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Abstract. Malignant peripheral nerve sheath tumor (MPNST) 
is a rare and aggressive soft tissue sarcoma for which 
effective treatments have not yet been established due to poor 
understanding of its pathogenesis. Our previous study indicated 
that miR-210-mediated Ephrin-A3 (EFNA3) promotion of 
proliferation and invasion of MPNST cells plays an important 
role in MPNST tumorigenesis and progression. The purpose of 
the present study was to further investigate the roles of EFNA3 
in MPNST. Constructed transcription activator-like effector 
nucleases (TALENs) and lentiviral vectors were transfected 
into MPNST ST88-14 (NF1 wild-type) and sNF96.2 (NF1 
mutant type) cell lines to obtain gain- and loss-of-function 
cell lines for the EFNA3 function study. The results showed 
that the knockout of ENFA3 increased cellular viability and 
invasiveness of the MPNST cells. However, the adhesion 
ability of MPNST cells was enhanced or inhibited when 
EFNA3 was overexpressed or knocked out, respectively. It was 
also observed that knockout of EFNA3 significantly decreased 
the expression of phosphorylated FAK (p-FAK) and the tumor 
necrosis factor α (TNF-α) compared to that in the control 
cells, yet the expression of phosphatidylinositol 3-kinase 
(PI3K), GTPase, integrins, vascular endothelial growth factor 
(VEGF) and hypoxia-inducible factor 1α (HIF-α) increased 
significantly. Inversely, overexpression of EFNA3 significantly 
increased the expression of p-FAK and TNF-α compared to 
that in the control cells, yet the expression of PI3K, GTPase, 
integrins, VEGF and HIF-α decreased significantly. The 
results indicated that EFNA3 serves as a tumor suppressor 
in MPNST cells and it may play a critical role in the focal 
adhesion kinase (FAK) signaling and VEGF-associated tumor 
angiogenesis pathway. These findings may not only facilitate 

the better understanding of MPNST pathogenesis, but also 
suggest EFNA3 as a promising target for MPNST treatment.

Introduction

Malignant peripheral nerve sheath tumor (MPNST), typically 
arising from Schwann cells of peripheral nerve sheaths (1-3), 
is known as the most aggressive peripheral nerve malignant 
tumors. MPNST is the main soft tissue malignancy associ-
ated with neurofibromatosis type 1 (NF1)  (4). It has been 
reported that ~80% of MPNSTs are pathologically indicated 
as high‑grade tumors (2). Furthermore, studies have shown 
that 20-50% of patients with MPNST also have NF1 and ~10% 
of patients with NF1 will finally suffer from MPNST (1,4,5). 
Traditional treatment methods including surgical resection, 
chemotherapy and radiotherapy can not obtain an ideal cura-
tive effect mainly due to the aggressive growth and metastasis 
of MPNST. Therefore, it is urgent to clarify the underlying 
molecular mechanism of MPNST for developing new molec-
ular therapeutic tools.

Eph receptors represent the largest family of receptor 
tyrosine kinases (RTKs), which are capable of recognizing 
signals from the cell environment and influencing cell-cell 
interaction and cell migration (6-8). Ephrins are the ligands 
to Eph receptors and they stimulate bi-directional signaling 
of the Eph-ephrin axis. Ephrin-A3 (EFNA3) is one of the 
ephrin ligands which could bind to EphA2, EphA3, EphA5, 
EphA7, EphA8 and more poorly to EphA4. It is not only 
expressed in skeletal muscle, spleen, thymus, prostate, testis, 
ovary, small intestine and peripheral blood leukocytes, but is 
also present in neuroblastomas, neural cancers and leukemias. 
The dysregulated expression of EFNA3 has been observed in 
many types of human cancer. The expression level of EFNA3 
was found to be upregulated 26-fold in squamous cell lung 
carcinoma, 3.8-fold in liver cancer, 1.6-fold in colon cancer 
and downregulated 2.6-fold in kidney carcinoma (9-12). Our 
previous study also showed that mRNA expression levels of 
EFNA3 were significantly decreased in MPNST cell lines (1). 
However, the molecular mechanism by which EFNA3 medi-
ates MPNST cells is still unknown.

