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BAMBI inhibits skin fibrosis in keloid through  
suppressing TGF-β1-induced hypernomic fibroblast cell 
proliferation and excessive accumulation of collagen I
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Abstract: Keloids are scars characterized by pathologically excessive dermal fibrosis and aberrant wound healing. 
Hypernomic growth of fibroblast cells and excessive accumulation of collagens, especially collagen I, made impor-
tant contribution to keloid formation. Transforming growth factor-beta 1 (TGF-β1) was a key ruler for the dermal 
fibrosis. Here, we found that BMP and activin membrane-bound inhibitor (BAMBI), a pseudo-receptor of TGF-β1, 
was being decreased during the human keloid development and in vitro keloid cell growth. To investigate the ef-
fect of BAMBI on keloid development, pcDNA-BAMBI expression vector were transfected into the human primary 
keloid cells. Then the cell proliferation and viability were detected with EdU and MTT methods and expression of 
TGF-β1 and collagen I/III were examined by Western blotting analysis. The results showed that, compared to the 
control, BAMBI overexpression suppressed the cell proliferation and expression of TGF-β1 and collagen I (P < 0.05), 
whereas, TGFβ1 overexpression rescued the suppression. Finally, pcDNA-BAMBI expression vector was subcutane-
ously injected into transplanted human keloid in nude mice. During the 6 weeks of in vivo experiment, pcDNA-BAMBI 
injection significantly suppressed the growth of the implanted keloids and the ratio of collagen I in the keloids. 
Therefore, BAMBI had an effect on inhibition of keloid growth through suppressing TGF-β1-induced fibroblast cell 
proliferation and excessive accumulation of collagen I.
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Introduction

Keloid is a type of aesthetically inappreciative 
scar formed after the skin repairing from inju-
ries [1]. High recurrence rates following exci-
sion make it frustrating to the patients [2]. 
Keloid formation is so complicated processes 
that up to date the principle mechanism under-
lying its propagation still remains unidentified. 
In spite of this, hypernomic growth of fibroblast 
cells and excessive accumulation of collagens 
(type III in early stage and type I in late stage) 
were reported to be largely responsible for 
keloid formation [3, 4]. Several signaling path-
ways were highly focused as potential path-
ways involving keloid formation, including mito-
gen-activated protein kinase (MAPK), insulin-
like growth factor-I (IGF-I), integrin pathways, 
and transforming growth factor-beta 1 (TGF-β1) 
[5]. 

TGF-β1, which was first identified in human 
platelets with a potential role in wound healing, 
is a member of the transforming growth factor 
beta superfamily of cytokines [6]. TGF-β1 was 
well known to make the normal fibroblast phe-
notype transformation. In addition, TGF-β1 per-
form multiple functions in regulation of tissue 
regeneration, cell differentiation, embryonic 
development and immune system [7, 8]. Studies 
have showed that TGF-β1 was a key promoter of 
excessive proliferation of fibroblast cell and the 
extracellular matrix accumulation during tissue 
regeneration and fibrosis [9-11]. Therapeutic 
strategies through TGF-β1 have been proposed 
to alleviate the excessive fibrosis of the wound-
ed skin [12-14].

BMP and activin membrane-bound inhibitor 
(BAMBI) is a protein which in humans is encod-
ed by the BAMBI gene. BAMBI was regarded as 
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a pseudo-receptor of TGF-β, for they shared a 
same transmembrane glycoprotein responsible 
for signal receiving but BAMBI lacked intracel-
lular serine/threonine kinase domain required 
for signal transduction [9]. Such a special struc-
ture conferred BAMBI a completely distinct 
function from TGF-β. Recently, evidence have 
indicated that BAMBI deletion led to a gain of 
myocardial TGF-β signaling and protected the 
pressure-overloaded myocardium from uncon-
trolled extracellular matrix deposition in 
humans and mice [10]. Besides, studies also 
revealed BAMBI restrained TGF-β signaling and 
played a negative role in fibrosis of liver and 
several other tissues [15, 17, 18]. However, 
researches on the role of BAMBI in the skin 
fibrosis and related diseases, especially keloid 
formation, were rarely reported.

