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Original Article 
Sapylin promotes wound healing in mouse skin flaps
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Abstract: Seroma formation is one of the most common complications after modified radical mastectomy. Sapylin is 
an agent used to reduce seroma formation following breast cancer surgery. In this article, we aimed to identify the 
potential mechanism by which Sapylin reduced seroma formation. Thirty-six female C57 mice were randomly divid-
ed into three groups. All mice were anaesthetized and a skin flap was generated on their abdomens. Each group was 
treated with normal saline, 0.5 KE/ml of Sapylin, or 50% hypertonic glucose, respectively. On day 3 and day 7 after 
the surgery, six mice in each group were sacrificed. Skin flap samples were collected and markers of angiogenesis, 
collagen synthesis, fibroplasia and matrix remodeling were detected. The skin flaps from the Sapylin- or hypertonic 
glucose-treated mice closed faster than the skin flaps from the mice treated with normal saline. The neovessel 
density was higher in the skin flaps from the mice in the Sapylin group than those in the other two groups. Increased 
mRNA and protein expression of angiogenesis markers (VEGF-A and HIF-1α) and collagen synthesis markers (FGF2 
and TGF-β1) were observed in the mice in the Sapylin group compared with the saline- or hypertonic glucose-treated 
mice. The extracellular matrix remodeling marker MMP2 was induced by Sapylin only in the early phase (day 3). In 
conclusion, Sapylin accelerated wound closure, and promoted angiogenesis, collagen synthesis and the remodeling 
process, which improved wound healing. Considering the close relationship between wound healing and seroma 
formation, Sapylin may reduce seroma formation after modified radical mastectomy.
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Introduction

Breast cancer is the most frequently diagnosed 
cancer and accounts for approximately a quar-
ter of the total number of new cancer cases in 
females [1]. Modified radical mastectomy is still 
the most common surgical treatment for breast 
cancer; however, seroma formation is a fre-
quent complication of this procedure, particu-
larly when axillary dissection is performed. 
Seromas increase the risks of skin flaps necro-
sis or infection, which affects the postoperative 
chemotherapy, radiation therapy, and other 
comprehensive treatments [2]. Seroma forma-
tion is known to have a strong connection with 
wound healing. Seroma accumulation elevates 
the flaps from the chest wall and axilla, which 
hampers their adherence to the tissue bed and 
delays the wound healing process [3]. In con-
trast, impaired wound healing, particularly ar- 
eas containing damaged lymphatic vessels 

with increased lymph leakage, significantly con-
tributes to the seroma volume [4]. Ideal wound 
healing minimizes lymph leakage and serum 
oozing, which allows the skin flaps to securely 
adhere to chest wall structures, obliterates the 
“dead space”, and allows fluid to be rapidly 
removed as it forms. A study from Dr. Harper’s 
group showed that autologous platelet-leuko-
cyte-enriched plasma, a prepared autologous 
blood product used in orthopedic surgery to 
promote wound healing, reduced the burden of 
postoperative drains and the incidence of sero-
ma formation after latissimus dorsi breast 
reconstruction [5], indicating that the applica-
tion of specific agents may be an efficient meth-
od to reduce seroma formation and promote 
wound healing.

Sapylin, also known as OK-432, is a mixture of 
freeze-dried avirulent group A Streptococcus 
pyogenes and penicillin G. OK-432 not only 
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reduced the suction drainage duration but also 
significantly reduced seroma formation and the 
need for aspiration punctures after modified 
radical mastectomy in our previous study [6]. In 
addition, Fasching reported that OK-432 re- 
duced seroma formation by promoting wound 
healing [7]. However, the precise mechanism 
underlying the effects of Sapylin on seroma for-
mation has not been elucidated. In this article, 
we sought to determine the mechanism by 
which Sapylin promotes wound healing and 
subsequently reduces postoperative seroma 
formation and to provide additional evidence 
for the use of Sapylin on patients who experi-
enced surgical trauma in the clinic.

