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Abstract
Diabetes is a condition that causes delayed wound healing and results in chronic wounds. CD100 has been reported to pro-
mote and induce potent and obvious angiogenesis both in vivo and in vitro studies, the absence of which are a main cause 
of the diabetic chronic wound. In the present study, we investigated the effects of application of soluble CD100 on wound 
healing in diabetic mice. Four 5-mm full-thickness dermal wounds were made on each male db/db mouse. 12 mice from 
CD100 group were subcutaneously injected with 250 ng of CD100 (50 µl) per wound, in addition, 12 mice were injected 
with the same volume phosphate-balanced solution as the control. The animals were treated every other day until the wounds 
healed completely. Images were obtained to calculate the area ratio of the original area. HE and Masson’s trichrome staining 
were used for histological examination. Collagen remodeling, angiogenesis and wound bed inflammation were evaluated 
by immunohistochemical staining and western blot. We demonstrated that CD100 had distinct functions during the wound 
healing process. Histological and western blotting analysis showed a more organized epithelium and dermis, more collagen 
fibers, higher angiogenesis and lower inflammation in the CD100 group than in the PBS group. These findings suggest that 
CD100 may accelerate wound healing in diabetic mice by promoting angiogenesis in the wound and by reducing the inflam-
matory response.
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CD100  Cluster of differentiation 100
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Introduction

Diabetes mellitus (DM) is a metabolic disorder that occurs 
over a prolonged period of time. Multiple complications 
are associated with diabetes, and the chronic wound is one 
common, severe and serious long-term complication of 
advanced stage disease. The diabetic foot is the most com-
mon complication and the main cause of amputations asso-
ciated with non-healing diabetic lower-extremity ulcers 
(Apelqvist 2012). The etiology of the diabetic chronic 
wound is complicated and involves various molecular and 
cellular mechanisms. In diabetic patients, vascular changes 
or damage lead to tissue ischemia, and the subsequent 
hypoxia contributes to delayed and non-healing wound 
closure (Algenstaedt et al. 2003). Cumulative studies have 
revealed that stimulation of angiogenesis during the wound 
repair process can efficiently accelerate wound healing in 
diabetic animals (An et al. 2015; Liu et al. 2014).

CD100, also known as Semaphorin 4D, is a member 
of the Semaphorin signaling protein family. As an axon 
guidance molecule in the central nervous system, CD100 
is secreted by oligodendrocytes and can induce growth 
cone collapse by binding to the Plexin B1 receptor (Ito 
et al. 2006; Giacobini et al. 2008). In the immune system, 
CD100 activates B cells and dendritic cells by binding 
to CD72 (Ishida et al. 2003; Chabbert-de et al. 2005). 
However, one study has reported that CD100 plays an 
important role in the wound healing process by interact-
ing with Plexin B2 during skin damage repair (Deborah 
et al. 2012). In addition, in vivo and in vitro studies have 
shown that CD100 can clearly promote angiogenesis or 
mimic events in angiogenesis (Basile et al. 2006; Fazzari 
et al. 2007).

Therefore, in the current study, we examined the effects 
of topical exogenous CD100 administration on wound 
healing in diabetic mice. Full-thickness dermal wounds 
were generated on db/db mice, and CD100 was subcutane-
ously injected. Various examinations were performed to 
evaluate the effects of CD100 on the wound healing pro-
cess and to demonstrate the possible mechanism underly-
ing the effects of topical application of exogenous CD100 
in the diabetic mouse wound.

Materials and methods

Animals

Twenty-four 10-to-12-week-old leptin receptor-deficient 
male C57BL/6 mice (db/db; BKS.Cg-Dock7m+/+ Leprdb/
JNju) and twenty 6-to-8-week-old db/m (heterozygote 

mice) mice were provided by the Model Animal Research 
Center of Nanjing University. All animals were housed 
separately at constant temperature and humidity under a 
12-h light/dark cycle with ad libitum access to food and 
water. Mice were monitored for at least 2 weeks during the 
study. The mouse experimental protocols were approved 
and conducted in accordance with the Guide to the Care 
and Use of Experimental Animals of the Laboratory of 
Plastic Surgery in Xijing Hospital and the Committee of 
The Fourth Military Medical University.

