-9 regulates the differentiation and function of 
MDSCs by targeting regulation of the expression of Runt-related transcription factor 1 [15]; 
miR-200c promotes the production of MDSCs and enhances their inhibitory ability through 
the regulation of PTEN and FOG2 expression [16]. On the other hand, miRNAs also play an 
inhibitory role. For example, miR-146a and miR-223 block MDSC enrichment [17, 18], and 
miR-17-5 and miR-20a silence STAT3 and reduce ROS and H2O2 production [19]. miRNA 
microarray and other high-throughput technology can help to detect the miRNA expression 
profile of tissues or cells, and combined with bioinformatics analysis of differentially 
expressed miRNA, it has become an important means of screening miRNA and predicting 
the regulatory role of the target genes of mRNAs in tissues or cells. Thus, identifying the 
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miRNAs that are differentially expressed in E. granulosus infection could shed light on the 
pro-angiogenic mechanisms of MDSCs.

The present study is the first to use M-MDSCs from mice infected with E. granulosus and 
to investigate their pro-angiogenic role through mouse miRNA microarray combined with 
bioinformatics methods and in vitro HUVEC tube formation assays. This study provides novel 
comparative information to potentially define the functional significance of angiogenesis-
associated M-MDSC miRNAs in the potential pathophysiology of echinococcosis associated 
with E. granulosus.

Materials and Methods

Parasites and animals
This study was carried out in strict accordance with the recommendations of the guide for the care and 

use of laboratory animals of the Ministry of Science and Technology, China. The protocol was approved by 
the Laboratory Animals Welfare and Ethics Committee of National Institute of Parasitic Diseases, Chinese 
Center for Disease Control and Prevention (Permit Number: IPD-2014-2).

Live protoscoleces from sheep liver hydatid cysts were rinsed 5–8 times with phosphate-buffered saline 
(PBS) containing penicillin G (500 U/ml) and streptomycin (500 U/ml), and around 2, 000 protoscoleces 
were injected intraperitoneally into each Balb/c mouse (age, 4 weeks) purchased from the SLAC Laboratory 
Animal Center (Shanghai, China) [20].

M-MDSC isolation and culture
Single cell suspensions were prepared from the murine spleens after 8 months of infection with E. 

granulosus protoscoleces and from normal murine spleens (control group), as published previously [5]. 
Then, M-MDSCs were collected according to the instructions of the mouse Myeloid-Derived Suppressor 
Cell Isolation Kit (Miltenyi Biotec, Germany), and the cells were incubated with the following anti-mouse 
antibodies: PE-Gr-1, FITC-CD11b, APC-Ly-6G and PerCP-Cy5.5-Ly-6C. M-MDSCs of >90% purity were 
obtained for the following experiments, and the purity was determined using flow cytometry. All the 
antibodies were purchased from eBioscience, an Affymetrix Company. M-MDSCs were seeded at a density 
of 106 cells/well in 24-well plates with RPMI-1640 (Gibco, USA) (containing 100 U/ml penicillin and 100 U/
ml streptomycin), and incubated at 37°C in a 5% CO2/95% air atmosphere. The supernatant was collected 
after 24 h through centrifugation at 2500 × g for 10 min.

HUVEC culture and tube formation assay
HUVECs were purchased from ScienCell Research Laboratories (USA), and cultured and maintained 

according to the manufacturer’s instructions. Endothelial cell medium, bovine plasma fibronectin, Dulbecco’s 
Phosphate Buffered Saline (DPBS) (Ca++ and Mg++ free), trypsin/EDTA solution and trypsin neutralization 
solution were also from ScienCell Research Laboratories, and T-75 flasks were from Corning (USA). All the 
following assays were conducted using low cell passage cells (3-5 passages).