Materials and methods 

Animals

This prospective, controlled, experimental stu- 
dy was conducted using 36 adult female C57 
mice, weighing 16-18 g (average =17 g). The 
study protocol was approved by the Ethics 
Committee for Animal Experiments of Tongji 
Hospital. All animals were maintained under 
the Specific Pathogen-Free (SPF) conditions 
with a 12-h light/dark cycle, a temperature of 
24°C, and food and water available ad libitum 
at Laboratory Animal Center, Huazhong Uni- 
versity of Science and Technology.

Wound model

The thirty-six mice were randomly divided into 
three groups of twelve: normal saline-treated 
(NS), 50% hypertonic glucose-treated (HG), and 
Sapylin-treated (SA) mice. Normal saline was 
used as a placebo and 50% hypertonic glucose, 
which is a classical agent used to promote 
wound healing in the clinic [8], served as a posi-
tive control. The same surgeon performed the 
same procedure on all mice in a sterile operat-
ing room. All the mice were anaesthetized with 
an intraperitoneal injection of 0.1 ml/10 g of 
3.5% chloral hydrate. The abdominal hair of 
each mouse was shaved and depilated using a 
depilatory cream. A 6-7 mm incision was made 
in the abdominal dermis, which was then blunt-
ly dissected using bent vessel forceps to form a 
skin flap. We next infused 50 μl of normal 
saline, 50% hypertonic glucose or 0.5 KE/ml 
Sapylin into the subcutaneous pocket of the 
NS, HG or SA mice, respectively. Finally, the 
incisions were closed using continuous oph-
thalmological sutures.

Six animals in each group were sacrificed on 
the third and seventh days after the surgery 
using an overdose of 3% pentobarbital sodium. 
The skin flaps and tissues underlying the surgi-
cal region were excised. A portion of each spec-
imen was cut and fixed in 4% paraformalde-
hyde, and the remaining tissue sample was 
snap frozen in liquid nitrogen and stored at 
-80°C until RNA and protein extraction. The his-
tological evaluation was performed using he- 
matoxylin and eosin (H&E) staining and immu-
nohistochemical staining on multiple serial sec-
tions (4-5 μm). Masson’s trichrome staining 
was used to evaluate the collagen content.

Immunohistochemical staining and scoring, 
vessels counting

The fixed specimens were embedded in paraf-
fin and cut into 4-5 μm-thick sections. The 
slides were deparaffinized with 2 changes of 
xylene and then transferred to decreasing con-
centrations of ethanol (100%, 95%, 70% and 
50%) for 5 min each. Endogenous peroxidase 
activity was blocked by incubating the sections 
in a 3% H2O2 solution in methanol. After 3 rins-
es in phosphate buffer saline (PBS), the anti-
gens were retrieved to unmask the antigenic 
epitope by incubating the slides in 10 mM 
citrate buffer, pH 6.0, at 95-100°C for 10 min. 
After cooling, 100 μl of 10% fetal goat serum 
was added to the sections to block non-specific 
antigen binding. The sections were then incu-
bated with CD31 (1:100 dilution, Santa Cruz, 
CA) or HIF-1α (1:150 dilution, Santa Cruz, CA) 
antibodies in a humidified chamber at 4°C over-
night. We then added 100 μl of an appropriate-
ly diluted biotinylated secondary antibody and 
incubated the sections at room temperature for 
30 min. The sections were incubated in the 
streptavidin-biotin complex (BOSTER, China) for 
20 min, followed by the diaminobenzidine (DAB) 
substrate solution until the desired color inten-
sity was achieved. The slides were counter-
stained by immersion in hematoxylin for 1 min 
and then dehydrated using 4 alcohol solutions 
(95%, 95%, 100% and 100%). Finally, the slides 
were cleared using 3 xylene washes and then 
cover slipped using a mounting solution for per-
manent storage. Scores were calculated on 
intensity and percentage of positive staining 
cell nuclei (HIF-1α) in the whole tissue stains 
according to the article we previously published 
[9].
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Neovessel density was assessed by light micro-
scope (Olympus BX41, Japan) in areas contain-
ing the highest numbers of capillaries per area 
(neovascular “hotspots”) [10]. Areas of highest 
neovascularization were found by scanning the 
sections at low magnification (×40 and ×100) 
and identifying those areas having the greatest 
numbers of distinct CD31 staining. Individual 
neovessels were counted on a ×400 field. Any 
brown-staining endothelial cell or endothelial 
cell cluster, clearly separate from adjacent 
microvessels and other connective-tissue ele-
ments, was considered a single, countable 
neovessel. Results were expressed as the high-
est number of neovessels identified within any 
single ×400 field.

