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Vascular endothelial Cdc42 deficiency delays skin 
wound-healing processes by increasing IL-1β  
and TNF-α expression
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Abstract: Angiogenesis is an important step in skin wound repair. Angiogenesis is affected by the functions of many 
types of cells, especially endothelial cells. Cdc42 plays a vital role in endothelial cell function and vascular develop-
ment; however, the role of Cdc42 in skin microvascular permeability and skin wound healing is unclear. This study 
investigated the involvement of Cdc42 in skin wound-healing processes based on its known roles in angiogenesis. 
Full-thickness skin wounds were created on wild-type and inducible vascular-endothelial-specific Cdc42-/- mice. 
Cdc42 deletion in endothelium affected wound healing in following ways. Reepithelialization of wounds in Cdc42-/- 
mice was delayed compared with that of wounds in wild-type mice. The degree of angiogenesis of wound granulation 
tissue was significantly lower in Cdc42-/- mice than in wild-type mice. Infiltration of F4/80+ macrophages and the 
expression of MCP-1, IL-1β, and TNF-α were increased in the wound bed of Cdc42-/- mice compared with wild-type 
mice. These results confirm that Cdc42 in endothelium is required for angiogenesis and is an essential regulator of 
key skin wound-healing processes.
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Introduction

Skin is the most important barrier against 
harmful environmental factors, and as a result, 
efficient and complete skin wound repair is crit-
ical. Skin wound healing is a complex process 
involving various cells and chemokines. This 
process occurs via three distinct yet overlap-
ping phases: inflammation, proliferation, and 
remodeling [1, 2]. The proliferation phase 
includes reepithelialization, endothelial prolif-
eration, angiogenesis, and granulation tissue 
formation. Then, keratinocytes polarize and 
migrate, ultimately leading to the stratification 
and differentiation needed to reconstruct the 
skin barrier. In the remodeling phase, granula-
tion tissue is replaced by collagenous scar 
tissue. 

Angiogenesis, the formation of new blood ves-
sels from existing ones, plays an important role 
in wound repair. The functions of various cell 
types, especially endothelial cells, contribute  
to angiogenesis [3]. In healing wounds, the 
number of new blood vessels are approximately 
2-3 times greater and as high as 10 times 
greater than that in normal tissue [4], These 
blood vessels speed up wound healing by trans-
porting nutrients and oxygen to the wound site. 
Impaired angiogenesis or endothelial precursor 
cell dysfunction can retard wound healing [5, 
6]. For example, diabetic mice do not generate 
a sufficient number of new blood vessels, lead-
ing to poor healing [7, 8]. In the clinic, non-heal-
ing wounds are a substantial health problem for 
individuals with accidental, surgical, or chronic 
skin lesions [9, 10]. Many previous and ongoing 
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studies have investigated the factors involved 
in the function of blood vessel endothelial cells 
as it relates to wound healing. 

Cdc42 is a Rho family small GTPase that is 
ubiquitously expressed [11]. Rho GTPases, 
including RhoA, Rac1, and Cdc42, are impor-
tant molecules that affect microvascular per-
meability. RhoA enhances permeability, where-
as Rac1 and Cdc42 strengthen barrier function 
[12, 13]. Cdc42 was reported to play a vital role 
in endothelial cell function and vascular devel-
opment [14]. With respect to endothelial per-
meability, Cdc42 alters endothelial cell junc-
tions and boosts intercellular barrier function 
by inducing an interaction between a-catenin 
and the VE-cadherin complex [15]. However, 
the role of Cdc42 in skin microvascular perme-
ability and skin wound healing is unclear. Our 
previous experiments confirmed that global 
knockout of Cdc42 in endothelia was embry-
onic lethal [16]. Therefore, we constructed the 
Cre-recombination-based mouse model with 

re Committee. Using the Cre/Loxp knoc- 
kout technique, we crossed the conditional 
Cdc42-/- with Tie2-Cre-ER mice. The resulting 
mice were crossed with Lox-Stop-Lox tdTomato 
mice to generate the vascular-endothelial-spe-
cific target mice (hereafter referred to as 
Cdc42-/- mice).

