
 

 

Introduction 
 
People with diabetes have a 15 times greater 
risk of lower limb amputation than nondiabetic 
individuals, due in part to chronic, nonhealing 
wounds [1]. The impairments in cutaneous 
wound healing associated with diabetes result 
in part but not exclusively, from deficiencies in 
angiogenesis [2], a reduction in cutaneous sen-
sory innervation [3], dysregulated inflammation 
[4], and delays in re-epithelialization [5]. 
Wounds occurring in diabetic patients as well as 
hyperglycemic mice take significantly longer to 
close and have reductions in vascular growth 
factors [6-10]. Although the initial wound clo-
sure may not be dependent upon angiogenesis 
[11-13], full maturation and healing of the 
wound is dependent on the vascular response, 

including the release of angiogenic growth fac-
tors from skin resident macrophages, keratino-
cytes, pericytes, and endothelial cells. Blood 
vessels also participate in the formation of 
granulation tissue, providing nutrition and oxy-
gen to growing tissues. In human disease and in 
murine diabetes models, impairments in wound 
healing are characterized by delays in cellular 
infiltration and granulation tissue formation, 
reduced angiogenesis, decreased collagen syn-
thesis, and decreased recruitment of circulating 
vascular progenitors [14-17]. The reduction in 
angiogenesis has been attributed to decreased 
matrix metalloproteinase (MMP) levels and ac-
tivity [18], decreased numbers and function of 
endothelial progenitor cells [16, 19, 20], and 
alterations in expression of vascular specific 
growth factors and their receptors [21], includ-
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Abstract: VEGF and Angiopoietin (Ang)1 are growth factors that independently improve wound healing outcomes. 
Using a tet-repressible mouse model coupled with streptozotocin-induced diabetes, we examined wound healing in 
diabetic and nondiabetic mice engineered to overexpress keratinocyte-specific (K5) VEGF, Ang1 or Ang1-VEGF com-
bined. All nondiabetic mice healed more rapidly than their diabetic counterparts; however overexpression of VEGF, 
Ang1 or the combination failed to improve wound closure under diabetic conditions. Conversely, under nondiabetic 
conditions, combining Ang1 and VEGF resulted in rapid wound closure. Molecular analyses of diabetic and nondia-
betic K5-Ang1-VEGF skin revealed no differences in VEGF expression but an 80% decrease in Ang1 under diabetic 
conditions, suggesting an integral role for Ang1. Nondiabetic K5-Ang1 mice healed more quickly and had significant 
increases in granulation tissue and a 60% decrease in re-epithelialization 7 days after wounding. Furthermore, Ang1 
stimulated primary mouse keratinocytes showed significantly less migration into a wound bed in an in vitro wound 
healing bioassay and had decreased pMAPK, pNFκB, pAkt, and pStat3 signaling. These data suggest that combined 
Ang1-VEGF overexpression cannot overcome diabetes-induced delays in wound healing but is efficacious under 
nondiabetic conditions possibly via Ang1-mediated delays in re-epithelialization and enhancement of granulation 
tissue formation, thereby allowing more rapid secondary intention healing. 
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ing VEGF and Tie2 [4, 6, 7, 22-24] and in-
creases in the context specific antagonizing    
Tie-2 ligand, angiopoietin-2 (Ang2) [6, 25]. Inter-
estingly, Ang2 increases promote vessel regres-
sion when VEGF is absent, decreased, or its 
activity inhibited [26-29]; an environmental sce-
nario like that observed in the diabetic cutane-
ous wound [6]. This suggests Tie2 activity is 
required for vessel maintenance [30, 31], and 
that Ang2 increases occurring concomitant with 
decreased VEGF facilitate either vascular desta-
bilization and vessel sprouting or EC death [27, 
32]. The introduction of exogenous Ang1 under 
these conditions could potentially promote ves-
sel stabilization and angiogenesis.  
 
Current attempts at targeting growth factors 
have for the most part targeted the loss of VEGF 
protein associated with impaired wound healing 
in diabetics. Topical application of VEGF acceler-
ates wound healing in a diabetic setting [11, 17, 
23, 24, 33] but also results in increased perme-
ability leading to “leaky” vessels, which may not 
be beneficial [17, 34-36]. Ang1 when combined 
with VEGF in the skin, leads to angiogenic re-
modeling of the cutaneous vasculature, but pre-
vents vessel leakage associated with VEGF ex-
posure alone [35-37]. More recently, others 
have used Ang1 as a therapeutic for impaired 
wound healing [38-40], reporting enhanced 
granulation tissue formation and improved 
wound closure. However, the effect of targeting 
Ang1 and VEGF in combination on diabetic and 
nondiabetic cutaneous wound healing out-
comes in vivo has not been examined.  
 
