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Abstract: Chemical burns take up a high proportion of burns admissions and can penetrate deep 

into tissues. Various reagents have been applied in the treatment of skin chemical burns; however, 

no optimal reagent for skin chemical burns currently exists. The present study investigated the 

effect of topical body protective compound (BPC)-157 treatment on skin wound healing, using an 

alkali burn rat model. Topical treatment with BPC-157 was shown to accelerate wound closure 

following an alkali burn. Histological examination of skin sections with hematoxylin–eosin and 

Masson staining showed better granulation tissue formation, reepithelialization, dermal remodel-

ing, and a higher extent of collagen deposition when compared to the model control group on the 

18th day postwounding. BPC-157 could promote vascular endothelial growth factor expression 

in wounded skin tissues. Furthermore, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide and cell cycle analysis demonstrated that BPC-157 enhanced the proliferation of human 

umbilical vein endothelial cells (HUVECs). Transwell assay and wound healing assay showed 

that BPC-157 significantly promoted migration of HUVECs. We also observed that BPC-157 

upregulated the expression of VEGF-a and accelerated vascular tube formation in vitro. More-

over, further studies suggested that BPC-157 regulated the phosphorylation level of extracellular 

signal-regulated kinases 1 and 2 (ERK1/2) as well as its downstream targets, including c-Fos, 

c-Jun, and Egr-1, which are key molecules involved in cell growth, migration, and angiogenesis. 

Altogether, our results indicated that BPC-157 treatment may accelerate wound healing in a 

model of alkali burn‑induced skin injury. The therapeutic mechanism may be associated with 

accelerated granulation tissue formation, reepithelialization, dermal remodeling, and collagen 

deposition through ERK1/2 signaling pathway.

Keywords: pentadecapeptide BPC-157, wound healing, human umbilical vein endothelial 

cells, ERK1/2 signaling pathway

Introduction
Wound healing is a very complicated pathophysiologic process. Although the process 

of healing is continuous, it may be arbitrarily divided into four phases: 1) coagulation 

and hemostasis; 2) inflammation; 3) proliferation; and 4) wound remodeling with scar 

tissue formation.1 Much effort has been focused on wound care, with an emphasis 

on new therapeutic approaches and the development of technologies for acute and 

chronic wound management.

Emerging evidences suggested that several peptides play critical roles in the inflam-

matory response and wound healing. Many growth factors such as transforming growth 

factor (TGF)-β,2 platelet-derived growth factor (PDGF),3 epidermal growth factor (EGF),4 

and fibroblast growth factor (FGF),5 as well as interleukin (IL)-16 and tumor necrosis 

factor (TNF),7 have been evaluated in a wide spectrum of in vivo and in vitro experiments 
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to observe their effects on different elements included in the 

healing process. TGF-β, PDGF, EGF, and FGF have been 

shown to stimulate infiltration of inflammatory cells into the 

wound space.2–4 These growth factors induce proliferation of 

keratinocytes and fibroblasts, lead to new formation of capillar-

ies in the granulation tissue, and modulate extracellular matrix 

deposition and reconstitution of the injured area.2–5 The topical 

application of growth factors was successful in accelerating 

healing of full-thickness wound in normal mice.8,9

The pentadecapeptide body protective compound (BPC)-

157 (Mr 1419), with the sequence Gly-Glu-Pro-Pro-Pro-Gly-

Lys-Pro-Ala-Asp-Asp-Ala-Gly-Leu-Val, a 15-amino acid 

fragment of the BPC peptide in gastric juice, is thought to 

be essential for BPC’s activity and has been fully character-

ized and investigated. BPC-157 has many functions, such 

as attenuating liver,10 lung,11 colon,12 and gastric lesions,13 

displaying antianxiety and antidepressant effects,14 improv-

ing angiogenesis and wound healing,15 reversing 1-methyl-

4-phenvl-1,2,3,6-tetrahvdropvridine (MPTP)-specific motor 

abnormalities in Parkinson’s disease models,16 having 

mucosal protective and anti-inflammatory effects,17 particu-

larly those affecting the dopamine system,18 and persistent 

activity.19 BPC-157 appears to be beneficial to almost all 

organ systems in various species at very low dosages (mostly 

milligrams to nanograms per kilogram).

Previous experiments strongly suggested its involvement 

in experimental gastric ulcer healing.10,18,20–25 BPC-157 also 

stimulates healing of segmental osteoperiosteal bone defects 

when either given locally by the percutaneous mode into the 

bone defect or applied intramuscularly.26 Moreover, BPC-157 

solution was shown to stimulate corneal wound healing.27 

However, the underlying mechanisms of the wound healing 

effects of BPC-157 have not been fully clarified.