MicroRNAs (miRs), a kind of endogenous non-coding 
RNAs, can serve as endogenous agents for RNA interference. 
Growing evidence indicates that miRs deregulation is 
closely related to certain pathological processes including 
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tumorigenesis. miRs can act as tumor suppressors or 
oncogenes depending on their targets  (13). Among these 
functional miRs, miR-210 is frequently upregulated in various 
types of cancer, such as glioblastoma (14), clear cell renal cell 
carcinoma (15), lung (16) and breast cancer (17,18). miR-210 
may play an oncogenic role in cancer initiation and progression 
via regulating cellular growth, apoptosis, migration and 
invasion  (19,20). In MPNST, Presneau  et  al identified 16 
significantly differentially expressed miRs in MPNST 
relatively to neurofibromas. Of these, miR-210 was identified 
with increased expression (21). In addition, our previous study 
(1) indicated that miR-210 reduced the expression of its target 
gene EFNA3 and stimulated growth and invasion of MPNST. 
Accordingly, EFNA3 plays a role in MPNST progression 
and miR-210 acts as an oncogene. However, the relationship 
between miR-210 and EFNA3 in MPNST cells requires 
further investigation.

Overexpression and knockout of a specific gene are 
the crucial strategies for gene function study. Transfection 
strategies, which along with plasmid or lentiviral vectors, 
are known as the powerful methods for overexpression of a 
specific gene. Various technical tools have been developed to 
probe the functions of genes, yet their application has been 
limited by low efficacy and specificity (22). Recently, tran-
scription activator-like effector nucleases (TALENs) emerged 
as a novel promising tool for gene function analysis. TALENs 
are artificial restriction enzymes generated by fusing a TAL 
effector DNA binding domain to a DNA cleavage domain. 
Transcription activator-like effectors (TALEs) can be quickly 
engineered to bind practically any desired DNA sequence (23). 
When these restriction enzymes are introduced into cells, they 
can be used for gene knockout. In the present study, TALENs 
and lentiviral transfection strategies were applied to dissect 
the roles of EFNA3 in MPNST cells and to reveal correla-
tion between EFNA3 and miR-210. The present study may 
facilitate better understanding of MPNST pathogenesis and 
the development of potential therapeutic targets for MPNST.

Materials and methods

Cell culture. MPNST ST88-14 (NF1 wild-type) and sNF96.2 
(NF1 mutant type) cell lines were purchased from the China 
Center for Type Culture Collection (CCTCC; Wuhan, China). 
All the cells were cultured in Dulbecco's modified Eagle's 
medium (DMEM) supplemented with 10% fetal bovine serum 
(FBS; Life Technologies, Carlsbad, CA, USA), 100  IU/ml 
penicillin and 100 µg/ml streptomycin sulfate at 37˚C in a 
humidified incubator containing 5% CO2.

Antibodies. Antibodies of EFNA3 and β-actin were obtained 
from Santa Cruz Biotechnology (Dallas, TX, USA). 
Antibodies of focal adhesion kinase (FAK), phosphorylation 
FAK (p-FAK), PI3K, integrins, TNF-α and HIF-1α were 
purchased from ImmunoWay Biotechnology (Newark, DE, 
USA). Antibodies of GTPase and VEGF were purchased from 
Abzoom (Dallas, TX, USA).

Real-time RT-PCR. Total RNA was extracted from cells 
(MPNST cell line ST88-14, T265p21, sNF96.2, YST-1 and 
MPNST-14 cells were purchased from CCTCC or Schwann 

cells separated from human NF1 neurofibroma tissues) with 
TRIzol reagent (Life Technologies) following the manufac-
turer's instructions. The expression of EFNA3 mRNA was 
detected by real-time RT-PCR using the standard SYBR-Green 
RT-PCR kit (Takara, Otsu, Japan) following the manufacturer's 
instructions. The specific primer pairs are as follows: EFNA3 
sense, 5'-CTTGTGGCTCTGGTAATGTTTGG-3' and anti-
sense, 5'-GAGGAGGACGTGCTTATTGCTGT-3'; β-actin as 
an internal sense, 5'-AGGGGCCGGACTCGTCATACT-3' and 
antisense, 5'-GGCGGCACCACCATGTACCCT-3'. The rela-
tive expression of the gene mRNA was quantified using the 
GraphPad Prism 4.0 software (GraphPad Software, San Diego, 
CA, USA) and the 2-ΔΔCt method (24).