The effect of M-MDSCs on HUVEC differentiation was examined by in vitro tube formation on the 
Matrigel matrix (BD Biosciences, USA). HUVECs that reached over 90% confluence were harvested and 
diluted to a density of 3 × 105 cells/ml using the RPMI-1640 medium (containing 100 U/ml penicillin and 
100 U/ml streptomycin). Then, 100 μL of HUVEC suspension was mixed with 100 μL M-MDSC culture 
supernatant from the infection group or RPMI-1640 medium (containing 100 U/ml penicillin and 100 U/
ml streptomycin) per well of 96-well plates and incubated at 37°C under 5% CO2/95% air. The tube-like 
structures were investigated under an inverted microscope, and the number of nodes in three random fields 
per well was quantified using the angiogenesis module of the NIH Image J software [21, 22].

RNA extraction and microassay
Total RNA, which includes microRNA, was extracted from the M-MDSCs according to the protocol 

of the mirVana isolation kit (Applied Biosystems, USA), and purified with the RNeasy Mini Kit (Qiagen, 
Germany). The purity and concentration of the RNA were determined using OD260/280/230 readings with 
a NanoDrop ND-2000 spectrophotometer (Thermo Fisher Scientific, USA). The integrity of the RNA was 
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determined using the Agilent BioAnalyzer 2100 (Agilent Technologies, USA). Sample labelling, microarray 
hybridization, and washing were performed in accordance with the manufacturer’s standard protocols. 
After washing, the microarrays were scanned using the Agilent Scanner G2505C (Agilent Technologies, 
USA). All microarray experiments were performed by Shanghai OE Biotech Co. Ltd., Shanghai, China.

Biostatistical analysis
The Feature Extraction software (version 10.7.1.1; Agilent Technologies, USA) was used to analyse 

array images to obtain raw data, which was normalized using the Quantile algorithm. Next, the Genespring 
software (version 13.1; Agilent Technologies, USA) was used for the following data analysis. Differentially 
expressed miRNAs were then identified based on fold changes in expression, and the P value was calculated 
using the t-test. The threshold for up- and downregulated genes was a fold change of ≥2 and a P value of 
≤0.05.

The target genes of differentially expressed miRNAs were predicted using three online databases—
TargetScan, PITA, and microRNAorg. Gene ontology (GO) analysis and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway analysis were used to determine the potential biological roles of the target 
genes. Hierarchical clustering was performed to identify the miRNA expression patterns of the samples. To 
investigate whether coexpression of the deregulated miRNAs could affect angiogenic signalling in M-MDSCs 
from E. granulosus-infected mice by targeting angiogenic factors, the web-based computational tool DIANA-
miRPath (version 3.0) [23] was used.

Detection of VEGF and sFlt in M-MDSCs by quantitative PCR
MDSCs secrete various pro-angiogenic factors including vascular endothelial growth factor (VEGF), 

which is the strongest stimulator of endothelial cell proliferation and activation and plays a central role in 
angiogenesis [24-26]. In contrast, soluble fms-like tyrosine kinase-1 (sFlt-1) is a tyrosine kinase protein that 
disables proteins that cause blood vessel growth [27-29]. In the present study, we investigated the expression 
of VEGF and sFlt-1 in M-MDSCs from E. granulosus-infected mice and normal controls at the transcriptional 
level, in order to indirectly evaluate the angiogenic role of M-MDSCs. Total RNA from M-MDSCs was 
extracted as above, and a total of 1 μg RNA was used as template for first-strand DNA synthesis (Bio-Rad, 
USA). The primer sequences specific to mouse VEGF were 5ʹ-GAGTACCCCGACGAGATAGA-3ʹ (forward) and 
5ʹ-GGCTTTGGTGAGGTTTGAT-3ʹ (reverse); mouse sFlt-1, 5ʹ-GGGAAGACATCCTTCGGAAGA-3ʹ (forward) and 
5ʹ-TCCGAGAGAAAATGGCCTTTT-3ʹ (reverse); mouse GAPDH (internal control), 5ʹ-GCCTTCCGTGTTCCTACC-
3ʹ (forward) and 5ʹ-GCCTGCTTCACCACCTTC-3ʹ (reverse). The cycling protocol was as follows: 95°C for 30 
s, followed by 40 cycles of 95°C for 5 s, 60°C for 10 s, and 72°C for 30 s. A melting curve was generated by 
cooling the products to 65°C and then heating to 95°C at a rate of 0.1°C/s while simultaneously measuring 
fluorescence.

