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Objectives. Grb2-associated binder 1 (Gab1), a scaffolding adaptor protein, plays an

important role in transmitting key signals that control cell growth, migration, and function

from multiple tyrosine kinase receptors. This study was designed to investigate the

influence of upregulation of Gab1 in endothelial progenitor cells (EPCs) stimulated with

hepatocyte growth factor (HGF), and the underlying molecular mechanisms.

Materials and Methods. EPCs isolated from human umbilical cord blood were identified

and divided into four groups. EPCs in the Control group were cultured normally; those in

the Control+HGF group were treated with HGF stimulation; those in the AD-Gab1 group

were transfected with adenovirus containing the Gab1 gene but not treated with HGF

stimulation; and, those in the AD-Gab1+HGF group were treated with both HGF stimulation

and transfection with adenovirus containing the Gab1 gene. Subsequently, Gab1

expression and proliferation and migration ability were compared for EPCs grown under

different conditions. Furthermore, we measured phosphorylation levels of three key

proteins Gab1, SHP2 and ERK1/2.

Results. The AD-Gab1+HGF group had the highest expression of Gab1 and higher

proliferation and migration than the other three groups.

Conclusions. Upregulation of Gab1 promoted HGF-induced EPC proliferation and

migration. Mechanistically, HGF stimulated Gab1 tyrosine phosphorylation in EPCs, thus

leading to activation of extracellular regulated MAP kinase 1/2, which is involved in

proliferation and migration signaling.
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17 Abstract

18

19 Objectives. Grb2-associated binder 1 (Gab1), a scaffolding adaptor protein, plays an important 

20 role in transmitting key signals that control cell growth, migration, and function from multiple 

21 tyrosine kinase receptors. This study was designed to investigate the influence of upregulation of 

22 Gab1 in endothelial progenitor cells (EPCs) stimulated with hepatocyte growth factor (HGF), 

23 and the underlying molecular mechanisms.

24 Materials and Methods. EPCs isolated from human umbilical cord blood were identified and 

25 divided into four groups. EPCs in the Control group were cultured normally; those in the 

26 Control+HGF group were treated with HGF stimulation; those in the AD-Gab1 group were 

27 transfected with adenovirus containing the Gab1 gene but not treated with HGF stimulation; and, 

28 those in the AD-Gab1+HGF group were treated with both HGF stimulation and transfection with 

29 adenovirus containing the Gab1 gene. Subsequently, Gab1 expression and proliferation and 

30 migration ability were compared for EPCs grown under different conditions. Furthermore, we 

31 measured phosphorylation levels of three key proteins Gab1, SHP2 and ERK1/2. 

32 Results. The AD-Gab1+HGF group had the highest expression of Gab1 and higher proliferation 

33 and migration than the other three groups. 

34 Conclusions. Upregulation of Gab1 promoted HGF-induced EPC proliferation and migration. 

35 Mechanistically, HGF stimulated Gab1 tyrosine phosphorylation in EPCs, thus leading to 

36 activation of extracellular regulated MAP kinase 1/2, which is involved in proliferation and 

37 migration signaling.

38 Introduction
39
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40 Heart and cardiovascular-associated conditions are major causes of death worldwide, and the 

41 number of people affected is continually increasing. According to World Health Organization 

42 statistics, 17.9 million deaths were due to cardiovascular disease in 2016, accounting for 44% of 

43 mortality worldwide (WHO, 2018). Heart valve disease makes up a large proportion of 

44 cardiovascular conditions and affects more than 100 million people worldwide (Members et al., 

45 2015).