Wounding and treatment model

All the animals were weighed, measured for blood glucose 
with One Tounch Ultra. Mice were anesthetized by inhala-
tion of isoflurane to minimize animal suffering and distress. 
The fur from the scapular area to the lumbar area on the 
back of each mouse was shaved, and the stubble was elimi-
nated with hair removal creams. The dorsal skin was washed 
with clean water and sterilized with 0.5% iodophor and 75% 
alcohol. Considering the limitation of the db/db mice num-
ber, four wounds were made with a 5-mm biopsy punch on 
the back of each mouse as previous studies (Ishrath et al. 
2012; Conrotto et al. 2005). Full-thickness skin including 
epidermis, dermis and panniculus carnosus were removed 
(Galiano et al. 2004). Two wounds were generated in two 
locations that were 1 cm apart on each side of the back. The 
db/db mice were randomly allocated into two groups: the 
experimental group, which was treated with sCD100 (Vac-
cinexInc, Rochester, New York, USA). The sCD100 used 
in the study was recombinant protein expressed in eukary-
otic cells. (CD100 group, n = 12), and the control group, 
which was treated with phosphate-balanced solution (PBS) 
(PBS group, n = 12). Twenty db/m mice were performed the 
same operation. After the skin wounding, the db/db mice in 
the experimental group were subcutaneously injected with 
50 µl of sCD100 (1.74 mg/ml, 40 µl sCD100 in 14 ml PBS) 
in each wound (250 ng/wound), and the db/db mice in the 
control group and db/m mice were subcutaneously injected 
with the same volume of PBS in each wound. The same 
treatment was performed every other day until the wound 
was completely healed.

Assessment of wound healing

After wounding, the mice were anesthetized with isoflurane, 
and the wound surface areas were recorded. Photographs 
were taken immediately after wounding and every two days 
post-operation until the wound was completely healed by 
a digital camera while a ruler was placed near the wound. 
The wound areas were analyzed by Image-Pro Plus software. 
The original wound area was calculated immediately after 
wounding, and the wound closure area was expressed over 
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time as the percentage of the original wound area. The per-
centage of the wound closure area was calculated as

Wound tissue biopsy

On days 3, 7, 13, and 21, three mice were euthanized in each 
group. Then, the entire dorsal skin containing the wounds 
was separated and exposed under an operating microscope. 
Dissections were performed carefully to avoid breaking the 
blood vessels, and digital photographs were taken under the 
operating microscope. Sections of each wound and the sur-
rounding tissue were obtained with an 8-mm biopsy punch.

Morphological evaluation

Wound sections were fixed in 10% formalin and dehydrated 
in a graded ethanol series. The fixed tissues were embedded 
in paraffin per a standard procedure, and the paraffin tissue 
blocks were sectioned at a thickness of 4 µm. The slides 
were stained routinely with hematoxylin and eosin (HE) for 
examination by light microscopy. The HE results were exam-
ined and scored by two pathologists without knowledge of 
the previous treatment using a scoring system. The evaluated 
parameters contained reepithelialization and dermal granu-
lation formation. The controls included the regions around 
the wound edges and the normal skin in each section. The 
HE analysis was performed with a semi-quantitative scoring 
approach (Altavilla et al. 2001; Niwano et al. 1996). First, a 
four-point scale was used to evaluate granulation tissue for-
mation (1, thin granulation layer; 2, moderate granulation 
layer; 3, thick granulation layer; and 4, very thick granula-
tion layer). Second, dermal and epidermal regeneration were 
assessed using a three-point scale (1, little regeneration; 2, 
moderate regeneration; and 3, complete regeneration). Slides 
were also stained with Masson’s trichrome according to the 
manufacturer’s protocol (Baso, Beijing, China) to demonstrate 
collagen deposition. Images were captured with a microscope.

Immunohistochemistry (IHC) analysis

Samples were processed for IHC according to the instruc-
tions of the manufactures of the antibodies. Four-micron-
thick sections on slides were deparaffinized and rehydrated. 
Then, antigen retrieval was performed by placing the slides 
in a 10 mmol/l sodium citrate buffer (pH 6.0) at 95 °C for 
20 min, followed by 20 min of cooling. The slides were then 
washed in PBS, and non-specific binding sites were blocked 
with 1% BSA with 2% goat serum in PBS. The slides were 
incubated with the appropriate primary antibodies, namely, 
anti-CD34 (1:200, Boster Biological Technology Co. Ltd, 
Wuhan, China), anti-CD31 (1:200, Abcam Company, 

{

1 −
[

(wound area)/ (original wound area)
]}

× 100%.