The present study aimed to investigate the wound healing 

effects of synthesized BPC-157 on alkali-burned rats and 

elucidate its mechanisms of action. Our results demonstrated 

that BPC-157 possessed wound healing effects on alkali-

burned rats, and BPC-157 promotes proliferation, migration, 

and tube formation of human umbilical vein endothelial cells 

(HUVECs) through the extracellular signal-regulated kinases 1  

and 2 (ERK1/2) signaling pathway.

Materials and methods
Ethic statements
The animal studies were carried out in strict accordance with 

the Detailed Rules for the Administration of Animal Experi-

ments for Medical Research Purposes issued by the Ministry of 

Health of the People’s Republic of China and were approved 

by the Animal Experiment Administration Committee of The 

Fourth Military Medical University. All efforts were made 

to keep pain and suffering to a minimum.

Drugs
Medication, without carrier or peptidase inhibitor, included 

stable gastric pentadecapeptide BPC-157 (a partial sequence 

of the human gastric juice protein BPC, freely soluble in water 

at pH 7.0 and in saline). It was prepared as a peptide with 99% 

(high-performance liquid chromatography) purity (1-des-

Gly peptide was the main impurity; manufactured by our 

laboratory, GEPPPGKPADDAGLV, relative molecular mass: 

1,419). Accordingly, basic FGF (bFGF) (EssexBio, Zhuhai, 

People’s Republic of China) dissolved in saline was used.

Animal model
Male Sprague Dawley rats (n=58) weighing 160 g–220 g 

were chosen for the experiments. The rats were anesthe-

tized with intraperitoneal injection of pentobarbital sodium  

(50 mg/kg), and dorsal hair was shaved and depilated with hair 

removal cream. The skin alkali burn was made by placing a 9 cm2 

piece of filter paper soaked in 2 M NaOH on each animal’s skin 

for 75 seconds. Then the animals received an intraperitoneal 

injection of saline (100 mL/kg) and were placed in individual 

cages for recovery. To confirm the degree of burns, histopatho-

logical samples were taken from eight rats. Then all animals 

were randomly divided into five groups (n=10) as follows: 

group I (model control) rats were administrated plain hydro-

gel alone; group II: 200 ng/mL bFGF, group III: 200 ng/mL  

BPC-157, group IV: 400 ng/mL BPC-157, and group V:  

800 ng/mL BPC-157. The hydrogels were applied topically 

using cotton Q-tip swabs twice every day (0.5 mL per wound 

per time) for 18 days. The rats were bandaged with petroleum 

jelly-impregnated gauze. All rats used in this study were kept 

at a humidity of 50%–60% and a temperature of 25°C, with 

food and water being freely accessible. The general condition, 

behavior, and wound repair of all animals were checked daily.  

For wound repair evaluation, a transparent acetate sheet 

(Sigma-Aldrich, St Louis, MO, USA) was placed on the 

wound, its perimeter was traced and then sheared along 

the wound tracing, and the sheared part was weighed. 

Data are expressed as the percentage of wound closure 

(100 − weight of sheared acetate/weight of sheared acetate 

of the initial day ×100).

Histological examination
Histological analysis of the skin was performed by tak-

ing 6 mm diameter biopsy punches from areas of interest. 
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Samples were fixed in 10% buffered formalin overnight at 

4°C, dehydrated with increasing concentrations of ethanol, 

embedded in paraffin, cut into 5 μm sections, and stained with 

hematoxylin and eosin (HE) or Masson’s Trichrome Stain 

Kit (Sigma-Aldrich). The stained sections were examined 

under inverse light microscopy.

Cell culture
HUVEC, HaCaT, and NIH 3T3 lines were obtained from 

the American Type Culture Collection. HUVECs and NIH 

3T3 cells in Roswell Park Memorial Institute (RPMI) 1640 

and HaCaT in Dulbecco’s Minimum Essential Medium 

(DMEM)/F-12 medium were cultured in the indicated media 

supplemented with 10% fetal bovine serum (FBS) and main-

tained at 37°C in a humidified environment with 5% CO
2
.

Cell proliferation assay
To assess the influence of BPC-157 on cell growth, 

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 

(MTT) cell proliferation assay was used. Briefly, cells were 

seeded in 96-well plates at 3×103  cells per well. On the 

next day, the cells were exposed to BPC-157 (1 μg/mL,  

5 μg/mL, and 10 μg/mL). After BPC-157 treatment at different 

time points, the level of cell growth was measured using MTT. 

The cells were treated with MTT (5 mg/mL) for 4 hours at 

37°C. The supernatants were then removed and the formazan 

dye was dissolved in dimethyl sulfoxide (DMSO). The absor-

bance was measured using a microplate reader (Molecular 

Device, Menlo Park, CA, USA) at a wavelength of 490 nm.

Cell cycle analysis
The position of the cells in the cell cycle was determined 

by flow cytometric analysis of the DNA content using 

propidium iodide. The cells were exposed to BPC-157  

(1 μg/mL, 5 μg/mL, and 10 μg/mL) for 48 hours. The cells 

were collected after treatment, washed twice with cold 

phosphate-buffered saline, and treated with 1 mL of cold cit-

rate buffer (0.24 M sucrose, 40 mM sodium citrate, pH 7.6). 

