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ABSTRACT 
 
The role of Grb2-associated binder 1 (Gab1) in bFGF-activated PI3K-AKT pathway 
of endothelial cells remains largely unknown. To elucidate this role, a set of studies 
with siRNA knockdown of Gab1 was performed. Knockdown of Gab1 using siRNA 
was performed in fused endothelial EA.hy926 cells and the low levels of Gab1 were 
confirmed with quantitative PCR and western blotting. The effects of Gab1 down-
regulation were examined on several aspects: bFGF-induced AKT phosphorylation, 
proliferation, migration and vessel tubing formation of EA.hy926 cells. The bFGF-
induced AKT phosphorylation of wild-type EA.hy926 cells was both dose-dependent 
and time dependent with a peak at 10 ng/ml and about 30 min after bFGF 
treatment, which was greatly reduced in Gab1 siRNA-treated EA.hy926 cells, 
indicating that Gab1 was involved in controlling of bFGF-induced activation of AKT. 
The blocking of Gab1-AKT path resulted in a set of biological alterations of 
EA.hy926 cells: (1) a reduced proliferation; (2) an impaired migration; (3) a 
decreased vessel tubing formation in both 2D and 3D culture. All data support that 
Gab1 is associated with angiogenesis function of EA.hy926 endothelium cells 
through PI3K-Akt signaling pathway. 
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INTRODUCTION 
 
Critical limb ischemia (CLI) is one of the major 
complications of diabetes, atherosclerosis or peripheral 
arterial occlusive diseases (PAOD), which causes pain on 
walking (claudication) or/and at rest and non-healing ulcers 
(Casamassimi et al., 2012). Although the standard treatment 
is surgical endovascular revascularization, the lack of 
sufficient run-off vessel supply results in no surgical options 
other than pain control or amputation in considerable 
number of patients (Raval and Losordo, 2013). 

The discovery of vessel regeneration therapy with 
angiogenic cytokines has been proposed as a new strategy 
for treating CLI (Gupta et al., 2009). Some clinical studies 
have shown that the administration of basic fibroblast 
growth factor (bFGF) alone or combined with bypass 
surgery or percutaneous catheter-based revascularization is 
a safe and potentially effective therapy to improve lower 

extremely ischemia (Raval and Losordo, 2013). 
We observed found that over-expression of bFGF could 

improve the perfusion in lower limb ischemic rat model 
(Zhang et al., 2014). Other group (Raval and Losordo, 2013; 
Przybylski, 2009) using direct injection of bFGF into 
ischemic tissue also showed a promising results of 
enhancing angiogenesis and improving the perfusion of 
ischemic tissue. However, the detailed molecular mechanism 
that affects the signal pathways remains largely unknown. 

Grb2-associated binder 1 (Gab1), a scaffolding adaptor 
and a member of the insulin receptor substrates 1 (IRS1)-
like multi-substrate docking protein family is highly 
expressed in vascular endothelial cells (Gu and Neel, 2003). 
Upon stimulation of growth factors, Gab1 provides the 
binding sites for phosphatidylinositol 3-kinases (PI3K) 
regulatory   subunit  P85  to  recruit  and  activate  PI3K-AKT 
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pathway which are crucial to cell proliferation, 
differentiation and angiogenesis (Raval and Losordo, 2013). 
Recent in vitro and in vivo studies showed that Gab1 is 
essential for vascular endothelial growth factor (VEGF) and 
hepatocyte growth factor (HGF) signaling in promoting cell 
migration, survival and tube formation (Raval and Losordo, 
2013). However, so far, no direct evidence demonstrates the 
role of Gab1 in bFGF-induced angiogenesis. 

We hypothesize that Gab1 participates in the bFGF-
induced angiogenesis. To prove this, we utilized siRNA to 
knockdown Gab1 in endothelial cells and then examined 
their response to bFGF-induced activation of PI3K-AKT 
pathway, proliferation, migration and vessel tube formation. 
Our data demonstrated that Gab1 regulated bFGF-induced 
angiogenesis through affecting PI3K-AKT signaling. 
 