England), and anti-CD68 (1:200, Abcam Company, Eng-
land), overnight at 4 °C. After washing, the slides were incu-
bated with the biotinylated secondary antibody (Peroxidase/
DAB+, Rabbit/Mouse) for 20 min at room temperature. The 
color was developed using a DAB substrate chromogen solu-
tion. The slides were counterstained with hematoxylin and 
observed with a light microscope. After obtained the fix rep-
resentative images covering the majority of the wound bed 
at 400 magnification. The numbers of positive cells were 
counted in a blinded manner. The number of CD34-and 
CD31- positive cells in each field was used as an index of 
new vessel count (Rian et al. 2015) and vessels count respec-
tively. CD68-positive cells were obtained from the number 
of positive cells in 5 hot spots in each slide (Hiroyuki et al. 
2017). CD68 staining was performed to detect macrophages 
and evaluate changes in wound inflammation.

Western blot analysis

The harvested wound tissues were homogenized in lysis 
buffer (50 mM Tris-HCl, 150 mM NaCl, and 0.05 M PMSF; 
pH 7.4). Lystaes were centrifuged at 10,000×g for 30 min at 
4 °C. Equal amounts of proteins were electrophoresed 12% 
SDS-PAGE at 80 V for 40 min proteins were trans blotted 
on the PVDF membrane and processed with Col I, Col III, 
TNF-αand IL-6 (1:1000, Abcam Company, England) and 
GAPDH (1:5000, Bioworld Technology Inc, USA) anti-
bodies and corresponding secondary antibodies (1:10,000). 
Signal intensity was quantified by image analyzer (Image 
J). The ratio of collagen I to collagen III was calculated 
using the following formula: ratio of collagen I to collagen 
III = expression levels of collagen I/collagen III × 100%.

Statistical analysis

Statistical analyses were performed using GraphPad Prism 
6 software. The data are expressed as the mean ± SD. Dif-
ferences between groups were evaluated using a two-tailed 
unpaired Student’s t test. A P-value of 0.05 or less was con-
sidered statistically significant.

Results

CD100 promotes wound healing in db/db mice

During the wound healing process, the wounds in the PBS 
and CD100 groups remained clean and dry, had few exudates, 
formed blood scabs and had no obvious contraction. As shown 
in Fig. 1a, wound area analysis indicated that there was no sig-
nificant difference between the two db/db mice groups before 
3 days, but a significant reduction was showed in CD100 group 
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when compared with PBS group after day 9. The average 
wound area was significantly smaller in the db/m group than 
that in the two db/db groups beginning on day 5. Figure 1b 
showed the representative photograph of CD100 group and 
PBS treated db/db mice on day 3, 7, 13 and 21. (Data of db/m 
mice was not shown).

CD100 dramatically enhances granulation tissue 
formation, dermis regeneration and collagen 
remodeling in db/db mice

As shown in Fig. 2a, the normal skin layers of db/db mice 
are thinner than that of db/m mice. As shown in Fig. 2b, 
both of the CD100 and PBS group had little epidermis and 

Fig. 1  Effects of CD100 on wound closure of full-thickness exci-
sional wounds in db/db mice. a Wound closure analysis. All wounds 
were measured on days 1, 3, 5, 7, 9, 11, 13, 15, 17 and 21 post-oper-
ation in db/db and db/m mice. The wound closure rate is plotted as 
the reduction percentage of the original wound area over time. The 
wound almost complete healing time for db/m mice is (13 ± 2) days, 
but the time was (21 ± 2) days (CD100-treat group) or longer (PBS-
treat group) in db/db mice. The wound Values are presented as the 

