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Abstract: Wound repair is an intractable problem in clinic, with limited treatment options. Previous studies have dem-
onstrated the therapeutic potential of Nogo-B in tissue repairs. However, the therapeutic effect of Nogo-B in HUVEC 
is still unknown. In this study, we examined the benefit of genetically modified Human Umbilical Vein Endothelial 
Cells (HUVECs) and found that down regulation of Nogo-B significantly promoted secretion of growth factors involv-
ing in wound healing and greatly boosted the proliferation, migration of fibroblasts and epithelial cells. Moreover, 
using an excisional wound splinting model, we showed that injection of exogenous HUVEC-siNogo-B around the 
wound significantly enhanced angiogenesis and wound healing in nude mice. Thus, our data suggests that geneti-
cally modified HUVECs support microenvironment suitable for wound healing and systemically demonstrates the 
beneficial effect of HUVECs in wound healing.
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Introduction

Cutaneous wound healing requires a well-
orchestrated integration of the complex biologi-
cal and molecular events of cell migration, pro-
liferation, extracellular matrix (ECM) deposition, 
angiogenesis, and remodeling [1]. The variety 
of cytokines and growth factors play a key role 
in wound healing by activating signaling path-
way for other cells, mainly including keratino-
cytes and fibroblasts, thus initiating migration 
and proliferation of these cells [2]. The ways of 
boosting wound healing includes regulating 
inflammation, accelerating granulation, angio-
genesis and re-epithelization. Previous studies 
mostly focus on one of them. Researchers have 
attempted to apply various growth factors such 
as vascular endothelial growth factor (VEGF) or 
human dermal fibroblasts (HDF) onto wounds 
to promote angiogenesis and wound healing [3, 
4]. There is still no comprehensive method to 

affect the wound healing process. Recently 
there is substantive evidence that the endothe-
lial cells retain a stem cell potentiality and its 
secretome was able to prime adipose-derived 
stem cells for improved wound healing in diabe-
tes. It is also able to differentiate into mesen-
chymal components which could secrete cyto-
kines affecting angiogenesis and proliferation 
of fibroblasts and epithelial cells [5, 6]. However, 
how to regulate endothelial cells to enhance its 
paracrine is not reported.

The Nogo-B is one of members of the Nogo pro-
tein family, and is highly expressed in most tis-
sues to regulate vascular remodeling, cell prolif-
eration, acute inflammation and tissue repair. 
Inendothelial and smooth muscle cells, Nogo-B 
acts as a regulator to promote the migration of 
endothelial cells but inhibit migration of vascu-
lar smooth muscle cells, which is a process 
necessary for vascular remodeling [7]. In the 
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liver, Nogo-B is mainly expressed in nonparen-
chymal cells and promotes hepatocyte prolifer-
ation by facilitating the IL-6/STAT3 signaling 
pathway [8]. During pulmonary inflammation, 
Nogo-B protects mice against lipopolisaccha-
ride-induced acute lung injury through the mod-
ulation of alveolar macrophage recruitment 
and PTX3 production [9]. Furthermore, it is 
reported that Nogo-B(-/-)mice exhibit defects in 
macrophage recruitment and reduced arterio-
genesis and blood flow recovery after injury 
[10]. However, how Nogo-B itself contributes to 
wound healing is not yet fully understood.

In this study, we transducted GV248-Nogo-B-
RNAi-GFP in Human Umbilical Vein Endothelial 
Cells (HUVECs) to explore how Nogo-B affect 
proliferation of HUVECs, tube formation and the 
paracrine of cytokines. Then we collected the 
supernatant of Nogo-B(-/-) HUVECs to detect 
whether the conditioned medium could en- 
hance the proliferation and migration of fibro-
blasts and epidermal cells. Finally we injected 
Nogo-B(-/-) HUVECs intradermally into excision-
al wounds in nude mice and explored their ben-
efit on wound healing. 

Materials and method

Cell culture

Human umbilical vein endothelial cells (HU- 
VECs) were purchased from ScienCell (San 
Diego, USA) and cultured in endothelial cell 
medium (ECM, Gibco, Life Technologies) sup-
plemented with 10% FBS. HUVECs between 
passages 2 and 4 were used for cell ex- 
periments.