Animal treatments

When the mice were 4 weeks old, they were 
injected intraperitoneally (i.p.) with tamoxifen (1 
mg/d; Cayman Chemical, USA) for 4 days to 
induce the Cdc42 knockout. Two weeks later, 
mice were anesthetized with an i.p. injection of 
pentobarbital. A 6 × 6-mm-square full-thick-
ness skin wound was created on the left or 
right dorsal skin. The wounds were allowed to 
dry to form a scab. The wounds were photo-
graphed and measured every 2 days, using a 
measuring tape to standardize the image 
dimensions. Whole wound sites, including the 
scab and epithelial margins, were collected on 

Figure 1. Generation of vascular endothelial-cell-specific Cdc42-/- mice. A. 
PCR genotyping was performed using genomic DNA collected from tails of 
control (Ctrl) and Cdc42-/- mice. The upper panel shows PCR products for the 
Tie2-Cre-ER allele (900 bp), the middle panel shows those for the Cdc42L/L 

allele (700 bp for Cdc42-/- and 600 and 700 bp for Ctrl mice), the bottom 
panel shows those of the Lox-Stop-Lox tdTomato allele (200 bp). B. Repre-
sentative images of tdTomato fluorescence (red) in lung samples of Ctrl and 
Cdc42-/- mice counterstained with a fluorescent anti-Cdc42 antibody (green). 
Cdc42 was absent from the endothelium and present in alveolar epithelium 
in Cdc42-/- mice. White scale bars = 25 µm.

an inducible vascular-endo-
thelial-specific Cdc42 dele-
tion. Here, we investigate the 
hypothesis that Cdc42 is  
a crucial regulator of skin 
wound-healing processes.

Materials and methods

Animals

Conditional Cdc42-/- mice and 
Lox-Stop-Lox tdTomato mice 
were a gift from Professor Yi 
Zheng from the University of 
Cincinnati, USA. Tie2-cre-ER 
mice were obtained from the 
Gaiger laboratory in Germany. 
In these mice, the CRE recom-
binant enzyme is expressed 
only in vascular endothelial 
cells after induction with ta- 
moxifen. Mice were housed 
4-5 per cage in controlled 
conditions (temperature: 24 ± 
1°C and lighting: 12 hr light/
dark cycle) with food and 
water ad libitum. All animal 
experiments were performed 
in accordance with the regu- 
lations of the University of 
Southern Medical Animal Ca- 
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Figure 2. Delayed wound healing in Cdc42-/- mice. A. Representative images of healing wounds in Cdc42-/- and Ctrl 
mice. B. Quantification of open wound area showed wound closure occurred significantly more slowly in wounds of 
Cdc42-/- mice compared with Ctrl mice (n = 3). C. Representative images of histological sections of wounds in Ctrl 
and Cdc42-/- mice at days 5, 7, and 9 post-wounding. High-magnification images of the wounded areas denoted 
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by black dashed squares are shown to the right. Sections were stained with HE. D. Quantification of the lengths 
of epithelial tongues at days 5 and 7 post-wounding indicated that reepithelialization occurred significantly more 
slowly in Cdc42-/- mice compared with Ctrl mice (n = 3). E. The average thickness of wounds at day 9 post-wounding 
was significantly decreased in Cdc42-/- skin compared with Ctrl skin (n = 5). F. Representative images of histological 
sections of the wounds in control and Cdc42-/- mice at day 14 post-wounding. G. The average thickness of wounds 
at day 14 post-wounding was not different between Cdc42-/- skin compared with Ctrl skin (n = 5). Black scale bars 
= 500 µm; red scale bars = 100 µm; P values: **< .05; ***< 0.01; ns, not significant.

days 3, 5, 7, 9, and 14. The skin samples were 
divided, with one half fixed with 4% paraformal-
dehyde (Sigma-Aldrich, USA) for histological 
analysis and the other half frozen in liquid nitro-
gen for enzyme-linked immunosorbent assay 
(ELISA) analysis.

Wound-closure rate measurements

At each timepoint, the wound area was ana-
lyzed using ImageJ (Software 1.51m9, Wayne 
Rasband, National Institutes of Health, USA). 
The wound-area percentage was calculated as 
follows: wound area (%) = [(areaday n)/areaday 0] × 
100 [17].

Bromodeoxyuridine (BrdU) labeling

Prior to collecting the wound sites, mice were 
treated with a BrdU solution (20 mg/ml, 0.1 ml 
i.p. injection) and transferred to the dark for 2 h 
prior to sacrifice. Histological sections from the 
middle of the wound were washed with 3% 
hydrogen peroxide for 15 min, 2 M HCl for 30 
min, and boric acid for 15 min before being 
incubated with anti-BrdU antibody (1:50, 
sc-32323, Santa Cruz) overnight at 4°C and 
then incubated with a secondary antibody. 