mean ± SD (n = 12), and the level of significance is set at *p < 0.05 
and **p < 0.01, the difference among these groups on day 3 is not sta-
tistically significant (p > 0.05). PBS—db/db mice treated with PBS, 
CD100—db/db mice treated with CD100, db/m—db/m mice treated 
with PBS. b Representative images of macroscopic view of db/db 
mice wound healing under the PBS and CD100 treatments on days 0 
(before treatment), 3, 7, 13 and 21. Scale bar 5 mm
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dermis in the wound bed at day 3. However, on day 7, in 
the PBS group, the HE stains showed that the epidermal 
and dermal connections of the wounds were incomplete 
and that the granulation tissue showed medium thickness 
and a relatively loose structure beneath the epidermis and 
capillaries. Compared to the PBS group, in the CD100 
group, the epidermis was closely connected to the der-
mis, and the formed granulation tissues were thicker, 
denser and more abundant in the capillaries. On day 13, 

the wound surfaces were completely covered by the epi-
dermis in both the PBS and CD100 groups. Specifically, 
the dermal tissues of the CD100 group were thicker than 
those of the PBS group. On day 21, the dermal tissues 
were thick, and no follicle or other skin appendage was 
evident in the PBS group; however, both the epidermis and 
dermis were thinner in the CD100 group than in the PBS 
group, and new hair follicles were visible in the wound 
area in the CD100 group.

Fig. 2  Effects of CD100 on histopathological examination of full-
thickness excisional wounds in db/db mice. a HE-staining of the nor-
mal skin for db/m and db/db mice. b HE-staining of the db/db mice 
with CD100 or PBS treatment on days 3, 7, 13 and 21. Magnifica-
tion ×40. Bars 100 µm. c Epidermal thickness of the wound of mice 
at days 7, 13 and 21. d Histological score of epidermis and dermis 
regeneration of the wound of mice at days 7, 13 and 21. e Histologi-
cal score of granulation thickness of the wound of mice at days 7, 13 

and 21. PBS—db/db mice treated with PBS, CD100—db/db mice 
treated with CD100. E—epidermis, D—dermis, F—hair follicle, 
FA—fat, GT—granulation tissue, BS—blood scab, CAP—capillar-
ies. Values are presented as the mean ± SD (n = 12), and the level of 
significance is set at *p < 0.05 and **p < 0.01 compared to the PBS 
control group. The difference in epidermal thickness between the 
PBS and CD100 groups is statistically significant (p > 0.05)
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As shown in Fig. 2c, the statistical results showed that 
the epidermis was thinner in the PBS group than that in the 
CD100 group on days 7, but it was thicker on day 13 and day 
21. However, the difference was not statistically significant. 
Furthermore, as shown in Fig. 2d, the epidermis and dermis 
regeneration scores of the CD100 group were dramatically 
higher than those of the PBS group on days 7, 13 and 21. As 
shown in Fig. 2e, the granulation tissue thickness score of 
the CD100 group was greater than that of the PBS group on 
days 7 and 13 but less than that of the PBS group on day 21.

In addition, as shown in Fig. 3a, the Masson’s trichrome 
staining results were similar to the HE staining results in the 
two groups at each time point. On day 7 after the operation, 
a few newly formed collagen tissue components were found 
in the wounds of the PBS and CD100 groups. On day 13, 
collagen synthesis, deposition and maturation were more 
orderly and pronounced in the CD100 group than in the PBS 
control group. On day 21, there were more collagen in these 
two groups, however, more newly and orderly and mature 

formed collagen tissues were found in the CD100 group than 
PBS group.

Collagen I is responsible for higher tensile strength, 
while collagen III is mainly found in early wound heal-
ing stages, and they keep a particular ratio in healthy skin. 
Moreover, as shown in Fig. 3b–e, western blotting demon-
strated significant elevating expression of collagen type I 
and III in CD100 treated mice wound. Collagen I in CD100-
group significantly increased compared to the PBS-group 
at day 7 (0.62 ± 0.13 vs. 0.46 ± 0.12), day 13 (0.81 ± 0.10 
vs. 0.58 ± 0.09) and day 21 (1.08 ± 0.15 vs. 0.78 ± 0.14) 
(Fig. 3c). In contrast, there is no statistically significant dif-
ference in collagen III expression between the two groups 
on day 7, 13, and 21 (Fig. 3d). In addition, the ratio of col-
lagen I to collagen III in CD100-group was significantly 
higher than that in PBS-group at day 13 (1.14 ± 0.15 vs. 
0.64 ± 0.18), and day 21 (1.25 ± 0.21 vs. 0.78 ± 0.16,), but 
the ratio difference was no significant statistical between two 
group on day 7 (Fig. 3e).