The cells were then centrifuged and suspended in 0.1 mL 

of citrate buffer. Subsequently, 0.4 mL of a PI staining/

lysis solution (0.5% NP-40, 0.5 mM ethylenediaminetetraa-

cetic acid [EDTA]) and 50 μL of RNase A (10 mg/mL in 

Tris–EDTA buffer, pH 8.0) solution were added. The cells 

were incubated at room temperature for 30 minutes in the 

dark, and the cell cycle was analyzed by flow cytometry 

(Win Bryte HS cytometer [Bio-Rad], using software Win 

Bryte, Bio-Rad Laboratories Inc., Hercules, CA, USA). A 

minimum quantity of 20,000 cells per sample was collected, 

and the DNA histograms were further analyzed using the 

ModFit LT software (Verity Software House, Topsham, 

ME, USA) for cell cycle analysis.

Transwell assay
The chemotactic motility of HUVECs was determined 

using transwell migration chambers (Corning) with 6.5 mm 

diameter polycarbonate filters (8 μm pore size), as described 

previously.28 In brief, the bottom chambers were filled with 

750 mL of RPMI 1640 medium containing all supplements. 

HUVECs (3×104 cells per well) were seeded in top chambers 

with DMSO or various doses of BPC-157 (1 μg/mL, 5 μg/mL,  

and 10 μg/mL) in 500 mL RPMI 1640 with 0.5% FBS. Cells 

were allowed to migrate for 12 hours. Nonmigrated cells were 

removed with cotton swabs, and migrated cells were fixed 

with ice-cold methanol and stained with 4′,6-diamidino-2-

phenylindole (DAPI). Images were captured using Canon 

PowerShot A640 camera on Zeiss inverted microscope 

with ×100 magnification, and invasive cells were quantified 

by manual counting.

Wound healing assay
Wound healing assays were performed as previously 

described.29 HUVECs were allowed to grow to full conflu-

ence in six-well plates. Subsequently, cells were wounded 

by pipette tips and washed twice with media to remove 

detached cells, and photomicrographs of initial wounds 

were taken using Canon PowerShot A640 camera (at ×100 

magnification). Thereafter, RPMI 1640 containing 1% FBS 

was added to prevent proliferation. At the time of wound-

ing, cells were treated with DMSO or 1 μg/mL–10 μg/mL  

dose of BPC-157. The wound area was photographed 

immediately after wounding (0 hours), and again at 12 hours 

postscratch using brightfield exposure at ×10 magnification 

on a Nikon eclipse 80i epifluorescence microscope. The 

images were captured using a Canon PowerShot A640 digital 

camera. The distance between the edges of the wound were 

measured at ten different areas from the wound edge to edge 

using Spot software. The measurements were then converted 

into a percentage using the following formula: % of wound 

remaining = (measurement at time 12 hours/measurement 

at time 0 hours) ×100; then the percentage of wound closure 

was calculated as follows: 100% – % of wound remaining.

Endothelial cell tube formation assay
To examine the effect of BPC-157 on angiogenesis in 

vitro, tube formation assay was performed as described 

previously.28 In this assay, we used two study protocols. 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Drug Design, Development and Therapy 2015:9submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2488

Huang et al

In the first protocol, growth factor-reduced matrigel was 

pipetted into prechilled 24-well plates (150  mL matrigel 

per well) and polymerized for 45 minutes at 37°C. In the 

second protocol, HUVECs (4×104 cells per well) in complete 

media were simultaneously seeded with DMSO or BPC-157  

(1 μg/mL, 5 μg/mL, and 10 μg/mL) in matrigel-coated plates. 

Each treatment was performed in triplicate. The enclosed 

networks of tubes were photographed 12 hours later using 

Canon PowerShot A640 camera on Zeiss inverted micro-

scope with ×100 magnification.

Gene chip assay
Total RNA was extracted from control and BPC-157

-treated cells exposed for 12  hours using an RNeasy 

Mini Kit (Qiagen, Valencia, CA, USA). Complementary 

DNA (cDNA) was made by reverse transcription of RNA 

(2  μg) using Moloney murine leukemia virus reverse 

transcriptase (Promega, Madison, MI, USA) and labeled 

with Biotin-16-2′-deoxy-uridine-5′-triphosphate (Roche 

Diagnostics, Indianapolis, IN, USA). The labeled cDNAs 

were used to detect marker genes of signal transduction 

pathways on microarray membranes using Human Signal 

Transduction PathwayFinder™ RT2 Profiler™ PCR Array 

(SuperArray System, Bioscience, Frederick, MD, USA). 