Design and construction of TALENs. TAL effector DNA 
binding domains were designed and constructed based on 
TAL Effector Nucleotide Targeter 2.0 (25). The sites: gggaaac-
cggcatgcggt (left) and ccccgactcactgctggt (right) were chosen. 
According to Sanjana et al (26), the binding pairs EFNA3-L and 
EFNA3-R were, respectively, assembled into the pTALEN-v2-L 
and pTALEN-v2-R backbones, yielding pTALEN-EFNA3‑L 
and pTALEN-EFNA3-R.ST88-14 and sNF96.2 cells 
were transfected with a mixture of pTALEN-EFNA3-L, 
pTALEN-EFNA3-R (untreated cells were used as a control). 
Cells were trypsinized and resuspended after transfection 
for 4 days. The transfected cells were expanded. To confirm 
the disruption of EFNA3, western blotting and PCR were 
performed. Whole cell extracts were analyzed by western blot-
ting, and the targeted exon was PCR-amplified from genomic 
DNA isolated from individual clones. The following day, the 
medium was refreshed and grown for an additional 24 h prior 
to harvesting for further analysis.

Lentiviral transfection. The Lv-EFNA3 and Lv-NC lentiviral 
suspension was purchased from GeneChem (Shanghai, China). 
The titer of the lentiviral vectors was 2x1010 titer units (TU)/ml. 
The ST88-14 and sNF96.2 cells were plated and cultured in 
6-well plates until cell fusion reached 60-70%. Then, 2.5x104 
TU/well Lv-EFNA3 or Lv-NC lentivirus was added to the cells 
under MOI values of 50. To confirm the effect of the lentivirus 
on the expression of EFNA3 gene, PCR and western blotting 
was performed to determinate the mRNA and protein levels of 
EFNA3 in the ST88-14 and sNF96.2 cells after infection with 
lentivirus for 6 days. The transfected cells were expanded and 
harvested for further analysis.

Cell viability assay. MPNST ST88-14 and sNF96.2 cells 
transfected with pTALEN-EFNA3-L, pTALEN-EFNA3-R 
and pre-miR-210 or pre-miR-210 in exponential growth were 
plated at a final concentration of 2x103 cells/well in 96-well 
plates. The viability of the cells was evaluated by an MTT 
assay after 24, 48, 72 and 96 h of seeding. The optical density 
at 570 nm (OD570) of each well was measured with an ELISA 
reader (ELX-800 type; BioTek, Winooski, VT, USA).

Cell invasion assay. The cell invasion assay was performed 
using a Cell Invasion Assay kit (Chemicon International, 
Temecula, CA, USA) according to the manufacturer's guide-
lines. Briefly, ST88-14 and sNF96.2 cells transfected with 
pTALEN-EFNA3-L and pTALEN-EFNA3-R or pre-miR-210 
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or pTALEN-EFNA3-L, pTALEN-EFNA3-R and pre-miR-210 
and their corresponding negative control was placed in the 
upper compartment of the chambers, and DMEM containing 
10% FBS was added in the lower chambers. After 24 h of 
incubation at 37˚C, cells on the upper face of the membrane 
were scraped using a cotton swab and cells on the lower face 
were fixed, stained and observed under a microscope. Then 
the dye on the membrane was dissolved with 10% acetic acid, 
dispensed into 96-well plates (150 µl/well), and the optical 
density at 570 nm (OD570) of each well was measured with an 
ELISA reader (ELX-800 type).

Cell adhesion assay. Adhesion was assayed by plating cells 
in DMEM on 96-well plates pre-coated with bovine serum 
albumin (BSA) as a control or 20 µg/ml fibronectin (FN) (both 
from Life Technologies), respectively. Cells were pre-treated 
overnight with MPNST cells and were allowed to adhere for 
2 h. Wells were washed, fixed with 4% paraformaldehyde and 
stained with crystal violet (Life Technologies). Adhered cells 
were counted under a microscope (AE31 type; Motic, HK, 
China) in five fields.

