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Abstract: Pathological scars are characterized by excessive fibrosis and extracellular matrix (ECM) deposition and can be functionally and 
cosmetically problematic; however, there are few satisfactory treatments for controlling pathological scars. The proliferation of fibroblast during 
wound healing play an important role in pathologic scar formation. Therefore, the promotion of fibroblast apoptosis may be a new point to inhi-
bit scar formation. In this study, pathological scar fibroblasts were treated with TSG-6 in monolayer culture and subjected to examination for 
cell apoptosis and associated proteins involved in cell apoptosis. We found that TSG-6 significantly promoted cell apoptosis of pathological scar 
fibroblasts. Meanwhile, expression level of cell apoptosis related cytokine protein Bax increased and cell proliferation related signal transduction 
pathways are blocked since the expression level of Bcl-2 was decreased.
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Introduction

Scar formation is an inevitable result of wound hea-
ling. Pathological scar is a fibrotic skin disease that is 
characterized by the abundant production and deposi-
tion of extracellular matrix which is usually secreted by 
fibroblast. Clinical data showed that pathological scar 
hyperemia, bright red color, active hyperplasia, local 
thickening and hardening, significantly higher than the 
surrounding normal skin, not only affect beautiful, but 
also appeared with symptoms such as itching, pain, and 
even contracture, especially happed on joints, and often 
cause severe joint dysfunction (1, 2). Pathological scars 
significantly affect physical and psychological aspects 
of quality of life, as clinical management remains pro-
blematic, a more efficient therapy is needed.

As histological studies showed, fibroblasts were 
the most important cells involved in tissue repair and 
scar formation, collagen and other extracellular matrix 
were mainly synthesized and secreted by fibroblasts 
(3, 4). Therefore, inhibiting fibroblasts proliferation or 
inducing fibroblast apoptosis is the key way to improve 
pathological scar (1, 5). Many genes such as Bcl-2, 
Bax, p53, caspase-3 are the important genes involved 
in regulation of cell apoptosis. As research showed, the 
expression of anti-apoptotic proteins Bcl-2 in the scar 
tissue increased (6, 7), the increased expression of cas-
pase-3 could promote the apoptosis of fibroblasts in hy-
perplastic scar (8). So the study of the relation between 
the pathological scar formation and fibroblast apoptosis 
is of great significance.

TSG-6 (tumor necrosis factor, alpha-stimulated 
gene-6 protein) is encoded by the TNFAIP6 (tumor ne-
crosis factor, alpha-induced protein 6) gene, which is a 
new gene isolated by differential screening of a cDNA 
library prepared from tumor necrosis factor-treated hu-
man diploid FS-4 fibroblasts (9). TNFAIP6 expression 
can be induced by numerous signaling molecules, prin-
cipally TNF-α and IL-1 (10). TSG-6 contains a hyalu-

ronan-binding link domain and can form a stable cova-
lent complex with inter-alpha-inhibitor (IαI), which is 
important in the protease network associated with in-
flammation. This anti-inflammatory effect of TSG-6 has 
been confirmed in many studies (11-13). In 2010, Tan 
showed that the anti-inflammatory factor TSG-6 was 
differentially distributed in keloid scars, normal scars 
and unscarred skin and said the loss of TSG-6 may lead 
to the formation of pathological scar and the signifi-
cantly increase of TSG-6 may cause no scar repair (14). 
Seidita showed that there was not TSG-6 expression in 
the cells without p53 gene, and TSG-6 expression level 
raised in the p53 gene relied apoptosis pathway, and in 
p53 mediated cell cycle G1 phase stationary, TSG-6 is 
regulated by the downstream effect factor of p53 direct-
ly (15). Thus, Milner thought p53 mediated apoptosis 
pathway may be another biology effect of TSG-6 (16). 
These studies indicated the promoting apoptosis effect 
of TSG-6.

 However, the effect of TSG-6 on apoptosis of fi-
broblasts in pathological scar issue has scarcely been 
previously reported. This study aimed to evaluate the 
effects of TSG-6 on fibroblasts cell cultures isolated 
from samples of pathological scars on cell proliferation.

Materials and Methods

Patients and Samples
All pathological scars (6 men and 4 women, ave-
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rage age 20 years, average disease duration 2.5 years) 
got from the first affiliated hospital of Anhui Medical 
University plastic surgery organizations obtain patients 
consent and signed an informed consent form. Selected 
specimens did not undergo any treatment. After surgi-
cal resection in saline immediately after cleansing and 
trimming skin, wash 3 times with 75% alcohol after 
cleaning with saline, mount containing culture medium 
(containing 20% fetal bovine serum) in sterile culture 
flasks, transfer to the laboratory for standby.