Methods 
 
Animals 
 
Keratinocyte-specific (K5) doxycycline-
repressible transgenic mice overexpressing ei-
ther Angiopoietin 1 (Ang1), vascular endothelial 
growth factor (VEGF) or Ang1-VEGF together 
were generated and genotyped as described 
previously [41]. K5-VEGF and K5-Ang1-VEGF 
transgenic mice fail to thrive when exposed to 
high levels of transgenic VEGF expression 
throughout gestation [41]; therefore for the dia-
betes wound healing experiments, diabetic and 
nondiabetic K5-Ang1, K5-VEGF, K5-Ang1-VEGF 
mice and littermate controls were bred and 
raised in the presence of doxycycline-
supplemented food (200mg/kg; BioServ; 
Frenchtown, NJ) thereby suppressing transgene 

expression. Gene expression was initiated by 
removing the doxycycline food three days prior 
to wounding. A second cohort of nondiabetic K5
-Ang1 mice and their littermate controls were 
also generated; these mice expressed trans-
genic Ang1 from conception onward (i.e. no 
doxycycline exposure at any point). 
 
Diabetes induction 
 
Adult male mice were injected once with either 
150 mg/kg of streptozotocin (STZ) to induce 
diabetes or control citrate buffer (nondiabetic). 
Blood glucose levels were monitored and diabe-
tes was defined as mice with blood glucose lev-
els greater than 250 mg/dL. Insulin (0-2units of 
NPH insulin subcutaneously diluted 10 fold) 
was provided as needed to achieve slow weight 
gain in the presence of hyperglycemia and glu-
cosuria. Thus, diabetic animals were insulin-
deficient but not grossly catabolic. Wound heal-
ing experiments were performed in animals af-
ter 6-8 weeks of diabetes.  
 
Wound healing 
 
Diabetic and nondiabetic K5-Ang1, K5-VEGF, K5
-Ang1-VEGF and littermate control animals had 
doxycycline removed (turning transgene expres-
sion on in transgenic mice) three days prior to 
wounding and the dorsal back skin was shaved 
and depilated in preparation for wounding. Two 
dorsal wounds were made using a 6 mm punch 
biopsy tool and wound size at the gross level 
was measured daily for the duration of the ex-
periments and was presented as a percentage 
of the original wound size on day 0 to accommo-
date differences in original wound size; the av-
erage of two wound percentages/mouse was 
used. Skin was collected for RNA and protein 
isolation and analyses in a subset of mice 7 
days following wounding.  
 
Nondiabetic K5-Ang1 mice expressing trans-
genic Ang1 from conception onward (i.e. no 
doxycycline) had wounds generated and quanti-
tated as described above. Mice were sacrificed 
at one of three time points, day 4, 7, or 10 fol-
lowing wounding and tissue was collected for 
histological analyses.  
 
All animal protocols were approved by the Case 
Western Reserve University institutional animal 
care and use committee (IACUC) and conformed 
to the American Association for Accreditation of 
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Laboratory Animal Care guidelines. 
 
Tissue collection and histological and mor-
phometric analyses 
 
At 4, 7 or 10 days following wounding, nondia-
betic K5-Ang1 animals and littermate controls 
with no doxycycline exposure were euthanized 
and the wounded skin carefully dissected, the 
wound bisected in the longest plane and the 
tissue placed in 10% buffered formalin 
(Surgipath Medical Industries, Richmond, IL), 
overnight at 4ºC prior to dehydration and paraf-
fin embedding (Sakura Finetech, Torrance, CA). 
H&E staining was completed on 5 μm thick par-
affin sections using standard protocols.  
 
Re-epithelialization of the wound was quanti-
tated in a manner allowing for standardization 
accounting for small differences in original 
wound size between mice and regions, as well 
as other small differences that occur due to 
experimental variability. Using Image Pro inter-
active software (MediaCybernetics, Bethesda, 
Maryland) the wound gap, defined as the dis-
tance between the two epithelial tongues (i.e. 
the keratinocytes migrating into the wound 
bed); was measured and subtracted from the 
total length of the original wound (i.e. the dis-
tance between the normal skin/wounded skin 
border on each side of the skin); providing the 
total re-epithelialization length. This number 
was then divided by the original length of the 
wound to supply the percent re-epithelialization. 
Granulation tissue was measured in the same 
sections using Image Pro software to trace the 
boundary of the granulation tissue within each 
section.  
 