The membranes were prehybridized at 60°C for 2 hours, 

then hybridized at 60°C for 10  hours, and washed with 

wash solution twice for 15  minutes. The biotin-labeled 

cDNAs on the hybridized membranes were detected using 

alkaline phosphatase-conjugated streptavidin CDP-Star™ 

substrate. The membrane was exposed to a Kodak X-ray 

film, and densitometry of the spots was performed using 

the Fluor-S MultiImage system (Bio-Rad). Relative ratios 

of the spot densities between BPC-157-treated and control 

samples were calculated. Intensities of spots for blank and 

the housekeeping gene peptidylprolyl isomerase A were 

used for normalization of the data. Levels of marker gene 

expression in BPC-157-exposed and control cells were 

compared. After normalization, the levels of marker gene 

expression were determined by expressing the ratio of 

BPC-157-modulated genes to control genes. The genes with 

ratios of 2.0 or 0.5 were selected and considered to be 

significantly up- or downregulated, respectively.

Real-time quantitative polymerase chain 
reaction
Total RNA was extracted from cells using the Trizol reagent 

(Takara Bio Inc, Japan) according to the manufacturer’s 

instructions. cDNA was prepared by using a reverse transcrip-

tion kit from Takara Bio Inc. Real-time polymerase chain 

reaction (PCR) was performed by using a kit (SYBR Premix 

EX Taq, Takara Bio Inc.) and the ABI PRISM 7300 real-

time PCR system. The primer sequences are listed in Table 

1. Furthermore, β-actin was used as an internal control.

Western blot
Cells were harvested and proteins were extracted using cell 

lysis buffer supplemented with 0.3% phenylmethylsulfonyl 

fluoride and proteinase and phosphatase inhibitors. Proteins 

were separated by sodium dodecyl sulfate polyacrylamide gel 

electrophoresis and transferred to polyvinylidene difluoride 

membranes (Millipore, Bedford, MA, USA). After blocking 

in 5% skimmed milk powder for 2 hours at room temperature, 

the samples were incubated overnight at 4°C with primary 

antibodies, including ERK1/2 (#9102), p-ERK1/2 (#9101), 

JNK1/2 (#9252), p-JNK (#9251), p38 MAPK (#9212), and 

p-p38 MAPK (#9211), which were obtained from Cell Sig-

naling Technology (Beverly, MA, USA), as well as VEGF-a 

(sc-7269) and Tubulin (sc-8035), which were obtained from 

Santa Cruz Biotechnology (Santa Cruz, CA, USA). After 

washing three times with TBST (Tris-buffered saline supple-

mented with 0.1% Tween-20), the samples were incubated 

for 1 hour at room temperature with a secondary antibody. 

Bound antibodies were detected using the enhanced chemilu-

minescent substrate (ECL, Pierce, Rockford, IL, USA). The 

bands were assessed by densitometry with Image J software 

(National Institutes of Health).

Statistical analysis
Data were analyzed using SPSS 13.0 software and plot-

ted as mean ± standard deviation. Wound closure rate 

Table 1 Primers used for real-time PCR detection of gene expression

Gene GenBank accession no Forward primers Reverse primers

FOS NM_005252 TACACTCCAAGCGGAGACAG TCCTTCTCCTTCAGCAGGTT
JUN NM_002228 GGTGGCACAGCTTAAACAGA AACTGCTGCGTTAGCATGAG
EGR-1 NM_001964 TTCGGATCCTTTCCTCACTC GTTGCTCAGCAGCATCATCT
VEGF-a NM_001287107 TGCACCCACGACAGAAGGA GGCAGTAGCTTCGCTGGTAGAC
β-actin NM_001101.3 GCGTGACATTAAGGAGAAG GAAGGAAGGCTGGAAGAG

Abbreviations: EGR, early growth response; PCR, polymerase chain reaction; VEGF, vascular endothelial growth factor.
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was evaluated by single-factor repeated measurement. 

Statistically significant differences were analyzed by 

one-way analysis of variance. P0.05 was considered 

statistically significant.

Results
BPC-157 accelerates wound closure 
in alkali-burned rats
During the study, no abnormalities were observed in the gen-

eral condition and behavior of rats in all treatment cohorts, 

including asitia, nausea, diarrhea, cough, or weight loss, 

and no symptoms of allergic response such as hydroposia 

or localized rash occurred in animals receiving bFGF or 

BPC-157. The final autopsy did not show any pathological 

changes in various organs. bFGF, which is one of the 22 

different isotypes of FGF, plays a crucial role in the wound 

healing process by promoting fibroblast proliferation, 

inducing neovascularization, and increasing the synthesis 

of collagenase.30–33 As the topical administration of human 

recombinant bFGF has been shown to be effective for wound 

healing in clinical situations, we selected bFGF as a posi-

tive reagent in this study. Wound repair evaluation proved 

that rats treated with either bFGF or BPC-157 showed a 

significantly faster wound closure than those left untreated 

(Figure 1 and Table 2): BPC-157 (800 ng/mL) group with 

14.13%±4.91% versus 10.80%±4.84% for bFGF group 

versus 5.42%±2.09% for model control at day 4. The accel-

eration of wound healing by BPC-157 (800 ng/mL) became 

remarkably significant on days 12 and 16, showing an aver-

age healing of 54.38%±11.37% and 77.53%±10.25%, respec-

tively. Similar to the bFGF-treated group, on the 18th day 

postwounding, the BPC-157-treated group showed nearly 

80% wound closure, whereas rats left untreated recovered 

by 60% at most.