Validation of microarray data by qPCR analysis
Eight differentially expressed miRNAs were randomly selected and validated with M-MDSCs 

from an independent set of three mice after 8 months of infection with E. granulosus and three normal 
mice, using qPCR with SYBR Green PCR Master Mix (Toyobo, Japan) and the following specifically 
designed primers, using the C1000 Touch Thermal Cycler (Bio-Rad, USA): mmu-miR-29a-3p, 
5ʹ-TAGCACCATCTGAAATCGGTTA-3ʹ; mmu-miR-150-5p, 5ʹ-TCTCCCAACCCTTGTACCAGTG-3ʹ; mmu-miR-151-
5p, 5ʹ-TCGAGGAGCTCACAGTCTAGT-3ʹ; mmu-miR-17-3p, 5ʹ-ACTGCAGTGAGGGCACTTGTAG-3ʹ; mmu-miR-
181a-5p, 5ʹ-AACATTCAACGCTGTCGGTGAGT-3ʹ; mmu-miR-30b-5p, 5ʹ-TGTAAACATCCTACACTCAGCT-3ʹ; mmu-
miR-30c-5p, 5ʹ-TGTAAACATCCTACACTCTCAGC-3ʹ; mmu-miR-3535, 5ʹ-TGGATATGATGACTGATTACCTGAGA-
3ʹ. U6 RNA was selected as a housekeeping miRNA for normalization of miRNA expression. Total RNA 
from the cells was reverse transcribed to cDNA according to the instructions of the Mir-X miRNA qRT-PCR 
SYBR kit (Takara, USA). Each 20 μL qPCR reaction mixture contained 10 μL of SYBR Green PCR Master Mix 
(Toyobo, Japan), 0.5 μL of a forward/reverse primer mixture, 2 μL of cDNA template, and 7 μL of nuclease-
free H2O (Promega, USA). The cycling protocol was the same as above.
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Statistical analysis
Differences in HUVEC tube formation was determined with the t-test, based on observation of the 

nodes of the tube-like structures stimulated by M-MDSCs and RPMI-1640, using GraphPad Prism (version 
5.0). Quantification of each mRNA and miRNA relative to the controls (GAPDH and U6) was performed using 
the 2–ΔΔCt method. A P value of <0.05 was considered to indicate statistical significance. All assays were 
performed in triplicate.

Results

Evaluation of the in vitro pro-
angiogenic role of M-MDSCs
HUVECs were stimulated with the 

supernatant of M-MDSCs and RPMI-
1640; HUVEC tube formation was 
observed every 1 h, and the total number 
of nodes was calculated at 3 h. The 
results showed that the total number 
of nodes in the M-MDSC group (192 ± 
34.5) was significantly higher than that 
in the RPMI-1640 group (143 ± 10.4) 
(P = 0.017) (Fig. 1). Moreover, analysis 
of the transcriptional expression of 
VEGF and sFlt-1 in M-MDSCs showed 
that the expression of VEGF was higher 
in E. granulosus-infected mice than in 
normal control mice (P < 0.001) and that 
the expression of sFlt-1 (P = 0.026) was 
downregulated (Fig. 2).

Differentially expressed miRNAs in 
M-MDSCs from mice infected with E. 
granulosus
Differentially expressed miRNAs 

in M-MDSCs were screened with the 
Agilent mouse miRNA microarray (8 × 
60 K, ID: 070155). A total of 28 miRNAs 
were differentially expressed between 
E. granulosus-infected and uninfected 
Balb/c mice based on fold changes 
in their expression and significance, 
including two upregulated miRNAs 
(mmu-miR-7040-5p and mmu-miR-
7042-5p) and 26 downregulated miRNAs 
(Fig. 3 & Table 1).