 
MATERIALS AND METHODS 
 
Reagents, antibodies and recombinant protein 
 
Dulbecco's Modified Eagle's Medium (DMEM) and fetal 
bovine serum (FBS) were purchased from Hyclone (USA); 
0.25% trypsin and 0.02% EDTA was obtained from GIBCO 
(USA). The antibodies against Gab1, PI3K subunit P85, 
phospho-AKT (Ser473), AKT and GAPDH proteins were 
purchased from Cell Signaling Technology (USA). Human 
recombinant bFGF was obtained from PeproTech (USA).  
 
 
Cell culture 
 
The fused human endothelial EA.hy926 cells (CRL-2922, 
ATCC, USA) were cultured in DMEM supplemented with 
10% FBS, 1% penicillin and streptomycin. The cells were 
cultured in a humidified 5% CO2 incubator (Thermo Forma, 
USA) at 37°C. 
 
 
Lentiviral Gab1 siRNA infection 
 
EA.hy926 cells (2.5 × 105) were seeded in T25 cm2 flasks one 
day before infection. Specific lentiviral expression systems 
for both Gab1 siRNA (knockdown group, KO) and scramble 
siRNAs (scramble control group) with GFP gene were 
purchased from Shanghai Genechem Co., Ltd. (Shanghai, 
China). After overnight culture, the medium was changed to 
DMEM (without antibiotic), the cells were infected with 
either lentiviral Gab1 siRNA for knock-down of Gab1 or 
scramble siRNA as controls at a multiplicity of infection 
(MOI) of 100 with 5 ug/ml final concentration polybrene 
(Genechem, China) according to the manufacturer’s 
instruction. After incubation for 12 h, the cells were rinsed 
twice in PBS and then incubated in complete DMEM 
medium (supplemented with 10% FBS and 1% antibiotic) 
for additional 72 h. Then, the cells were observed for GFP  

 
 
 
expression with an inverted fluorescence microscopy 
(Nikon, Japan) to confirm the successful infection. The cells 
were cultured with puromycin to select and maintain the 
Gab1 knock-down cells.   
 
 
Quantitative real-time PCR 
 
To confirm the knockdown of Gab1, the total RNA was 
extracted from EA.hy926 cells with Trizol (Invitrogen) 
following the manufacturer's protocol. The cDNA was 
synthesized from 2 g of total RNA with Moloney murine 
leukemia virus reverse transcriptase (Promega) according to 
the manufacturer’s instruction. Quantitative RT-PCR was 
performed using Power SYBR Green PCR Master Mixture 
(Takara). The primer sequences used in the experiment 
were as follows: Gab1-F: 5’-TGGCAGCTCTTTACAAGCACC-3’, 
Gab1-R: 5’- TGATGAGCAACAGGTAGTCTTGA -3’; GAPDH-F: 
5’- TGACTTCAACAGCGACACCCA-3’, GAPDH-R: 5’- 
CACCCTGTTGCTGTAGCCAAA-3’. Glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) served as control and target gene 
expression was calculated using the 2-ΔΔCt comparative 
method (ΔCt is equal to the value of Gab1 ΔCt minus 
GAPDH; -ΔΔCt is equal to the average value of ΔCt of 
negative control group substrate the corresponding sample 
ΔCt; 2-ΔΔCt reflects the level of Gab1 mRNAs compared with 
negative control group). 
 