Cell culture and drug treatment
Using the explant method (17, 18), primary fibro-

blast cultures were initiated from pathological scars. 
Growth medium was changed every second day, fibro-
blasts could be found surrounded tissue within day 
10~14. The cells were grown to confluence and then to 
passage maximum of three times prior to further experi-
ments. Fibroblasts which were seeded on 6-well plates 
were subjected to different treatment: control groups, 
fibroblasts were cultured with DMEM only; experiment 
group, 0.01ng/mL TSG-6 was added in the culture me-
dium.

Flow cytometry
Fibroblasts were cultured in 25cm2 cell culture flasks. 

After culture for 48 h, cells were harvested and washed 
in ice-cold PBS. The cells were stained with propidium 
iodide (2 mg/ml, Pharmacia) in 4 mM sodium citrate 
buffer containing 3% Triton X-100 and RNase A (100 
mg/ml). Fibroblasts were counted for each histogram, 
and cell cycle distributions were analyzed with the Mo-
dFitLT V2.0 (BD FACSCalibur, USA).

Transmission electron microscopy
The hypertrophic scars were fixed in 2% gluta-

raldehyde and 2% paraformaldehyde for 2 hours, rin-
sed with PBS three times, conventionally dehydrated, 
embedded in paraffin and cut into 0.1 mm sections. 
The sections were stained with uranyl acetate and lead 
citrate, and examined with a transmission electron mi-
croscopy (TEM; JEM-1230 electron microscope, JEOL 
Ltd., Tokyo, Japan). 

Immunohistochemistry
Immunohistochemistry was performed to detect Bcl-

2, Bax and PCNA (proliferating cell nuclear antigen). 
Fibroblasts were seeded on 6-well plates in which the 
primed cover slips were placed. The cover slips were 
removed out and washed three times with PBS, and 
then fixed with cold acetone for 6 min. After inactiva-
ting endogenous peroxidase (POD) with deionization 
by 3% H2O2 (Zhongshan Goldenbridge Biotechnology 
Co. Ltd., China) for 10 min and blocking with normal 
goat serum for 15 min at room temperature, the slides 
were incubated with the primary antibody at 4°C over-
night. The following primary antibodies were used in 
this assay: rabbit anti Bcl-2, rabbit anti Bax, and rabbit 
anti PCNA. All the antibodies were purchased from Cell 
Signaling Technology. Then, the slides were incubated 
with goat anti-rabbit secondary antibody working solu-
tion for 20 min and Horseradish enzyme labeled strep-
tavidin avidin working solution for 30 min at 37°C. The 
slides were then washed three times with PBS and the 

color was developed with DAB for 10 min. 

TdT-mediated dUTP-biotin nick end-labeling (TU-
NEL)

Transferase-mediated dUTP nick end-labeling (TU-
NEL) assays were performed using an assay kit (In Situ 
Apoptosis Detection Kit, Trevigen Inc., Gaithersburg, 
Maryland, USA) according to the manufacturer’s ins-
tructions. The number of apoptotic cells was counted 
under an optical microscope. Apoptosis was evaluated 
by counting the TUNEL-positive cells (brown) compa-
red with the total number of cells in a randomly selected 
area.

Real time PCR
Total RNA was isolated using TRIZOL reagent (Life 

Technologies). Synthesis of cDNA was performed by 
using one-step RT-PCR kit from Takara. SYBR Green 
(Toyobo) RT-PCR amplification and real time fluo-
rescence detection were performed using the PRISM 
7300 sequence detection system (Applied Biosystems). 
Relative gene expression was calculated by the ∆∆Ct 
method.

Statistical analysis
Statistical analysis was performed using SPSS 

software, version 18 (SPSS Inc., Chicago, USA). Com-
parisons between the groups were made with unpaired 
Student’s t-test. The data are presented as the mean ± 
SD. Differences were considered significant at p<0.05.

Results

Apoptosis was promoted by TSG-6
The apoptotic cells could be distinguish obviously 

by PCNA staining, a marker for proliferative cells. As 
shown in Fig.1A, the normal fibroblast cultures (trea-
ted with PBS) were more abundant with PCNA positive 
cells than the TSG-6 treated cultures (Fig.1B). Statis-
tic analysis showed the significantly less expression of 

Figure 1. Treatment of TSG-6 increased the ratio of PCNA+ cells 
in the fibroblasts (A), compared to the untreated cells (B). (C) Sta-
tistical analysis of PCNA+ cells with or without the treatment of 
TSG-6. *p<0.05, statistical difference was determined by the pai-
red student t-test. Scale bar, 10μm.
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was consistent with the conclusion that TSG-6 induced 
apoptosis in the fibroblasts.