Histology and immunohistochemistry

After wounded skin tissues were collected, 
they were fixed in 4% paraformaldehyde and 
embedded in paraffin. Sections 4-µm thick 
were cut from paraffin blocks, transferred to 
glass slides, and used for hematoxylin & eosin 
(HE), Masson’s trichrome, toluidine blue, and 
immunohistochemical staining. Morphological 
alterations in the skin were inspected using 
light microscopy. Epithelial tongue length was 
measured as the distance from the tip of epi-
thelial tongue to the unwounded dermis. The 
average epithelial tongue thickness was 
approximated using the equation: (area of epi-
thelial tongue)/(length of epithelial tongue). For 
immunostaining, sections were deparaffinized 
and rehydrated and blocked with 10% goat 
serum at room temperature for 60 min. Then, 
sections were incubated overnight at 4°C with 

anti-keratin 1 (K1) antibody (1:100, catalog 
#905204, BioLegend), anti-keratin 6 (K6) anti-
body (1:100, catalog #905701, BioLegend), 
anti-CD31 antibody (catalog #00084985, Da- 
ko), anti-F4/80 antibody (1:100, catalog #144- 
80182, eBioscience), or anti-α-smooth muscle 
actin (SMA) antibody (catalog #BM0002, Boster 
Biological Technology) and incubated with a 
species-specific secondary antibody for 1 hour. 
Then, stained sections were examined and 
imaged using a microscope (Leica-CTR-4000). 
The microscopic field centered on the wound 
site in the immunostained sections, and the 
numbers of F4/80-positive macrophages and 
CD31-positive blood vessels were counted. 

ELISA

The previously frozen tissue was homogenized 
in extraction solution (100 mg tissue in 1 ml 0.1 
nM phosphate-buffered saline) using OMNI 
Ruptor 4000. The suspension was spun at 
5000 × g for 10 min at 4°C, and the superna-
tant was used for ELISA. ELISAs were per-
formed using kits for murine interleukin 1β (IL-
1β, E-EL-M0037c, Elabscience, Houston, TX, 
USA) and tumor necrosis factor α (TNF-α, E-EL-
M0049c, Elabscience) according to the manu-
facturer’s instructions.

Statistical analysis

All numeric data are presented as mean ± stan-
dard error of the mean and were analyzed using 
SPSS v19.0 software. The statistical signifi-
cance of the differences between experimental 
groups was determined using the Student’s 
t-test. P values < 0.05 were considered sig- 
nificant.

Results

Generation of inducible vascular-endothelial-
cell-specific Cdc42-deficient mice

Mice were bred as described and offspring 
were genotyped to verify the presence of the 
Tie2-Cre-ER, floxed Cdc42, and Lox-Stop-Lox 
tdTomato alleles. Mice with the targeted geno-



Cdc42 expression in endothelium regulates wound repair

261 Am J Transl Res 2019;11(1):257-268

Figure 3. Decreased proliferation and differen-
tiation in Cdc42-/- mice. Representative images of 
immunohistochemical staining (brown) in newly 
formed epidermis of Ctrl and Cdc42-/- mice at days 
5, 7, and 9 post-wounding. Antibodies against (A) 
keratin 6, (B) keratin 1, and (E) BrdU were used. (C 
and D) Quantification of the average optical den-
sity showed fewer keratinocytes in proliferated and 
differentiated states in Cdc42-/- mice compared 
with Ctrl mice (n = 3). (F) Quantification of cells 
in the newly formed epidermis showed decreased 
numbers of BrdU-positive cells in Cdc42-/- mice 
compared with Ctrl mice (n = 3). Black scale bars 
= 50 µm; red scale bars = 200 µm; P values: **< 
0.05; ***< 0.01; ns, not significant.
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Figure 4. Decreased collagen fiber formation and angiogenesis in Cdc42-/- mice. A. Representative images of CD31 
immunohistochemical staining (brown) in wounds of Ctrl and Cdc42-/- mice at day 7 post-wounding. B. Quantifica-
tion of CD31-positive cells per mm2 showed less angiogenesis in Cdc42-/- mice compared with Ctrl mice (n = 3). C. 
Representative images of α-SMA immunohistochemical staining (brown) in granulation tissue of Ctrl and Cdc42-/-  
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type were selected for the Cdc42-/- mice group, 
and their littermates were used as controls (Ctrl 
mice, Figure 1A). Because normal skin lacks 
extensive vascular tissue, we evaluated lung 
tissue to determine if mice were Cdc42-
deficient. The vascular endothelial cells of mice 
with tdTomato alleles fluoresce red when the 
target gene is knocked out, so we looked for 
colocalization of Cdc42 expression and tdTo-
mato fluorescence. The lung tissue of target 
mice showed no colocalization of Cdc42 and 
tdTomato fluorescence (Figure 1B).

