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A B S T R A C T   

Hepatic stellate cell (HSC) activation is a crucial step in the development of liver fibrosis. Previous studies have 
shown that antler stem cells (AnSCs) inhibited HSC activation, suggesting that this may be achieved through 
secreting or releasing peptides. This study aimed to investigate whether AnSC-derived peptides (AnSC-P) could 
reduce liver fibrosis. The results showed that AnSC-P effectively reduced liver fibrosis in rats. Furthermore, we 
found that thymosin β10 (Tβ-10) was rich in AnSC-P, which may be the main component of AnSC-P contributing 
to the reduction in liver fibrosis. A further study showed that Tβ-10 reduced liver fibrosis in rats, with a reduction 
in HYP and MDA levels in the liver tissues, a decrease in the serum levels of ALP, ALT, AST, and TBIL and an 
increase in TP and ALB. Moreover, Tβ-10 decreased the expression levels of the genes related to the TGF-β/SMAD 
signaling pathway in vivo. In addition, Tβ-10 also inhibited TGF-β1-induced HSC activation and decreased the 
expression levels of the TGF-β/SMAD signaling pathway-related genes in HSCs in vitro. In conclusion, antler Tβ- 
10 is a potential drug candidate for the treatment of liver fibrosis, the effect of which may be achieved via in
hibition of the TGFβ/SMAD signaling pathway.   

1. Introduction 

Liver fibrosis is a common scarring response to chronic liver diseases, 
including viral and autoimmune hepatitis, alcohol and nonalcoholic 
fatty liver syndromes, and biliary obstruction disease [1,2]. The essen
tial feature of liver fibrosis is the excessive accumulation of extracellular 
matrix (ECM) mainly produced by hepatic stellate cells (HSCs) [1,2]. 
HSCs remain quiescent in healthy livers [3], but are activated to trans
differentiate into myofibroblasts via repeated injuries to the liver which 
results in the expression of gene pathways for the synthesis of α smooth 
muscle actin (α-SMA) and collagen I [4,5]. Excessive levels of trans
forming growth factor-β1 (TGF-β1) activity in the liver have been 
associated with HSC activation and proliferation [6]. In this respect, 
SMAD2/3, after being stimulated by TGF-β1, become phosphorylated 
and oligomerized with SMAD4, and was then translocated to the nucleus 
to regulate expression of the TGF-β1 targeted genes in the activated 
HSCs [7,8]. Therefore, inhibition of TGF-β1/SMAD pathway could 

suppress HSC activation, which may represent an effective target ther
apy for liver fibrosis. 

Recently, mesenchymal stem cell (MSC) transplantation has been 
proven to be an effective way to stimulate tissue and organ regeneration, 
both clinically and in animal experiments, through secretion of or 
release of components after homing to the site of tissue damage [9,10]. 
Deer antler stem cells (AnSCs) are a novel type of adult MSCs with the 
partial properties of embryonic stem cells, which support the annual full 
regeneration of deer antlers from the pedicle [11,12]. The first step in 
antler regeneration is the scarless (nonfibrotic) wound healing over the 
pedicle (permanent bony protuberance) stump following the casting of 
the previous hard antler [12,13]. This process depends on the AnSCs in 
the adjacent antler blastema [13]. This ability of AnSCs to promote 
scarless wound healing can also be realized in other species if xen
ogeneically transplanted, such as rats [14–17]. Such therapeutic effects 
of AnSCs are due to their potent anti-fibrotic activities. Therefore, we 
considered the possibility that AnSCs might have therapeutic potential 
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in treating internal organ fibrosis, and our recent study has confirmed 
our hypothesis, with the successful use of the AnSC treatment in 
reducing both pulmonary fibrosis [18] and liver fibrosis [19]. However, 
considering the potential risks of direct transplantation of xenogeneic 
animal stem cells to human body, it is necessary to identify the specific 
components of AnSCs that are anti-fibrotic. 

In the present study, we investigated the effects of AnSC-derived 
peptides (AnSC-P) and their main component, thymosin β10 (Tβ-10), 
on liver fibrosis using CCl4-induced rats and TGF-β1-induced HSC acti
vation. We found that AnSC-P effectively reduced liver fibrosis, which 
may be achieved mainly through Tβ-10, one of the main components of 
AnSC-P. Further study found that Tβ-10 inhibited the TGF-β1/SMAD 
signaling pathway in vivo and in vitro. Therefore, our results strongly 
suggest that Tβ-10 is an essential component of AnSC-P for reducing 
liver fibrosis, which may be achieved via inhibiting the TGF-β1/SMAD 
signaling pathway using AnSC-derived peptides. 