46 Currently, mechanical or biological prostheses are the 88gold standard99 treatment for heart 

47 valve failure (Baumgartner et al., 2017). However, both types of valves cannot grow and 

48 regenerate 4 functions particularly important in congenital heart defects, and patients often 

49 require subsequent reoperation as they age (Blum, Drews, & Breuer, 2018). All available 

50 prostheses have other disadvantages, such as a risk of infection, constant anticoagulation in 

51 mechanical valves, progressive degeneration in bioprostheses, and lack of a tissue source in 

52 homografts (Best et al., 2016). The tissue-engineering heart valve (TEHV) can potentially 

53 overcome most of the current shortcomings by providing a viable valve capable of growth, 

54 remodeling, and repair. The ultimate goal of TEHV is to produce a structure similar to the native 

55 valve structure (Emmert et al., 2014). In 2006, Cebotari et al. reported two successful clinical 

56 applications of TEHV in humans by using autologous endothelial progenitor cells (EPCs) 

57 (Cebotari et al., 2006). As one of the main cell sources of TEHV, EPCs can attach, multiply, and 

58 cover the implant with an endothelial layer. However, autologous EPCs are usually insufficient 

59 in patients who require heart valve replacement, and the covering with an endothelial layer 

60 occurs slowly (Bianconi et al., 2018; Rippel, Ghanbari, & Seifalian, 2012). The absence of this 

61 autologous endothelial layer may cause immunological reactions. If autologous EPC 

62 proliferation and migration could be enhanced, the re-endothealization time 4 i.e., the time 

63 required for TEHV to form an endothelial layer 4 could be decreased, and the immunological 

64 reactions could be alleviated.

65 The Grb2-associated binder (Gab) family docking proteins are involved in the amplification 

66 and integration of signal transduction evoked by growth factors, cytokines, antigens, and 

67 numerous other molecules (Nakaoka & Komuro, 2013). Gab1 has an essential role in postnatal 

68 angiogenesis and arteriogenesis via hepatocyte growth factor (HGF)/c-Met signaling. It is 

69 associated with SHP2 after stimulation with HGF, which is required for activation of ERK1/2 

70 (Aasrum, Odegard, Sandnes, & Christoffersen, 2013). Downregulation of Gab1 inhibits cell 

71 proliferation and migration (Sang, Li, Li, & Liu, 2013; Xu, Li, Kuang, Kuang, & Wu, 2017). In 

72 addition, Gab1 is required for HGF-induced EC (endothelial cell) proliferation and migration 

73 (Zhao et al., 2011). We hypothesized that Gab1 might play the same role in EPCs, which are EC 

74 precursors, and that upregulation of Gab1 in EPCs might have a positive effect on proliferation 

75 and migration.

76 Here, we demonstrated that upregulation of Gab1 promotes HGF-induced EPC proliferation 

77 and migration.

78 Materials & Methods

79
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80 Isolation and culture of EPCs

81 Compared with adult peripheral blood or bone marrow progenitors, cord blood progenitors 

82 have distinct proliferative advantages, and cord blood can be obtained noninvasively (Murohara 

83 et al., 2000). Human umbilical cord blood was collected from the placental cords of volunteers 

84 undergoing Cesarean section delivery. Collection occurred immediately after the delivery of the 

85 placenta to avoid clot formation. The EPCs were isolated and cultured as described previously 

86 (Li et al., 2016; Murohara et al., 2000). Brieûy, mononuclear cells were isolated from the human 

87 cord blood by density gradient centrifugation over Histopaque-10771 (Sigma-Aldrich, St. Louis, 

88 MO, USA), according to the manufacturer9s protocol. The cells were seeded in T25 flasks pre-

89 coated with 0.1 mg/ml of human ûbronectin (Sigma-Aldrich) and were incubated in EGM-2 

90 BulletKit medium (Lonza, Cologne, Germany). After 3 days, nonadherent cells were removed, 

91 and the medium was replaced. Subsequently, the medium was changed every 2 days.

92 Characterization of EPCs

93 After 7 days of culture in vitro, the EPCs were characterized as adherent cells, which were 

94 double-positive for acetylated low-density lipoprotein (acLDL) uptake and lectin binding, as 

95 assessed by direct ûuorescent staining, as described previously.