The effect of Cdc42 knockout on the wound-
healing process 

First, we compared the skin structure of Cdc- 
42-/- mice with Ctrl mice. There were no differ-
ences in skin structure between the two groups 
prior to creating the wound (Supplementary 
Figure 1). Next, skin wounds were created in 
both groups. Visual assessment showed that 
the healing rate of Cdc42-/- mice was lower than 
that in Ctrl mice (Figure 2A and 2B). HE staining 
showed that wounds in Ctrl mice were almo- 
st completely healed, with reepithelialization 
apparent by day 7, whereas those in Cdc42-/- 
mice were not completely healed until day 9. 
The rate of wound reepithelialization was sig-
nificantly slower in Cdc42-/- mice than in Ctrl 
mice (Figure 2C-E). By day 14, the epithelial 
thickness was not different between the two 
groups (Figure 2F and 2G).

The effect of Cdc42 knockout on the prolifera-
tion and differentiation of keratinocytes

We next investigated the proliferation and dif-
ferentiation of keratinocytes. The expression of 
K6 is closely associated with cell proliferation, 
and K1 is often used as a marker of normal 
keratinocytes differentiation [18, 19]. At days 5 
and 7 post-wounding (i.e., the reepithelializa-
tion stage), the wounds of Cdc42-/- mice had 
fewer keratinocytes in proliferating and differ-
entiating states than those of Ctrl mice (Figure 
3A-D). In addition, the number of BrdU-positive 
cells in regenerated epidermis was significantly 
higher in Ctrl mice than in Cdc42-/- mice on days 

5 and 7 post-wounding (Figure 3E and 3F). 
These results indicated that Cdc42-/- mice  
have a decreased rate of re-epithelialization 
likely due to altered rates of keratinocyte 
proliferation.

The effect of Cdc42 knockout on angiogenesis 
and collagen remodeling

To evaluate the effect of Cdc42 knockout on 
angiogenesis, we used wound angiogenesis 
density as an angiogenic indicator. Angiogenesis 
was evaluated based on the number of CD31-
positive cells (Figure 4A and 4B) and α-SMA-
positive cells (Figure 4C and 4D) in granulation 
tissue. Neovascularization was significantly 
decreased in Cdc42-/- mice compared with Ctrl 
mice.

To evaluate the effect of Cdc42 knockout on 
collagen remodeling, we investigated the levels 
of Masson’s staining and α-SMA expression. 
There were significantly fewer collagen fibers in 
granulation tissue of Cdc42-/- mice than in Ctrl 
mice based on Masson’s staining (Figure 4E). 
Similarly, the expression of α-SMA was lower in 
Cdc42-/- mice than in Ctrl mice, indicating fewer 
numbers of myofibroblasts [20] (Figure 4F).

Cdc42 knockout increased macrophage aggre-
gation but did not affect other inflammatory 
cells 

Because Cdc42 is an important regulator of 
endothelial permeability [15], we examined the 
effect of Cdc42 deletion on immune-cell popu-
lations within wounded skin on days 5 and 7 
post-wounding. Typically, macrophages infil-
trate the wound and become part of the granu-
lation tissue [21]. Based on F4/80 staining, the 
number of macrophages in the granulation tis-
sue of Cdc42-/- mice was greater than that of 
Ctrl mice (Figure 5A and 5B). T lymphocytes 
and mast cells were also detected in the wound 
bed and adjacent tissue, but no significant dif-
ferences were observed between the wound 
tissue of Ctrl and Cdc42-/- mice at days 5 and 7 
post-wounding (Figure 5C-F). These results 
indicate that Cdc42 deletion increased macro-
phage aggregation in the wound. 