Histological examination of skin sections with HE and 

Masson staining presented insights into the morphology of 

Figure 1 Efficacy of BPC-157 in murine wound healing compared to that of bFGF.
Notes: (A) Representative images of wounds on the 18th day in the five tested groups: untreated rats, bFGF-treated rats, and rats treated with different concentrations of 
BPC-157 (200 ng/mL, 400 ng/mL, and 800 ng/mL). (B) Wound area at every 4 days postwounding (n=10). The bars represent standard error of the mean wound closure.
Abbreviations: BPC-157, body protective compound 157; bFGF, basic fibroblast growth factor.
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skin layers and collagen extent during the healing process 

(Figure 2). Compared with model control, BPC-157-treated 

groups showed a significant healing response similar to that 

of the bFGF-treated group. In the model control group, the 

granulation tissues formed were hypocellular and covered 

by a thin immature epithelium. It was clearly visible that the 

epidermal and subepidermal layers were well organized in the 

BPC-157- and bFGF-treated groups. In addition, the BPC-

157- and bFGF-treated groups showed better granulation 

tissue formation, reepithelialization, and dermal remodeling, 

Table 2 Wound closure percentage in rat skin with alkali burn during 18 days’ treatment with bFGF or BPC-157

Cohorts (n=10) Days

4 8 12 16 18

Model control 5.42±2.09 25.20±6.66 42.51±10.70 54.14±11.09 60.00±9.82
bFGF (200 ng/mL) 10.80±4.84 32.32±7.11 50.10±10.92 73.30±12.73** 80.93±7.11**
BPC-157 (200 ng/mL) 7.34±3.55 26.66±8.01 47.44±12.84 68.37±13.12** 76.85±12.86**
BPC-157 (400 ng/mL) 9.29±3.34 26.40±7.99 49.52±12.33 70.65±13.82** 78.18±14.38**
BPC-157 (800 ng/mL) 14.13±4.91 33.20±7.03 54.38±11.37 77.53±10.25** 81.55±11.14**

Notes: Data are presented as mean ± standard deviation and were analyzed by Student’s t-test. **P0.01 versus model control.
Abbreviations: BPC-157, body protective compound 157; bFGF, basic fibroblast growth factor.

× × × ×

Figure 2 BPC-157 increased wound reepithelialization and collagen content of granulation tissue.
Notes: Wound sections were stained with (left) HE and (right) Masson’s trichrome (Masson). Representative images of sections are presented for all five groups.
Abbreviations: BPC-157, body protective compound 157; bFGF, basic fibroblast growth factor; HE, hematoxylin–eosin staining.
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when compared to the model control group, on the 18th day 

post wounding. Using Masson staining, we found that the 

extent of collagen deposition was significantly higher in 

BPC-157- and bFGF-treated groups. Moreover, the results 

showed that both BPC-157 and bFGF could promote VEGF 

expression in wounded skin tissues (Figure 3A–B).

All of these data demonstrate that BPC-157 is effective in 

the very low dose range and that it accelerates wound heal-

ing, which resembles previous conclusions about BPC-157. 

At the same time, these data also suggest that the effect of 

BPC-157 on alkali-burn wound repair is, apparently, com-

parable with that of bFGF.

BPC-157 enhances cell proliferation 
of endothelial cells
The established view in cellular biology dictates that fibro-

blasts, keratinocytes, and endothelial cells contribute to 

the proliferation course of wound healing. Therefore, we 

assessed the influence of BPC-157 on cell growth of NIH3T3, 

HaCaT, and HUVEC lines by a MTT cell proliferation assay. 

As shown in Figure 4A, BPC-157 (1  µg/mL–10  µg/mL)  

was found to significantly increase the proliferation of 

HUVECs in a concentration-dependent manner after 48 hours 

of treatment. However, BPC-157 did not promote either 

NIH3T3 or HaCaT cell proliferation (data not shown). We 

next investigated the effect of BPC-157 on the HUVEC 

cell cycle distribution. HUVECs were exposed to BPC-157 

(1 µg/mL, 5 µg/mL, and 10 µg/mL) for 48 hours and then 

analyzed by flow cytometry. Results showed that BPC-157 

apparently reduced the cell number in the G0/G1 phase in 

a dose-dependent manner compared with the number in 

the control group (Figure 4B). These findings indicated 

that BPC-157 might modulate the cell viability and affect 

HUVEC cell cycle exit in the G0/G1 phase.