Fig. 1. M-MDSCs promote HUVEC tube formation in 
vitro. (a) Number of nodes on the tubes stimulated 
with the culture supernatant of M-MDSCs from E. 
granulosus-infected mice and RPMI-1640. (b) HUVEC 
tube formation stimulated with the culture supernatant 
of M-MDSCs from E. granulosus-infected mice. (c) 
HUVEC tube formation stimulated with RPMI-1640. 
*P<0.05 versus Control.

Fig. 1 1 
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Fig. 2. Transcriptional expression of VEGF and sFlt-
1 in M-MDSCs from infected and uninfected mice. 
***P<0.001 versus Control; n = 3.

Fig. 2 12 
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Biological functions of the differentially 
expressed miRNAs
The target genes of the differentially 

expressed M-MDSC miRNAs following E. 
granulosus infection and their functions 
were predicted using GO analysis and KEGG 
pathway analysis. A total of 272 common 
target genes were identified using the 
TargetScan, PITA and microRNAorg databases 
(Fig. 4). Then, the top 20 enriched genes 
were classified according to GO functional 
annotations (Fig. 5). The findings revealed 
that some of the predicted target genes played 
potentially important biological functions 
in the host during E. granulosus infection. 
The GO-specific functions mainly included 
biological processes (e.g. intracellular protein 
transport, protein targeting to the lysosome 
and protein transport) (Fig. 5a), molecular 
functions (e.g. protein binding, metal ion 
binding and SH3 domain binding) (Fig. 
5b), and cell components (e.g. cytoplasm, 
neuronal cell body and membrane) (Fig. 

Table 1. Fold-changes and P-values of differentially 
expressed miRNAs in M-MDSCs from mice infected 
with E. granulosus (n = 3)

 

Fig. 3. Differentially expressed miRNAs in M-MDSCs from mice infected with E. granulosus. Heat map 
showing the details of 28 miRNAs in M-MDSCs differentially expressed in mice infected with E. granulosus 
and normal mice, n = 3.

Fig. 3 28 
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5c). In addition, a total of 16 
pathways (e.g. endocytosis, the 
Wnt signalling pathway and axon 
guidance) were predicted using 
KEGG pathway analysis (Fig. 6).

Angiogenesis-related pathway 
enrichment analysis
A total of 66 diverse 

signalling pathways associated 
with 26 deregulated miRNAs 
were identified through DIANA-
miRPath (3.0) analysis (Table S1 - 

For all supplemental 
material see www.karger.com/ 
10.1159/000495498), but no 
pathway associated with the two 
upregulated miRNAs was found. 
This study focused on six pathways 
involved in angiogenesis: MAPK, 
focal adhesion, PI3K-Akt, cAMP, 
mTOR, and TGF- signalling. Of 
the 26 deregulated miRNAs, 24 
were associated with the MAPK 
signalling pathway via 108 
diverse genes; 23 deregulated 
miRNAs were associated with 
the focal adhesion signalling pathway and PI3K-Akt signalling pathway via 89 and 131 diverse 
genes individually; 22 deregulated miRNAs were linked to the cAMP signalling pathway 
and mTOR signalling pathway via 83 and 32 diverse genes respectively; 21 deregulated 
miRNAs were associated with TGF-beta signalling pathways via 38 diverse genes (Table S2). 
Interestingly, 19 of the deregulated miRNAs were commonly associated with six of the above 
pathways (Fig. 7).

Validation of miRNA microarray data by qPCR analysis
qPCR analysis of eight differentially expressed miRNAs, which were randomly selected, 

and the housekeeping miRNA miR-U6 was performed to validate the results of microarray 
analysis. The expression patterns confirmed by qPCR were consistent with those of the 
microarray data, and provided further evidence that mmu-miR-29a-3p (P = 0.049), mmu-
miR-150-5p (P = 0.002), mmu-miR-151-5p (P < 0.001), mmu-miR-17-3p (P = 0.009), mmu-
miR-181a-5p (P <0.001), mmu-miR-30b-5p (P = 0.046), mmu-miR-30c-5p (P = 0.006), and 
mmu-miR-3535 (P = 0.001) were deregulated in M-MDSCs from E. granulosus-infected mice 
(Fig. 8).