2. Materials and methods 

2.1. Preparation of AnSC-P and Tβ-10 

AnSCs were cultured in a DMEM medium containing 10 % FBS, and 
when density reached 80 %, the medium was replaced with Ultra
CULTURE serum-free medium (Lonza, USA) for 48 h. The cells and 
conditioned medium were collected for AnSC-P preparation. Specif
ically, the sample was dissociated ultrasonically in the ice box for 2 s/ 
time, with intervals of 3 s, and a duration of 10 min. The samples were 
filtered through a 0.22 μm pore-size membrane and then freeze-dried in 
a vacuum freeze-dryer. The freeze-dried powder (AnSC-P) was stored at 
− 20 ◦C. Rat bone marrow mesenchymal stem cell-derived peptides 
(BMSC-P) were prepared using the same procedure as the AnSC-P. 
Briefly, BMSCs were cultured in a DMEM medium and then replaced 
with a serum-free medium for 48 h. Further, BMSCs and conditioned 
medium were collected for BMSC-P preparation. 

Antler Tβ-10 was synthesized via solid-phase peptide synthesis and 
obtained the following amino acid sequence “MADKPDMGEINSFD
KAKLKKTETQEKNTLPTKETIEQEKQAK”, which is identical to the pre
viously reported one [20]. The proteins were purified through high- 
performance liquid chromatography (Purity >98.00 %). 

2.2. Animal model and treatment 

Eight-week-old female SD rats were purchased from Liaoning 
Changsheng Biotechnology Co., Ltd. (Benxi, China). All manipulations 
on experimental rats were performed under the guidelines and study 
protocols of the Animal Ethics Committee of Changchun Sci-Tech Uni
versity (Ethics number: CKARI202006). 

In total, 56 rats (7 rats by 8 groups) were injected with CCl4 (diluted 
1:1 in olive oil; 0.5 ml of CCl4/kg body weight) intraperitoneally twice a 
week for 8 weeks [21,22]. Control rats (14 with 7 rats by 2 groups) were 
treated in the same way but using olive oil only. 

1) AnSC-P: CCl4-treated rats were injected intravenously at 1.0 mg/ 
kg AnSC-P (twice a week) for 4 weeks, with BMSC-P and PBS as the 
positive and negative controls, respectively. 

Our previous study showed that 1 × 106 AnSCs/rat treatment 
(intravenous, once/week) significantly reduced liver fibrosis in CCl4- 
induced rats [19]. Therefore, in vivo experiments, we cultured this 
amount of AnSCs (4th passage) in serum-free DMEM medium for 48 h, 
freeze-dried the cells and medium, and then weighed the left-over dry 
material (0.5 mg). Overall, the dose of AnSC-P treatment was equivalent 
to approximately 1 mg/kg (≈0.25 mg/rat × twice/week). 

2) Tβ-10: CCl4-treated rats were injected intravenously at 0.5 and 
1.0 mg/kg Tβ-10 (twice a week) for 4 weeks, respectively. PBS was used 
as the negative control. 

Rat blood samples from each animal were taken from the heart by 
using a syringe needle directly penetrating the chest into heart chambers 

under general anesthesia, and the serum was stored at − 70 ◦C for sub
sequent liver function assay. The collected livers were divided into three 
parts as below:  

1) preserved in 4 % paraformaldehyde for histological examination; 
2) immediately used for assays of hydroxyproline (HYP) and malo

naldehyde (MDA);  
3) frozen at − 70 ◦C for protein and RNA extraction. 

2.3. Histological examination 

Liver tissue imbedded in paraffin wax was cut at 4.0 μm and stained 
with hematoxylin-eosin, Sirius Red and Masson's trichrome, were used 
for examination of the general structure and the collagen distribution, 
respectively. 