Fig. 3  Masson’s trichrome staining analysis and the expression of 
collagen I, III and ratio of collagen I/III in db/db mice. a Masson’s 
trichrome-staining detection of the db/db mice with CD100 or PBS 
treatment on days 7, 13 and 21. Magnification ×200. Bars 100  µm. 
b Western blot gross images of collagen I and III in CD100 group 
and PBS group on the day 7, 13 and 21. c Expression of collagen I 
in different time of wound establishment. d Expression of collagen 
III in different time of wound establishment. e Ratio of collagen I to 

collagen III in CD100 group was higher than it in PBS-group dur-
ing the diabetic wound healing. PBS—db/db mice treated with PBS, 
CD100—db/db mice treated with CD100. Values are presented as the 
mean ± SD (n = 12), and the level of significance is set at *p < 0.05 
compared to the PBS control group. The difference of collagen III 
expression between the PBS and CD100 groups is statistically signifi-
cant (p > 0.05)
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CD100 enhances angiogenesis in db/db mice

The blood vessels and blood circulation of the wound next to 
dermis were observed under a microscope when the biopsy 
was performed. In addition, the examination showed that 
the CD100 group had a higher microvessel density and 
more abundant blood supply than the PBS group on days 
7 (Fig. 4a). With the wound at the center, a 10-mm-diam-
eter circle was drawn, and the number of vessel branches 
in the wound circle was determined. As shown in Fig. 4b, 
the results showed that the vascular branch number of the 
CD100 group was higher than that of the PBS group on day 
7 and 13.

CD34 and CD31 IHC analysis was performed to evalu-
ate wound angiogenesis (Fig. 5). Compared to the PBS 
treatment, the CD100 treatment showed increased blood 
vessel formation and a functional vascular architecture 
during the wound healing process. As shown in Fig. 5a, 
compared to the control PBS group, a high number of 
newly formed blood vessels and a high microvessel density 
were observed on days 7, 13 and 21 in the tissues from the 

CD100 treated wounds. As shown in Fig. 5b, both groups 
showed significant increases in the number of blood ves-
sels on day 7. The number of blood vessels was obviously 
decreased on days 13 and 21 in each group relative to day 
7. At the different time points, the number of new blood 
vessels was higher in the CD100 group than in the PBS 
group.

As shown in Fig. 5c, d, the result of CD31 staining 
was consistent with the CD34 staining. Compared to the 
PBS group, a higher number/field of newly formed blood 
vessels and a higher microvessel density were observed 
in CD100 group on days 7. The results of days 13 and 21 
were similar to day 7, but the total number/field of the 
two groups were decreased compared to those on day 7 
(Fig. 5c). As shown in Fig. 5d, both groups showed signifi-
cant increases in the capillary number/field on day 7. The 
capillary number/field was obviously decreased on days 
13 and 21 in each group compared to day 7. At each point, 
the capillary number/field was higher in CD100 group than 
those in PBS group.

Fig. 4  Effects of CD100 on 
angiogenesis in the macroscopic 
view of the full-thickness 
excisional wounds in the db/db 
mice. a Under the microscope, 
the blood vessels and blood 
circulation of the wounded tis-
sues were evaluated for the PBS 
and CD100 treatment groups on 
days 7. Scale 10 µm. b Number 
of wound vessel branches 
on days 7 and 13. Values are 
presented as the mean ± SD 
(n = 12), and the level of signifi-
cance is set at *p < 0.05 com-
pared to the PBS control group. 
PBS—db/db mice treated with 
PBS, CD100—db/db mice 
treated with CD100
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CD100 decreases inflammation in wound healing 
in db/db mice

Macrophages and monocytes stained with CD68 were used 
to evaluate wound inflammation. A higher number of CD68-
positive cells were observed in the tissues from the CD100-
treated wounds than in those of the control on days 7, 13, 21 
(Fig. 6a). In addition, as shown in Fig. 6b, our data clearly 
demonstrated that the CD68-positive cell number was main-
tained at a high level on days 7 and 13 in the PBS group. 
The CD68-positive cell number of the CD100 group was 
significantly lower than that of the PBS group on days 7 and 
13. The CD68-positive cells were obviously decreased in 
both groups, and the number in the CD100 group was still 
lower than the number in the PBS group on day 21. The 
significant elevation in the number of CD68-positive cells 
on days 7 and 13 and the significant reduction in the number 
of CD68-positive cells on day 21 suggest that CD100 sup-
presses inflammation and promotes the wound repair process 
in db/db mice.