96 Brieûy, to evaluate the ability of ac-LDL uptake and lectin binding in EPCs, the cells were 

97 cultured in 10 ¿g/mL of 1, 19-dioctadecyl-3, 3, 39, 3-tetramethyl-indocarbocyanine perchlorate-

98 labeled acetylated low-density lipoprotein (Sigma-Aldrich) for 4 hours at 37°C. They were then 

99 ûxed with 2% paraformaldehyde for 15 minutes. The cells were washed with PBS and reacted 

100 with ûuorescein isothiocyanate (FITC)-labeled Ulex europaeus agglutinin-1 (UEA-1, 10 ¿g/mL; 
101 Sigma-Aldrich) at room temperature for 1 hour. The cells were washed to remove the free UEA-

102 1. Nuclear counterstaining was performed with DAPI (49, 6-diamidino 2-phenylindole; Sigma-

103 Aldrich), and the cells were examined under a fluorescence microscope (Nikon, Tokyo, Japan). 

104 The adherent cells that stained with triple-positive ûuorescence were determined to be EPCs. 

105 Nuclear staining with DAPI veriûed that nearly all the adherent cells (> 95%) were acLDL (+) 

106 ulex-lectin (+).

107 Adenovirus transfection

108 AD-Gab1 was purchased from Biowit Technologies (Shenzhen, China). EPCs were harvested 

109 with 0.25% trypsin-EDTA (Gibco, Carlsbad, CA, USA) plated and seeded on 96-well plates at a 

110 density of 8000 cells per well. After 24 hours, 100 ¿L AD-Gab1 medium at six different 

111 multiplicity of infection (MOI) levels was added into each well for EPC transfection in triplicate. 

112 After 24 hours, the cells were examined under a fluorescence microscope, and fluorescence 

113 intensities were measured in ImageJ. A suitable MOI was determined and used for subsequent 

114 EPC transfection with AD-Gab1. After the cell intensity reached approximately 80%, RNA and 

115 protein were extracted from cells. We used a PrimeScript RT Reagent Kit (Takara, Dalian, 

116 China) to synthesize cDNA, then examined the expression of Gab1 by using quantitative real-

117 time PCR with SYBR Premix Ex Taq II (Takara), in triplicates run three times each. For Gab1, 

118 we used the forward primer 59-TGCCATTAACTGTGCTTCCCA-39 and the reverse primer 59-

119 TCGCACAGAGCACTCCAAAT-39. For ³-actin, we used the forward primer 59-
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120 CTCCATCCTGGCCTCGCTGT-39 and the reverse primer 59-GCTGTCACCTTCACCGTTCC-

121 3Ê. The relative Gab1 expression was calculated in Bio-Rad CFX Manager. Protein was prepared 

122 for western blot analysis in triplicate.

123 Measurement of cell proliferation

124 EPCs that were cultured at 37ðC and 5% CO2 in an incubator for 14 days were harvested with 

125 0.25% trypsin-EDTA and plated onto 96-well plates with EGM-2. The cells were incubated at 

126 37°C and 5% CO2 for 24 hours. We added 0.5 ¿L of 50 ¿M EdU (Sigma-Aldrich) into each well 

127 containing 500 ¿L of medium and incubated the cells for 4 hours. The cells were ûxed with 4% 

128 paraformaldehyde and incubated with 2 mg/mL aminoacetic acid for 5 min with oscillation. The 

129 cells were incubated with 100 ¿L of the penetrant into each well and oscillated 10 min, and 100 

130 ¿L of 1× EdU solution was then added and incubated for 30 minutes. DAPI was used to stain 

131 cell nuclei.

132 After digestion with pancreatic enzyme, EPCs were plated on 96-well plates with a density of 

133 approximately 4000 cells per well, in triplicate. The next day (24 hours later), the AD-Gab1 

134 group and AD-Gab1+HGF group were transfected with AD-Gab1 at MOI = 20. One plate was 

135 randomly chosen to run CCK-8 (7Sea Pharmatech, Shanghai, China) tests, to determine 24 hour 

136 proliferation. The medium of the Control+HGF group and AD-Gab1+HGF group was changed 

137 to EGM-2 with 20 ng/mL of HGF (PeproTech, Rocky Hill, NJ, USA), whereas the Control 

138 group and AD-Gab1 group were maintained in EGM-2 without HGF. The cells were incubated 

139 for another 24 hours, and cell proliferation was then tested (72 hour time point). Subsequently, 

140 we performed CCK-8 tests at 96 hours and 120 hours with the last two plates.