 
Western blotting for AKT phosphorylation  
 
After serum-starvation in DMEM containing 1% BSA for 
overnight, EA.hy926 cells were stimulated with 0 or 10 
ng/ml bFGF for the indicated times. Whole-cell protein 
extracts were prepared using RIPA lysis buffer with PMSF 
protease inhibitor. Protein concentration was quantified 
using the BCA method. Total 25 g of proteins were 
separated using 10% SDS–PAGE (Beyotime, China) as 
described elsewhere (Blosser et al., 2014). After transferring 
to PVDF membrane, the specific antibody against 
phosphorylated AKT (S473) or PI3K (p85) at 0.2 g/ml was 
used to stain the membrane followed by HorseRadish 
Peroxydase (HRP)-conjugated secondary antibodies (cell 
signaling technology) and ECL reagent (Genview). The 
emitted light was detected using Chemidoc XRS+ gel imaging 
system (Bio-Rad, USA). Obtained digital images were 
analyzed and quantified using Quantity-one 4.6 software 
(Bio-Rad, USA). 
 
 
Cell proliferation experiment 
 
The wild type controls, scramble or Gab1 siRNA cells were 
seed onto five 96-well plates at a density of 4 × 103 
cells/well, 6 wells per group and repeated thrice. Cells were 
cultured at 37°C in an atmosphere containing 5% CO2 and 
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Figure 1: Knockdown of Gab1 using siRNA: EA.hy926 endothelial cells were infected with lentiviral with expression 
systems for Gab1 siRNA (knockdown group) or scramble siRNA (scramble group). A: The mRNA expression levels of 
Gab1 mRNAs in wild type control, scramble siRNA and Gab1 siRNA groups as measured by q-PCR assay (3 samples per 
group); B: The protein levels of Gab1 mRNAs in wild type control, scramble siRNA and Gab1 siRNA groups as measured 

by Western blotting; C: Quantitation of Gab1normalized with GAPDH. **P＜0.001 vs wild-type control, ##P＜0.001 vs 

scramble siRNA. Data are representative of three independent experiments.  

 
 
assayed at day 1, 2, 3, 4 and 5 after being treated with 10 
ng/ml of bFGF. 20 l of 5 mg/ml 3-(4, 5-Dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT, Sigma, USA) 
were added to each well. The cells were incubated for 4 h in 
37°C and then the media was carefully removed. Without 
disturbing the cells, 150 l DMSO (Sigma, USA) was added 
into each well and plate shaken at room temperature for 15 
min. Absorbance was read at 570 nm. 
 
 
Cell migration assay 
 
The migration of EA.hy926 cells was evaluated using the 
transwell migration technique (Corning, USA). EA.hy926 
cells (5×104) and placed in the upper chamber. The lower 
chamber contained 600 µl complete medium with 10 ng/ml 
bFGF. After 24 h, cells on the upper side of the chamber 
were removed and the lower chamber washed with PBS. 
Then, the cells that migrated to the lower chamber side were 
fixed with ice acetone and stained with hematoxylin. 
Migration activity was evaluated as the mean number of 
migrated cells in five random high-power fields (×200) per 
chamber. 
 
 
Endothelial cell tube formation assay 
 
Tube formation of endothelial cells on gelled basement 
membrane extract was performed according to the method 
as described by Arnaoutova and Kleinma (2010). Briefly, 
150 l Matrigel (BD, USA) was pipette into each well on 48-
well cell culture plates at 4°C and thereafter the 48-wells 
plate was transferred to a cell culture incubator and 

incubated at 37°C for 30 min to allow the Matrigel to form 
gel. The wild type controls, scramble or Gab1 EA.hy926 
siRNA cells were collected, made at single cell suspensions at 
a concentration of 1.5 × 105 cells per ml with 10 ng/ ml 
bFGF, 100 µl (15,000 cells) per well was gently applied to 
the top of the Matrigel. The tube formation was pictured 
with an inverted microscope. Total capillary tube length was 
measured in five view fields, which covered most of the well. 
The vessel length was measured with image pro-plus 
program. Data are representative of 6 replications 
performed in two separated experiments. 
 
 
Statistical analysis 
 
All experimental data are presented as mean ± SD. SPSS 19.0 
software (IBM Corp., Armonk, N.Y.) was used for all 
statistical analyses. Comparisons between two groups were 
analyzed by two-tailed Student’s t-test and among more than 
two groups by ANOVA. Values of P < 0.05 were considered 
statistically significant. 
 
