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Background: The adenosine deaminase acting on RNA 1 (ADAR1) specifically deaminates 

adenosine to inosine in double-stranded RNA (dsRNA). Emerging evidence indicated that under 

hypoxia condition, such as tumor microenvironment, ADAR1 level was increased. Interestingly, 

we found FGFR2 was also increased under hypoxia stress. The purpose of this study was to 

investigate the regulation mechanism of ADAR1 and the potential role of ADAR1–FGFR2 axis 

in cell proliferation and apoptosis.

Methods: Using human umbilical vein endothelial cells as cellular model, we explored the 

function of ADAR1 in regulating cell survival.

Results: We found manipulation of FGFR2 activity could override the cellular effect of ADAR1, 

suggesting FGFR2 could be a potential effector of ADAR1. Moreover, our results revealed that 

PI3K-Akt pathway was involved in ADAR1–FGFR2 axis-induced cell proliferation.

Conclusion: In summary, this study supported the notion that ADAR1 could play a role in 

tumor cell proliferation, which was mediated by FGFR2.
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Introduction
Adenosine deaminase acting on RNA1 (ADAR1), an RNA editing enzyme, catalyzes 

the C6 deamination of adenosine (A) in double-stranded RNA (dsRNA) structures 

to form inosine (I).1 This process is known as A-to-I RNA editing, which potentially 

leads to altering the coding capacity and structure of the substrate RNA when it occurs 

within the coding sequences.2–4 In mammalian, ADAR family consists of three types 

of ADARs: ADAR1, ADAR2, and ADAR3. However, only ADAR1 and ADAR2 

were proven to have RNA editing capacity.5,6

Emerging evidence indicates that ADAR1 plays critical roles in broader area 

including apoptosis, cell survival, differentiation, tumorigenesis, and autoimmune 

disease.7–10 In mice, embryos with deficiency in ADAR1 (-/-) displayed widespread 

apoptosis in many tissues, which demonstrated its functions to enhance cell survival 

by editing dsRNAs required for protection against stress-induced apoptosis.7 Fibroblast 

growth factor receptor 2 (FGFR2) has been implicated to function in tumor develop-

ment and malignant progression. A previous study has reported that FGFR2 increased 

cell survival by preventing apoptosis.11 This indicates that investigation of ADAR1 

and FGFR2 would promote our understanding of fundamental questions in the field 

of cell survival and apoptosis.

Hypoxia affects cells and tissues during normal embryonic development and patho-

logical conditions such as myocardial infarction, inflammation and tumorigenesis. It was 

reported that hypoxia environment can stimulate the amount of ADAR1,12 and apoptosis 
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can also be induced in response to hypoxia.13 However, the 

potential link between FGFR2 and hypoxia remains unclear. 

In addition, the underlying mechanism of ADAR1 and 

FGFR2 for apoptosis was not well investigated.

Given above evidence, in this study, we investigated the 

regulation mechanism of ADAR1 and FGFR2 axis in cell 

proliferation and apoptosis. We also investigated the involved 

signaling pathway for cell proliferation and apoptosis induced 

by ADAR1 and FGFR2.

Materials and methods
cell culture
Human umbilical vein endothelial cells (HUVECs) were 

kindly purchased from American Type Culture Collec-

tion (ATCC, Rockville, MD, USA). Cells were cultured in 

F-12K medium (Thermo Fisher Scientific, Waltham, MA, 

USA) supplemented with 10% heat-inactivated fetal bovine 

serum (Thermo Fisher Scientific), 100 units/mL of penicillin, 

100 µg/mL of streptomycin (Sigma Aldrich Co., St Louis, 

MO, USA) with a density of 1×106 cells/mL. The cells were 

incubated in a standard incubator (37°C, 5% CO
2
). In hypoxia 

condition, the cells were incubated at 37°C in 1% O
2
.