141 In vitro wound-healing assay

142 The cells were removed by trypsinization, counted, and plated at a density of 1×106 cells/per 

143 well in six-well plates. After transfection, cells were incubated until confluent monolayers were 

144 formed for wounding assays. Wounds were made with a pipette tip, and photographs were taken 

145 immediately (time 0). Then the medium of the Control+HGF group and AD-Gab1+HGF group 

146 was changed to EGM-2 without FBS and with 20 ng/mL of HGF; the Control group and AD-

147 Gab1 group were maintained in EGM-2 without FBS. Photographs were taken at 12 hours, 24 

148 hours, 36 hours, and 48 hours after wounding. The cell-covered area (%) was measured to 

149 determine the amount of migration by the cell monolayer to cover the wounded area during this 

150 time period. The cell-covered area (%) was determined as (W0 3 Wt) / W0, where Wt represents 

151 the wound area (with no cells) at time t. These areas were measured and analyzed in ImageJ.

152 Western blot analysis

153 Cells were harvested in lysis buffer. The protein concentration of the lysate was determined by 

154 using the Bradford method. Equal amounts of protein were incubated with specific antibody 

155 overnight at 4°C with gentle rotation. Then protein A/G PLUS-agarose was added and incubated 

156 for an additional 2 hours. Then the beads were washed extensively with lysis buffer, and immune 

157 complexes were eluted in SDS-PAGE sample buffer. Total immune complex samples or protein 

158 samples from total cell lysate were separated by SDS-PAGE, transferred to a nitrocellulose 

159 membrane, and incubated with the appropriate primary antibodies (Cell Signaling Technology, 
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160 Danvers, MA, USA). After washing and incubation with secondary antibodies (Cell Signaling 

161 Technology), immunoreactive proteins were visualized by using the ECL detection system.

162 Statistical analysis

163 The original data were processed in GraphPad Prism 7.0. The quantitative real-time PCR data 

164 were analyzed with an independent-samples t-test. The western blot analysis in figure 1 was 

165 performed with a Student9s t-test. Other statistical analysis was performed with ordinary one-

166 way ANOVA. All these tests were performed on at least three replicates. All data are expressed 

167 as the mean/±/SD. A value of P/</0.05 was considered statistically significant.

168 Ethics approval and consent to participate

169 We have received informed consent from participants. All the procedures were followed by 

170 the Medical Ethics Committee of The Affiliated Hospital of Qingdao University, Qingdao.

171

172 Results

173

174 Characterization of EPCs

175 Freshly isolated mononuclear cells were the small round cells suspended in the medium. With 

176 increased culturing time, the cells gradually stretched and became larger, forming cell3cell 

177 adhesions. Cell colonies were observed at approximately 7 days after seeding. Three to four 

178 weeks later, the endothelial cells showed a typical cobblestone-like appearance. After 7 days9 

179 culture in vitro, when observed under a fluorescence microscope, the adherent dil-acLDL-labeled 

180 cells were red, the cells bound with FITC-UEA-I were green, and the cell nuclei were stained 

181 blue with DAPI. Almost 100% of the cells showed three colors, and these cells were considered 

182 the differentiating EPCs (Fig. 1A, B, C, D, E, and F).

183 Adenovirus transfection into EPCs

184 The efficiency of adenovirus transfection was determined by fluorescence microscopy. The 

185 more EPCs transfected, the more green fluorescence was observed. An excessive MOI may 

186 damage EPCs and even lead to cell death. The statistical results indicated that, at MOI = 20, the 

187 number of cells with green fluorescence was much greater than at other MOI levels (Fig. 1G). 