 
RESULTS 
 
Generation of endothelium-specific Gab1 knockout cells 
 
To elucidate the functional role of Gab1 in the endothelium 
angiogenesis, we generated specific Gab1 knockdown 
endothelial cells using the lentiviral siRNA system. After 
infected with lentiviral siRNA at a MOI of 100, cells proteins 
and RNA were collected and subject to quantitative real-time 
PCR and Western blotting, respectively.  Figure 1  shows  the 
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expression of mRNA and protein of Gab1 significantly 
decreased to <1/3 of wild-type control or scramble siRNA 
infectants (P< 0.05), which provided the ideal set of cells to 
study the biological function of Gab1.     
 
 
Gab1 is required for activation of PI3K and AKT with 
bFGF in EA.hy926 endothelium 
 
To define the optimal concentration and peaked time of 
bFGF on the AKT activation of EA.hy926 cells, the wild type 
of the cells were treated with different concentrations (0, 1, 
5, 10, 15, 20 ng/ml) of bFGF, harvested 30 min later, and 
then subjected to Western blotting for phosphorylation of 
AKT (S473). The result (Figure 2A and B) showed that the 
optimal concentration for bFGF-induced pAKT was at 10 
ng/ml. Then, cells treated with bFGF at 10 ng/ml were 
harvested at different times (15, 30, 60, or 120 min) and 
assayed for the optimal time of assessment of pAKT. The 
data (Figure 2C and D) showed that the peaked time for 
bFGF-induced pAKT was at 30 min.      

Next, to examine the role of Gab1 in bFGF-dependent 
activation of AKT pathway, we side-by-side treated the wild 
type controls, scramble or Gab1 siRNA cells with bFGF at 10 
ng/ml for 30 min and examined the extents of pAKT (S473) 
and pPI3K (P85) with Western blotting. The result (Figure 
2E, F and G) showed that while the activation of pAKT 
(S473) and pPI3K (P85) was greatly triggered upon the 
treatment of bFGF on the wild type controls, scramble 
infected cells, the extent of activation was much lower in the 
Gab1 siRNA cells as compared to the counterparts (P< 0.05), 
suggesting that the down-regulation of Gab1 leads to an 
impaired PI3K/ AKT signaling.      
 
 
Gab1 protein is required for the proliferation of 
EA.hy926 endothelial cells  
 
To explore the effect of impaired PI3K/ AKT signaling 
associated with Gab1 down-regulation on biological function 
of EA.hy926 endothelial cells, several assays were carried 
out. 

The capacity of endothelial proliferation is a good marker 
for potential angiogenesis. The wild type controls, scramble 
or Gab1 siRNA infectants were seeded with same numbers 
per well on 96 well plates, stimulated with bFGF for 5 days 
and assayed every day with MTT for the proliferating viable 
cells.   

The data (Figure 3) showed that on day 2, the Gab1 siRNA 
cells started to grow slower than the groups of wild type 
controls and scramble siRNA group, which tendency was 
maintained for 5 days and the maximal difference shown on 
day 5 that the slop of cell group was flatter in Gab1 siRNA 
cells as compared with that of counterparts (P< 0.05), 
suggesting that the low expression of Gab1 affects the 
proliferation of EA.hy926 endothelial cells.  

 
 
Gab1 protein is associated with bFGF-induced migration 
of EA.hy926 endothelial cells  
 
Migration is a characteristic of endothelium. To explore the 
effect of Gab1 protein on EA.hy926 cell migration, the cells 
were seeded in serum free medium in the upper chambers 
of transwell and 10 ng/ml bFGF was used as a chemo-
attractant in the lower chambers. The result (Figure 4) 
showed that Gab1 siRNA cells had a lower capability to 
migrate down towards bFGF side as compared to the wild 
type controls and scramble siRNA cells.      
 