Moreover, as shown in Fig. 6c–e, western blotting dem-
onstrated significant decreased expression of TNF-α and 
IL-6 in CD100 treated mice wound bed than those in PBS 
group. Compared to the PBS-group, expression of TNF-α 
in CD100 group were lower at day 7, day 13 and day 21 
(Fig. 6c, d). The level of IL-6 expression also decreased in 
CD100 group on each time point than those of PBS group.

Discussion

Wound healing is a complex, highly coordinated and 
ordered dynamic process that includes four phases: hemo-
stasis or coagulation, inflammation, proliferation and 
remodeling (Gurtner et al. 2008; Barrientos et al. 2008; 
Zhao et al. 2017). Ischemia (reduced blood circulation 
and reduced angiogenesis), infection and neuropathy are 
the three main causes of diabetic delayed healing and the 
unhealed wound (Bruhn et al. 2012; Yang et al. 2017). 
Incurable diabetic wounds are mostly associated with 

Fig. 5  CD34 and CD31 staining analysis. a IHC results showing 
the CD34-stained wound tissues from days 7, 13 and 21. The black 
arrows indicate the blood vessels in the PBS- and CD100-treated 
wounds. Magnification ×400. Bars 100  µm. b Number of CD34-
positive cells in the wound tissues on days 3, 7, 13 and 21. The 
CD100 treatment was associated with a higher number of CD34-pos-
itive cells than the PBS treatment. c IHC results showing the CD31-
stained wound tissues on days 7, 13 and 21. The black arrows indicate 

the blood vessels/field in the PBS- and CD100-treated wounds. Mag-
nification ×400. Bars 100 µm. d Capillary number/field in the wound 
tissues on days 7, 13 and 21. The CD100 treatment was associated 
with a higher capillary number/field than the PBS treatment. Values 
are presented as the mean ± SD (n = 12), and the level of significance 
is set at *p < 0.05 compared to the control. PBS—db/db mice treated 
with PBS, CD100— db/db mice treated with CD100
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regional ischemia, regional hypoxia and edema, and the 
wound healing process is prolonged during the period of 
inflammation (Martin et al. 2003; Snyder 2005). There-
fore, multiple studies have attempted to increase angio-
genesis and reduce inflammation to promote diabetic 
wound healing. However, in the clinic, various problems 
have become apparent with the use of growth factors or 
cytokines during treatment of chronic wounds. One seri-
ous problem involves efficacy, where the clinical curative 
effect of exogenous growth factors is not as high as the 
experimental effect (Diegelmann and Evans 2004; Shu 
et al. 2016). Hence, diabetic wound healing presents a 
significant unmet medical need.

CD100 is a class 4 Semaphorin family member and a 
type I membrane molecule. CD100 is widely expressed on 
immune cells and platelets (Zhu et al. 2007, 2009). A pro-
teolytic site exists in the extracellular domain of CD100, 
and hydrolysis of CD100 with a proteolytic enzyme results 
in a soluble CD100 product. Therefore, two forms of CD100 
exist: the membrane form (mCD100) and the soluble form 
(sCD100). sCD100 also has biological activity. In this study, 
we applied sCD100 that had been recombinantly expressed 
in eukaryotic cells to the diabetic wounds of mice. Com-
pared with the control group, our data show that sCD100 has 
little obvious impact on re-epithelization and dramatically 

enhances granulation tissue formation, epidermis and dermis 
regeneration and collagen remodeling in diabetic mice.

In addition, our study has shown that CD100 signifi-
cantly promotes angiogenesis in diabetic wounds. After 
skin injury, granulation tissue is formed in the process of 
wound healing, and new blood vessels are an important 
component of granulation tissue (Zhao et al. 2016). Angi-
ogenesis is a crucial event in wound healing and forms 
new blood vessels from pre-existing vessels. In the wound 
healing process, angiogenesis is influenced and regulated 
by a large number of cells and cytokines (Li et al. 2008). 
Endothelial cells express Plexin B1, which is a high-affin-
ity receptor of CD100 (Kumanogoh and Kikutani 2004). 
After CD100 binds to Plexin B1, the CD100-Plexin B1 
complex not only enhances the cytoskeletal reorganization 
and migration of the vascular endothelial cell (Lai et al. 
2009; Basile et al. 2005; Binmadi et al. 2011) but also 
promotes the formation of the capillary lumen and branch 
structure (Basile et al. 2004). Conrotto et al. reported that 
sCD100 had a strong effect on angiogenesis after embed-
ding sCD100-containing Matrigel subcutaneously into 
the backs of mice (Conrotto et al. 2005). Meanwhile, data 
from chick embryo chorioallantoic membrane experiments 
have also confirmed this observation. Notably, the angio-
genesis promoting effects of sCD100 depend on several 