Masson’s trichrome staining

The sections were counterstained in Harris’ 
hematoxylin for 5-10 min and then rinsed in 
water to remove the excess stain. The sections 
were incubated in 1% hydrochloric acid alcohol 
for 5 min and then washed in water and stained 
with 1% Ponceau S Red for 5 min. The sections 
were serially stained with 1% phosphomolybdic 
acid for 5 min, 2.5% aniline blue for 5 min, and 
1% glacial acetic for 1 min and were then dehy-
drated in 95% and absolute alcohol. The sec-
tions were cleared in xylene. Finally, the slides 
were mounted in neutral balsam. The sections 
were photographed using a light microscope 
(Olympus BX41, Japan) and the images were 
analyzed using Image-Pro Plus software (Na- 
tional Institutes of Health).

Real-time PCR

Total RNA was isolated from the animal tissue 
samples using Trizol reagent according to the 
manufacturer’s protocol. The total RNA was 
reverse-transcribed into cDNA using a reverse 
transcription kit (TOYOBO, Japan), followed by 
quantitative PCR to detect the expression lev-
els of the VEGF-A, FGF2, HIF-1α and TGF-β1 
mRNAs. GAPDH was used as an internal con-
trol. The thermal cycling conditions were as fol-
lows: 1 min at 95°C to activate the Taq DNA 
polymerase, followed by 40 cycles of amplifica-
tion at 95°C for 15 s, 60°C for 15 s, and 72°C 
for 45 s. The reactions were performed in dupli-
cate. The specific oligos used in the real-time 
PCR were as follows: VEGF-A (forward): 5’-AC- 
GAACGTACTTGCAGATGTGA-3’, VEGF-A (reverse): 
5’-CTTTCCGGTGAGAGGTCTGG-3’, HIF-1α (for-

ward): 5’-ACCTTCATCGGAAACTCCAAAG-3’, HIF-
1α (reverse): 5’-CTGTTAGGCTGGGAAAAGTTA- 
GG-3’, TGF-β1 (forward): 5’-CTCCCGTGGCTTC- 
TAGTGC-3’, TGF-β1 (reverse): 5’-GCCTTAGTTT- 
GGACAGGATCTG-3’, FGF2 (forward): 5’-CGAC- 
CCACACGTCAAACTACA-3’, FGF2 (reverse): 5’- 
GTAACACACTTAGAAGCCAGCA-3’, GAPDH (for-
ward): 5’-AGGTCGGTGTGAACGGATTTG-3’, and 
GAPDH (reverse): 5’-TGTAGACCATGTAGTTGAG- 
GTCA-3’. The gene expression values were cal-
culated using the 2-ΔΔCT relative expression 
method.