reagents and compounds
FGF2 was obtained from R&D Systems, Inc. (Minneapolis, 

MN, USA) and FGFR2 inhibitor BGJ398 was provided by 

Selleck (Houston, TX, USA). Primary antibodies used were 

anti-ADAR1 (1:1,000; Abcam, Cambridge, MA, USA), anti-

FGFR2 (1:1,000; Cell Signaling Technology, Danvers, MA, 

USA), anti-GAPDH (1:3,000; Cell Signaling Technology), anti-

Bax (1:1,000; Cell Signaling Technology), anti-Bcl-2 (1:1,000; 

Cell Signaling Technology), anti-Akt (1:1,000; Cell Signal-

ing Technology), anti-Akt (phosphor-S473) (1:1,000; Cell 

Signaling Technology), and anti-vascular endothelial growth 

factor (VEGF) (1:1,000; Cell Signaling Technology). Second-

ary antibodies used were anti-rabbit-horseradish peroxidase 

(1:1,000; Cell Signaling Technology), anti-mouse-horseradish 

peroxidase (1:1,000; Cell Signaling Technology).

Western blot analysis
HUVECs were seeded at a density of 4×106 in 10 cm 

dish. Twenty-four hours later, HUVECs were treated with 

FGF2 or FGFR2 inhibitor BGJ398 and incubated for 48 

hours at 37°C. Next, cells were harvested and washed with 

cold PBS and lysed with radio-immunoprecipitation assay 

buffer (Thermo Fisher Scientific) supplemented with phe-

nylmethanesulfonyl fluoride, Na-orthovanadate, protease, 

and phosphatase inhibitor cocktail (Sigma Aldrich Co.). 

Cell extract was centrifuged at 10,000×g for 20 minutes 

at 4°C and supernatant was collected for further analysis. 

The protein concentration was determined by Bradford 

protein assay (Bio-Rad Laboratories, Hercules, CA, USA) 

and equivalent amounts (20 µg) of total cellular protein 

were separated by 4%–10% SDS-PAGE (Thermo Fisher 

Scientific) and then transferred on to a nitrocellulose blot-

ting membrane (Thermo Fisher Scientific) which was further 

blocked with 5% nonfat milk in TBST buffer at room tem-

perature for 1 h, and then incubated with primary antibodies 

at 4°C overnight. After three washes in tris-buffered saline 

with Tween 20 (TBST) buffer, the membranes were incu-

bated with horseradish peroxidase–conjugated secondary 

antibody for 1 h. Finally, the protein binding was visualized 

using an enhanced chemiluminescence detection system (GE 

Healthcare, Buckinghamshire, UK).

Quantitative real-time Pcr
For quantitative reverse transcription-PCR (qRT-PCR), 

total mRNA was extracted from cultured cells using RNA 

purification kits (Thermo Fisher Scientific) and RNA was 

reverse-transcribed into cDNA with SuperScript™ IV Reverse 

Transcriptase (Thermo Fisher Scientific). SYBR green 

quantitative real-time PCR was performed using a real-time 

PCR system (ABI 7300; Applied Biosystems, Foster City, CA, 

USA). The real-time PCR procedure was performed as follows: 

initial denaturation at 95°C for 10 minutes; 40 cycles of dena-

turation at 95°C for 15 seconds and annealing extension at 60°C 

for 30 seconds. The relative expression of target genes was 

determined with the comparative Ct method and was normalized 

to the endogenous level of GAPDH. The primer sequences used 

for qRT-PCR were as follows: ADAR1, forward 5′-CGGGAT

CCCCAAGGTGGAGAATGGTGAGTGGTA-3′ and reverse 

5′-GCTCTAGAGAATCAAACCCACAAGAGGCCAG 

TG-3′; FGFR2, forward 5′-TGGGATATCCTTTCA 

CTCTG-3′ and reverse 5′-GTTATCCTCACCAGCGG 

GGT-3′; VEGF, forward 5′-ACTGGACCCTGGCT 

TTACTGCT-3′ and reverse 5′-TGATCCGCATGATC 

TGCATGGTG-3′; Akt, forward 5′-AAGGATCCATGAG

CGACGTGGCTATTGTG-3′ and reverse 5′-AACTCGA

GCCTCCAAGCTATCGTCCAGC-3′; GAPDH, forward 

5′-CATGAGAAGTATGACAACAGCCT-3′ and reverse 

5′-AGTCCTTCCACGATACCAAAGT-3′.