Cell transfection

We chose the Nogo-B interference sequence  
as: CAGAATCTATGGACTGAAT [10].

The DNA sequence in recombinant plasmid  
was here: GIDL29193-RNAi (9525-1)-a: CC- 
GGCACAGAATCTATGGACTGAATCTCGAGATTC- 
AGTCCATAGATTCTGTGTTTTTG; GIDL29193-RN- 
Ai (9525-1)-b: AATTCAAAAACACAGAATCTATG 
GACTGAATCTCGAGATTCAGTCCATAGATTCTGTG.

After annealing into double-stranded DNA, and 
connecting to the virus carrier GV248, then we 
build the recombinant lentivirus vector GV- 
248-Nogo-B-RNAi-GFP.

The HUVECs (2-4 passages) were transfected 
with green fluorescent protein (GFP)-labeled 

Nogo-B-RNAi-GFP or GFP alone to obtain GFP-
labeled HUVEC-siNogo-B or GFP-labeled (HU- 
VEC-NC). The amount of relative expression of 
Nogo-B mRNA was detected by Real Time 
RT-PCR and analyzed by the 2-ΔΔCT method using 
HUVECs without LV transfection as the refer-
ence. The transfection rate was defined as the 
ratio of the number of GFP cells to the number 
of total cells and analyzed by flow cytometry.

Measurement of levels of cytokines in super-
natant by protein array

Transfected HUVECs were cultured in 10 cm 
plate and changed medium to DMEM when 
cells grew in 70%-80% confluence. After 24 h, 
the supernatant were collected. Level of cyto-
kines in supernatant were measured by protein 
array (Shanghai Biotechnology Co., Ltd., China) 
according to the instruction manuals.

HUVECs network formation assay

2.5×104 HUVECs were suspended in 0.4 ml of 
epithelial growth medium (EGM)-2 basal medi-
um supplemented with 5% FBS. HUVEC-NC and 
HUVEC-siNogo-B were seeded onto Matrigel 
(BD Biosciences)-coated 96-well plates; and 
incubated at 37°C/5% CO2 for 6 hours. After 
removal of the medium, the cells were fixed, 
and images were captured. The quantity of the 
tube-like structures was calculated. Three ran-
dom fields were measured for each well.

Flow cytometry

For detection of GFP-positive cells in the 
wounded skin, excised wounds together with a 
small amount of surrounding skin were dis-
persed into single-cellsuspensions. In brief, the 
tissue was minced, and incubated in a diges-
tion buffer containing hyaluronidase (1 mg/ml), 
collagenase D (1 mg/ml), and DNAse (150 
units/ml) in a 37°C shaking water bath for 2 
hours. The collagenase and the hyaluronidase 
digests were pooled and filtered through a 70 
um nylon cell strainer. Cells were pelleted and 
resuspended in PBS and analyzed for GFP-
positive cells using Flow Cytometer (Beckman, 
Los Angeles, CA, USA). Cells from sham wounds 
were used as negative controls. 

Fluorescence detection

HUVECs in their 3rd passage were transfected 
with GV248-Nogo-B-RNAi-GFP using enhanced 
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infection solution and were cultured in DMEM 
(DMEM-LG; Gibco, Invitrogen) supplemented 
with 10% FBS (Gibco, Invitrogen). At passage 
2-4 were analyzed for purity and epitope 
expression using fluorescence-activated cell 
sorting (FACS) analysis. In the nude mice, after 
being harvested, lesion tissues were bisected 
and fixed in 4% paraformaldehyde containing 
10% sucrose at 4°C for 12 h and then 30% 
sucrose for 24 h. The specimens were then 
embedded in OCT compound and stored at 
-80°C until use. They were cut at 10 μm mount-
ed onto Super Frost-Plus charged slides (Ci- 
totest, Jiangsu, China), and washed three times 
with PBS. After being air-dried for 10 min, they 
were subjected to 4’,6-diamidino-2-phenylin-
dole (DAPI) (1 μg/ml; Sigma-Aldrich) for nuclear-
staining and photographed with fluorescence 
microscopy.