188 After we selected the proper MOI, we sought to validate the adenovirus transfection into EPCs. 

189 The qPCR results showed that the expression of the Gab1 gene was upregulated in the AD-Gab1 

190 group after transfection (Fig. 1H), and western blot analysis demonstrated that Gab1 protein 

191 expression was higher in the AD-Gab1 group (Fig. 1I, J).

192 Effect of overexpression of Gab1 on EPC proliferation

193 Detection of EdU is more sensitive than BrdU detection and can be accomplished in minutes 

194 (Salic & Mitchison, 2008). Under a fluorescence microscope, we observed EdU incorporation to 

195 determine the proliferation of EPCs that were cultured for 14 days (Fig. 2A, B, C, and D). The 

196 proliferation of EPCs in the Control+HGF group and AD-Gab1 group was increased, whereas 

197 the proliferation in the AD-Gab1+HGF group was even higher, and the results were statistically 

198 significant (Fig. 2E).
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199 In CCK-8 tests, the optical density (OD) was measured at 450 nm wavelength. The greater the 

200 cell number, the higher the OD. Because we added HGF stimulation between 48 hours and 72 

201 hours, the cell proliferation rate was determined as the OD value at 72 hours divided by the OD 

202 value at 48 hours. Statistical analysis of the data confirmed the results of the EdU incorporation 

203 assay. The cell proliferation ability of the Control+HGF group and AD-Gab1 group was higher 

204 than that of the Control group between 48 hours and 72 hours (Fig. 2F). The cell proliferation 

205 ability of the AD-Gab1+HGF group was significantly different from that of the other three 

206 groups (Fig. 2F). We plotted growth curves with the mean OD values as the ordinate and the cell 

207 culture time as the abscissa (Fig. 2G). After HGF stimulation, EPCs in the AD-Gab1+HGF 

208 group grew most rapidly.

209 In conclusion, HGF-stimulation and Gab1 have a role in promoting cell proliferation, and 

210 upregulation of Gab1 expression enhances this effect.

211 Effect of overexpression Gab1 on EPC migration

212 In wound-healing assays, we determined the area covered by a wounded cell monolayer on 

213 plastic after different treatments. When we used EGM-2 without FBS, EPCs had little 

214 proliferation ability. The results are reported as cell-covered area (fig. 3A). The cell-covered 

215 areas in the Control+HGF group and AD-Gab1 group were higher than that in the Control group, 

216 and the increase in cell-covered area in the Control+HGF group was higher than that in the AD-

217 Gab1 group. The data suggested that HGF stimulation and upregulation of Gab1 both influence 

218 EPC migration. HGF stimulation had a greater effect on EPC migration than up-regulation of 

219 Gab1 expression. We presumed that HGF stimulation combined with upregulation of Gab1 to 

220 treat EPCs should result in a greater improvement in EPC migration. To test this possibility, we 

221 analyzed an AD-Gab1+HGF group. At 12 hours, the cell-covered area in the AD-Gab1+HGF 

222 group was significantly higher than those in the other three groups (Fig. 3A). At 24 hours, 36 

223 hours, and 48 hours, the cell-covered area in the AD-Gab1+HGF group was higher than those in 

224 the other groups (Fig. 3A) and increased more quickly than those in the other groups (Fig. 3B). 

225 Thus, EPCs treated with both HGF stimulation and transfection of adenovirus containing the 

226 Gab1 gene had a greater migration ability.

227 HGF-mediated signaling in EPCs

228 The ERK signaling pathway is involved in cell proliferation and migration. To investigate how 

229 upregulation of Gab1 mediates HGF-induced EPC proliferation and migration, we assessed the 

230 activation of ERK1/2 in response to HGF stimulation and upregulation of Gab1 expression. The 

231 expressions of Gab1, phospho-Gab1, SHP2, phospho-SHP2, ERK1/2, and phospho-ERK1/2 in 

232 EPCs was analyzed via western blotting. Quantitative analysis demonstrated that the 

233 phosphorylation of Gab1 in the AD-Gab1 group was almost equal to that in the Control group 

234 but lower than that in the Control+HGF group and AD-Gab1+HGF group (Fig. 4A). We 

235 confirmed that HGF stimulated Gab1 tyrosine phosphorylation, as previously reported (Zhao et 

236 al., 2011). Once sufficient Gab1 expression was achieved, for example in the AD-Gab1+HGF 

237 group, HGF induced more phosphorylation of Gab1 (Fig. 4A). The increased Gab1 

238 phosphorylation substantially increased the levels of SHP2 phosphorylation, thus leading to 
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239 activation of MAP kinase 1/2, which is involved in proliferation and migration signaling (Fig. 