lentiviral introduction of shaDar1 
or aDar1
A lentiviral vector pLKO.1-puro was modified to either 

knockdown or overexpress ADAR1. For ADAR1 knock-

down, an oligonucleotide was synthesized which consisted 
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of a sequence-specific nucleotide stretch designed to target 

the ADAR1 (forward 5′-CGCGTCCCCGAGGCAGAAAC

CTAAGAAGTTCAAGAGACTTCTTAGGTTTCTGCCT

CTTTTTGGAAAT-3′ and reverse 5′-CGATTTCCAAAA

AGAGGCAGAAACCTAAGAAGTCTCTTGAACTTCTT

AGGTTTCTGCCTCGGGGA-3′). This shRNA-expressing 

lentiviral plasmid was co-transfected with plasmids pVSV-G 

and pCMVd8.9 into 293 T cells. Viral containing media were 

collected, filtered, and concentrated by ultracentrifugation. 

Stable cell lines with ADAR1 knocking down were obtained 

by selection with puromycin. Lentiviral-based ADAR1 over-

expression was performed using similar methods.

apoptosis analysis
For Annexin V/propidium iodide (PI) staining, 0.5–1×106 cells 

were stimulated to induce cell death. Cells were centrifuged at 

500×g for 5 minutes at 4°C and the supernatant was aspirated. 

Cells were then washed with 1 mL PBS and resuspended in 

100 µL staining buffer (Thermo Fisher Scientific) by mixing 

2 µL of Annexin-V-FLUOS and 2 µL PI in incubation buffer 

according to manufacturer’s instructions. The cells were incu-

bated for 15 minutes at room temperature and protected from 

light. After centrifugation at 500×g for 5 minutes at 4°C, the 

staining buffer was aspirated and the cells were resuspended 

in 100 µL PBS and analyzed immediately by flow cytometer. 

The 488 nm laser was used for excitation. Debris and doublets 

were gated out. Annexin V-FLUOS (505–560 nm) and PI 

(595–642 nm) channels were measured, and at least 10,000 

events of singlet per sample were collected.

cell proliferation assay
Cell proliferation was detected with a colorimetric assay 

using the CellTiter 96 AQueous One Solution (MTS) reagent 

(Promega Corporation, Fitchburg, WI, USA). In brief, 

HUVECs at a density of 1×104 cells/well were plated in 

96-well plates and then cultured at 24 h intervals for 4 days. 

Next, 20 µL MTS reagent was added to each well for 

4 h at 37°C. The absorbance value (OD) of each well was 

measured at 450 nm. Image-based proliferation assay was 

performed based on EdU incorporation. Cells at a density of 

5×103 cells/well in 96-well plates were incubated with 10 µM 

EdU (EMD Millipore, Billerica, MA, USA) for 3 days and 

fixed by formaldehyde. After PBS washing, EdU detection 

cocktail was added to the cells for 15 minutes, and images 

were collected by fluorescent microscopy.

Immunofluorescence staining
Cells were washed by cold PBS once and then were fixed 

with 3.7% paraformaldehyde in PBS for 20 minutes at room 

temperature and treated with 1% hydrogen peroxide for 

10 minutes and then incubated for 40 minutes with blocking 

solution (PBS containing 1% BSA, 0.4% Triton X-100% and 

4% FBS). After that, the cells were incubated with FGFR2 

antibody at 1:1,000 overnight at 4°C. After washing with 

TBST (0.2% Tween-20) three times for 50 minutes, the cells 

were incubated with secondary antibodies.

capase-3 activity measurement
HUVECs after compound treatments were lysed in radio-

immunoprecipitation assay buffer followed by three cycles of 

freeze–thaw before centrifugation at 18,000×g for 30 minutes. 