In this study, we found that expression of BAMBI 
mRNA was being decreased during the human 
keloid development and in vitro keloid cell 
growth. BAMBI overexpression restrained TGF-
β1 and caused inhibition of keloid fibroblast 
cell proliferation and accumulation of collagen 
I.

Materials and methods

Ethics statement

The study population was consisted of 37 
patients (mean age 22 ± 5 years). The study 
was approved by the Ethical Committee of 
Yuhuangding Hospital, and all subjects gave 
written informed consent to participate in the 
study. All animal procedures described herein 
were approved by the Experimental Animal 
Center of Shandong Province. The mice were 
monitored in their home cage in a stress-free 
environment where they were given food and 
water ad libitum in a humidity- and tempera-
ture-controlled room under a 12-hour light-dark 
cycle. After experimentation, to minimize pain 
without drugs, the mice were rapidly eutha-
nized by cervical dislocation and decapitation 
by an experienced animal handler. 

Cell isolation and culture

Tissues were isolated from keloid and adjacent 
normal dermal of 37 patients with about 
4-month chest keloid scar. The tissue mass 
was cut with scissors into approximately 1 mm3 
sections under sterile-free condition and 

digested with 0.25% trypsin for about 60 min at 
37°C in a shaking water bath. Then, DMEM/
F12 medium containing 10% FBS was added  
to stop digestion. The solution was passed 
through 100-μm nylon filters to remove undi-
gested tissue and large cell aggregates and 
then centrifuged at 2,000 rpm for 5 min to pel-
let. The pellet was washed twice with serum-
free medium. The cells were taken from liquid 
nitrogen and then thawed in 37°C water bath. 
After centrifugated at 1000 g for 5 min, the 
cells were suspended by DMEM/F12 comple-
mented with 10% FBS (Invitrogen, Carlsbad, 
CA) and seeded into 12 well plates at the den-
sity of 105/cm2. The cells were incubated in a 
humidified incubator with an atmosphere of 
95% air-5% CO2 at 37°C.

Real-time quantitative PCR

Total RNA was isolated using TRIzol reagent 
(Invitrogen) following the manufacturer’s 
instructions. The RNA concentration was quan-
tified using a spectrophotometer measuring 
OD260/280 ratio (1.80-1.95). The integrity of 
RNA was checked by electrophoresis on 1.0% 
agarose gel with ethidium bromide staining. 
Real-time qPCR reactions were carried out in a 
final volume of 25 μl, using SYBR Premix Ex Taq 
(TaKaRa), 0.4 mM of each primer, and 200 ng 
of cDNA template. The primers of BAMBI, 
TGFβ1, collagen I and collagen III were designed 
and produced by Ribobio Company (Guangzhou, 
China). Each individual sample was run in tripli-
cate wells. PCR amplification cycles were per-
formed using iQTM 5 Multicolor Real-Time PCR 
Detection System (Bio-Rad) and SYBR Premix 
Ex Taq II kit (Invitrogen). The reactions were ini-
tially denatured at 95°C for 3 min followed by 
35 cycles of 95°C for 15 s, 60°C for 1 min. The 
change of transcript abundance of all tested 
genes was calculated using 2-ΔΔCt method. All 
mRNA amounts were normalized to β-actin.