mice at days 5, 7, and 9 post-wounding to show angiogenesis. D. Quantification of α-SMA-positive cells per mm2 
showed less angiogenesis in Cdc42-/- mice compared with Ctrl mice (n = 3). E. Representative images of Masson’s 
staining of the wound site at day 7 post-wounding. Blue: collagen fibers and mucus, red: muscle and elastic fibers, 
blue-brown: nucleus. F. α-SMA was detected to show myofibroblasts. Black scale bars = 200 µm; red scale bars = 
50 µm; blue scale bars = 500 µm; P values: **< 0.05, ***< 0.01; ns, not significant.
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Cdc42 knockout increased levels of MCP-1, 
IL-1β, and TNF-α

Next, we evaluated levels of cytokines because 
they are an important part of the healing pro-
cess. The level of monocyte chemotactic pro-
tein 1 (MCP-1) was increased in wounds of 
Cdc42-/- mice compared with Ctrl mice (Figure 
6A). The levels of the proinflammatory cyto-
kines IL-1β and TNF-α were also increased in 
wounds of Cdc42-/- mice compared with Ctrl 

mice (Figure 6B and 6C). These results sug- 
gest that Cdc42 deletion induced excessive 
inflammation.

Discussion

In this study, using a mouse model of skin 
wound healing, we investigated the role of 
endothelial Cdc42 in regulating wound-healing 
processes, including inflammation, reepithelial-
ization, and granulation tissue formation. To 

Figure 5. Increased immune infiltration in Cdc42-/- mice. A. Representative images of F4/80 immunohistochemical 
staining (brown) to detect macrophages at days 5 and 7 post-wounding. B. Quantification of F4/80-positive cells per 
mm2 increased macrophage infiltration in Cdc42-/- mice compared with Ctrl mice (n = 3). C. Representative images 
of CD3 immunohistochemical staining (brown) to detect T cells at days 5 and 7 post-wounding. D. Quantification of 
CD3-positive cells per mm2 showed no significant differences between the two groups (n = 3). E. Representative im-
ages of toluidine blue staining (dark purple) to detected mast cells at days 5 and 7 post-wounding. F. Quantification 
of mast cells per mm2 showed no significant differences between the two groups (n = 3). Black scale bars = 50 µm; 
P values: **< 0.05; ns, not significant.

Figure 6. Increased cytokine levels in Cdc42-/- mice. Levels of (A) MCP-1, (B) IL-1β, and (C) TNF-α were increased in 
wounds of Cdc42-/- mice compared with Ctrl mice. MCP-1, IL-1β, and TNF-α were detected using ELISA at days 5 (n 
= 3) and 7 (n = 3) post-wounding. P values: **< 0.05.

Figure 7. Schematic illustration of wound healing. A schematic illustration of skin wound healing when endothelial 
Cdc42 is knocked out. In this study, we identified delayed wound healing in Cdc42-/- mice. Endothelial Cdc42 knock-
out resulted in decreased angiogenesis and increased macrophages and cytokine levels, which delayed reepithe-
lialization. 
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our knowledge, this is the first time that endo-
thelial Cdc42 deficiency has been shown to sig-
nificantly impair wound healing. This wound-
healing impairment was characterized by a 
delayed wound-closure rate, postponed reepi-
thelialization, increased macrophage infiltra-
tion, increased cytokine levels, decreased 
angiogenesis, and irregular collagen deposition 
compared with wounds in Ctrl mice. These 
results suggest that endothelial Cdc42 plays a 
key role in neoangiogenesis and vascular per-
meability in wound-healing process.

Neoangiogenesis or vasculogenesis was initial-
ly thought to solely be embryogenesis, but in 
more recent years, vasculogenesis has been 
recognized as an essential process in adult 
vascular responses. For example, adults angio-
genesis is a critical process in wound healing, 
and the formation of new blood vessels plays 
important roles in provisional granulation tis-
sue formation [22]. In addition, the density of 
new blood vessels could determine wound-clo-
sure rate [23]. In our experiments, angiogene-
sis in the granulation tissue of Cdc42-/- mice 
was significantly reduced, which relates closely 
to the physiological role of Cdc42. Cdc42 binds 
GTP in the activated state and GDP in non-acti-
vated state, acting as a molecular switch for 
numerous cellular functions. Many studies 
have shown that Cdc42 plays roles in cell 
growth, proliferation, and migration. Olson et 
al. [24] inserted Cdc42 into Swiss3T3 fibro-
blasts through micro-injection and found that it 
accelerated the progression through the G1 
phase and stimulated DNA synthesis. Lin et al. 
[25] transfected cells with a GTP-deficient 
mutant Cdc42, and the growth of cells was 
inhibited. Consistent with these observations, 
our results showed that Cdc42 deficiency in 
endothelial cells inhibited endothelial cells 
growth, proliferation, and migration, resulting in 
reduced angiogenesis in the wound.