Proliferation and migration 

HUVEC-NC and HUVEC-siNogo-B were cultured 
in 10 cm plate and then changed medium to 
DMEM when cells grew in 70%-80% conflu-
ence. After 24 h, the supernatant were collect-
ed. For wound scratch assay, fibroblasts and 
epidermal cells (1.0×106) were plated in 6-well 
plates, and after 24 h, drew a line in the middle 
of each well with 200 ul pipette tip. In the 
meanwhile, we changed the medium to DMEM, 
50% HUVEC-NCsuper-natant, 50% HUVEC-si- 
Nogo-B supernatant, and captured the images 
with microscope (Leisa, German) in different 
time points. Wound area was carried out by 
Image-J software. For proliferation assay, fibro-
blasts and epidermal cells (1000 cells/well) 
were seeded in 96-well plate, while after 24 h, 
changed the medium to DMEM, 50% HUVEC-
NCsupernatant, 50% HUVEC-siNogo-B super-
natant and 5% FBS (each group had triplicate 
wells), add CCk-8 regent (Beyotime, China), and 
incubated in 37°C for 3 h, then absorbance 
were detected by Multiscan Spectrum (Biorad, 
USA). Continuous observation lasted for 7 days. 
Each test had triplicate experiments for statis-
tics analysis. 

For Transwell assay, three medium groups 
(DMEM, 50% HUVEC-NC and 50% HUVEC-
siNogo-B) were added to the lower chamber of 
24-well Transwell (8 μm pore size, Corning, 
USA), fibroblasts (1×105) were cultured in the 
upper chamber by keeping the fluid surfaces of 
the lower and upper chambers at the same 
level. After 24 h culture, the filters were fixed 

and stained with crystal violet (0.1% Sigma, 
USA), photographed, and counted using Leica 
Q-Win image analysis software. Experiments 
were carried out in triplicate and repeated at 
least three times.

Animals, wound model, and treatment

Institutional approval of the protocol was 
obtained and all animal experiments were per-
formed according to the NIH Animal Care & Use 
Guidelines and the institutional animal care 
and use committee of the Second Military 
Medical University, shanghai, China. The nude 
mice (6-8 weeks, purchased from Slac La- 
boratory Animal Co. Ltd, Shanghai, China) were 
anesthetized with 1% sodium pentobarbital 
intraperitoneally. Two full-thickness 8 mm exci-
sional splint wounds were inflicted on the dor-
sal skin of each mouse [11]. HUVECs were har-
vested at the third passage and suspended in 
low-glucose DMEM for injection. HUVEC-
siNogo-B (1.0×106) in 0.2 ml of DMEM was 
slowly and carefully injected into the center of 
each lesion from the edge of the wound with a 
29-G needle. Similarly, 0.2 ml of HUVEC-NC or 
DMEM was injected into each lesion in the 
same way. Repeat injection once more in 48 h. 
Photographs were taken regularly from a cer-
tain distance after treatment. The mice were 
randomly assigned to three groups: Control, 
HUVEC-NC and HUVEC-siNogo-B. The wound 
area was measured 3, 5, 7, 10 and 14 days 
after injection in all groups using Image-Pro 
Plus Software, and the wound healing rate was 
calculated using the following equation: would 
healing rate = (original wound area - current 
wound area)/original wound area ×100%.

Tissue harvesting in mice

The skin tissue was collected on day 3, day 5, 
day 7 and the wounds were excised with the 
wound margins. For fluorescence detection, 
the tissue embedded with OCT and frozen sec-
tion were performed. For hematoxylin and eosin 
staining and immunohistochemistry (IHC) stain-
ing in paraffin, the tissue was fixed in 10% for-
malin for 24 hours and embedded in paraffin.

Wound healing assays

Wound healing rate was assessed on day 3, 
day 5, day 7, day 10 and day 14 after wounding. 
Re-epithelialization was measured by histomor-
phometric analysis of sections taken from the 



HUVECs with genetically modified Nogo-B accelerates wound-healing

2869 Am J Transl Res 2019;11(5):2866-2876

center of the wound and stained with hema-
toxylin and eosin. Images were obtained using 
a digital camera (Sony, Japan), and analyzed 
using Image-Pro Plus Software. The percentage 
of re-epithelialization [(distance traversed by 
epithelium over wound from wound edge/dis-
tance between wound edges) ×100] was calcu-
lated for two sections per wound and was aver-
aged over sections to provide a representative 
value for each wound.