Fig. 6  CD68 staining analysis and the expression of TNF-α and IL-6 
in db/db mice. a CD68-stained tissues show the infiltration of mac-
rophages/monocytes on days 7, 13 and 21. The black arrows indi-
cate the accumulation of macrophages/monocytes in the PBS- and 
CD100-treated wounds. Magnification ×400. Bars 100 µm. b Number 
of CD68-positive cells present in the wound tissues on days 7, 13 and 
21. The CD100 treatment showed a lower number of CD68-positive 
cells than the PBS treatment. c Western blot gross images of TNF-α 

and IL-6 in CD100 group and PBS group on the day 7, 13 and 21. 
d Expression of TNF-αin different time of wound establishment. e 
Expression of IL-6 in different time of wound establishment. PBS—
db/db mice treated with PBS, CD100—db/db mice treated with 
CD100. Values are presented as the mean ± SD (n = 12), and the level 
of significance is set at *p < 0.05, **p < 0.01 and ***p < 0.001 com-
pared to the control. PBS—db/db mice treated with PBS, CD100—
db/db mice treated with CD100
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known angiogenesis promoting factors such as bFGF and 
HGF, but sCD100 does not upregulate the expression 
levels of these factors (Doupis et al. 2011). One study 
revealed that treatment with sCD100 alone clearly pro-
moted angiogenesis (Falanga 2005). Our data are consist-
ent with the data of former studies. CD100 significantly 
accelerates wound healing in diabetic mice, which may be 
due to the promotion of angiogenesis.

Our study also found that CD100 significantly reduced 
the inflammatory response in the diabetic wound. Studies 
have shown that diabetic wounds have more inflammatory 
cells in their epithelial tissues than non-diabetic wounds 
during the same period (Ahmed and ShahSaeid 2017). 
Moreover, the serum levels of pro-inflammatory factors 
such as IL-6 and TNF alpha are also significantly higher 
in diabetic wounds than in non-diabetic wounds (Tsubame 
et al. 2017).

An excessive and sustained inflammatory response is not 
conducive to wound healing as the response delays healing. 
mCD100 is highly expressed on the surfaces of activated T 
and B cells, and a low-affinity receptor of CD100, CD72, is 
expressed on dendritic cells and mononuclear macrophages 
(Smith et al. 2011). During the immune response, CD100 
regulates the immune response by promoting the matura-
tion of antigen presenting cells (mononuclear macrophages 
and dendritic cells) and the release of pro-inflammatory 
cytokines (Giraudon et al. 2004). The number of dendritic 
cells in CD100–/– mice is remarkably reduced in response to 
allogenic antigen stimulation, and the expression of co-stim-
ulus molecules and IL-12 is also impaired (Kumanogoh et al. 
2002). In our study, the application of exogenous sCD100 
greatly reduced the inflammatory response in diabetic mice. 
Mechanistically, we hypothesize that the signal transmission 
of CD100 depends on the interaction between the mCD100 
molecules on T cells and B cells and the CD72 molecules 
on antigen presenting cells. Contacts among T cells, B cells 
and antigen presenting cells are especially needed during 
this period. During application of exogenous sCD100, the 
connections between the mCD100 molecules and the CD72 
antigen presenting cell surface receptors are competitively 
blocked. As a result, the excessive inflammatory reaction is 
inhibited, and wound healing is promoted toward the stages 
of proliferation and remodeling.

In summary, application of exogenous sCD100 enhances 
angiogenesis, reduces the inflammatory response and signifi-
cantly promotes the healing process of the diabetic wound in 
mice. Therefore, sCD100 may be a new therapeutic target for 
clinical treatment of the chronic diabetic wound.
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