Western blot analysis

Approximately 30 mg of frozen tissue were 
obtained from each animal and then ground in 
liquid nitrogen. Tissue lysates were extracted 
using ice-cold RIPA buffer and measured using 
a bicinchoninic acid (BCA) protein assay kit. 
Tissue extracts were fractionated on 10% sodi-
um dodecyl sulfate-polyacrylamide gels using 
electrophoresis and then transferred to polyvi-
nylidene fluoride membranes for 90 min at 300 
mA. The membranes were subsequently blo- 
cked with 5% nonfat dry milk for 1 h at room 
temperature and then incubated with primary 
antibodies against mouse VEGF-A (1:1000 dilu-
tion, Santa Cruz, CA), FGF2 (1:1000 dilution, 
Santa Cruz, CA), HIF-1α (1:1000 dilution, Santa 
Cruz, CA), rabbit TGF-β1 (1:1000 dilution, Cell 
Signaling Technology, USA), MMP2 (1:1000 
dilution, Cell Signaling Technology, USA) or 
β-Tubulin (1:1000 dilution, Cell Signaling Tech- 
nology, USA) overnight at 4°C. The membranes 
were subsequently incubated with horseradish 
peroxidase-conjugated anti-mouse or anti-rab-
bit secondary antibody (1:5000 dilution, Cell 
Signaling Technology, USA) for 1 h at room tem-
perature. Protein bands were visualized using 
enhanced chemiluminescence (Kodak Image 
Station 4000 MM Pro, USA). The band intensity 
was quantified using Image J software (National 
Institutes of Health).

Statistical analysis

All of the experimental data were statistically 
processed using SPSS 19.0 software (SPSS 
Inc., USA). The data for each study parameter 
from each group are presented as the mean ± 
SD. Differences were analyzed using an 
unpaired Student’s t-test. P values <0.05 were 
considered statistically significant.
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Figure 1. Sapylin promotes skin flaps closure, induces angiogenesis and collagen synthesis in the wound. A: The ar-
rows show the unclosed space in the skin flaps in each group of mice. Sapylin and hypertonic glucose promote skin 
flaps closure compared with normal saline; B, E and F: The positive staining of CD31 represents the neovessels in 
the tissue. On day 3 and day 7, CD31 expression was higher in the SA group than the NS and HG group; C and G: HIF-
1α-positive staining was increased in the SA group compared with the NS or HG groups on day 7; D and H: Masson’s 
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Results

Sapylin promotes skin flap closure

As shown in the hematoxylin- and eosin-stained 
images in Figure 1A, seven days after the sur-
gery, the Sapylin- and hypertonic glucose-treat-
ed skin flaps were completely closed, whereas 
there was a relatively large space in the skin 
flaps from the saline-treated group. By promot-
ing skin flap closure, Sapylin decreased the 
opportunity for the seroma to remain in the 
“dead space”.

Sapylin induces angiogenesis in mouse skin 
flaps

Because angiogenesis is an essential step of 
the wound healing process, we investigated 

whether Sapylin could induce angiogenesis in 
the skin flaps. For this purpose, we used immu-
nohistochemical staining, real-time PCR and 
western blotting to identify the neovessels and 
molecular markers of angiogenesis in our sam-
ples. CD31 is a specific marker of vascular 
endothelial cells. As shown in Figure 1B, there 
was a significant increase in the density of 
CD31-positive cells in the skin flaps of the 
Sapylin-treated mice on days 3 or 7 after sur-
gery compared to the other two groups. As 
shown in Figure 2A, on day 3, the Sapylin- and 
50% hypertonic glucose-treated skin flaps 
showed higher VEGF-A mRNA levels than the 
normal saline-treated group (P<0.01 for SA ver-
sus NS, P<0.05 for HG versus NS). The expres-
sion of the VEGF-A protein indicated similar 
results (P<0.05 for SA or HG versus NS, Figure 

trichrome staining in three groups of mice on day 7. The intensity of the blue staining was significantly increased in 
the skin flaps of the Sapylin- and hypertonic-treated mice compared with the NS mice. n=4, *P<0.05, **P<0.01.