 
Effect of Gab1 protein on bFGF-induced tubing 
formation of EA.hy926 endothelial cells  
 
The unique morphological characteristic of endothelial cells 
is to form vessel tubing in Matrigel. To elucidate the effect of 
Gab1 on the tubing formation, EA.hy926 cells were cultured 
in the Matrigel with addition of bFGF at 10 ng/ml and 
monitored using microscopes with both phase contract and 
fluorescence fields. The images of tubing were taken, 
processed for the total length in the same size of area and 
compared among three groups. The results showed (Figure 
5A and B) that the Gab1 siRNA cells had a shorten length 
and less tubing-induced by bFGF compared to the wild type 
controls and scramble siRNA cells. Similarly, the tube-
formation observed under fluorescence microscope had a 
same result (Figure 5C and D) of less tubing in Gab1-
knockdown EA.hy926 endothelial cells. 
 
 
DISCUSSION 
 
A thorough understanding of intracellular signaling 
mechanisms underlying angiogenic cytokines-induced 
angiogenesis would be instrumental in designing new 
treatment for diabetes feet, atherosclerosis or peripheral 
arterial occlusive diseases. It is well accepted that bFGF is a 
key member of the growth factor family in promoting 
angiogenesis (Raval and Losordo, 2013) which is widely 
used in experiment studies and clinical treatment with 
relatively high effective safety (Raval and Losordo, 2013). 
However, the downstream molecules and pathways that 
promote angiogenesis have not been fully defined. 
Angiogenesis is mainly an adaptive response to tissue 
hypoxia, and is a process of generation and expansion of 
blood vessels from a pre-existing vascular network (Lorier et 
al., 2011). Upon the endogenous or exogenous stimulation, 
the endothelial cells loosen their intracellular connections, 
sprout, migrate, proliferate and form new thin-wall vessels. 
The scaffold adapter protein is involved in amplification and 
integration of signal transduction evoked by growth factors. 
The current study indicates that Gab1 is necessary in 
angiogenesis (Raval and Losordo, 2013). 

EA.hy926 is a fusion cell line of human umbilical vein 
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Figure 2: Gab1 is required for bFGF-induced activation of PI3K and AKT:  The EA.hy926 cells in three groups were treated with 
b-FGF and the levels of p-AKT and p-PI3K were determined with Western blotting. A-B: Optimal dose of b-FGF in activation of p-
AKT was defined using a serial dose of b-FGF as indicated and the cell lysates were harvested at 30 min for phosphorylation of 
AKT (S473) and quantified against total AKT and GAPDH with Western blotting (n=3). C-D:  Optimal timing for b-FGF in 
activation of p-AKT was defined by harvesting cell lysates different time after cells treated with b-FGF at 10 ng/ml and quantified 
against total AKT and GAPDH (n=3).; E-G: Effect of down-regulation of Gab1on p-AKT and p-PI3K: 30 min after indicated cells 
were treated with b-FGF at 10 ng/ml, the cell lysates were harvested and analyzed for the levels of p-AKT and p-PI3K and 

quantified against total AKT and GAPDH with Western blotting (n=3). **P＜0.01, vs wild-type control; ##P＜0.01 vs scramble 

siRNA.  
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Figure 3: Knockdown of Gab1 inhibits the proliferation of EA.hy926 endothelium. The cells were seeded in 96-well plate (4 

× 103/well, 6 wells / treatment group, repeated for 3 times) and MTT assay (570 nm absorbency）was used to measure 

the cell proliferation with 10 ng/ml of bFGF at the different time points as indicated.  *P＜0.05, **P＜0.01 vs wild-type 

control, #P＜0.05, ##P＜0.01 vs scramble siRNA.  Data are representative of three experiments.  