BPC-157 promotes cell migration and tube  
formation in endothelial cells
The effect of BPC-157 on the migration of endothelial cells 

was evaluated using a modified Boyden chamber assay 

(Figure 5A). In DMSO-treated control, only few endothelial 

cells migrated from the upper to the lower chamber through 

the membrane after 12-hour incubation, when the lower 

chamber contained culture medium supplemented with 10% 

FBS as a chemoattractant. As shown in Figure 5B, BPC-157 

promoted the migration of HUVECs in a concentration-

dependent manner. The effect of BPC-157 on cell motility 

was also evaluated by the scratch wound assay (Figure 5C).  

Treatment of HUVECs with BPC-157 (1 µg/mL, 5 µg/mL, 

and 10 µg/mL) enhanced cell motility in a concentration-

dependent manner compared with untreated cells. The 

open wound areas in BPC-157-treated wells were sig-

nificantly smaller than those of untreated wells (P0.05) 

(Figure 5D).

Because BPC-157 stimulated endothelial cell migra-

tion, we next examined its effect on tube formation by 

HUVECs. Endothelial cells seeded on a three-dimensional 

matrix, such as Matrigel, are able to form capillary-like 

structure.34 HUVECs plated on Matrigel in limiting medium 

with increasing concentrations of BPC-157 formed more 

extensive tubes in a dose-dependent manner (Figure 5E–F). 

Addition of 5 µg/mL BPC-157 stimulated a morphological 

change in HUVECs without significantly increasing the tube 

network formation, whereby increasing the dose to 10 µg/mL  

caused greater tube formation compared to control.

Figure 3 BPC-157 promoted the expression of VEGF-a in wounded skin tissues.
Notes: (A) Western blot analysis of the effect of BPC-157 on VEGF-a protein expression. (B) Real-time PCR was used to test the effect of BPC-157 on VEGF-a mRNA 
expression. Data are presented as mean ± SD. Differences between the treated and untreated control groups were determined by Student’s unpaired t-test. *P0.05 
significantly different from the control group.
Abbreviations: bFGF, basic fibroblast growth factor; BPC-157, body protective compound 157; PCR, polymerase chain reaction; SD, standard deviation; VEGF, vascular 
endothelial growth factor.
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Gene expression analysis
To obtain further insight into the mechanisms of BPC-157 

participation in cell signal transduction, we carried out a 

quantitative real-time PCR using a Signal Transduction Path-

wayFinder™ RT2 Profiler™ PCR Array, which contained a 

set of primers for 84 key genes representative of 18 different 

signal transduction pathways. Across the panel of 84 mRNAs 

screened in the array, eight were induced or repressed two 

folds or more in the samples of BPC-157 treatment compared 

with that of controls. The transcription of c-Fos, c-Jun, and 

Egr-1 in the mitogenic pathway was upregulated by 4.99, 

7.05, and 3.70 folds, respectively. The transcription of Sele in 

the low-density lipoprotein pathway was upregulated by 4.00 

folds, while Wisp in the Wnt pathway was upregulated by 

2.21 folds. The transcriptional profiles of Bmp4 in the Hedge-

hog pathway showed downregulation by -4.53 folds, with 

Lep in the Insulin pathway being downregulated by -5.26 

folds. The transcription of Vcam1 in the NF-κB pathway was 

also downregulated by -5.34 folds (Table 3, P0.05).

BPC-157 promotes the activation 
of ERK1/2 in endothelial cells
To evaluate the effect of BPC-157 on intracellular signal 

transduction, the phosphorylation levels of ERK1/2, JNK, 

and p38 mitogen-activated protein kinase (MAPK) were 

examined in HUVECs. Results showed that BPC-157 had a 

dosage-dependent effect on the phosphorylation of ERK1/2 

in HUVECs (Figure 6). However, no significant change in 

p-JNK protein level was observed in HUVECs (Figure 6). 

In addition, the increase in the phosphorylation of p38 MAPK 

was not statistically significant (Figure 6).

Involvement of ERK1/2 pathway in BPC-
157-induced cell proliferation, migration, 
and tube formation
To explore whether the ERK1/2, JNK, or p38 pathway was 

involved in BPC-157-induced cell proliferation, migra-

tion, and tube formation, PD98059 (ERK1/2 inhibitor), 

SP600125 (JNK inhibitor), and SB203580 (p38 inhibitor) 

were used. As shown in Figure 7A, pretreatment with 

10 μM PD98059 obviously inhibited BPC-157-induced 

proliferation of HUVECs, as detected by the MTT assay 

(P0.05), while pretreatment with 10 μM SP600125 and 

10 μM SB203580 had no effect on proliferation. The num-

ber of migrated cells remarkably decreased when ERK1/2 

signal pathways were blocked by its inhibitor PD98059 

(Figure 7B–C). On the other side, the number of migrated 

cells decreased when the JNK1/2 and p38 MAPK signal 

pathways were blocked by their inhibitors SP600125 and 

SB203580, respectively, but no significant decline was 

noted. Additionally, a similar trend was observed in cell 

migration using the wound healing assay (Figure 7D–E). 