Histologic staining

Tissue specimens were fixed in 4% paraformal-
dehyde for 24 h and embedded in paraffins. 
Six-micron-thick sections were stained with 
H&E for light microscopy. Besides, the paraffin 
sections were routinely dewaxed, rinsed, incu-
bated with 4% fetal bovine serum (Gibco, 
Gaithersburg, MD, USA) for 1 h, and then incu-
bated with corresponding monoclonal antibod-
ies against CD31 (1:200, Abcam, Cambridge, 
UK) at 4°C overnight. The primary antibodies 
were detected with horseradish peroxidase 
(HRP)-labeled antibodies (1:300, Santa Cruz) 
and visualized with diaminobenzidine (Boster, 
Wuhan, China). The slides were examined and 
photographed under afluorescencemicroscope 
(Leisa, German).

Western blotting

2.0×105 HUVECs were extracted in 150 ul cell-
lysis buffer (CST, USA) containing proteinase 
inhibitors (Bio Tools, USA). Lysates were centri-
fuged at 12,000 rpm for 15 minutes at 4°C, 
and the supernatants were collected for Wes- 
tern blot analysis. Protein concentration of the 
supernatants was determined by BCA protein 
assay kit. Samples were separated on 10% 
SDS-polyacrylamide gel and transferred to 
nitrocellulose membranes. Membranes were 
incubated overnight at 4°C with monoclonal 
antibody against Nogo-B (CST, USA). Then the 
membranes incubated with horseradish peroxi-
dase (HRP)-labeled second antibodies (1:2000, 
Santa Cruz) in room temperature for 1 h. The 
membrane detected by automatic exposure.

Statistical analysis 

Data statistical analysis was performed by 
SPSS16.0, and the results of normal distribu-
tion and homogeneity of variance were ex- 
pressed as mean ± SD. Statistical analysis was 
carried out using paired 2-tailed Student’s 

t-test or one-way ANOVA procedures. Values  
of P<0.05 were considered statistically sig- 
nificant. 

Results

Nogo-B affect HUVECs proliferation, tubes for-
mationa and paracrine

The primary HUVECs grew well and shaped like 
spindles with no vacuole seen in the cytoplasm. 
After transfected with GV248-Nogo-B-RNAi-
GFP, the most fluorescent signal was concen-
trated in the cytoplasm (Figure 1A). Western 
Blotting showed Nogo-B expression was com-
pletely inhibited by the action of RNAi (Figure 
1B). CCK-8 Assay was performed to investigate 
the effect ofdown regulating Nogo-Bon the pro-
liferation of HUVECs. The HUVEC-siNogo-B 
group grew significantly lower than HUVEC-NC 
group from 24 h to 72 h (Figure 1C). In order to 
determine the effect of down regulating Nogo-B 
expression of HUVECs on its exvivo angiogenic 
capacity, we examined the tube formation of 
HUVECs in Matrigel. We found that HUVEC-
siNogo-B group significantly suppressed HUVEC 
tube formation on Matrigel compared with NC 
control. As is shown in Figure 1D, the HUVEC-
siNogo-B group (5.6±0.6782) generated less 
vascular ring than the HUVEC-NC group (15± 
1.414, ***P<0.001, n=5). Moreover, The su- 
pernatant of HUVEC-NC and HUVEC-siNogo-B 
were collected after 24 hours of culture and 
Antibody microarray analysis was performed 
(Figure 2A). We found that the pro-healing cyto-
kines of EGF, VEGF-D, Progranulin and FGF-4 in 
the HUVEC-siNogo-B supernatant were in- 
creased 2-fold when compared to the HUVEC-
NC supernatant. Whereas, the pro-inflamma-
tion cytokines of TLR4, MCP-3 and anti-healing 
cytokines of VEGI, MMP-19 were decreased. 
(Figure 2B). Taken together, these results illus-
trated that Nogo-B could impact the prolifera-
tion and tube formation of HUVECs. When 
Nogo-B was knocked down in HUVECs, we 
found paracrinecytokines involved in promoting 
granulation formation and re-epithelization 
were greatly up-regulated, while the pro-inflam-
mation cytokine sand anti-healing cytokines 
were suppressed.