Microvascular permeability is a key factor dur-
ing wound-healing processes that is associat- 
ed with local and/or systemic inflammatory 
response [26]. Our results showed that micro-
vascular leakage was increased in the Cdc42-/- 
mouse model with full-thickness skin wounds. 
Additionally, more macrophages were found in 
the wounds of Cdc42-/- mice than Ctrl mice. As 
key inflammatory cells in wounds, macrophages 
contribute to the coordination of inflammation 
and angiogenesis during wound healing [27, 

28]. While resident macrophages at the site of 
wound repair are present, the majority of mac-
rophages are newly recruited from monocytes 
deployed to injured or reactive tissue [28]. 
MCP-1 is a chemokine that specifically recruits 
monocytes/macrophages. In our study, MCP-1 
was higher in Cdc42-/- mice than in Ctrl mice. 
Although the mechanism underlying macro-
phage infiltration is not completely clear, it 
could be related to the role of Cdc42 in regu- 
lating endothelial cell permeability. Previous 
studies found that Cdc42 can enhance endo-
thelial barrier function by inducing endothelial 
cell connections and interactions between 
a-catenin and the VE-cadherin complex [15]. 
Because T cells primarily accumulate during 
the tissue-remodeling phase [29], we observed 
no differences in numbers of T cells at the early 
stage of wound healing. Therefore, in our ex- 
periment, Cdc42-deficient endothelial cells 
decreased the formation of cell junctions, 
increased cell membrane permeability, and 
increased exudation of macrophages.

Wound healing is a complex process involving a 
variety of cells, including inflammatory cells, 
fibroblasts, keratinocytes, and endothelial ce- 
lls, which produce numerous inflammatory 
cytokines such as IL-1β and TNF-α [30, 31]. In 
our study, the levels of IL-1β and TNF-α in 
Cdc42-/- mice were significantly higher than 
those in Ctrl mice. IL-1β and TNF-α have been 
shown to play dual roles in angiogenesis and 
vascular repair. On one hand, they are associ-
ated with increased numbers of macrophages 
in granulation tissue. Increased macrophage 
recruitment could lead to the release of more 
inflammatory cytokines that would further 
recruit and activate other inflammatory cells 
[32, 33]. On the other hand, increased cytokine 
levels reduce the number of blood vessels 
formed in granulation tissue, which could slow 
healing and result in a perpetual cycle [29].

We also observed that the wound healing in 
Cdc42-/- mice was significantly delayed to day 9 
post-wounding from day 7 post-wounding in Ctrl 
mice based on complete closure of the skin 
wound. This result could be related to the 
decrease in neovascularization, which reduces 
the amount of nutrients in the wound bed, and/
or the excessive inflammatory reaction and 
hyper-edema in and around the wound. While 
macrophages and increased vascular permea-
bility can contribute to the regeneration of epi-
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thelial cells to some degree [29, 34], excessive 
inflammatory responses can delay wound heal-
ing, as seen during infections [35, 36]. Reepi- 
thelialization is the resurfacing of a wound with 
new epithelium and involves both migration 
and proliferation of keratinocytes [37]. In this 
study, we found that Cdc42-/- mice had fewer 
keratinocytes in the proliferative phase in the 
wound tongue based on BrdU labeling, which 
could explain why wound closure was post-
poned in Cdc42-/- mice. The role of endothelial 
Cdc42 in skin wound healing is summarized in 
Figure 7.

In conclusion, in this study, we demonstrated 
that deletion of Cdc42 in endothelial cells sig-
nificant delayed wound closure. Our study sug-
gests that Cdc42 is required for angiogenesis. 
The decreased angiogenesis and increased 
permeability lead to macrophage exudation, 
increased inflammatory cytokine production, 
and delayed reepithelialization and granulation 
formation, all of which could contribute to 
impaired wound closure.
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Supplementary Figure 1. No difference of histological sections of skin before wouding. Representative images of 
histological sections of skin from Ctrl and Cdc42-/- mice before wounding.