Tissue RNA and protein isolation and analysis 
 
Dorsal skin from nondiabetic and diabetic con-
trol and K5-Ang1-VEGF transgenic mice was 
isolated from mice 7 days following wounding 
and was homogenized using a Mikro-
Dismembrator S (Sartorius Stedim Biotech, 
Edgewood, NY). RNA and protein were isolated 
and quantified as described previously [42]. 
VEGF protein (R&D Systems, Minneapolis, MN), 
expression was quantitated by ELISA according 
to the manufacturer’s instructions. RNA was 
reversed transcribed using MMLV reverse tran-
scriptase (Invitrogen, Carlsbad, CA) following the 
manufacturer’s protocol. Quantitative real-time 
RT-PCR was performed using Taqman technol-

ogy from Applied Biosystems on a StepOnePlus 
Realtime system. Probes and primers for Ang1 
and 18S were obtained from Applied Biosys-
tems. Expression levels were normalized to 
18S. 
 
Primary mouse keratinocyte cultures and in 
vitro wound assay 
 
Primary mouse keratinocytes were isolated from 
wildtype CD1 mouse embryos at embryonic day 
(E) 17.5 according to published protocols [43]. 
Scratch assays were performed using primary 
mouse keratinocytes similar to methods previ-
ously described [44]. Briefly, 1.5 × 106 cells 
were plated in a 60 mm plate, and a scratch 
made across the plate using a pipette tip; plates 
were then rinsed with PBS followed by media 
containing 10 ug/ml Mitomycin C (an inhibitor 
of DNA synthesis) or containing Mitomycin C 
and 100 ng/ml recombinant mouse Ang1 (R&D, 
Minneapolis, MN). Images of each scratch 
(wound) were taken immediately, and the dis-
tance between the two keratinocyte beds 
(wound size) was measured using Image Pro 
interactive software, providing a baseline meas-
urement of the original in vitro wound size. Im-
ages of the same wounds were taken 16 hours 
later and the wound size re-measured. At least 
12 scratches per condition were measured at 0 
and 16 hrs per experiment, and the experiment 
was replicated 6 times.  
 
Signaling analysis 
 
Primary mouse keratinocytes were plated at a 
cell density of 1 × 106 cells, allowed to attach 
overnight, and were then stimulated for ten min-
utes with 100 ng/ml recombinant Ang1 (R&D) 
or left untreated. Protein lysates were isolated 
from treated and untreated cells and Western 
blotting performed using methods published 
previously [45, 46]. Antibodies used included: 
anti-phospho-FAK, anti-FAK, anti-phospho Akt, 
anti-Akt; anti-phospho p44/42 MAPK, anti-
MAPK, anti-phospho NFκB, anti-NFκB, anti-
phospho-Stat3, anti-Stat3 (all Cell Signaling, 
Danvers, MA), anti-phospho-Tie2 (Angio-
Proteomie, Boston, MA) and anti-Tie2 (Santa 
Cruz, Santa Cruz, CA). Equal loading of samples 
was confirmed using a monoclonal antibody 
against β Actin (Clone AC-15, Sigma, St. Louis, 
MO). Blots were reproduced using independent 
samples at least twice.  
 



VEGF and Ang1 in diabetic and nondiabetic wound healing  

 
 
4                                                                                                                 Int J Clin Exp Pathol 2012;5(1):1-11 

Statistics 
 
All data are represented as mean ± standard 
error of the mean (SEM). Between group com-
parisons were analyzed using either a Student’s 
T test or a Mann Whitney U test and statistical 
significance was defined as P < 0.05. 
 
Results 
 
K5-Ang-VEGF animals heal more quickly under 
nondiabetic conditions and this effect is lost 
following 6-8 weeks of STZ-induced diabetes 
 
Keratinocyte-specific doxycycline repressible 
transgenic mice overexpressing either Angiopoi-
etin 1 (Ang1), vascular endothelial growth factor 
(VEGF) or VEGF and Ang1 (Ang1-VEGF) were 
generated using the K5 promoter. K5-VEGF and 
K5-Ang1-VEGF mice exposed to transgenic 
VEGF alone and in combination with Ang1 failed 
to thrive, and displayed significant morbidity 
(data not shown) [41] making it difficult to in-

duce diabetes or to study effects on cutaneous 
wound healing. To circumvent this, we utilized 
the repressible nature of the transgenic model 
system and exposed animals to doxycycline 
food beginning at gestation and up until just 
prior to wounding. To study the effects of skin-
specific overexpression of Ang1, VEGF, and 
Ang1-VEGF on wound healing under diabetic 
and nondiabetic conditions, animals were made 
diabetic using STZ (or injected with control cit-
rate buffer) and following 6-8 weeks of diabe-
tes, transgene expression was turned on (via 
removal of doxycycline) and three days later 
mice were wounded on the dorsal surface of 
their skin.  
 