Figure 2. Sapylin promotes mRNA expression of markers related to wound healing. A-C: On day 3, the Sapylin treat-
ment significantly upregulated VEGF-A, HIF-1α and FGF2 expression compared to the saline or hypertonic glucose 
treatments; D-F: On day 7, the Sapylin-treated tissue expressed higher levels of VEGF-A, HIF-1α and TGF-β1 than 
saline or hypertonic glucose-treated tissue. n=4, *P<0.05, **P<0.01.
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3A). The expression of the HIF-1α mRNA was 
higher in Sapylin-treated skin flaps than normal 
saline- and hypertonic glucose-treated skin 
flaps on day 3 (P<0.05 for SA versus NS and 
HG, Figure 2B). As shown in Figure 3B, seven 
days after the surgery, the Sapylin-treated skin 
flaps showed a significantly increase in VEGF-A 
(P<0.01 for SA versus NS, P<0.05 for SA versus 
HG) and HIF-1α expression (P<0.001 for SA ver-
sus NS and HG) compared with the other two 
groups. The analysis of the VEGF-A and HIF-1α 
mRNAs and the HIF-1α scoring confirmed the 
results of the protein expression analysis 
(Figures 2D, 2E and 1C). Based on these 
results, we can conclude that Sapylin induces 
angiogenesis in the skin flaps of our mouse 
model.

Sapylin promotes fibroplasia and collagen syn-
thesis in the wound

According to the Masson’s trichrome staining 
shown in Figure 1D, the intensity of the blue 
staining in the Sapylin- and hypertonic glucose-
treated skin flaps was obviously higher than the 
normal saline-treated group on day 7. The 
intensity of the blue staining corresponds to 
the relative quantity of collagen fiber deposits, 
which reflects collagen synthesis, degradation, 
and remodeling in the tissue. Sapylin and 
hypertonic glucose efficiently promoted colla-
gen synthesis in the mouse skin flaps (P<0.01 
for SA versus NS and P<0.05 for HG versus NS). 
FGF2 is an important marker of fibroplasia and 
collagen synthesis. As shown in the western 
blot images in Figure 3A, the Sapylin and hyper-

Figure 3. Sapylin promotes protein expression of wound healing markers. A and C: On day 3, angiogenesis marker 
VEGF-A and fibroplasia related proteins FGF2 and TGF-β1 were upregulated in the skin flaps of SA group mice. Only 
Sapylin induced MMP2 expression on day 3; B and D: On day 7, the expression of VEGF-A, HIF-1α, FGF-2 and TGF-1β 
was significantly upregulated by Sapylin. There were no differences in MMP2 expression among the three groups on 
day 7. n=3, *P<0.05, **P<0.01, ***P<0.001.
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tonic glucose treatments increased FGF2 ex- 
pression on day 3 compared to the normal 
saline treatment (P<0.01 for SA versus NS, 
P<0.001 for HG versus NS), which was consis-
tent with the mRNA levels among the three 
groups (P<0.05 for SA or HG versus NS, Figure 
2C). On day 7, the skin flaps in the Sapylin-
treated mice exhibited higher FGF2 expression 
than the skin flaps from the other two groups 
(P<0.01 for SA versus NS and HG, Figure 3B). 
TGF-β1 is known to have profound effects on 
the wound site, particularly through its influ-
ence on fibroblast migration and collagen depo-
sition at the site of the scar. The Sapylin- and 
50% hypertonic glucose-treated skin flaps pro-
duced more TGF-β1 than the normal saline-
treated mice (P<0.01 for SA versus NS, P<0.001 
for HG versus NS) on day 7 (Figure 3B). 
Additionally, as shown in Figure 2F, the levels of 
the TGF-β1 mRNA were also upregulated in the 
Sapylin- and hypertonic glucose-treated mice 
compared to the saline-treated mice (P<0.05 
for SA or HG versus NS). In summary, Sapylin 
increased fibroplasia and collagen synthesis in 
the wound.