Moreover, we tested whether the angiogenic effect of BPC-

157 was mediated via MAPKs. Matrigel tube formation 

was studied using cells pretreated with specific MAPK 

inhibitors. As shown in Figure 7F–G, BPC-157-induced 

tube formation was significantly inhibited by PD98059, but 

not by SP600125 and SB203580.

µ
µ
µ

µ

µ

Figure 4 BPC-157 influences the proliferation and cell cycle distribution of HUVECs.
Notes: (A) Cells were treated with or without 1 μg/mL, 5 μg/mL, or 10 μg/mL BPC-157 for 24 hours to 72 hours, and cell proliferation viability was determined by the MTT 
assay. Results are showed as absorbance at 490 nm values in treated and untreated control cells. (B) PI staining was used to analyze the cell cycle distribution. Percentages 
of BPC-157-treated and untreated cells that were in the G0/G1, S, and G2/M phases are shown. Data are presented as mean ± SD. *P0.05 significantly different from the 
control group.
Abbreviations: BPC-157, body protective compound 157; HUVECs, human umbilical vein endothelial cells; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide; PI, propidium iodide; SD, standard deviation; OD, optical density.
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Figure 5 Effect of BPC-157 on cell migration and tube formation of HUVECs.
Notes: (A) Representative photomicrographs showing the stained cells on the lower side of membranes. The cells in the upper chambers were treated with DMSO 
(control, 0 μg/mL) or 1 μg/mL, 5 μg/mL, and 10 μg/mL BPC-157. After 12 hours of incubation, those cells which had migrated to the lower chambers were stained and the 
numbers were counted. (B) Quantification of cell migration in HUVECs is shown. (C) A scratch wound was created using a 20 μL sterile serological pipette in a confluent 
HUVEC culture after incubation with BPC-157. The images were taken at 0 hours and 12 hours. The black lines show the area where the scratch wound was created. 
(D) Quantification of cell motility in HUVECs is shown. (E) Effect of BPC-157 on tube formation in HUVECs. Photomicrographs represent the matrigel tube formation of 
HUVECs after 8 hours’ incubation. (F) Quantification of capillary structure in HUVECs is shown. Data are presented as mean ± SD. Differences between the treated and 
untreated control groups were determined by Student’s unpaired t-test. *P0.05 significantly different from the control group.
Abbreviations: BPC-157, body protective compound 157; DMSO, dimethyl sulfoxide; HUVECs, human umbilical vein endothelial cells; SD, standard deviation.
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Table 3 List of genes differentially expressed in HUVECs after BPC-157 (10 μg/mL) stimulation, determined using the Signal 
Transduction PathwayFinder™ RT2 Profiler™ PCR Array (2-fold change)

GenBank  
accession number

Gene name Description Folds up- or  
down regulation

P-value

NM_005252 FOS FBJ murine osteosarcoma viral oncogene homolog 4.99 0.007
NM_002228 JUN Jun proto-oncogene 7.05 0.024
NM_001964 EGR-1 Early growth response 1 3.70 0.043
NM_000450 SELE Selectin E 4.00 0.015
NM_003882 WISP1 WNT1-inducible signaling pathway protein 1 2.21 0.008
NM_130851 BMP4 Bone morphogenetic protein 4 -4.53 0.010
NM_000230 LEP Leptin -5.26 0.021
NM_001078 VCAM1 Vascular cell adhesion molecule 1 -5.34 0.011

Abbreviations: BPC-157, body protective compound 157; HUVECs, human umbilical vein endothelial cells; PCR, polymerase chain reaction.

Taken together, these results have demonstrated that 

BPC-157 induces proliferation, migration, and tube forma-

tion of endothelial cells, wherein the ERK1/2 signaling 

pathway plays a promoting role.

Discussion
As one of the most complex biological processes that occur 

during human life, the wound repair process involves four 

steps that include inflammation around the site of injury, 

angiogenesis and the development of granulation tissue, 

repair of the connective tissue and epithelium, and ultimately 

remodeling that leads to a healed wound.1 The clinical treat-

ment of skin loss due to severe and massive burns or wounds 

continues to be a major problem in surgical procedures. A 

therapeutic agent selected for the treatment of wounds should 

ideally improve one or more phases of healing without 

µ

Figure 6 Western blot analysis of the effect of BPC-157 on the ERK1/2, JNK, and p38 phosphorylation levels.
Notes: HUVECs were synchronized in medium for 24 hours and then treated with or without 1 μg/mL, 5 μg/mL, or 10 μg/mL BPC-157 for another 1 hour. Immunoblotting 
was performed three to four times using independently prepared cell lysates, and protein levels for p-ERK1/2, total ERK, p-JNK, total JNK, p-p38, total p38, and tubulin in 
every group and their corresponding relative densities are shown.
Abbreviations: BPC-157, body protective compound 157; ERK1/2, extracellular signal-regulated kinases 1 and 2; HUVECs, human umbilical vein endothelial cells.
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producing deleterious side effects. A previous study35 has 

demonstrated that BPC-157 cream improves healing of 

burn wounds caused by exposure to direct flame. Herein, 

we explored the role of topical treatment with BPC-157 on 

alkali-induced burn wound healing in rats. The present study 

shows a significant improvement in alkali-induced burn 

wound healing in the rats treated with BPC-157.