 
 

 
 

Figure 4: Knockdown of Gab1 reduces the migration of EA.hy926 endothelium. Cells were 
seeded on upper chamber of transwell (5×104/well, 6 replicates per group, repeated for 3 
times). After 24 hours culture, the migrated cells to the lower chamber containing 600l 
complete medium with 10 ng/ml bFGF were fixed with ice acetone and stained with 
hematoxylin, then pictured and counted.  A: the cells migrated to the lower chamber were 
pictured (scale bar, 100 um); B: the numbers of cells migrated to the lower chamber were 
counted in five random high-power fields (×200) per chamber. The results were compared 

among three groups.  **P＜0.01 vs wild-type control, #P＜0.05, ##P＜0.01 vs scramble siRNA.  

Data are representative of three experiments.  
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Figure 5: Knockdown of Gab1 impairs the vessel tube formation of EA.hy926 endothelium. Cells were seeded in Matrigel with 10 
ng/ml of bFGF and the tube formation was pictured. The total capillary tube length was measured in five view fields. The vessel 
length was measured with image pro-plus program. A: The representative image of Matrigel tube formation induced by bFGF (scale 
bar, 100 m); B: The average length of total tube network per high power field (6 replicates per treatment group, repeated for 3 
times). C: Representative image of Matrigel tube formation assay in fluorescence field (scale bar, 100 m). D: The average length of 

total tube network per high power field (n=6 replicates per treatment group). **P＜0.01 vs wild type control, ##P＜0.01 vs 

scramble siRNA. 

 
 
endothelial cells (HUVEC) and human lung cancer A549 cells 
(Edgell et al., 1983) and possesses many characteristics of 
primary cultured endothelial cells (Emeis and Edgell, 1988; 
Saijonmaa et al., 1991; Suggs et al., 1986; Manea et al., 
2013). Due to its easiness to maintain, EA.hy926 was chosen 
to study the role of Gab1 in bFGF-induced angiogenesis 
through a serial test for alterations of biological functions 
following the knockdown of Gab1, which otherwise was 
difficult to carry out in a relatively long time (a few month) 
in primary endothelial culture system. The HUVEC maintain 
all characteristics of primary endothelial cells, however, they 
tend to senesce after passing several generations in vitro 
and difficult to be used for a serial test in a relatively long 
time culture. Therefore, like other reports (Sun et al., 2010; 
Madaro et al., 2013; Hofmann et al., 2014) EA.hy926 cell line 
was selected for Gab 1 gene knockdown study. Since 
EA.hy926 cell line has a uniform gene background and 
similar characteristics of differentiated endothelial cell 
functions such as angiogenesis, homeostasis/thrombosis 

and response to inflammation (Edgell et al., 1990; Walter et 
al., 2015) we were able to compare the wide type and 
scramble siRNA treated cells with the Gab1 low-expressing 
cells to draw a clear-cut conclusion of effect of Gab1 on 
bFGF-induced angiogenesis through PI3K-AKT Pathway in 
EA.hy926 cells.  

Gab1 was intensively studied as compared to Gab 2, 3 and 
4, since the Gab1−/− mice are not viable and only reach day 
14 to 18 of gestation (Itoh et al., 2000) while Gab2−/− and 
Gab3−/− mice live to a normal age (Nishida et al., 2002; 
Seiffert et al., 2003) indicating that Gab1 is critical for 
angiogenesis during development. Thus, we focused on the 
effect of Gab1 on the survival, migration and tube formation 
of endothelial cell. Our results demonstrated that Gab1 was 
closely associated with the bFGF-induced angiogenesis in 
several aspects.  

First, at the molecule level, we found that the bFGF-
induced activation of AKT at an optimal dose of 10 ng/ml 
(Grimm et al., 2010; Ulbrich et al., 2014) (Figure 2A and B)  
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and 30 min (Figure 2C and D) was greatly reduced with the 
down-regulation of Gab1 as evidenced by a reduced level of 
pPI3K (P85) and pAKT (S473) (Figure 2E-G).  

Secondly, at the cell proliferation level, we demonstrated 
that a greatly impaired proliferation was associated with 
Gab1-deficient EA.hy926 cells (Figure 3). In addition, the 
migration capability of Gab1-deficient EA.hy926 cells was 
significantly reduced (Figure 4). Furthermore, the capacity 
of forming vessel tubes was significantly impaired (Figure 
5).  