Fig. 4. Integrated analysis of the predicted target genes of 
differentially expressed miRNAs in M-MDSCs. Venn diagram 
showing the predicted target genes found in the databases 
TargetScan, PITA, and microRNAorg. A total of 272 of these genes 
were found in all three databases.

Fig. 4 41 
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Fig. 5. GO analysis of the 
predicted target genes of 
differentially expressed 
miRNAs in M-MDSCs. 
According to the –Log10 (P 
value), the top 20 GO terms 
for biological process (A), 
molecular function (B) and 
cellular component (C) are 
shown.

Fig. 5 45 

 46 
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Fig. 7. Venn diagrams 
representing commonly 
deregulated miRNAs in 
six angiogenesis-related 
signalling pathways. A 
total of 19 deregulated 
miRNAs were shared by the 
six angiogenesis-related 
signalling pathways. A: 
MAPK signalling pathway, 
B: Focal adhesion pathway, 
C: PI3K/Akt signalling 
pathway, D: cAMP signalling 
pathway, E: mTOR signalling 
pathway, F: TGF-beta 
signalling pathway.

Fig. 7 62 
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Fig. 8. Verification of miRNAs by qPCR. Eight 
differentially expressed miRNAs were randomly 
selected to validate the results of microarray 
analysis compared with the housekeeping miRNA 
miR-U6. *P<0.05 versus Control, **P<0.01 versus 
Control, ***P<0.001 versus Control; n = 3.

Fig. 8 76 
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Fig. 6. KEGG 
enrichment analysis 
of the predicted 
genes of differentially 
expressed miRNAs in 
M-MDSCs. Pathways 
are ranked by –
Log10(P-value).

Fig. 6 47 
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Discussion

The present study has, for the first time, elucidated the pro-angiogenic role of MDSCs 
in echinococcosis using miRNA microarray analysis. M-MDSCs from mice infected with 
E. granulosus were found to promote tube formation of HUVECs in vitro; moreover, high 
expression of VEGF and low sFlt-1 expression in M-MDSCs from E. granulosus indicated that 
this cell population has a pro-angiogenic role. Additionally, differentially expressed miRNAs 
in M-MDSCs were screened with the Agilent mouse miRNA microarray (8 × 60 K, ID: 070155), 
and the corresponding target genes and their potential functions provide support for further 
understanding the underlying mechanisms.

In the present study, six signalling pathways related to angiogenesis were identified 
based on GO and KEGG analysis of the dysregulated miRNAs. Of the identified pathways, the 
PI3K/AKT/mTOR signalling pathway and/or the MAPK signalling pathway can enhance the 
secretion of VEGF [30-32], which is the most important pro-angiogenic factor. However, the 
expression of different members of the VEGF family may depend on different pathways. For 
example, in head and neck squamous cell carcinomas, the expression of VEGF-A depends 
on the PI3K and MAPK signalling pathways, whereas the expression of VEFG-C depends on 
the MAPK signalling pathway [30, 31]. Moreover, the PI3K/AKT signalling pathway is also 
involved in regulation of the expression of NO and other angiogenic factors [32]. In particular, 
the PI3K pathway can regulate the expression of several transcription factors related to 
MDSC proliferation and survival and related genes [33]. The mTOR pathway can regulate 
the inflammatory response by affecting the NF Kappa B and STAT3 activity of myeloid cells, 
and participate in the regulation of the generation and differentiation of myeloid cells [34, 
35]; moreover, it may play an important role in the generation of MDSCs. Another identified 
pathway in the present study was TGF-b signalling. TGF-b is a pleiotropic cytokine that is 
involved in the regulation of cell proliferation, growth and migration, and may serve as a 
positive or negative transcriptional regulator based on its target genes and intracellular 
environment. MDSCs are an important source of TGF-b [36], and TGF-b can modulate MDSC 
proliferation and function indirectly by inducing the expression of certain miRNAs [13]. 
Finally, the focal adhesion kinase pathway was also identified in the present study. It is also 
widely involved in cell migration, proliferation and invasion, and can promote the migration 
of endothelial cells and angiogenesis [37-39]. All these findings indicate that miRNAs play 
an important regulatory role in the signalling pathways that affect M-MDSC proliferation, 
expansion and function [40]. In this study, the target genes of the differentially expressed 
miRNAs were found to be enriched in these major signalling pathways involved in cellular 
immune regulation and regulation of angiogenesis. Thus, these signalling pathways may be 
involved in the pro-angiogenic mechanisms of MSDCs in echinococcosis.