Sapylin induced MMP2 expression on day 3

As shown in the western blot image in Figure 
3A, the extracellular matrix remodeling protein 
MMP2 was highly expressed only in the Sapylin-
treated skin flaps on day 3 (P<0.001 for SA ver-
sus NS, P<0.01 for SA versus HG); however, 
there were no differences in MMP2 expression 
among the three groups on day 7, indicating 
that in the early phase of wound healing, 
Sapylin helped remove the damaged extracel-
lular matrix and promoted angiogenesis and 
cell migration in the wounded tissue.

Discussion

Seroma formation is one of the most common 
complications after mastectomy and axillary 
lymph node dissection [11, 12]. Significant 
effort has been dedicated to prevent the occur-
rence of seromas. However, each approach has 
its limitations. In our study, skin flaps from 
Sapylin-treated mice showed accelerated wo- 
und closure and enhanced angiogenesis, colla-
gen synthesis, fibroplasia and extracellular 
matrix remodeling, which are essential charac-
teristics of wound healing, at both the molecu-
lar and histological levels compared to saline-
treated and hypertonic glucose-treated mice. 

By promoting the wound healing process, 
Sapylin may reduce seroma formation in mouse 
skin flaps.

Sapylin was originally used as an immunothera-
peutic agent to cure certain types of cancers 
[13], and it induces strong local T-cell reactions 
in the treated area [14]. To date, Sapylin has 
been used to reduce seroma formation after 
axillary lymphadenectomy to treat breast can-
cer and breast reconstruction surgery [15]. 
However, the mechanism underlying this func-
tion is still unclear. As reported in our previous 
study, Sapylin triggered the inflammatory cas-
cade, which is why patients often suffer from a 
fever after an infusion of this drug [6]. 
Conversely, the inflammatory response also 
correlates to wound healing. Considering the 
significant relationship between wound healing 
and seroma formation, we hypothesized that 
Sapylin may reduce seroma formation by pro-
moting wound healing. Therefore, we detected 
markers of wound healing in our samples.

Closed skin flaps adhere to the muscle layers, 
which removes the “dead space”, minimizes 
lymph spillage and serum oozing, and prevents 
seroma formation. According to the H&E stain-
ing in Figure 1A, on day 7, the Sapylin- and 
hypertonic glucose-treated skin flaps showed 
complete closure and adhered to the underly-
ing tissue. Therefore, Sapylin accelerates the 
wound healing process and decreases the 
opportunity for the seroma to form in the skin 
flaps.

Angiogenesis occurs naturally during growth, 
reproduction, and wound healing to supply 
nutrients and oxygen to the tissues [16]. The 
early stages of angiogenesis begin with capil-
lary formation and the initiation of sprouting 
into the wound bed by endothelial cell prolifera-
tion and migration in response to diverse cyto-
kines and metabolic stimuli. The specific endo-
thelial marker CD31 was upregulated in the 
Sapylin-treated group of mice compared to the 
other groups. We also observed a significant 
increase in the expression of molecular mark-
ers for angiogenesis (VEGF-A and HIF-1α) in the 
skin flaps of the Sapylin-treated group. VEGF-A 
is predominantly secreted by keratinocytes 
located in the wound periphery. Mechanical 
injury to the skin provokes a strong upregula-
tion of VEGF-A expression, which temporally 
and spatially correlates with the proliferation of 
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new blood vessels [17]. VEGF-A expression dur-
ing wound repair is thought to regulate different 
processes, including vascular permeability, the 
influx of inflammatory cells to the injury site, the 
migration and proliferation of pre-existing en- 
dothelial cells and the recruitment of marrow-
derived endothelial progenitor cells to the local 
wound site, where they are able to accelerate 
repair [17-19]. As shown in Figure 3A, both the 
Sapylin and hypertonic glucose treatments pro-
moted VEGF-A expression in the skin flaps on 
day 3. However, on day 7, VEGF-A expression 
was significantly increased in the Sapylin-
treated group compared with the other two 
groups. Hypoxia-induced HIF-1α signaling influ-
ences a range of cell functions that play essen-
tial roles in various pathological or physiologi-
cal processes, including angiogenesis, growth, 
and migration [20]. A loss of HIF-1α delays 
wound healing, reduces wound vascularity, and 
significantly impairs the ischemic neovascular 
response [21]. There was no difference in HIF-
1α expression between the three groups on 
day 3. However, on day 7, only Sapylin induced 
a significant increase in HIF-1α expression.