Under nondiabetic conditions K5-Ang1-VEGF 
mice have significantly smaller wounds than K5-
Ang1, K5-VEGF and control littermates begin-
ning ~4 days following wounding (Figure 1A). As 
expected, all strains of diabetic mice (control, 
K5-Ang1, K5-VEGF and K5-Ang1-VEGF) healed 
more slowly than non diabetic animals (Figure 

Figure 1. K5-Ang-VEGF animals heal more quickly under nondiabetic conditions and this effect is lost following 6-8 
weeks of STZ-induced in diabetes. The size of the wounds on the dorsal surface of each mouse was measured and 
expressed as a percent of the original wound size. These values were averaged across each group and are presented 
as mean ± SEM. (A) Under non-diabetic conditions K5-Ang1-VEGF mice have significantly smaller wounds than K5-
Ang1, K5-VEGF and control littermates beginning at ~day 4 following wounding. All nondiabetic mice healed more 
quickly than their diabetic counterparts. (B) Under diabetic conditions, no statistically significant differences between 
any of the groups were observed, and the Ang-VEGF mediated effect observed under nondiabetic conditions is lost. 
Statistical P values for K5-Ang1-VEGF vs controls, K5-Ang1 and K5-VEGF animals are indicated under each timepoint.  
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1A and 1B). However, under diabetic conditions, 
no statistically significant differences between 
any of the groups were observed (Figure 1B), 
and the Ang-VEGF mediated enhancement on 
wound closure observed under nondiabetic con-
ditions was lost.  
 
STZ-induced diabetes leads to significant de-
creases in Ang1 expression 7 days after wound-
ing in K5-Ang1-VEGF mice 
 
The observation that nondiabetic rather than 
diabetic K5-Ang1-VEGF mice healed more 
quickly versus control animals (Figure 1) sug-
gested that diabetes was changing the cutane-
ous environment and lead to the examination of 
growth factor regulation under both conditions. 
Examination of VEGF and Ang expression in con-
trol and K5-Ang1-VEGF mice under diabetic and 
nondiabetic conditions confirmed significant 
increases in VEGF (Figure 2A) and Ang1 (Figure 
2B) expression in transgenic K5-Ang1-VEGF 
mice compared to control animals under dia-
betic and nondiabetic conditions; but that dia-
betes lead to ~80% decrease in Ang1 expres-
sion in diabetic vs nondiabetic K5-Ang1-VEGF 
transgenic animals (Figure 2B; P < 0.05).  
 
K5-Ang1 animals have improved wound healing 
compared to littermate controls 
 
To further examine the importance of Ang1 in 
wound healing and to elucidate the potential 
mechanisms by which Ang1 alone could en-
hance wound closure, an additional group of 
nondiabetic K5-Ang1 transgenic mice were gen-
erated with Ang1 gene expression present 
throughout development and into adulthood. 
These mice appear normal at the gross level, 
show no morbidity and thrive into adulthood 
[41]. Adult K5-Ang1 transgenic mice and control 
littermates were wounded and wound closure 
was monitored daily. Beginning 1 day and ex-
tending out to 6 days after wounding, K5-Ang1 
mice had smaller wounds (Figure 3A and 3B). At 
the histological level, no differences between 
groups were apparent at 4 days following 
wounding, however at day 7, significant in-
creases in the amounts of granulation tissue in 
K5-Ang1 mice compared to littermate controls 
was observed (Figure 3C), coupled with a delay 
or decrease in the amount of re-epithelialization 
(Figure 3D). By 10 days, wounds were com-
pletely re-epithelialized in all mice and, although 
no longer statistically significant, granulation 
tissues in K5-Ang1 mouse skin remained ele-

vated (Figure 3C and 3D).  
 