Several differentially expressed miRNAs identified in this study have been found to be 
involved in the regulation of angiogenesis by different mechanisms in various studies. For 
example, upregulation of miR-150-5p can affect the activity and proliferation of endothelial 
cells (such as RF/6A) by binding to VEGF, and reduce the number of migratory cells and 
inhibit tube formation [41, 42]. Moreover, the expression of miR-17-3p, a member of the 
miR-17-92 cluster, is negatively correlated with the expression of VEGF [43]; miR-17-3p 
binds to the 21-bp domain of the UTR of the 3ʹend of Flk-1, resulting in rapid downregulation 
of Flk-1 and negative regulation of angiogenesis in HUVECs [44]. MMP-14 could be 
downregulated by post-transcriptional regulation through the combination of miR-181a-5p 
and an element in the UTR of the 3ʹ-end of MMP-14, thereby effectively inhibiting tumour 
cell migration and tumour angiogenesis, and play a potential anti-metastatic role [45]. miR-
26b-5p is a tumour suppressor miRNA that inhibits angiogenesis by downregulating the 
expression of factors, such as vascular endothelial cadherin and MMP-2, and could present 
a promising treatment target of hepatocellular carcinoma [46]. miR-142a-3p can directly 
inhibit vascular endothelial cadherin, and its overexpression can lead to the destruction 
of vascular integrity, vascular remodelling and pathological bleeding; moreover, abnormal 
vessels can be reconstructed when the function of miR-142a-3p is blocked [47]. MiR-34a-5p 
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could inhibit VEGFA expression and suppress endometrial-derived stem cell proliferation 
by targeting the UTR of the 3ʹ-end of VEGFA [48]. MiR-26a/b have also been shown to have 
strong anticancer effects through regulation of different molecular targets associated with 
the extracellular matrix and cell cycle regulation during cancer development. For example, 
miR-26a-5p and miR-26b-5p could directly suppress cell aggressiveness by regulating 
procollagen-lysine, 2-oxoglutarate 5-dioxygenase 2 (PLOD2), which is associated with the 
stiffness of the extracellular matrix in bladder cancer [49]. Moreover, miR-26a/b could bind 
to the 3ʹ-UTR of HGF mRNA at specific target sites, and their overexpression could repress 
the HGF-VEGF pathway and suppress tumour growth and angiogenesis in a xenograft mouse 
model [50]. Furthermore, miR-26a could bind to the 3ʹ-UTR of PIK3C2α mRNA, resulting 
in downregulation of VEGFA expression, and inhibit angiogenesis via the PI3K C2α/Akt/
HIF-1α/VEGFA pathway in hepatocellular carcinoma [51]. MiR-27b can also function as 
an angiogenesis inhibitor by targeting the VEGF-C/VEGFR2 axis [52]. Thus, these findings 
provide further proof of the regulatory role of the identified miRNAs in the pro-angiogenic 
functions of MSDCs and may even explain pro-angiogenic mechanisms in other parasitic 
diseases.

Conclusion

In summary, M-MDSCs not only have immunomodulatory function, but may also 
participate in angiogenesis during E. granulosus infection; moreover, miRNAs have a potential 
regulatory role in these two functions.
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