Immunohistochemical (IHC) localizations for different factors were 
performed according to the manufacturer's instructions (MXB, Fuzhou, 
China). Briefly, paraffin sections of liver tissue samples were rehydrated 
and subjected to antigen retrieval in 10 mM sodium citrate buffer (pH 
6.0), incubated in 10 % goat serum for 0.5 h and followed by avidin- 
biotin block; subsequently incubated with anti-PCNA (ProteinTech, 
60097-1-Ig, Wuhan, China, 1: 500 dilution), anti-TGF-β1 (Bioss, bsm- 
33345M, Beijing, China 1: 500 dilution), anti-α-SMA (ProteinTech, 
14395-1-AP, Wuhan, China, 1: 500 dilution), respectively, at 4 ◦C 
overnight. On the next day, the sections were incubated with the sec
ondary antibodies for 10 min, and DAB staining was applied. The sec
tions were examined and photographed under a microscope, and the 
proportion of positively (+) stained cells to total number of cells was 
calculated. 

2.4. Assays of liver function parameters 

Liver function parameters were analyzed using serum samples via 
Beckman Coulter AU480 Biochemical Analysis System; these included 
total protein (TP), albumin (ALB), alkaline phosphatase (ALP), alanine 
aminotransferase (ALT), aspartate aminotransferase (AST) and total 
bilirubin (TBIL). The kits for these analyses were purchased from Biosino 
Bio-Technology and Science Inc. (Beijing, China). 

2.5. HYP and MDA assay 

Concentrations of HYP and MDA in liver tissue were measured using 
the spectrophotometric method with assay kits according to the manu
facturer's instructions (Nanjing Jiancheng Biological Engineering Insti
tute Co., Ltd., Nanjing, China). 

2.6. Cell culture and treatment 

The rat hepatic stellate cell (HSC) line was purchased from Beijing 
Ding Guo Biotechnology Co., Ltd. (Beijing, China). HSCs were cultured 
in the culture medium: Dulbecco's Modified Eagle Medium (Gibco, NY, 
USA) supplemented with 100 U/ml penicillin, 100 μg/ml streptomycin 
and 10 % fetal bovine serum (HyClone, Beijing, China), in a humidified 
incubator with 5 % (v/v) CO2 atmosphere at 37 ◦C. HSCs were cultured 
for 48 h with TGF-β1 (5 ng/ml) to induce activation; some of the cells 
were also treated with Tβ-10 (100 ng/ml, the screening of the optimal 
concentration is shown in Fig. S1) as indicated; then the expression of 
α-SMA was measured using immunofluorescence staining, and the 
expression levels of TGF-β1/SMAD signaling pathway-related genes 
were detected using qRT-PCR and western blot assay. 

2.7. Immunofluorescence staining 

HSCs were cultured in a 24-well-plate (50,000 Cells/well) till 80 % 
confluence, and then fixed in 4 % paraformaldehyde for 30 min, treated 
with 0.2 % Triton X-100 for 10 min. Expression levels of α-SMA in the 
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HSCs were measured using a kit (ProteinTech, 14395-1-AP, Wuhan, 
China, 1: 500 dilution). 

AnSCs were cultured in a 24-well plate (50,000 Cells/well) till 80 % 
confluence, and then fixed in 4 % paraformaldehyde for 30 min, treated 
with 0.2 % Triton X-100 for 10 min. Expression levels of Tβ-10 in the 
HSCs were measured using a kit (Abcom, ab14338, USA, 1: 1000 dilu
tion). The concentration of Tβ-10 in the medium was measured via 
ELISA assay. 

2.8. RNA extraction and qRT-PCR analysis 

Total RNA was extracted from the liver tissues or HSCs using TRIzol 

reagent (Roche Diagnostics, Indianapolis, IN) as described by the 
manufacturer. Single-stranded cDNA was synthesized using 0.5 μg of 
oligo (dT) primer and 2 μg of total RNA via reverse transcription. PCR 
was performed at 94 ◦C for 30 s, 58 ◦C for 1 min and 72 ◦C for 1 min. The 
primers used for quantitative PCR are listed in Table 1. 