Collagen and fibrin promote skin flap contrac-
tion and help free skin flaps adhere to the mus-
cle, which accelerates iatrogenic lacuna clo-
sure and strengthens the incision. The Sapylin- 
and hypertonic glucose-treated skin flaps had a 
higher collagen content than the normal saline 
group. FGF2 and bFGF are released from mac-
rophages and endothelial cells located in the 
wound and function as fibroplasia markers. 
These proteins stimulate the proliferation and 
migration of fibroblasts and keratinocytes, 
attract inflammatory cells and surrounding 
cells to the wound surface and induce various 
cytokines. Although the normal saline treat-
ment did not increase FGF2 expression on day 
3, the Sapylin and glucose treatments incre- 
ased its expression. On day 7, FGF2 expression 
was significantly increased in the Sapylin-
treated skin flaps compared with the saline- 
and hypertonic glucose-treated skin flaps. 
Additionally, the expression of TGF-β1, the cru-
cial bioactive molecule in the wound healing 
process, was significantly increased in the skin 
flaps from the Sapylin- and hypertonic glucose-
treated mice on day 7. TGF-β stimulates fibro-
plasia and collagen deposition and inhibits 
extracellular matrix degradation by upregulat-
ing the synthesis of protease inhibitors [22]. 

The administration of TGF-β1 into wound cham-
bers or incisional wounds stimulates the accu-
mulation of granulation tissue and the cellular-
ization of the wound bed, which accelerates the 
wound healing process in experimental models 
[19, 23]. TGF-β1 also potently induces the 
expression of major extracellular matrix pro-
teins, such as fibronectin and collagens [23], 
thus promoting extracellular matrix (ECM) 
deposition at the site of the wound healing.

As shown in Figure 3A, matrix metalloprotein-
ase 2 (MMP2) was significantly expressed in 
the skin flaps of the Sapylin-treated on day 3 
compared to the other two groups; however, no 
difference was observed between the groups 
on day 7. The principal function of MMPs is to 
degrade and remove the damaged ECM. MMPs 
also disrupt the capillary basement membrane 
to promote angiogenesis, cell migration, con-
traction and remodeling of the tissue [24]. 
However, excessive activation of specific MMPs 
was previously shown to impair cell migration 
and lead to the degradation of some necessary 
matrix proteins and growth factors [25]; overex-
pression of MMPs is thought to be responsible 
for the poor healing of chronic wounds [26]. 
Because Sapylin induced increased MMP2 
expression among the three groups during the 
early phase of wound healing (day 3), it may 
promote angiogenesis and inflammatory cell 
migration in the skin flaps, indicating that 
Sapylin may improve wound healing in our ani-
mal model.

Our study has some limitations. Firstly, we used 
healthy mice in the study, which may not reflect 
the healing ability of women suffering from 
breast cancer. Secondly, the trauma from a 
modified radical mastectomy is much more 
severe than the wound created by our surgery. 
Therefore, further experimental and clinical 
studies are required to verify these results.

Conclusions

In summary, Sapylin is beneficial for wound 
healing by promoting wound closure and induc-
ing angiogenesis, fibroplasia, collagen synthe-
sis and matrix remodeling at the incision. By 
promoting wound healing through the mecha-
nisms discussed above, Sapylin may partially 
reduce seroma formation after modified radical 
mastectomy. Therefore, we recommend Sapylin 
as an alternative choice for surgeons treating 
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seroma formation or delayed wound healing in 
the clinic.
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