Taken together, these studies demonstrated that the 
scaffolding adapter protein Gab1 regulates bFGF-induced 
angiogenesis through the PI3K-AKT pathway. Several 
studies were carried out regarding the involvement of 
VEGF/ HGF and Gab1 in angiogenesis. Shioyama group 
generated endothelial-specific Gab1 knockout (Gab1 ECKO) 
mice displaying impaired limb perfusion and enhanced 
necrosis in a hindlimb ischemia (HLI) model due to reduced 
HGF/c-Met signaling (Shioyama et al., 2011).  

Lu et al. (2011) reported that Gab1 was involved in 
ischemic and VEGF-induced angiogenesis using the strategy 
for endothelial deletion of Gab1. Zhao et al. (2011) used the 
Gab1ECKO mouse model to further confirm the 
requirement of Gab1 for postnatal angiogenesis through 
stimulation of HGF. We studied the effect of siRNA 
knockdown of Gab1 on the bFGF-induced angiogenesis 
through PI3K-Akt pathway, which was not explored by 
previous studies. Therefore, our new funding aids in the 
understanding of the network process of bFGF--Gab1-- 
PI3K/Akt-- angiogenesis, which might be utilized for new 
strategy of treatments of CLI and PAOD. 

So far, the use of angiogenic cytokine, including bFGF in 
the treatment of lower limb ischemic diseases primarily 
relies on the bolus administration of the growth factor or 
direct injection into the blood stream (Zhou et al., 2012). The 
results of existing studies are not consistent. Preclinical trials 
of direct administration of angiogenic cytokines have shown 
some limitations, whereby bFGF stimulated vessel growth 
for a transient period but resulted in fragile and leaky 
vessels that were prone to regression. To enhance the 
treatment effect of bFGF, it needs a new strategy to enhance 
the down-stream signaling path (Dikic and Giordano, 2003) 
such as Gab1 PI3K-Akt signaling pathways.  However, how 
to deliver the beneficial factor is a “bottle neck” for clinical 
practice, which relies on more developed modern molecular 
biological means.  

As demonstrated by this set of study that the Gab1 is 
needed for angiogenic effect of bFGF, a great effort should be 
focused on how to enhance the function of Gab1 and PI3K-
Akt signaling pathways, which might bring a better result to 
prolong and increase the effect of bFGF on treatment of 
lower limb ischemic diseases, such as diabetes feet, 
atherosclerosis or peripheral arterial occlusive diseases.   
 
 

Limitations 
 

To define the effect of Gab1 on bio-functions of endothelial  

 
 

cells using modern molecular techniques, the multiple 
procedures and assays such as infection of endothelial cells 
with viral siRNA, selection and verification of Gab1 low-
expression cells, carrying out assays of AKT 
phosphorylation, proliferation, migration and vessel tubing 
formation are needed. Therefore, a relatively long-term cell 
culture process which is difficult to perform in primary 
endothelial cells (such as HUVEC), but immobilized 
EA.hy926 endothelial cells is required. Thus, the results 
reflect the effect of Gab1 on bio-functions of EA.hy926 
endothelial cells. To see the suppression of effect of Gab1 on 
the angiogenic bio-functions of EA.hy926 cells, bFGF had to 
be used in all groups to stimulate the cells for better 
activities; therefore, the no test in vitro assay was done in 
the cells without bFGF stimulation. Taken together, the 
results of this study is limited in the EA.hy926 endothelial 
cells under the bFGF stimulation conditions.  
 
 
Conclusion 
 
Gab1 is associated with angiogenesis function of EA.hy926 
endothelial cells through PI3K-Akt signaling pathway. Down-
regulation of Gab1 impairs the bFGF-induced AKT 
phosphorylation, proliferation, migration and vessel tubing 
formation of EA.hy926 cells.  
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