2.9. Western blot analysis 

Proteins were extracted from the liver tissues or HSCs using RAPI 
buffer. The extracted proteins were separated using polyacrylamide SDS 
gel and electrophoretically transferred onto polyvinylidene fluoride 
membranes (Millipore, MA). The membranes were probed with the 

Fig. 1. Effects of AnSC-P on rat liver fibrosis induced by CCl4. CCl4 was given via intraperitoneal injection twice/week for eight weeks. AnSC-P was treated via 
intravenous injection once/week after CCl4 treatment for four weeks. Rats were randomly allocated into 4 groups (7 rats/group): Control, PBS, BMSC-P, AnSC-P. (a) 
Photomicrographs of liver sections with staining of HE, Masson or Sirius Red; scale bar = 3000 μm. (b) Bodyweight. (c) Liver weight/bodyweight. (d,e) Concen
tration of liver HYP and MDA. (f–k) Serum biochemical parameters (TP, ALB, ALP, ALT, AST, and TBIL) related to liver function. Note that AnSC-P treatment 
significantly suppressed liver fibrosis and improved liver function compared with the PBS group, and there was a strong trend for AnSC that had a better effect on 
suppressing liver fibrosis than BMSC-P. Value: mean ± s.e.m.; *p ˂  0.05, **p ˂  0.01, and ***p ˂  0.001 by one-way ANOVA. Abbreviation: BMSC-P, bone mesenchymal 
stem cell-derived peptides; AnSC-P, antler stem cell-derived peptides; HYP, hydroxyproline; MDA, malondialdehyde; TP, Total protein; ALB, Albumin; ALP, Alkaline 
phosphatase; ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; and TBIL, Total bilirubin. (For interpretation of the references to color in this figure 
legend, the reader is referred to the web version of this article.) 
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Fig. 2. Tβ-10 expression status in the AnSCs. (a) Detected via immunofluorescence, note that AnSCs highly expressed Tβ-10. (b) Detected via ELISA assay. Note that 
Tβ-10 may play a positive role in the anti-fibrosis of AnSC-P treatment. Value: mean ± s.e.m.; scale bar = 50 μm. Abbreviation: Tβ-10, Thymosin β-10. 

Fig. 3. Effects of Tβ-10 on rat liver fibrosis induced by CCl4. For the treatment and group allocation, refer to Fig. 1: Control, PBS, Tβ-10 (0.5 mg/kg), Tβ-10 (1.0 mg/ 
kg). (a) Photomicrographs of liver sections with staining of HE, Masson or Sirius Red; scale bar = 3000 μm. (b) Bodyweight. (c) Liver weight/bodyweight. (d,e) 
Concentration of liver HYP and MDA. (f–k) Serum biochemical parameters (TP, ALB, ALP, ALT, AST, and TBIL) related to liver function. Note that Tβ-10 treatment 
significantly suppressed liver fibrosis and improved liver function compared with the PBS group in a dose-dependent manner. Value: mean ± s.e.m.; *p ˂ 0.05, **p ˂ 
0.01, and ***p ˂  0.001 by one-way ANOVA. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 
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Fig. 4. Effects of Tβ-10 on the expression of TGF-β1/SMAD signaling pathway-related genes in rat liver tissue. (a) Photomicrographs of liver sections staining with 
immunohistochemistry (α-SMA, TGF-β1, and PCNA); scale bar = 100 μm. (b–d) Percentage of α-SMA+, TGF-β1+ or PCNA+ cells calculated based on the immu
nohistochemical staining. € Relative mRNA levels of TGF-β1, TGF-βR1, TGF-βR2, SMAD2, SMAD3, and α-SMA. (f) Expression levels of TGF-β1, TGF-βR1, TGF-βR2, 
SMAD2, SMAD3, pSMAD2, pSMAD3, α-SMA, and GAPDH. (g) Relative intensity of protein analyzed based on western blot images using Image J Software. Note that 
Tβ-10 promoted hepatocyte regeneration and down-regulated the expressions of TGF-β1/SMAD signaling pathway-related genes in vivo. Value: mean ± s.e.m.; *p ˂ 
0.05, **p ˂ 0.01, ***p ˂ 0.001, and ****p ˂ 0.0001 by one-way ANOVA. TGF-β1, transforming growth factor β1; TGF-βR1, transforming growth factor β receptor 1; 
TGF-βR2, transforming growth factor β receptor 2; SMAD2, drosophila mothers against decapentaplegic protein 2; SMAD3, drosophila mothers against decap
entaplegic protein 3; pSMAD2, phosphorylated drosophila mothers against decapentaplegic protein 2; pSMAD3, phosphorylated drosophila mothers against 
decapentaplegic protein 3; PCNA, proliferating cell nuclear antigen; α-SMA, α-smooth muscle actin; GAPDH, glyceraldehyde-3-phosphate dehydrogenase. 
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following antibodies at 4 ◦C overnight: anti-TGF-β1 (Bioss, bsm-33,345 
M, Beijing, China, 1: 2000 dilution), anti-TGF-βR1 (Bioss, bs-0638R, 
Beijing, China, 1: 2000 dilution), anti-TGF-βR2 (Bioss, BS-0117R, Bei
jing, China, 1: 2000 dilution), anti-SMAD2 (Beyotime, AF1300, 
Shanghai, China, 1: 2000 dilution), anti-SMAD3 (Beyotime, AF1501, 
Shanghai, China, 1: 2000 dilution), anti-pSMAD2 + pSMAD3 (Beyotime, 
AF5920, Shanghai, China, 1: 2000 dilution), anti-α-SMA (ProteinTech, 
14395-1-AP, Wuhan, China, 1: 3000 dilution), and anti-GAPDH (Beyo
time, AF2819, Shanghai, China, 1: 2000 dilution). Membranes were 
then incubated with the secondary antibody coupled with horseradish 
peroxidase. Levels of proteins were detected using an ECL system. 
Western blot analyses were performed in triplicate and the target pro
tein bands were quantified using Image-J software and normalized using 
the intensity of GAPDH. 