Ang1 stimulated keratinocytes migrate less 
than control stimulated keratinocytes in an in 
vitro wound healing bioassay and have de-
creased kinase signaling 
 
Published work by us and others has demon-
strated a lack of the angiopoietin tyrosine 

Figure 2. VEGF and Ang1 expression in control and 
K5-Ang1-VEGF mice. (A) ELISA analyses of VEGF 
protein expression in nondiabetic and diabetic con-
trol littermates reveals significant increases in K5-
Ang1-VEGF transgenic mouse skin compared to lit-
termate controls under diabetic and nondiabetic 
conditions. (B) qRT-PCR of transgenic Ang1 in K5-
Ang1-VEGF mouse skin demonstrates significant 
increases in diabetic and nondiabetic conditions 
compared to controls; however a ~4-fold decrease in 
Ang1 expression was observed in diabetic K5-Ang1-
VEGF compared to nondiabetic K5-Ang1-VEGF ani-
mals. *P < 0.05 compared to diabetic and nondia-
betic control animals; **P < 0.05 compared to 
nondiabetic K5-Ang1-VEGF mice.  
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kinase receptor, Tie2 in keratinocytes [42, 47]; 
and see Figure 4B) but has identified β1 in-

tegrin as an alternative receptor for Ang1-
mediated biological effects, including in skin 

Figure 3. K5-Ang1 wounds are significantly smaller than control littermates as early as 1 day following wound induc-
tion. (A) Pictures of the dorsal surface of control and K5-Ang1 mice 4 days following wounding. (B) Quantitation of the 
wound size as a percent of the original wound area illustrates the significant improvement in wound closure in K5-
Ang1 mice at days 1-6. (C) Histological analyses of H&E stained tissue sections of wounded K5-Ang1 versus control 
skin revealed significant increases 7 days following wounding in the wound healing response (fibroplasia and granu-
lation; demarcated in C with yellow) and granulation tissue formation (demarcated in C with green). (D) No differences 
in re-epithelialization were seen at 4 or 10 days post-wounding between control and K5-Ang1 animals, however a 
significant delay in re-epithelialization in K5-Ang1 mice was observed at 7 days (arrows in D indicate the original 
wound margin (left) and the border of the re-epithelialization into the wound area (right)). *P < 0.05 vs littermate 
controls. 
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[46, 47]. To study whether Ang1 could elicit bio-
logical effects on keratinocytes directly, we used 
wildtype primary mouse keratinocytes in an in 
vitro wound healing assay and examined the 

effects of Ang1 stimulation on keratinocyte mi-
gration into the wound bed. Consistent with our 
in vivo observations (Figure 3D) of delays in re-
epithelialization, Ang1 stimulated keratinocytes 
showed ~50% reduction in migration into a 
scratch wound compared to media alone 
(Figure 4A).  
 
To examine the molecular signaling events in 
keratinocytes following Ang1 stimulation, we 
used Western blotting approaches coupled with 
phosphorylation analyses of common kinase 
pathways (Figure 4B). Ang1 stimulated keratino-
cytes showed decreases in phosphorylation of 
MAPK, NFκB, Akt, FAK and Stat3 compared to 
keratinocytes stimulated with media alone 
(Figure 4B) and no expression of Tie2 protein. 
 
Discussion 
 
We sought to determine the effects of targeting 
Ang1 and VEGF in combination on diabetic and 
nondiabetic cutaneous wound healing out-
comes in vivo and determined that K5-Ang1-
VEGF mice heal more quickly than K5-Ang1, K5-
VEGF and littermate controls under nondiabetic 
conditions only and that nondiabetic K5-Ang1-
VEGF mice have significantly more Ang1 than 
diabetic K5-Ang1-VEGF mice suggesting a key 
role for Ang1 in promoting wound healing. In our 
efforts to better understand the cellular mecha-
nisms mediating this Ang1-enhanced healing, 
we confirmed work by others demonstrating 
mice overexpressing Ang1 alone also healed 
more rapidly, and that this occurred concomi-
tant with increases in granulation tissue forma-
tion [38-40] but in the presence of delayed re-
epithelialization, a new observation. Our in vitro 
results confirmed the Ang1-mediated decrease 
in keratinocyte migration in an in vitro wound 
healing model and further examination of Ang1 
signaling in keratinocytes identified decreases 
in MAPK, Akt, NFκB, FAK, and Stat3 signaling. 
Taken together, these results suggest that com-
bined Ang1 and VEGF enhance wound healing 
under non-diabetic conditions only, perhaps as 
a result of having significantly more Ang1 com-
pared to diabetic animals and that Ang1 en-
hances wound healing by increasing the levels 