In this study, we found that BPC-157 is effective in the 

very low dose range and accelerates wound healing and that 

the wound repair process, which involves steps that include 

inflammation, collagen deposition, angiogenesis, develop-

ment of granulation tissue, and the repair of epithelium, in 

bFGF- or BPC-157-treated groups was better than that in 

the model control group. These data also suggest that the 

effect of BPC-157 on alkali-burn wound repair is, apparently, 

comparable with that of bFGF. More interestingly, BPC-

157 is highly stable and resistant to hydrolysis or enzyme 

digestion, even in the gastric juice. Furthermore, it is easily 

dissolved in water and needs no carrier for its application.13 

These findings indicate that BPC-157 may become a thera-

peutic agent for the treatment of chemical-induced burn 

wound. Previous studies have demonstrated that BPC-157 

promotes the healing of different tissues, including skin,36 

muscle,15,37–39 bone,40 ligament,41 and tendon42 in various 

animal models. However, the underlying mechanism has 

not been fully elucidated.

The theory of cell biology in wound healing emphasized 

that endothelial cells, fibroblasts, and keratinocytes may 

contribute to the proliferation stage in the wound healing 

process. We hypothesized that BPC-157 could present some 

bioactivities on cells in vitro. To confirm the hypothesis, the 

MTT assay and cell cycle distribution were used to evaluate 

the effect of BPC-157 on cell proliferation. Previous stud-

ies have found that BPC-157 did not exert a direct effect 

in terms of accelerating the cell proliferation of cultured 

tendon fibroblasts,42 but our results suggested that BPC-157 

modulates the cell viability and affects HUVEC cell cycle 

exit in G0/G1 phase. In contrast, BPC-157 did not promote 

either NIH3T3 or HaCaT cell proliferation.

Wound healing involves a multistep process, including 

cell proliferation, migration, tube formation, and remodel-

ing. Promotion at any step may result in accelerating wound 

healing. Assays of endothelial cell migration showed that 

BPC-157 enhanced the chemotactic response of endothelial 

cells. In another migration/scratch wound assay, BPC-157 

significantly increased the open wound area, suggesting that 

the motility of endothelial cells across wounds was improved. 

The accelerating effect in migration is consistent with a 

previous study that was conducted in tendon fibroblasts.42 

Moreover, we did observe the promotion of tube formation 

in HUVECs by BPC-157.

To further investigate the mechanisms through 

which BPC-157 may exert its enhancement effects on 

proliferation, migration, and tube formation of endothe-

lial cells, a Signal Transduction PathwayFinder™ RT2 

Profiler™ PCR Array was used. After BPC-157 treat-

ment, the transcriptional rates of FOS, JUN, and EGR-1  

in mitogenic pathway were upregulated by 4.99, 7.05, 

and 3.70 folds, respectively. Therefore, we hypothesized 

that BPC-157 is involved in the activation of MAPK 

signal pathway. To evaluate the effect of BPC-157  

on intracellular signal transduction, the phosphorylation 

level of ERK1/2, JNK, and p38 MAPK were examined in 

HUVECs. We demonstrated that the phosphorylation level 

of ERK1/2 could be modulated by BPC-157. However, no 

significant change of p-JNK and p-p38 protein level was 

observed in BPC-157-treated HUVECs.

Furthermore, to explore whether ERK1/2, JNK, or p38 

pathway is involved in BPC-157-induced cell function, 

effects of the inhibitors of ERK1/2, JNK, and p38 on the 

proliferation, migration, and tube formation of HUVECs 

following BPC-157 stimulation were studied. The results 

indicated that pretreatment with 10 μM ERK1/2 inhibi-

tor obviously antagonized, while pretreatment with 10 

μM JNK inhibitor and 10 μM p38 inhibitor had no effect 

on, BPC-157-induced proliferation, migration, and tube 

formation.

In conclusion, administration of BPC-157 to alkali-burn 

wound healing was investigated in the current study. We 

demonstrated that BPC-157 significantly improved the 

wound healing activity on alkali-burned rats. BPC-157 

may exert wound healing activity by upregulating the 

expression of VEGF. The effects of BPC-157 on HUVECs 

might be mediated by activation of ERK1/2 phosphoryla-

tion, leading to enhanced cell proliferation, migration, 

and tube formation. These findings may provide support 

for the potential use of BPC-157 as a wound-healing 

therapeutic agent.
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