Discussion

Pathological scar, a common proliferative disorder 
of dermal fibroblasts, results from an overproduction of 
fibroblasts and excessive collagen deposition. Patients 
with pathological scars often experience major physi-
cal and psychological problems. Numerous treatments, 
including pressure, silicone gel sheets, intralesional 
steroids, 5-fluorouracil, cryotherapy, surgical excision 
and lasers, have been applied to prevent and treat patho-
logical scar, but the treatments remain unsatisfactory. 
Hence, it is necessary to explore new effective thera-
peutic methods for pathological scars. As fibroblasts 
play an important role in tissue repair and scar forma-
tion, the drug which has a promoting of apoptosis effect 
on fibroblast may be useful in treating pathological scar. 
In this study, we first aimed to evaluate the inhibitory ef-
fect on cell proliferation, expression of Bcl-2, Bax, p53 
and caspase-3 in fibroblasts that derived from patholo-
gical scars exposed to TSG-6. We observed that in the 
presence of TSG-6, cell proliferation was significantly 
inhibited in TSG-6 treated group.

PCNA in TSG-6 treated cells (Fig. 1B). The apopto-
sis rate in the TSG-6 treated and control groups were 
measured using TUNEL assays (Fig. 2). The apoptosis 
rates were significantly higher in fibroblasts treated with 
TSG-6 (Fig.2B, 21±2%) than the control group (Fig.2A, 
11±3%). The statistical analysis was shown in Fig.2C 
(p<0.05, paired student t test). To evaluate cell cycle 
distributions of fibroblasts subjected to TSG-6, cells 
were stained with propidium iodide. Fibroblasts treated 
with TSG-6 were blocked mainly at G1 phase of the cell 
cycle and S phase markedly decreased in contrast to that 
of the control (Fig. 3).

The morphological changes of apoptotic cell induced 
by TSG-6

The number of microvillus of TSG-6 treated cells 
was significant decreased compared to the untreated 
group (Fig. 4A, 4C, p<0.01, marked by arrows). Fur-
thermore, the number of apoptotic bodies (marked by 
cycles) was drastically increased in the cytoplasm (Fig. 
4B, 4D, p<0.01). The fibroblasts in the control group 
appeared with normal microvillus (arrows in Fig.4A) 
and chromatin was much even. This was another piece 
of evidence to show that TSG-6 induced apoptosis in 
the fibroblasts. 

Effects of TSG-6 on apoptosis-related cytokines
The expression of Bcl-2 and Bax were detected by 

immunohistochemistry assay. As shown in Fig. 5B, Bcl-
2 (an anti-apoptotic protein) expression was suppressed 
in the TSG-6 group when compared to that of the 
control group (Fig.5B), while the Bax expression (an 
apoptotic activator) in the TSG-6 group was up-regu-
lated (Fig.5C 5D). The mRNA level alteration of BCl2 
and BAX showed the similar tendency (Fig.5E).  This 

Figure 2. Treatment of TSG-6 promoted apoptosis in the scar fi-
broblasts. The ratio of TUNEL+ cells was increased in the TSG-6 
treated group (B), compared to the control group (A). (C) Statis-
tical analysis of TUNEL+ cells with or without the treatment of 
TSG-6. *p<0.05, statistical difference was determined by the pai-
red student t-test. Scale bar, 10μm.

Figure 3. TSG-6 affected the cell cycle. More cells were in the 
G1 phase in the treatment with TSG-6, compared to the control 
(p<0.05), while less cells were in the S phase (p<0.01). Statistical 
difference was determined by the paired student t-test.

Figure 4. The morphological changes in fibroblasts after TSG-6 
treatment. (A) microvilli were observed in the untreated fibroblast 
(arrows in A),while much less microvillus was found in the TSG-6 
treated cell (B). More apoptotic bodies were present in the TSG-6 
treated group (arrows in B), while very little apoptotic body was 
seen in the control group. Quantitative analysis of the microvillus 
(C) and apoptotic body (D) in each cell with or without the treat-
ment of TSG-6. **p<0.01, statistical difference was determined by 
the paired student t-test. Scale bar, 1μm.
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TSG-6 is a new gene that was identified by Lee (19) 
from a cDNA derived from TNF-treated fibroblasts. The 
277 amino acid protein encoded by TSG-6 belongs to the 
hyaluronic acid-binding protein family, contains mul-
tiple adjacent functional domains and a CUB domain 
and binds to HA, chondroitin sulfate, polysaccharide 
and the G1 chain of proteoglycan (20). The anti-inflam-
matory effect of TSG-6 has previously been conformed 
in many studies (21-25). The expression of TSG-6 is 
also related with pathological scarring (26).