Figure 4. In vitro wound healing assay and kinase signaling following Ang1 stimulation. (A) Pure primary wildtype 
mouse keratinocytes were stimulated with media containing vehicle or recombinant Ang1; and at time 0 and 16 
hours later the size of the wound bed was measured. Data is presented as a value relative to vehicle alone and repre-
sents the average of 6 independent experiments. (B) Western blot analyses of common kinase pathways following 10 
minutes of Ang1 stimulation (100 ng/ml) demonstrates decreases in MAPK, NFκB, Akt, FAK and Stat3 signaling in 
keratinocytes stimulated with Ang1 compared to keratinocytes stimulated with vehicle. *P < 0.05 vs vehicle alone. 
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of granulation tissue formation and angiogene-
sis, and by “holding back” keratinocyte migra-
tion, thus allowing secondary intention healing 
to occur more readily.  
 
As expected, in all strains of mice (control, K5-
Ang1, K5-VEGF and K5-Ang1-VEGF), diabetic 
animals healed more slowly than non diabetic 
animals, consistent with the well accepted find-
ing that diabetes delays healing. However, in 
contrast to what others have published [11, 17, 
23, 24, 33, 38-40], we failed to find significant 
increases in the rates of wound healing in dia-
betic animals expressing excess Ang1, VEGF, or 
Ang1 and VEGF compared to diabetic control 
mice. This most likely reflects differences in 
animal models as all of the wound healing lit-
erature evaluating effects of Angiopoietins have 
utilized Type II models of diabetes (db/db or ob/
ob mice) [38-40], and with the exception of one 
paper [48], the majority of wound healing evalu-
ating effects of VEGF have also used the geneti-
cally diabetic mouse [11, 17, 23, 24, 33]. It is 
therefore possible that the positive effects pre-
viously reported for angiopoietins and VEGF may 
represent leptin interactions [49-51], rather 
than modification of the underlying causes of 
diabetic complications. Alternatively, the differ-
ence in findings may also represent duration of 
diabetes; expression levels of growth factor; 
route of administration of the growth factor; in 
addition to the type and location of the wound 
inflicted on the mouse itself as well as differ-
ences in background mouse strains.  
 
Interestingly consistent increases in the rate of 
wound healing under nondiabetic conditions in 
animals overexpressing both Ang1 and VEGF 
(K5-Ang1-VEGF) were observed as early as 4 
days after wounding. Our finding that diabetes 
attenuated this effect, coupled with the obser-
vation that Ang1 was significantly decreased in 
diabetic K5-Ang1-VEGF mice lead to the closer 
examination of the role of Ang1 in the wound 
healing process. Others have previously re-
ported that exposure to excess Ang1-signaling 
enhances cutaneous wound healing [38-40], by 
increasing angiogenesis and granulation tissue 
formation; we observed similar outcomes on 
wound closure and granulation tissue re-
sponses. In addition, the improvement in wound 
healing in K5-Ang1 mice we observed in the 
current study may also reflect pre-existing ana-
tomical and physiological changes in the skin 
present prior to wounding; including the in-

creased presence of dermal vasculature, der-
mal and epidermal innervation, and perhaps 
increases in infiltrating immune cells [41], 
which may prime the skin to heal more readily.  
 
However, we also report here that 7 days after 
wounding, K5-Ang1 animals show a time-
specific delay in re-epithelialization of the 
wound at the same time point granulation tis-
sue formation increases. Our in vitro analyses 
demonstrates similar effects on wildtype kerati-
nocyte migration into a scratch wound bed fol-
lowing Ang1 stimulation, and also identified 
decreases in MAPK, NFκB, Akt, Fak and Stat3 
signaling in these cells. These findings confirm 
a prior report showing Ang1-direct effects on 
keratinocytes occur in a Tie2 independent man-
ner [47], and suggest the Ang1-mediated delay 
in re-epithelialization observed in vivo may oc-
cur via direct Ang1 effects on keratinocyte sig-
naling and migration. The decreases we report 
here in Akt and MAPK signaling are opposite of 
what others have previously reported, and may 
reflect intrinsic differences between primary 
murine keratinocytes and the spontaneously 
immortalized human keratinocyte HaCAT cell 
line [47].  
 
In summary, Ang1 overexpression appears to 
enhance wound healing not only by increasing 
angiogenesis and granulation tissue formation, 
but may also allow more rapid wound closure as 
a result of “holding back” the epidermis, allow-
ing the wound to heal from the granulation tis-
sue upward (i.e. improving secondary intention 
healing).  
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