The supernatant (20 µL) was combined with reaction buffer 

consisting of 100 mM HEPES (pH 7.5), 10% sucrose, and 

0.1% 3-(3-cholamidopropyl) dimethylammonio-1-propane 

sulfonate (CHAPS; Sigma Aldrich Co.), and the mixture was 

pre-incubated for 30 minutes at 30°C with or without 50 µM of 

the cell-permeable, peptide inhibitor of caspase-3 (Ac-DEVD-

CHO) (Calbiochem-Novabiochem Corporation, San Diego, 

CA, USA). The fluorogenic substrate DEVD-AMC (50 µM) 

was added, and the reactions were incubated at 30°C for 60 

minutes. Fluorescence was measured using excitation and emis-

sion wavelengths of 360 and 460 nm, respectively. Results were 

calculated as the total caspase-3 activity for each sample.

cell permeability measurement
HUVECs were seeded onto vitronectin (10 µg/mL)-coated 

Costar Transwell inserts (6.5-mm diameter and 3-µm pore size; 

Corning Incorporated, Corning, NY, USA) at a cell density 

of 2×104 cells and grown in endothelial basal medium-2 with 

10% of fetal calf serum. Confluent HUVECs were infected in 

triplicate with pathogenic Hantaan virus, Andes virus, or New 

York virus or nonpathogenic Prospect Hill virus or Tula virus 

at a multiplicity of infection of 0.5 or mock infected. After  

1 hour of adsorption or 1, 2, or 3 days post infection, cells were 

starved overnight with endothelial basal medium-2%–0.5% 

bovine serum albumin without growth factors. Fluorescein 

isothiocyanate-dextran (0.5 mg/mL) was added to the upper 

chamber of monolayers. At various times, fluorescein isothio-

cyanate-dextran present in the lower chamber was assayed by 

using a PerkinElmer fluorimeter (490 nm excitation, 530 nm 

emission; PerkinElmer Inc., Waltham, MA, USA).

statistical analysis
All data are expressed as the mean ± SE. Graphs were ana-

lyzed with GraphPad Prism 5 software. Differences between 

groups were performed using Student’s t-test or ANOVA. 

The level of statistical significance was set at 0.05.
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Results
hypoxia upregulated aDar1 expression 
and induced cell apoptosis
It has been shown that oxygen deprivation results in apoptotic 

cell death and that hypoxia inducible factor 1 (HIF1) plays a 

key role in this process.19 We first cultured the HUVECs in 

the condition of hypoxia and detected the mRNA level in a 

time-dependent manner. The data of qPCR assay showed that 

hypoxia induced the upregulation of ADAR1 gene expres-

sion, reaching the plateau at around 8 hours (Figure 1A). 

Meanwhile, protein levels of ADAR1, FGFR2, VEGF, and 

HIF1 were all increased by hypoxia, indicating the activation 

of apoptosis pathway in cells (Figure 1B).

Next, HUVECs were infected with lentivirus expressing 

scrambled shRNA as negative control and two anti-ADAR1 

shRNAs respectively to inhibit endogenous ADAR1 expres-

sion. The results showed that sh-ADAR1-1 exhibited a 

better inhibitory effect with nearly 80%, while sh-ADAR-2 

only decreased endogenous ADAR1 expression by 60% 

(Figure 1C). Furthermore, knockdown of ADAR1 decreased 

the transcription level of FGFR2, VEGF in concert with 

HIF1 in condition of hypoxia (Figure 1D), which proved the 

hypothesis that ADAR1 was highly involved in cell apoptosis 

via regulation of FGFR2.

Knockdown of aDar1 increased cell 
apoptosis and cell permeability
In order to evaluate the effects of ADAR1 knockdown on 

cell apoptosis, FACS was applied. The results indicated that 

knockdown of ADAR1 increased the HUVEC apoptosis 

rates by more than three times (from 9% to 32% and 29%) 