Western blotting. Cells were lysed in cell lysate, and then 
centrifuged at 12,000 x g for 20 min at 4˚C. The supernatant 
was collected and denatured. Proteins were separated in 
10% SDS-PAGE and blotted onto polyvinylidene difluoride 
membrane (PVDF). The PVDF membrane was treated with 

TBST containing 50 g/l skimmed milk at room temperature 
for 4 h, followed by incubation with the primary antibodies 
of EFNA3, FAK, p-FAK, PI3K, GTPase, integrins, VEGF, 
TNF-α, HIF-1α and β-actin, respectively, at 37˚C for 1 h. 
Membranes were rinsed and incubated for 1  h with the 
correspondent peroxidase-conjugated secondary antibodies. 
Chemiluminent detection was performed with the ECL kit 
(Pierce Chemical Co., Rockford, IL, USA).

Statistical analysis. Data are expressed as mean ± SD from 
at least three separate experiments. Statistical analysis was 
carried out using SPSS 15.0 software. The difference between 
the two groups was analyzed by the Student's t-test. A value 
of P<0.05 was considered to indicate a statistically significant 
result.

Results

Knocked out or overexpressed EFNA3 in ST88-14 and sNF96.2 
cells. In the present study, ST88-14 and sNF96.2 cells were 
selected to investigate the functions of EFNA3 in MPNST. 
TALENs are emerging as a new powerful technique in the 
field of targeted genome engineering. TALENs were applied 
for knockout of EFNA3 gene in MPNST cells. After transfec-
tion with pTALEN-EFNA3-L and pTALEN-EFNA3‑R, the 
expression levels of EFNA3 mRNA and protein in ST88-14 
and sNF96.2 cells were analyzed by RT-PCR and western 

Figure 1. (A) RT-PCR detection of EFNA3 mRNA expression after transfection with EFNA3-TALENs; (B) western blotting detection of EFNA3 protein 
expression after transfection with EFNA3-TALENs; (C) RT-PCR detection of EFNA3 mRNA expression after transfection with Lv-EFNA3 or Lv-NC; 
(D) western blotting detection of EFNA3 protein expression after transfection with Lv-EFNA3 and Lv-NC. **P<0.01 vs. con. EFNA3, Ephrin-A3; TALENs, 
transcription activator-like effector nucleases.
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blotting. The expression of EFNA3 mRNA and protein were 
detected (Fig. 1A and B). These results suggested that EFNA3 
gene was effectively knocked out by EFNA3-TALENs in 
ST88-14 and sNF96.2 cells.

EFNA3 was also overexpressed by lentiviral transfec-
tion. After transfection with lentiviral recombinant vectors, 
RT-PCR and western blotting were performed to analyze 
the expression of EFNA3 mRNA and protein. As shown in 
Fig. 1C and D, the expression of EFNA3 mRNA and protein 
increased significantly in transfected LV-EFNA3 cells 
compared with transfected LV-NC vector and control cells. 
The above indicated that EFNA3 gene was overexpressed 
effectively by the LV-EFNA3 transfected in ST88-14 and 
sNF96.2 cells.

Effect of EFNA3 on the viability of MPNST cells. MTT 
assay, generally applied to detect the viability of the cellse, 
was employed to investigate the effect of EFNA3 on the 
viability of ST88-14 and sNF96.2 cells. MPNST cells, with 
the EFNA3 gene present or knocked out, was transfected with 
pre-miR-210. Subsequently, the cell viabilities were evaluated 
every 24 h for 3 days. As shown in Fig. 2A and B, although 

the MPNST cells were all transfected with pre-miR-210, the 
viabilities still increased in ST88-14 and sNF96.2 cells when 
EFNA3 was knocked out. This suggested that the knockout of 
EFNA3 promoted the viability of the MPNST cells.