HUVEC-siNogo-B-CM enhances migration and 
proliferation of fibroblasts and epidermal cells

HUVEC-siNogo-B supernatant was collected as 
conditioned medium. Migration and prolifera-



HUVECs with genetically modified Nogo-B accelerates wound-healing

2870 Am J Transl Res 2019;11(5):2866-2876

tion were measured with Scratch Test (Figures 
3A, 4A). Transwell Assay (Figure 3C) and CCk-
8Assay (Figures 3D, 4C), respectively. We found 
that the number of migrated fibroblasts in the 
50% HUVEC-siNogo-B-CM was significantly 
greater than that in the 50% HUVEC-NC-CMin 
24 h (*P<0.05, Figure 3B). Transwell test 
showed that the migration ability of chemotax-
izing fibroblasts significantly increased by co-
culture with 50% HUVEC-siNogo-B-CM. The 
number of crystal violet staining was 3-fold 
higher than in the 50% HUVEC-NC-CM group 
(98±4.41 vs 28.33±2.028, P<0.001) (Figure 
3C). Moreover, the CCK-8 assay showed that 
the proliferative activity of fibroblasts increased 
markedly in 50% HUVEC-siNogo-B-CM as com-
pared with 50% HUVEC-NC-CM group after 4 
days of co-culturing (P<0.001) (Figure 3C). The 
same tendency as the epidermal cells per-
formed (Figure 4B, 4C). These results indicated 
that HUVEC-siNogo-B-CM greatly enhance the 
migration and proliferation both in fibroblasts 
and epidermal cells. At least three independent 
experiments were performed for analyses.

HUVEC-siNogo-B treated wounds exhibited 
faster wound closure

To determine whether HUVECs could survive by 
intradermally injected around the wound, the 
flow cytometry (Figure 5A) and the Immuno- 

Figure 1. Nogo-B affected HUVECs proliferation and tube formation by transfected with GV248-Nogo-B RNAi-GFP. 
(A) The cells grew well and shaped like spindles with no vacuole seen in the nucleus and were transfected under a 
fluorescence microscope and the whole cell emits fluorescence (200X). (B) Detection of the Nogo-B expression by 
Western Blot. Nogo-B was completely knocked down. (C) The effect of Nogo-B on proliferation and (D) tube-formation 
of HUVECs were measured by CCk-8 assay and tube formation assay. Data was shown as means ± SD, (C) n=3; (D) 
n=5; *P<0.05, **P<0.01, ***P<0.001. Scar bars: 100 μm. 

Figure 2. Cytokines detected in HUVECs supernatant 
after knocked down Nogo-B. A. Cytokines in superna-
tant of HUVEC-NC and HUVEC-siNogo-B detected by 
antibody microarray. They were labeled by Cy3 and 
Cy5, which were two different fluorescent molecular. 
B. It showed the ratio of siNogo-B/NC from antibody 
microarray. EGF, VEGF-D, FGF-4 and Progranulin 
were increased obviously in the HUVEC-siNogo-B 
supernatant, whereas anti-angiogenesis cytokines 
MMP-19 and VEGI declined. 
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Figure 3. HUVEC-siNogo-B-CM exhibited chemoattractive, mitogenic effects on fibroblasts. (A, B) The pictures 
showed the scratch test of fibroblasts in 24 h. The number of migrating fibroblasts in 50% HUVEC-siNogo-B group 
was significantly greater than that in 50% HUVEC-NC group in 24 h the migration (C) and proliferation (D) of fibro-
blasts were measured by Transwell Assay and CCk-8 Assay. The proliferative activity of fibroblasts increased mark-
edly in 50% HUVEC-siNogo-B group as compared with 50% HUVEC-NC group after 4 days of co-culturing. Data was 
shown as means ± SD, n=3, *P<0.05, ***P<0.001. The scale bar is 500 µm. 