240 4B, C). Together, these results established a critical role of EPCs Gab1 in proliferation and 

241 migration signaling and indicated that upregulation of Gab1 enhances the function of this 

242 signaling pathway.

243

244 Discussion

245

246 Asahara et al. first reported that a subtype of hematopoietic progenitor cells from adults, 

247 namely EPCs (Asahara et al., 1997), have EC (endothelial cell) features and can differentiate into 

248 mature ECs and might represent a potential strategy for TEHV. Subsequently, experiments 

249 confirmed that TEHV using autologous EPCs is very encouraging (Cebotari et al., 2006; 

250 Dohmen et al., 2007; Sales et al., 2010). However, EPCs are a fairly rare cell population, and, 

251 when administered intravenously, only a very small fraction of infused cells reach the target 

252 region and participate in re-endothealization. How to increase their cell number is an urgent 

253 problem.

254 Mechanistically, we found that Gab1 is critical in mediating HGF proliferation and migration 

255 signaling of human EPCs in vitro. To our knowledge, this is the first study revealing a key role 

256 of upregulation of Gab1 in promoting proliferation and migration and HGF-mediated signaling 

257 in human EPCs.

258 Previous studies on the role of Gab1 have usually used a Gab1-ecKO mice model. Those 

259 studies have found that Gab1-deficient mice have developmental defects in postnatal 

260 angiogenesis (Wang, Xu, Yin, & Jin, 2015; Xu et al., 2017). However, the effect of upregulating 

261 Gab1 in human EPCs has not been explored. Using human umbilical cord blood, we isolated 

262 human EPCs and upregulated their Gab1 expression through adenovirus transfection. We 

263 showed that upregulation of Gab1 markedly enhanced the proliferation and migration of human 

264 EPCs. HGF have been shown to mobilize and increase EPC number (Rehman et al., 2004). Our 

265 results showed that under the same dose of HGF stimulation, the proliferation and migration of 

266 human EPCs was strongly enhanced in EPCs in which Gab1 was upregulated. Therefore, 

267 upregulation of Gab1 amplifies stimulation by HGF.

268 The results also supported that Gab1 is important for HGF-induced ERK1/2 phosphorylation. 

269 Few studies in other cells, such as HUVEC and MDCK cells, have evaluated the role of Gab1 in 

270 HGF-induced ERK1/2 (Aasrum et al., 2015; Maroun, Naujokas, Holgado-Madruga, Wong, & 

271 Park, 2000; Shioyama et al., 2011). In these cells, which were transfected to express mutated 

272 Gab1 unable to recruit SHP2, the HGF induced sustained activation of the ERK pathway was 

273 found to be reduced (Maroun et al., 2000). ERK1/2 activation has been shown to regulate cell 

274 migration and survival signaling pathways (Koch, Tugues, Li, Gualandi, & Claessonwelsh, 

275 2011). Gab1 plays an important role in mediating growth factor-induced activation of ERK1/2 

276 through recruiting SHP2 in a tyrosine phosphorylation-dependent manner (Aasrum et al., 2015). 

277 However, the role of Gab1 in HGF mediated signaling in human EPCs remains unclear. Our 

278 results suggested that upregulation of Gab1 in human EPCs results in recruitment of more SHP2. 
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279 We further found that under the same dose of HGF stimulation, greater SHP2 tyrosine 

280 phosphatase activation and ERK1/2 phosphorylation were observed in cells overexpressing 

281 Gab1. The data suggest signaling mechanisms by which Gab1 mediates growth factor-induced 

282 proliferation and migration.