(Figure 2A). Meanwhile, cell proliferation rates were mea-

sured by MTS assay. Consistent with FACS results, the 

readout of OD 450 showed that cells with sh-ADAR-1 or sh-

ADAR-2 exhibited much lower proliferation rate compared 

to control cells (Figure 2B). As it is an important pattern 

of endothelia cells to form branching tubes in proliferation 

with low permeability so that the whole structure is more 

tight and functional, we further evaluated the branching 

tube amounts as well as the permeability in control and 

ADAR1 knockdown cells. The data showed that sh-ADAR-1 

or sh-ADAR-2 could significantly decrease the number of 
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Figure 1 hypoxia could activate aDar1 expression and consequently affects cell proliferation and tube formation. 
Notes: (A) relative mrna expression level of aDar1 genes in a time-course condition of hypoxia culture. gaPDh was used as housekeeping gene for normalization. 
(B) Western blot analysis of aDar1, FgFr2, VegF, and hiF1 proteins compared between normal and hypoxia condition. Quantitative results were normalized to gaPDh. 
(C) Western blot analysis of knocking down efficiency of ADAR1 shRNAs. ADAR1 protein was quantified by normalizing to GAPDH. (D) relative mrna expression level of 
FgFr2, hiF1, and VegF genes compared in control and shaDar1 hUVecs. gaPDh was used as housekeeping gene for normalization. Values are expressed as mean ± se. 
*P,0.05, as compared to the control.
Abbreviations: ADAR1, adenosine deaminase acting on RNA 1; FGFR2, fibroblast growth factor receptor 2; HIF1, hypoxia inducible factor 1; HUVEC, human umbilical vein 
endothelial cell; nc, negative control; VegF, vascular endothelial growth factor.
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cell branching points and increase the cell permeability, 

respectively (Figure 2C and D). All these results concluded 

that ADAR1 was involved in regulation of cell proliferation, 

and knockdown of ADAR1 could promote cell apoptosis and 

increase cell permeability.

aDar1 regulated cell apoptosis and 
permeability through the modulation 
of FgFr2
As we have proved that knockdown ADAR1 could increase 

cell apoptosis and decrease cell permeability, this situation 

is coincided with the function of FGFR2 in HUVECs. To 

further investigate the connectivity of ADAR1 and FGFR2, 

we performed the rescue study by introducing FGF2 into 

sh-ADAR1 HUVECs. The results showed that FGF2 mark-

edly reverse sh-ADAR1-induced cell apoptosis, concluding 

from the FACS analysis (Figure 3A). Consistently, FGF2 

also promoted cell proliferation in sh-ADAR1-treated cells 

detected by MTS assay (Figure 3B).

In order to strengthen our hypothesis, we found that 

both of the two ADAR1 shRNA stable cell lines exhibited 

higher caspase-3 activity, indicating the pro-apoptosis role 

of ADAR1 (Figure 3C). In addition, the proteins that were 

identified as apoptosis markers including Bax and Bcl-2 

were detected with Western blot.16 As shown in Figure 3D 

knockdown ADAR1 could increase Bax and decrease Bcl-2 

protein level, which could be rescued by following treat-

ment with FGF2. Consistent result was also observed in cell 

permeability assay (Figure 3E). Moreover, FGF2 notably 

reverses sh-ADAR1-induced tube branching decrease as 

well (Figure 3F).

To further validate the connectivity of ADAR1 and 

FGFR2, we conducted over-expressed ADAR1 by delivery 

with lenti-virus containing ADAR1. The mRNA level of 

ADAR1 was highly upregulated by lenti-virus infection in 

HUVECs (Figure 4A). In addition, MTS assay revealed that 

ADAR1 overexpression significantly promoted the prolifera-

tion of HUVECs, while BGJ398 (FGFR2 inhibitor) treatment 

completely attenuated this promotion (Figure 4B). Consis-

tent result was also observed in EdU staining (Figure 4C). 