Western blotting 

Cells were lysed in lysis buffer (Beyotime) sup-
plemented with 1 mM PMSF. Protein concen-
tration was determined with BCA protein assay 
kit (Tiangen). Twenty micrograms of protein of 
each sample were separated by 12% SDS-
PAGE and electro-transferred to PVDF mem-
brane (Millipore) for immunoblotting analysis. 
The following primary antibodies were used: 
Anti-BAMBI (1:300, Abcam), Anti-TGFβ1 (1:300, 
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Figure 1. BAMBI was being decreased during the growth of human keloid tissue and primary keloid cells. Tissue 
samples were collected from 37 patients with keloid at growth time points of 1 month, 3 month, 6 month, 1 year, 
2 year, and 3 year. Primary fibroblast cells (in keloids and their adjacent normal skin) were isolated with trypsin 
digestion method. The cells were incubated in a humidified incubator with an atmosphere of 95% air-5% CO2 at 
37°C for 8 days. The cells were collected at day 0, 1, 2, 4, 6, and 8. Total RNA was extracted from the above tissue 
samples and cells and mRNA levels of BAMBI, TGFβ1, collagen I and collagen III were detected with real-time qPCR. 
A. Expression of the mRNAs of BAMBI, TGFβ1, collagen I and collagen III during human keloid growth. B-E. Expres-
sion of the mRNAs of BAMBI, TGFβ1, collagen I and collagen III in primary keloid cells and their adjacent normal 
skin fibroblast cells in vitro.
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Abcam), Anti-collagen I (1:600, Abcam) Anti-
collagen III (1:600, Abcam), and Anti-β-actin 
(1:500, Abcam) which was used as the internal 
reference. After incubation with the appropriate 
HRP-conjugate secondary antibody, proteins 
were detected using a ChemiDoc XRS imaging 
system and analysis software Quantity One 
(Bio-Rad).

Cell proliferation and DNA replication

Cell proliferation was evaluated using the MTT 
(Sigma) assay. The cells were seeded in 12-well 
culture plates at 0.5 × 105/well, transfected 
with the 1 μg pcDNA-BAMBI or/and 2 μg pcDNA-
TGF-β1 with Lipofectamine 3000 (Invitrogen) 
according to the manufacture’s instruction. The 
cells were incubated for 0, 24, 48, and 72 h 
before adding the MTT reagent to each well at a 
final concentration of 0.5 mg/ml and incubated 
at 37°C for 4 h. After medium removal, 500 μl 
of dimethyl sulfoxide was added to each well. 
Viable cells were measured by absorbance at a 
550 nm wavelength using a microplate reader 
(BioRad, Hercules, CA). 

DNA replication was determined after transfec-
tion for 48 h using Apollo® 567 EdU Staining 
Kit (Roche, Basel, Switzerland) according to the 
manufacture’s instruction, and the positive 
cells were analyzed with flow cytometry

In vivo study

Keloid tissue donor: male, 22 years old, 4 years 
ago after the chest skin burn. The scar progres-
sive increased, and was dark red and confirmed 
to be keloid.

Nude mice model of keloid scar: Twenty-four 
BALB/C healthy male nude mice (about 8-week 
old, weighing about 16 g). After intraperitoneal 
injection of 10% chloral hydrate at a dose of 0.3 
mg/g weight, pieces of keloids (6 mm × 4 mm × 
3 mm) from the patient were implanted into 
subcutaneous pockets of the 24 mice. Cut an 
incision of 5 mm on the right side after under-
mining the separation of skin with cavity to 
form a suitably sized bag. The incisions were 
sutured and disinfected.

Statistical analysis 

All data were obtained from at least three inde-
pendent experiments. Values were expressed 
as means ± SEM. Statistics were calculated 

with SPSS 18.0. Multiple comparisons were 
assessed by one-way ANOVA followed by 
Dunnett’s tests. Difference between groups 
was considered statistically significant if P < 
0.05.

Results

Expression of BAMBI mRNA was being de-
creased during the human keloid development 
and in vitro primary keloid cell growth

The mRNA levels of BAMBI, TGFβ1, collagen I 
and collagen III were detected during the devel-
opment of human keloid development. The 
real-time qPCR analysis showed that, at the 
developmental time point of 1 month, 3 month, 
6 month, 1 year, 2 year and 3 year, TGFβ1 
mRNA level was being elevated. Whereas, the 
mRNA level of the pseudo-receptor of TGFβ 
exhibited a completely reverse pattern of 
expression. As a main contributor of keloid for-
mation, mRNA level of collagen I exhibited an 
excessive increasing pattern all during the 
keloid growth. While as for collagen III, which 
was identified to an early contributor of keloid 
formation, its mRNA was being upregulated 
until to 3 months but downregulated to quite a 
low level after 6 months (Figure 1A).