Figure 4. The HUVECs-siNogo-B-CM promoted migration of epidermal cells. The migration of epidermal cells was 
measured by scratch test (A, B) and CCk-8 Assay (C). The epidermal cells in the 50% HUVEC-siNogo-B group was 
significantly greater than that in the 50% HUVEC-NC group in 12 h and 36 h. The scale bar is 500 µm. The epider-
mal cells in 50% HUVEC-siNogo-B group increased significantly faster after 4 days co-culturing. 5% FBS was treated 
as positive control and HUVEC-NC, DMEM as negtive control. Data was shown as means ± SD, n=3; *P<0.05, 
***P<0.001. The scale bar is 500 µm.
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fluorescence (Figure 5B) were performed to 
detected the survival of HUVEC-siNogo-B (GFP+) 
cells. The results showed that the HUVEC-
siNogo-B could survive at least 5 days. Then we 
treated wound with saline, HUVEC-NC and 

HUVEC-siNogo-B, examined at day 1, day 3, day 
5, day 7, day 14 after wounding (Figure 6A).

At day 7, and day 14, the corresponding wo- 
und healing rate were 56.478±2.508% and 

Figure 5. HUVEC-siNogo-B could survive in 48 h after injected intradermally around the excisional wound on mice. 
The flow cytometry and the Immunofluorescence were performed to detected the survival of HUVEC-siNogo-B (GFP+) 
cells. The blue spots in the top left corner represents alive cells (A). The quantity of blue spots in two injection groups 
was much higher compared with vehicle control group. (B) Representative immunofluorescent staining of The GFP-
labeled HUVECs. GFP+DAPI+ were survival cells by initially injected.

Figure 6. Topical administration of HUVEC-siNogo-B accelerated wound healing on mice. A. The wound was treated 
with saline, HUVEC-NC and HUVEC-siNogo-B, examined at day 1, day 3, day 5, day 7, day 14 after wounding and 
digitally photographed. B. Quantitative analysis of wound closure demonstrating higher wound healing rate in the 
HUVEC-siNogo-B group. Data was shown as means ± SD, n=6; ***P<0.001. 
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91.893±1.086% in the HUVEC-siNogo-B group, 
compared with 25.512±2.229% and 74.937± 
1.457% in the HUVEC-NC group (P<0.001). 
These results indicated that the wound healing 
rate in the HUVEC-siNogo-B group was signifi-
cantly higher than that in the HUVEC-NC group.

The HUVEC-siNogo-B increased callipary den-
sity in wound of nude mice

HE staining was performed and we found the 
number of newly formed vessels in HUVEC-
siNogo-B treated wounds was more than HU- 
VEC-NC group at day 7 (Figure 7A). CD31 was a 
blood vessel endothelium cell marker and 
Immunohistochemistry staining of CD31 dem-
onstrated that newly formed vessels in the 
HUVEC-siNogo-B group were more obvious than 
that in the HUVEC-NC group at day 7 wound of 
nude mice (Figure 7B). Capillary density in 
HUVEC-siNogo-B treated wound was 9.4± 
0.5099/HP, whereas the number was 3.2± 
0.5831/HP in the HUVEC-NC group (P<0.001, 
Figure 7C).

Discussion

Wound healing is a common problem faced by 
clinicians despite few curative options at hand. 
Innovative treatments to enhance wound heal-
ing and regeneration are needed. In the pres-
ent experiment, we firstly found that down-reg-

ulation of Nogo-B could suppress the prolifera-
tion of HUVECs and tube formation, but in- 
creased paracrine signaling. Reverse-phase 
microarray analysis showed that positive cyto-
kines involved in wound healing such as EGF, 
VEGF, FGF and Progranulin were greatly up-reg-
ulated while the negative regulators of angio-
genesis like Vascular Endothelial Growth In- 
hibitor (VEGI), IL-12, MMP-19 as well as pro-
inflammatory cytokines like MCP-3 and TLR-4 
were decreased. We then performed injection 
of HUVEC-siNogo-B cells into an excisional 
wound in nude mice and found them signifi-
cantly promote wound healing.