In conclusion, our results proved that knockdown of ADAR1 

regulated cell apoptosis and permeability through inhibition 

of FGFR2.

aDar1 and FgFr2 regulated cell 
proliferation via activation of Pi3K-akt 
pathway
The PI3K pathway, activated by many survival factors, 

leads to the activation of Akt, an important player in sur-

vival signaling.17,18 Considering the importance of PI3K 

pathway, the regulation effect of ADAR1/FGFR2 on PI3K 

pathway was evaluated. The results showed that inhibition 

of ADAR1 decreased phosphorylation Akt as well as VEGF 

levels, which could be reversed by the following treatment 

of FGF2 (Figure 5A). Consistent results were also demon-

strated by qPCR analysis of mRNA levels of Akt and VEGF 

Figure 2 aDar1 affected hUVec cell apoptosis, proliferation tube branching formation and cell permeability. 
Notes: (A) Cell apoptosis rates detected by flow cytometry. About 0.5–1×106 cells were stimulated to induce cell death. (B) cell proliferation was detected with a 
colorimetric assay using the cellTiter 96 aQueous One solution. The absorbance value (OD) of each well was measured at 450 nm. (C) image assay for tube formation 
analysis. hUVecs were plated on Matrigel in the presence of hUVec media containing 5% bovine calf serum cells incubated with 25 ng/ml of hepatocyte growth factor to 
induce formation tubes in serum-reduced media. (D) Permeability assay of hUVecs. Values are expressed as mean ± se. *P,0.05, as compared to the control.
Abbreviations: aDar1, adenosine deaminase acting on rna 1; hUVec, human umbilical vein endothelial cell; nc, negative control; Pi, propidium iodide.
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(Figure 5B). Meanwhile, overexpression of ADAR1 with 

lenti-virus consequently promoted phosphorylated Akt and 

total VEGF expressions (Figure 5C). Interestingly, BGJ398 

only reversed the upregulation of phosphorylation Akt and 

VEGF induced by ADAR1 overexpression but had no effects 

on FGFR2 protein level (Figure 5C). In conclusion, all these 

data proved that ADAR1 regulated cell proliferation and 

permeability via activation of PI3K-Akt pathway.

Figure 3 aDar1 affects cell tube branching formation and permeability through FgFr2 during proliferation. 
Notes: (A) Cell apoptosis rates detected by flow cytometry comparing treatment of FGF2 or vector in sh-ADAR1 cells. (B) cell proliferation analysis using MTs assay under 
FgF2 treatment. (C) Knocking down of aDar1 by two shrnas increases cellular caspase-3 activity. (D) Western blot analysis of cell apoptosis related protein in sh-aDar1 
cells as well as rescued cells by FgF2. (E) cell permeability measurement after FgF2 treatment. (F) Matrigel tube formation assay in the condition of aDar1 inhibition with 
or without FgF2 treatment. Values are expressed as mean ± se. *P,0.05, as compared to the control; #P,0.05, as compared to sh-aDar1.
Abbreviations: ADAR1, adenosine deaminase acting on RNA 1; FGFR2, fibroblast growth factor receptor 2; HUVEC, human umbilical vein endothelial cell; NC, negative 
control.
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Discussion
ADAR1 functions as an RNA editing enzyme that catalyzes 

the deamination of A to I, which was shown to be essential 

in the regulation of tissue homeostasis.19,20 Loss-of-function 

mutation of ADAR1 in mice resulted in embryonic lethality 

at around E12 and in humans21 such mutation was linked 

with severe neuroimmune disease.22 Other studies showed the 

functional role of ADAR1 in the regulation of host defense 

against viral infection,23 tumor growth and metastasis, and 

maintenance of pluripotency of stem cells.24,25

It was reported that ADAR1 protects hepatocytes from 

damage caused by hypoxia. A dramatic increase in cell 

death was observed following hypoxia when ADAR1 

expression was suppressed.26 Wang et al also reported that 

ADAR1-/- embryos must be a direct result of ADAR1 

deletion due to hypoxia, since tissues observed with apop-

tosis corresponded exactly to the regions where ADAR1 

was expressed at high level.7 However, the underlying 

mechanism of how ADAR1 regulated apoptosis was poorly 

understood. Toth et al reported that the anti-apoptotic activity 

of ADAR1 is achieved through suppressing pro-apoptotic 

and dsRNA-dependent activities, as exemplified by PKR 

and IRF-3.27 Sakurai et al showed that ADAR1p110 can 

be activated by stress-induced phosphorylation by MKK6-

p38-MSK MAP kinases and translocated to the cytoplasm, 

and then ADAR1p110 can suppress apoptosis in stressed 

cells by competitively inhibiting the binding of Staufen1 

to the 3-untranslated-region dsRNAs and antagonized 

Staufen1-mediated mRNA decay.28 Here, we investigated 

and extended the current knowledge on the mechanism of 

ADAR1-regulated cell apoptosis and proliferation.