Effect of EFNA3 on invasiveness of MPNST cells. The rising 
invasiveness is an important feature of malignant tumors. 
The effects of EFNA3 on invasiveness of MPNST ST88-14 
and sNF96.2 cells were examined by a Transwell assay. The 
results showed that knockout of EFNA3 by introduction of 
pTALEN-EFNA3-L and pTALEN-EFNA3-R, or overex-
pression of miR-210 by introduction of pre-miR-210, both 
strongly increased the invasiveness of ST88-14 and sNF96.2 
cells (Fig. 3A and B). It was also noted that the overexpression 
of miR-210 had more power in increasing the invasiveness of 
the MPNST cells than that of the knockout of EFNA3. In 
addition, the MPNST cells with both knockout EFNA3 and 
overexpression of miR-210 increased the invasiveness of the 
cells as well. As presented in Fig. 3, the enhancement degree  
of invasiveness in MPNST cells with both the knocked out 
EFNA3 and overexpressed miR-210 were greater than that 
of EFNA3 knockout MPNST cells, but weaker than that of 

Figure 2. MTT assay was performed to determine the viability of (A) MPNST sNF96.2 and (B) ST88-14 cells in which miR-210 were firstly overexpressed and 
EFNA3 was further knocked out. *P<0.05 vs. mir-210+con. MPNST, malignant peripheral nerve sheath tumor.

Figure 3. Transwell assay showed that knockout of EFNA3 or overexpression of miR-210 or both knockout of EFNA3 and overexpression of miR-210 all 
strongly increased the invasiveness of (A) sNF96.2 and (B) ST88-14 cells. Each group is significantly different from each other (P<0.05). EFNA3, Ephrin-A3.
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miR-210 overexpressed MPNST cells, suggesting that EFNA3 
had a negative effect on the invasiveness of the MPNST cells. 
Furthermore, EFNA3 may not be the only target gene of 
miR-210.

Effect of EFNA3 on adhesion of MPNST. The adhesion capa-
bility of cancer cells is closely related with metastasis. To 
investigate the effect of EFNA3 on adhesion of MPNST cells, 
EFNA3 in ST88-14 and sNF96.2 cells was knocked out by 

Figure 4. Cell adhesion assay showed that overexpression of EFNA3 effectively increased the adhesion capacity of (A) ST88-14 and (C) sNF96.2 cells, while 
the knockout of EFNA3 by TALENs significantly decreased the adhesion capacity of (B) ST88-14 and (D) sNF96.2 cells. EFNA3, Ephrin-A3; TALENs, 
transcription activator-like effector nucleases.

Figure 5. (A and B) Expression levels of FAK, p-FAK and TNF-α in ST88-14 cells infected with Lv-EFNA3, EFNA3-TALENs or TALENs-NC were detected 
by western blot analysis. *P<0.05 vs. con. FAK, focal adhesion kinase; p-FAK, phosphorylation FAK; TNF-α, tumor necrosis factor α; TALENs, transcription 
activator-like effector nucleases.
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TALENs that also overexpressed EFNA3 through Lv-EFNA3 
transfection. Our data showed that the adhesion capability of 
MPNST cells was inhibited after knocking out EFNA3, while 
overexpression of EFNA3 enhanced the adhesion capability of 
both ST88-14 and sNF96.2 cells (Fig. 4A-D). These findings 

suggest that EFNA3 inhibits MPNST metastasis by promoting 
the adhesion of MPNST cells.

Molecular mechanism underlying the role of EFNA3 in tumor 
angiogenesis. To explore the potential molecular mechanisms 
underlying EFNA3-induced tumor angiogenesis, the expres-
sion of some protein members of FAK signaling pathway 
including FAK, p-FAK, phosphatidylinositol 3-kinase (PI3K), 
GTPase as well as integrins and angiogenic factors including 
vascular endothelial growth factor (VEGF), tumor necrosis 
factor α (TNF-α) and hypoxia-inducible factor 1α (HIF-α) 
were determined by western blotting. We found that knockout 
of EFNA3 notably decreased the protein expression of p-FAK 
and TNF-α compared to the control groups (Fig. 5A and B), 
while the protein expression levels of PI3K, GTPase, integrins, 
VEGF and HIF-α were significantly increased (Figs. 6-8). All 
these changes were beneficial to the progression of the tumor. 
On the contrary, overexpression of EFNA3 significantly upreg-
ulated the protein expression of p-FAK and TNF-α compared 
to the control groups (Fig. 5A and B), yet the protein levels 
of PI3K, GTPase, integrins, VEGF and HIF-α were notably 
reduced (Figs. 6-8). These data indicated that knockout and 
overexpression of EFNA3 improved and inhibited progression 
of MPNST cells, respectively. These data suggest that EFNA3 
may function as a tumor suppressor in MPNST.