Nogo-B has been predominantly studied in 
oncologic [12-15], cardiovascular [7, 16-19], 
hepatic [8, 20-23] and lung diseases [24, 25] 
as well as in renal tubular epithelial cells [26]. 
In our study, we utilized lentiviral transduction 
to perform RNA interference in HUVECs and 
found that down-regulating Nogo-B could inhib-
it proliferation of HUVEC and tubes formation, 
but greatly changed the paracrine. It is quite 
similar with a previous study reported that 
Nogo-B is highly expressed in monocytes/mac-
rophages and Nogo-B(-/-) monocytes are defec-
tive in cell migration and spreading [10]. Mo- 
reover, our data is a support of Nogo-B’s role in 
increasing cell adhesion and promotion of 
endothelial cell migration [7]. Because Nogo-B 
is known as a role of inhibiting endovascular 

Figure 7. The HUVEC-siNogo-B increased callipary density in 
wound of nude mice. (A) Representative HE staining at day 
7 after wounding. (B) Representative Immunohistochemis-
try staining of CD31 at day 7. Statistical analysis of CD31+ 
newly formed vessels showed that neovascularization was 
more obvious in HUVEC-siNogo-B treated wounds (C). Data 
was shown as means ± SD, n=5; ***P<0.001. The scale 
bar is 100 µm. 
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hyperplasia, this might explain the observation 
that Nogo-B(-/-) in HUVECs generated positive 
cytokines involved in angiogenesis and wound 
healing. 

Fibroblasts are the main cell component in the 
connective tissue of the dermis, and play an 
important role in collagen formation during the 
process of wound healing and a key role in 
wound closure andangiogenesis [27, 28]. Mu- 
tual contacts and interactions between fibro-
blasts and endothelial cells are important fac-
tors affecting angiogenesis [29]. In present 
experiment, we found that the supernatant of 
HUVEC-siNogo-B greatly promoted the prolifer-
ation, migration of fibroblasts and epidermal 
cells owing toup-regulating of EGF, FGF and 
Progranulin, which is a secreted glycoprotein 
directly activated proliferation and migration on 
fibroblasts and epidermal cells [30]. 

It is reported that Nogo-B is up-regulated in 
response to ischemia and necessary for blood 
flow recovery secondary to ischemia and wound 
healing linked to macrophage infiltration and 
inflammatory gene expression in vivo [10]. 
Different from the above finding, our study 
showed a variation of local wound affected by 
HUVEC-siNogo-B. In this study, we demonstrat-
ed that HUVEC-siNogo-B had significantly accel-
erated the wound closure and capillary density, 
suggesting that down-regulated Nogo-B in 
HUVECs promoted angiogenesis and wound 
healing notably. It is reported that Progranulin 
acts directly on dermal fibroblasts and endo-
thelial cells to promote division, migration and 
the formation of capillary-like tubule structures 
[31]. As the Figure 2B showed, expression of 
VEGF and Progranulin were about 2.5-fold high-
er while VEGI and MMP-19 were lower than 
HUVEC-NC group. VEGI and MMP-19 are both 
negative regulator of endothelial cell [32]. 
These results may result in more angiogenesis 
expressed in HUVEC-siNogo-B treated mice. 
Moreover, granulation tissue is a crucial step in 
wound closure. As we could see from Figure 7A 
in the 7 days post after surgery, granulation tis-
sues grew much faster in HUVEC-siNogo-B 
group. The mechanism might lie on the higher 
production of Progranulin and FGF secreted by 
HUVEC-siNogo-B. In the similar way, Up-re- 
gulated EGF may promote the proliferation and 
migration of epidermal cells, which might 
explain faster re-epithelization of cutaneous 
wound in the HUVEC-siNogo-B treated mice. 

Thus, it canbe speculated that down-regulated 
Nogo-B in HUVECs promoted wound healing 
through secreted multiple cytokines.

We did not follow up the survival of HUVECs for 
a long time. HUVECs do not express MHC-II-like 
antigens and possess weak immunogenicity. 
Therefore, we suggest that HUVECs would not 
induce significant rejection after injection and 
could survive in wounds. Previous study showed 
that the long-term survival of exogenously en- 
grafted HUVECs remains 8.1% of the trans-
planted cells on day 14 [33]. Although the ab- 
ove findings suggest that allogenous HUVECs 
can survive in wounds for a long period of time, 
further studies are still necessary to determine 
the fate of HUVECs after injection into wounds.

In conclusion, this study systemically demon-
strates the beneficial effect of HUVECs on cu- 
taneous regeneration and wound healing in 
nude mice through paracrine effects. Down-
regulating Nogo-B in HUVECs may ameliorate 
the microenvironment through paracrine of 
multiple cytokines, which may represent no- 
vel approaches in the angiogenesis of tissue 
engineering.
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