2.10. Statistical analysis 

All data are presented as mean ± s.e.m. (n ≥ 3). Statistical analysis 
was conducted using Graphpad Prism software with a one-way ANOVA; 
*p < 0.05, **p < 0.01, ***p < 0.001, or ****p < 0.0001 was considered 
statistically significant or highly significant. 

3. Results 

3.1. AnSC-P treatment reduced rat liver fibrosis induced by CCl4 

The rats with liver fibrosis were treated with AnSC-P. The results 
showed that after 4 weeks of treatment, AnSC-P reduced the thickness of 
central venous walls, fibrous hyperplasia, inflammatory cell infiltration, 
collagen deposition, and fat degeneration in the fibrotic liver (Fig. 1a). 

Fig. 5. Effects of Tβ-10 on HSC activation induced by TGF-β1- in vitro. TGF-β1 was added to the HSCs after 48 h culture to induce activation; at the same time, Tβ-10 
was treated to the cells, then the expression level of α-SMA was detected using immunofluorescence staining (a,b), and the expression levels of TGF-β1/SMAD 
signaling pathway-related genes were detected using qRT-PCR (c) and western blot assay (d, e). Note that Tβ-10 inhibited TGF-β1-induced HSC activation and down- 
regulated the expressions of TGF-β1/SMAD signaling pathway-related genes in vitro. Value: mean ± s.e.m.; *p ˂ 0.05, **p ˂ 0.01, ***p ˂ 0.001, and ****p ˂ 0.0001 
by one-way ANOVA; scale bar = 50 μm. HSC, hepatic stellate cell. 
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AnSC-P treatment also resulted in an increase in bodyweight and liver 
index (liver weight/bodyweight) of the fibrotic rats compared with the 
PBS control (Fig. 1b, c). Furthermore, AnSC-P treatment significantly 
decreased the concentrations of HYP (p ˂ 0.0001) and MDA (p ˂ 0.001) 
in the liver tissue compared to the PBS treatment (Fig. 1d, e); decreased 
the levels of serum ALP, ALT, AST and TBIL, and increased the levels of 
serum TP and ALB to varying degrees compared to the PBS treatment 
(Fig. 1f–k). Notably, AnSC-P was more effective than BMSC-P in alle
viating liver fibrosis and improving liver function. These results suggest 
that AnSC-P can play a positive role in reducing liver fibrosis. 