Figure 6. (A) Protein expression levels of PI3K in ST88-14 cells infected with Lv-EFNA3, EFNA3-TALENs or TALENs-NC were detected by western blot 
analysis. *P<0.05 vs. con. (B) Protein expression levels of GTPase in ST88-14 cells infected with Lv-EFNA3, EFNA3-TALENs or TALENs-NC were detected 
by western blot analysis. *P<0.05 vs. con.

Figure 7. (A) Protein expression levels of integrins in ST88-14 cells infected with Lv-EFNA3, EFNA3-TALENs or TALENs-NC were detected by western blot 
analysis. *P<0.05 vs. con. (B) Protein expression levels of VEGF in ST88-14 cells infected with Lv-EFNA3, EFNA3-TALENs or TALENs-NC were detected 
by western blot analysis. *P<0.05 vs. con. TALENs, transcription activator-like effector nucleases; VEGF, vascular endothelial growth factor.

Figure 8. Protein expression levels of HIF-1α in ST88-14 cells infected with 
Lv-EFNA3, EFNA3-TALENs or TALENs-NC were detected by western blot 
analysis. *P<0.05 vs. con. HIF-1α, hypoxia-inducible factor 1α; TALENs, 
transcription activator-like effector nucleases.
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Discussion

Ephrin ligands and their Eph receptors have been proven to 
play a crucial role in mediating a wide range of biological 
activities, such as angiogenesis, cell segregation, cell adhesion, 
shape and motility. As several of these processes are known 
to go awry during tumorigenesis and metastasis, Eph/ephrin 
signaling has been identified to play a role in many human 
cancers, such as lung, breast and prostate cancers, as well 
as melanoma and leukemia  (9). Ephrin-A3 (EFNA3) is a 
GPI-anchored membrane protein and is widely expressed in 
human organisms, such as skeletal muscle, spleen, thymus, 
prostate, testis, and ovary (27). EFNA3 has been proven to play 
an important role in the guidance of various types of axons 
in the developing nervous system (28-30) and in the control 
of dendritic spine morphology (31). EFNA3 has also been 
proposed to be associated with some cancers. Iiizumi et al 
found that EFNA3 facilitated the growth of pancreatic cancer 
cells (32). Georgiou et al indicated that EFNA3 served as an 
angiogenesis-specific gene and its expression was upregulated 
in patients with breast cancer (33). Our previous study indicated 
that EFNA3 may play a part in the process of miR-210 promo-
tion of growth and invasion of MPNST (1). Subsequently, the 
functions of EFNA3 in MPNST were investigated in this study.

In the present study, we investigated the function of EFNA3 
by gain- and loss-of-function strategies. EFNA3-Talens 
and Lv-EFNA3 were transfected into MPNST cells to knock 
out and overexpress EFNA3, respectively. The EFNA3 
mRNA and protein levels were determined by RT-PCR and 
western blotting, and the results indicated that EFNA3 gene 
in ST88-14 and sNF96.2 cells were effectively knocked out 
by EFNA3‑Talens suggesting the promising application of 
TALENs in cancer associated gene function study.

We further investigated the performance of ST88-14 and 
sNF96.2 cells with EFNA3 present or knockout, on cell viability. 
The results suggested that knockout of EFNA3 significantly 
promoted the viability of MPNST cells even when miR-210 
was pre-upregulated. Notably, our previous study showed that 
miR-210 promotes viability and proliferation of MPNST cells 
through negative regulation of EFNA3 (1). In the present study, 
although the MPNST cells were all transfected with pre-miR-
210, the viabilities still increased in ST88-14 and sNF96.2 cells 
when EFNA3 was further knocked out, implying that EFNA3 
interfered in the viability of MPNST cells more directly than 
miR-210. Subsequently, the invasiveness of ST88-14 and 
sNF96.2 cells transfected with EFNA3-Talens or pre-miR-
210 or both recombinant vectors were determined. Although the 
invasiveness of all transfected MPNST cell lines was increased, 
the enhancement degree was different in each. The enhance-
ment degree of the invasiveness in the MPNST cells that were 
transfected with both EFNA3-Talens and pre-miR-210 was 
greater than that of EFNA3-Talens transfected cells but it was 
weaker than that of pre-miR-210 transfected cells. These data 
suggest that EFNA3 may not be the only target gene of miR-210. 
It was also consistent with the findings in our previous study, 
in which the ZNF462 gene was also indicated as a potential 
target of miR-210 (1). Besides, Fasanaro et al also identified 
some other targets of miR-210, including E2F3, MNT, APC, 
ACVR1B and CDK10, which were also demonstrated to be 
tumor suppressors (34).