In this report, we described a functional role of ADAR1 

in regulation of human endothelial cell function. Silence of 

ADAR1 not only significantly induced apoptosis of HUVECs 

Figure 4 The regulation of cell proliferation by aDar1 was mediated by FgFr2. 
Notes: (A) relative mrna level of aDar1 in lenti-viral infected aDar1 overexpressing cells and control cells. results were normalized to control. (B) MTs assay to 
determine the proliferation of aDar1 overexpressing cells and cells treated with BgJ398. The absorbance value (OD) at 450 nm was measured. (C) edU incorporation 
assay was used to determine cell proliferation property of aDar1 overexpressing cells and cells treated with BgJ398 and controls. Data represented as mean ± seM of 
three independent experiments. *P,0.05, as compared to the control; #P,0.05, as compared to lenti-aDar1.
Abbreviations: ADAR1, adenosine deaminase acting on RNA 1; FGFR2, fibroblast growth factor receptor 2.
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Figure 5 aDar1 and FgFr2 activate Pi3K pathway. 
Notes: (A) Western blot and quantification analysis of PI3K pathway proteins in sh-ADAR1 cells as well as sh-ADAR1 cells treated by FGF2. Qualitative results were 
normalized to gaPDh. *P,0.05, as compared to the control; #P,0.05, as compared to sh-aDar1. (B) relative mrna level of VegF in sh-aDar1 cells. results were 
normalized to nc. Values are expressed as mean ± se. *P,0.05, as compared to the control; #P,0.05, as compared to sh-aDar1. (C) Western blot and quantification of 
Pi3K pathway proteins in aDar1 overexpressing cells and cells treated with BgJ398. Data represented as mean ± seM of 3 independent experiments. *P,0.05, as compared 
to the control; #P,0.05, as compared to lenti-aDar1.
Abbreviations: ADAR1, adenosine deaminase acting on RNA 1; FGFR2, fibroblast growth factor receptor 2; NC, negative control; VEGF, vascular endothelial growth factor.

but also manifested a phenotype in which the angiogenic 

sprouting of HUVECs was significantly inhibited in a 2D 

vascular network formation assay. Next, we investigated 

the downstream effector of ADAR1. Previous reports have 

showed that FGFR2 played an important role in angiogenesis 

and endothelial cell migration and proliferation.14,29 Indeed, 

we found that ADAR1 knockdown decreased FGFR2 level. 

Manipulation of FGF signaling can also regulate the homeo-

stasis of endothelial cell, regarding cell survival and hence 

cell function. Furthermore, FGF signaling can further active 

PI3K/Akt pathway.30 Meanwhile, FGF-2 was shown to induce 

VEGF expression in vascular endothelial cells, which was 

another key player in angiogenesis. Here we showed that 

silencing of ADAR1 decreased the phosphorylation level 

of Akt and protein level of VEGF, which well explained the 

phenotype we have found. With regard to the exact molecular 

mechanism of how ADAR1 regulates the level of these 

proteins, whether RNA editing is involved in this regulation 

process, further study is needed to investigate in the future.

Under hypoxia condition, we found ADAR1 expression 

was significantly increased, which was consistent with a 

recent report.31 And the downstream effectors were also 

increased accordingly, in an ADAR1-dependent manner. 

Again, these findings suggested ADAR1 was an impor-

tant player in endothelial cell stress response and hence 

atherosclerosis.

In conclusion, our study for the first time described that 

ADAR1 regulated endothelial cell survival which was medi-

ated by FGFR2 and may participate in PI3K/Akt pathway. 

These findings provide new insights into the biologic and 

therapeutic relevance of ADAR1 in atherosclerotic vascular 

disease development.
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