3.2. AnSC-P reduction in liver fibrosis may be effected by the diffusible 
molecule, Tβ-10 

Our previous study found that AnSCs highly express a low molecular 
weight polypeptide, Tβ-10 [20,23], which was also confirmed in this 
study (Fig. 2a), and we found that Tβ-10 is a highly enriched substance 
in AnSC-P (Fig. 2b); thus, we speculated that Tβ-10 may be a key 
component of AnSC-P with anti-fibrotic activity. The rats with fibrotic 
livers were treated with two doses of Tβ-10. Results showed that Tβ-10 
significantly reduced the thickness of central venous walls, fibrous hy
perplasia, inflammatory cell infiltration, and collagen deposition, in a 
dose-dependent manner (Fig. 3a). Tβ-10 also significantly increased 
bodyweight and liver index (liver weight/bodyweight) of the rats with 
fibrotic livers compared to the PBS control (Fig. 3b, c; p ˂ 0.01). 
Furthermore, Tβ-10 treatment significantly decreased the concentra
tions of HYP (p ˂  0.001) and MDA (p ˂  0.01) in the liver tissue (Fig. 3d, e) 
and the serum levels of ALP, ALT, AST and TBIL in a dose-dependent 
manner compared with the PBS treatment; in contrast, the serum 
levels of TP and ALB significantly increased (Fig. 3f–k). These results 
suggest that AnSC-P effectively reduced liver fibrosis and that this may 
be achieved, at least partially, via Tβ-10. 

3.3. Tβ-10 reduced liver fibrosis, possibly via down-regulating TGF-β1/ 
SMAD pathway 

Next, we explored the possible mechanism of Tβ-10 in reducing liver 
fibrosis. The histological results showed that the two doses of Tβ-10 
treatment significantly decreased expression levels of both α-SMA (p ˂ 
0.001 and p ˂ 0.001) and TGF-β1 (p ˂ 0.05 and p ˂ 0.001), while 
increasing the expression levels of PCNA (p ˂ 0.05 and p ˂ 0.01) 
compared to the PBS treatment (Fig. 4a–d). QRT-PCR results showed 
that Tβ-10 treatment significantly decreased the expression levels of 
genes related to the TGF-β1/SMAD signaling pathway (TGF-β1, TGF- 
βR1, TGF-βR2, and α-SMA) (Fig. 4e; p ˂  0.05) in the fibrotic liver tissues 
of rats. Similar results were achieved using western blot analysis where 
Tβ-10 treatment significantly decreased the expression levels of TGF-β1, 
TGF-βR1, SMAD3, p-SMAD2, p-SMAD3, and α-SMA in a dose-dependent 
manner (Fig. 4f, g; p ˂ 0.05). These results suggest that the effect of Tβ- 
10 in reducing liver fibrosis may be via down-regulation of the TGF-β1/ 
SMAD signaling pathway and promotion of normal hepatocyte division. 

3.4. Tβ-10 inhibited TGF-β1-induced HSC activation in vitro 

To further verify the forgoing results, we carried out an in vitro 
study, in which Tβ-10 was added to the HSC (+TGF-β1) culture system to 
determine whether this could directly affect HSC activation (the 
expression of α-SMA [8]). The results showed that Tβ-10 treatment 
inhibited TGF-β1-induced expression level of α-SMA (Fig. 5a, b). 
Moreover, the mRNA levels of the genes involved in the TGF-β1/SMAD 
signaling pathway (TGF-β1, TGF-βR1, TGF-βR2, SMAD3 and α-SMA) 
were all down-regulated by the Tβ-10 treatment (Fig. 5c). Similar results 
were achieved using the western blot analysis where Tβ-10 treatment 
significantly decreased the expression levels of TGF-β1, TGF-βR2, 
SMAD3, p-SMAD2, p-SMAD3, and α-SMA (Fig. 5d, e; p ˂ 0.05). Overall, 
our results suggest that the effect of Tβ-10 in reducing liver fibrosis may 

be achieved via inhibition of HSC activation. 

4. Discussion 

Initiation of liver fibrosis has been attributed to the persistent and 
excessive activation of HSCs, which secrete abundantly extracellular 
matrix proteins that generate the fibrous scar [1,2,6]. This is essentially 
the same as the scar-associated healing of cutaneous wounds, both of 
which are a result of excessive fibrosis. However, the fibrogenic process 
in tissues with wound scarring after injury is still considered inevitable. 
However, a wound of 10 cm or larger in diameter on top of the deer 
pedicle (permanent bony protuberances from which antlers are cast and 
regenerate) heals rapidly (within two weeks) and leaves almost no 
visible scar [12,13]. This system, therefore, offers a rare opportunity to 
seek understanding of anti-fibrotic healing in mammals. 