Then keloid cells and adjacent normal dermal 
cells were isolated from 37 patients with about 
4-month chest keloid scar. The two types of pri-
mary cells were cultured in vitro and the mRNA 
levels of the above 4 genes in the cells were 
examined. The results showed that mRNA lev-
els of TGFβ1 and collagen I in the primary keloid 
cells were much higher than those in the nor-
mal cells (Figure 1B and 1D), while mRNA levels 
of BAMBI and collagen III were just opposite 
(Figure 1C and 1E). Moreover, in the keloid cells 
expression of TGFβ1 and collagen I exhibited 
an increasing pattern during their growth 
(Figure 1B and 1D), while BAMBI and collagen 
III was being decreased (Figure 1C and 1E). 
These results suggested that BAMBI was nega-
tively associated with TGFβ1 and collagen I.

Overexpression of BAMBI suppressed keloid 
cell proliferation and expression of collagen I 
gene through restraining TGFβ1 

To explore the effect of BAMBI on keloid  
development, pcDNA-BAMBI or pcDNA-TGFβ1 
expression vector were transfected alone or co-
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Figure 2. Overexpression of BAMBI suppressed keloid cell proliferation and expression of collagen I gene through restraining TGFβ1 in vitro. The pcDNA-BAMBI or 
pcDNA-TGFβ1 expression vector was transfected alone or co-transfected into the keloid cells in vitro. A. The cell proliferation was detected with EdU staining and 
analyzed by flow cytometry after transfection for 48 h. B. Cell viability was detected with MTT approach during the 72 h of transfection. C. The proteins levels of 
BAMBI, TGFβ1, collagen I and collagen III after transfection for 48 h. * indicates P < 0.05, ** indicates P < 0.01.
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transfected into the human primary keloid 
cells. After transfection for 48 h, the cell prolif-
eration was detected with EdU staining and 
analyzed by flow cytometry. The results showed 
that, compared to the control, BAMBI overex-

pression suppressed the 
cell proliferation (71.2% vs 
42.3%, P < 0.05), whereas, 
pcDNA-TGFβ1 transfection 
rescued the suppression 
(65.0%) (Figure 2A). Then 
the cell viability during the 
transfection was examined 
with MTT method. The 
results indicated that at 
time point of 24, 48 and 72 
h, the cell viability was 
markedly restrained by  
the pcDNA-BAMBI transfec- 
tion (Figure 2B). Similarly, 
pcDNA-TGFβ1 transfection 
rescued the cell viability 
(Figure 2B). Then the pro-
tein levels of TGFβ1, colla-
gen I and collagen III were 
tested after transfection 
for 48 h. The Western  
blotting analysis displayed  
that BAMBI overexpression 
decreased the protein lev-
els of TGFβ1 and collagen I, 
but had no confluence  
on that of collagen III. 
Consistent with the results 
of cell proliferation detec-
tion, pcDNA-BAMBI trans-
fection also rescued the 
protein levels of TGFβ1 and 
collagen I (Figure 2C). 

BAMBI inhibited progres-
sion of the transplanted 
human keloid in nude mice

Pieces of keloids (6 mm × 4 
mm × 3 mm) from a male 
patient with chest keloid 
scar were implanted into 
subcutaneous pockets of 
24 nude mice which were 
divided into 2 groups. Every 
week the volume of the 
keloids and their collagen I 
contents in the BAMBI-
injection group and the 

Figure 3. Overexpression of BAMBI suppressed keloid cell proliferation and ex-
cessive accumulation of collagen I in vivo. Pieces of keloids (6 mm × 4 mm × 3 
mm) from a male patient with chest keloid scar were implanted into subcutane-
ous pockets of 24 nude mice which were divided into 2 groups: non-injected 
control and pcDNA-BABMI injected group. Every week the volume of the keloids 
and their collagen I contents in the BAMBI-injection group and the control were 
measured. A. The volume of the keloids during the 6-week transplant experi-
ment. B. The proportion of collagen I occupied in the total mass of the keloid 
tissue. C. HE staining for normal skin, control keloid, and keloid injected with 
BAMBI expression vector. * indicates P < 0.05, ** indicates P < 0.01.

control were measured. The results indicated 
that, from the second week to the end of the 
experimental period, the mean volume of the 
keloids in the BAMBI-injection group was nota-
bly smaller than that of the control (Figure 3A). 