Angiogenesis is always closely associated with tumor 
growth and metastasis. FAK signaling has been shown to 
promote angiogenesis in embryonic development as well as 
various physiological and disease processes in adult organism, 
including tumor angiogenesis (35). In addition, FAK signaling 
members and angiogenic factors have been implicated in 
tumorigenesis with regards to the Eph/ephrin axis. A study 
by Miao et al showed that EphA2 stimulation with ephrin-A1 
leads to the recruitment of the protein tyrosine phosphatase 
SHP-2 to EphA2, followed by dephosphorylation of FAK 
and paxillin (36). Brantley et al validated the complementary 
expression of EphA2 in tumor blood vessel endothelium and 
ephrin-A1 in tumor cells as the first functional evidence of 
type-A Eph receptor regulation of pathogenic angiogenesis 
in tumors  (37). Accordingly, the expression level of FAK 
signaling proteins and angiogenic factors were determined 
by western blotting to further clarify the potential molecular 
mechanisms underlying EFNA3-induced tumor angiogenesis 
in the present study. The results indicated that knockout of 
EFNA3 significantly decreased the expression of p-FAK. 
However, the expression of PI3K, GTPase and intergins were 
increased (Fig. 5). These suggested that FAK signaling was 
negatively regulated by phosphorylation of FAK. Generally, 
the FAK signaling is triggered by FAK phosphorylation that 
led to actin reorganization through downstream PI3K and 
GTPase activation (38). In addition, FAK activation has been 
linked to integrin clustering and is considered a critical step 
in the initiation of cell migration (37). This process seems to 
be positively regulated by FAK phosphorylation. However, 
phosphorylation of FAK at its tyrosine phosphoacceptor site 
Tyr-407 has been reported to negatively regulate kinase activity 
and cell migration (39). VEGF is a signal protein produced by 
cells that stimulate vasculogenesis and angiogenesis. It is part 
of the system that restores the oxygen supply to tissues when 
blood circulation is inadequate. When VEGF is overexpressed, 
it can contribute to cancer angiogenesis. HIF-α is the protein 
which plays an essential role in cellular and systemic responses 
to tumor mediated hypoxia. TNF-α is a member of a group of 
cytokines which is able to induce fever, apoptotic cell death, 
cachexia, inflammation and to inhibit tumorigenesis. VEGF, 
HIF-α and TNF-α are known as angiogenic factors which are 
closely related with tumorigenesis and angiogenesis. We also 
found that knockout of EFNA3 significantly inhibited the 
expression of TNF-α yet notably promoted the expression of 
VEGF and HIF-α. These findings suggest that angiogenesis in 
MPNST cells was activated and may promote tumor metastasis 
when EFNA3 is knocked out. On the contrary, the expression 
of angiogenic factors was inversely different when EFNA3 was 
upregulated. Collectively, our results indicated that knockout 
of EFNA3 by TALENs may contribute to the development 
and progression of MPNST and this effect may be associated 
with increased viability and invasiveness, at least in part, via 
promoting angiogenesis. Moreover, overexpression of EFNA3 
was able to inhibit the progression of MPNST.

In summary, we demonstrated that EFNA3 serves as a 
tumor suppressor in MPNST cells and it may play a critical 
role in the FAK signaling and VEGF-associated tumor 
angiogenesis pathway. These findings may not only facilitate 
better understanding of MPNST pathogenesis, but also suggest 
EFNA3 as a promising target for MPNST treatment.
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