Considering the long-hypothesized possibility that 
the hypercellular nature (and potentially the whole 
pathology) of pathological scarring is caused by a fai-
lure of apoptosis, we therefore investigated whether a 
reduced susceptibility of fibroblasts to this particular 
form of apoptosis might underlie the pathology of this 
condition. As study showed, reversible and irreversible 
p53-mediated G1 cell cycle arrest can be induced in 
human fibroblasts by the antimetabolite Nphosphoa-
cetyl-L-aspartate (PALA) and g-irradiation, respecti-
vely. cDNA representational difference analysis has 
revealed that TSG-6 mRNA is substantially upregu-
lated in embryonic skin fibroblasts by PALA, but not 
g-irradiation, indicating that TSG-6 might be a novel 
component of the reversible arrest pathway (27). Fur-
thermore, the absence of TSG-6 expression in p53-de-
fective cells suggests that TSG-6 is directly controlled 
by p53. p21WAF1/CIP1 is a downstream effector in 
p53-mediated G1 arrest, but can also be upregulated 
and drive apoptosis in a p53-independent manner. Wu 
et al. have used adenovirus-vector-mediated transduc-

tion of p53 (rAd-p53) or p21WAF1/CIP1 (rAd-p21) to 
mimic p53-dependent and -independent upregulation, 
respectively, of p21WAF1/CIP1 in human ovarian can-
cer cell lines (28). TSG-6 is not induced by rAd-p53 but 
is significantly upregulated within 4-8 hours of rAd-p21 
infection. And p53-independent apoptosis might thus be 
another process in which TSG-6 functions. We designed 
this study to detect the pro-apoptosis effect of the pro-
duct of TSG-6 in vitro.

In the present study, we investigated the anti-proli-
feration effect of TSG-6 on fibroblasts of pathological 
scars, which has scarcely been previously reported. To 
investigate the promoting apoptotic effect of TSG-6, the 
level of PCNA was determined by immunohistoche-
mistry. We demonstrated that PCNA level significantly 
decreased in TSG-6-treated scars compared with control 
group. More apoptotic cells were observed in the TSG-
6-treated scars, as evidenced by TUNEL. Morpholo-
gical changes of fibroblasts were observed by TEM as 
karyopyknosis, mitochondrial swelling and apoptotic 
bodies were founded in the TSG-6 treated group clearly. 
The phase of cell cycle was detected by flow cytometry, 
fibroblasts treated with TSG-6 were blocked mainly at 
G1 phase of the cell cycle and S phase markedly de-
creased in contrast to that of the control. The anti-pro-
liferation and promote apoptosis effects of TSG-6 were 
conformed on these date. We also examined cell apop-
tosis and proliferation related cytokine by immunohis-
tochemistry. Protein Bax increased and cell prolifera-
tion related signal transduction pathways are blocked as 
the level of Bcl-2 lowered. So we deduced that TSG-6 
predominantly suppressed fibroblasts proliferation and 
induced fibroblasts apoptosis by increasing the p53 pro-
tein level, activate the expression of Bax which is p53 
signaling pathways downstream, to block the cell cycle 
in G2 / M phase, and inducing apoptosis by activating 
Bcl-2 and caspase-3.

Although the application of TSG-6 to induce fibro-
blast apoptosis was confirmed, many questions remain 
unanswered. As the cells in vitro is different to that 
in vivo, future studies investigating the application of 
TSG-6 on scar tissue are needed. The anti-proliferation 
effect of TSG-6 was confirmed in our study; however, 
the mechanisms of all of the different types of cytokine 
intracellular signal transduction and gene regulation are 
unclear. Clearly, further research to test this hypothesis 
is needed.

In a summary, these results suggest that this protein 
may be used as a preventive and therapeutic agent for 
pathological scar. Further investigations are required to 
elucidate the other potential mechanisms involved and 
to validate the mechanism of TSG-6 in vivo model. The 
current study raises the possibility of testing TSG-6 in 
both future laboratory and clinical trials.
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