BAMBI inhibits skin fibrosis in keloid

13233 Int J Clin Exp Med 2015;8(8):13227-13234

Moreover, from the week 2 to week 6, the col-
lagen I mass ratio of the keloids in the BAMBI-
injection was also much lower than that of the 
control (Figure 3B). Finally, HE staining was 
applied to examine the morphological changes 
of the implanted keloids and its adjacent nor-
mal dermal. The observation depicted that, the 
size of the fiber in the keloids with no injection 
was much thicker than that of the normal der-
mal and the BAMBI-injection group (Figure 3C). 
Simultaneously, the color of nucleus in the 
keloids with no injection was also shallower 
than the other groups (Figure 3C). From the his-
tological observation, we could realize that 
keloids treated with BAMBI-injection were clos-
er to the normal skin tissues. These above data 
revealed that BAMBI overexpression inhibited 
progression of the transplanted human keloid 
in vivo. 

Discussion

In this study, we found expression of BAMBI 
mRNA was being decreased during the clinical 
human keloid development and growth of pri-
mary keloid cell. BAMBI mRNA exhibited a 
reverse expression pattern with TGF-β1 and 
collagen I mRNAs, suggesting an inhibitive role 
in the expression role of these two genes. 
BAMBI overexpression and injection experi-
ments suppressed the growth of human keloid 
and excessive accumulation of collagen I in 
vitro and in vivo. These data testified that 
BAMBI had a negative impact on the growth of 
human keloid cells.

Primarily identified as a pseudo-receptor of 
TGF-β, BAMBI has previously been shown to 
negatively regulate the signaling activity of TGF-
β, activin, BMP and Wnt/β-catenin pathway 
[11]. Numerous research focused on its role in 
anti-tumorigenesis through inhibiting the sig-
naling activity of TGF-β and Wnt/β-catenin 
pathways [12, 13]. Recent years, TGF-β was 
highlighted to a key regulator in tumor metasta-
sis and fibrosis of multiple tissues, including 
liver, kidney, lung, breasts, and skin. TGF-β 
induced NF-κB activity was proven to be essen-
tial for tumor epithelial-mesenchymal transition 
and metastasis [14]. TGF-β1 was also identified 
a reliable target of hepatic fibrosis and liver 
injury and the most potent fibrogenic cytokine 
[15]. Moreover, in keloid formation, TGF-β1 was 
also believed to play a leading role in the three 
members of the TGF-β members. In this current 

study, the role of BAMBI overexpression in the 
regulation of TGF-β1 expression and skin fibro-
sis was investigated. Our data showed that 
BAMBI was an effective inhibitor of TGF-β1 in 
skin fibroblast cell growth and excessive accu-
mulation of collagen I. 

Tissue fibrosis has been considered to be a 
sign of tissue lesions. Fibrosis is an inherent 
response to chronic damage upon immense 
apoptosis or necrosis [16]. Continuous fibrosis 
led to increase of fibrous connective tissue, 
reduce of parenchymal cells, continued prog-
ress in structural damage, and eventually 
caused organ dysfunction and failure [17, 18]. 
Therefore, it is meaningful to explore the mech-
anism underlying tissue fibrosis, as well as to 
seek for a reliable target for inhibiting the fibro-
sis. BAMBI might be such a reliable target and 
could be applied in fibrosis inhibition in other 
tissues.

Collectively, BAMBI had an effect on inhibition 
of keloid growth through suppressing TGF-β1-
induced fibroblast cell proliferation and exces-
sive accumulation of collagen I. To our knowl-
edge, it is the first report that BAMBI was a reli-
able target for fibrosis inhibition in skin.
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