283

284 Conclusions

285

286 In this study, we found that upregulation of Gab1 promotes HGF-induced EPC proliferation 

287 and migration. Mechanistically, HGF stimulates Gab1 tyrosine phosphorylation in EPCs, thus 

288 leading to activation of extracellular regulated MAP kinase 1/2, which is involved in 

289 proliferation and migration signaling. Our findings may have clinical implications: they suggest 

290 that enhancing Gab1 signaling may be a potential strategy to increase EPC cell number and 

291 provide a new means of achieving rapid TEHV re-endothealization.

292
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Figure 1

Immunoûuorescence staining of EPCs and expression of Gab1 at the optimal MOI.

Fig. 1 Immunoûuorescence staining of EPCs was performed after 7 days (orig. mag. ×40). (A) Unstained

EPCs; (B) dil-acLDL-labeled cells (red); (C) FITC-UEA-I-bound cells (green); (D) DAPI contrast staining of the

cell nuclei; (E) dil-acLDL-labeled and FITC-UEA-I-bound double positive cells; (F) dil-acLDL-labeled, FITC-UEA-

I-bound, and DAPI stained triple positive cells. Fluorescence indicating Gab1 expression in EPCs transfected

with adenovirus (24 hours) with different multiplicity of infection (MOI) levels, and expression of Gab1 at the

optimal MOI. (G) The number of fluorescent cells at different MOI levels. (H) qPCR results show the

expression of the Gab1. (I, J) The expression of the Gab1 after transfected (western blot). **p < 0.01 (n = 3)

versus other MOI groups, *p < 0.05 (n = 3) versus Control, ***p < 0.001 (n = 3) versus Control. Values are

the mean ± SD.
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Figure 2

EdU incorporation and CCK-8 cell viability tests reûecting the proliferation of EPCs in

different groups.

Fig. 2 Ed U incorporation reûec ting the proliferation of EPCs cultured for 14 days. (A), (B), (C), (D) DAPI

(blue) was used to stain nucle i, and Ed U (green) was incorporated into EPCs in each group (orig. mag.

×100). (E) The ratio of EPCs stained by Ed U in each group. *p < 0.05 (n = 5) versus Control+HGF and AD-

Gab1 group, **p < 0.01 (n = 5) versus Control, Control+HGF and AD-Gab1 group. CCK-8 cell viability tests

reûect ing the proliferation of EPCs in different groups. (F)  Cell proliferation in each group. (G) Growth

curves of EPCs in different time and treatment conditions. *1p < 0.05 (n = 4) versus C ontrol, C ontrol+HGF

and AD-Gab1 group. *2p < 0.05 (n = 4) versus C ontrol+HGF and AD-Gab1 group. Values are the mean ±

SD.
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Figure 3

Wound-healingassays reûect ing the migration ofEPCs in different groups.

Fig. 3 Wound-healing assays reûect ing the migration of EPCs in different groups. (A) Cell-

covered area in each group at different time s . (B) Cell-covered area increased over time . *

p < 0.05 (n = 3) versus C ontrol, Control+HGF and AD-Gab1 group. Values are the mean ±

SD.
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Figure 4

Effect of overexpression of Gab1 on HGF-induced phosphorylation of SHP2 and ERK1/2.

Fig. 4 Effect of overexpression of Gab1 on HGF-induced phosphorylation of SHP2 and ERK1/2.

The phosphorylation of SHP2 and ERK1/2 was determined by SDS-PAGE followed by blotting

with a phospho-specific antibody. Equal loading of each lane was confirmed by reprobing

blots for total SHP2 or ERK1/2. Representative blots (left) and bar graphs (right) summarizing

the effects of the overexpression of the Gab1 (A) on the HGF-induced (20 ng/mL)

phosphorylation of SHP2 (B) and ERK1/2 (C). *P < 0.05 (n = 3) vs C ontrol, C ontrol+HGF and

AD-Gab1 group. Values are the mean ± SD.
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