In this respect, firstly, we sought to understand how this potential for 
non-fibrotic healing may be affected. We have found that it is the 
closely-adjacent AnSCs, resident in the antler blastema, that provide the 
pedicle wound skin with the ability to achieve non-fibrotic healing 
through a paracrine manner; hence, the peptides of AnSCs may be the 
candidates for the role [24]. Secondly, AnSC-induced non-fibrotic 
wound healing is not species-specific and we have shown that healing of 
wounds in rats may be achieved via treatment with AnSCs or the AnSC- 
derived components [14–17]. Thirdly, the anti-fibrotic effect of AnSCs is 
not tissue-specific as shown in the successful treatment of pulmonary 
fibrosis and liver fibrosis in rats via treatment with AnSCs [18,19]. 
Considering the potential risks of direct transplantation of xenogeneic 
animal stem cells, it is necessary to identify specific components of 
AnSCs that may play such an anti-fibrotic role. 

In this study, we isolated the peptides from the AnSCs (extracellular 
and intracellular) and evaluated the effect of this peptide combination 
(AnSC-P) on liver fibrosis in our rat model. Undoubtedly, the compo
nents of AnSC-P are very complex, including proteins, polypeptides and 
nucleic acid substances, and these components may well stimulate an 
immune response, if applied in a clinical treatment. If a monomeric 
polypeptide with anti-fibrotic potential could be identified from the 
AnSC-P components, it would provide a potential approach to clinical 
application. Coincidentally, we have found previously that Tβ-10, a low 
molecular weight polypeptide that is highly expressed in AnSCs [20], is 
also highly enriched in AnSC-P. Tβ-10 is differentially expressed in 
embryogenesis and neurogenesis [25,26], and is known to play impor
tant roles in cell movement [27], angiogenesis [28], cell growth and 
apoptosis [29]. Therefore, given there is a case to consider its potential 
in the treatment of some disease conditions [30,31], we evaluated its 
effects in the present study. 

As expected, AnSC-P significantly reduced liver fibrosis. In some 
aspects, the effects were more potent than the control BMSC-P. To the 
best of our knowledge, this is the first study to demonstrate the effects of 
AnSC-P and their main component, Tβ-10, on rat liver fibrosis in vivo 
and HSC activation in vitro. We found that AnSC-P effectively reduced 
liver fibrosis in our rat model, which may have been effected via Tβ-10. 
In addition, Tβ-10 also inhibited TGF-β1-induced HSC activation. 
Furthermore, both in vivo and in vitro, the effects were achieved by 
inhibition of the TGF-β1/SMAD signaling pathway. Therefore, we pro
pose that Tβ-10 could offer a valid approach for the treatment of liver 
fibrosis in the clinical setting. 

Our previous studies have shown that the protein structure of antler 
Tβ-10 is more flexible than that in other species, which might provide 
opportunities for the antler-derived peptide to interact with other 
functional proteins [28]. The present results showed that both AnSC-P 
and Tβ-10 significantly reduced liver fibrosis. In addition, given the 
specific structure of antler Tβ-10, it is speculated that it may have a 
stronger anti-fibrotic activity than other species, because it may bind 
more efficiently to the protein that activates HSCs, thus inhibiting its 
function. 

Many factors are known to be involved in the activation of HSC, such 
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as mitogen-activated protein kinase (MAPK), growth factors, leptin, and 
TGF-β1 [2,6]. Amongst these factors, TGF-β1 is the most critical one 
[32]. TGF-β1 exerts its biological effects through activation of down
stream genes SMAD2/3, which then become phosphorylated and oli
gomerized with SMAD4. The complex is then translocated into the 
nucleus to regulate the expression of fibrosis-related genes. In the pre
sent study, we found that Tβ-10 treatment effectively decreased the 
expression levels of genes related to the TGF-β1/SMAD signaling 
pathway, especially TGF-β1, pSMAD2, and pSMAD3 in liver tissue of 
CCl4-induced liver fibrosis in vivo and TGF-β1-induced HSC activation in 
vitro. It is important to note that our study was only conducted in rats 
and has not been extended to other animals. At the same time, it is also 
to conduct relevant toxicological tests (although Chinese people have 
consumed antler products for thousands of years without any adverse 
effects). In future work, we will carry out in-depth research on these two 
aspects and try to push the anti-fibrosis effect of Tβ-10 to the clinic. 

5. Conclusion 

The application of Tβ-10 effectively reduced rat liver fibrosis in vivo 
and inhibited HSC activation in vitro, and the effect may be achieved 
through down-regulating the TGF-β1/SMAD signaling pathway (Fig. 6). 
Overall, we propose that there is a case to investigate Tβ-10 as a novel 
drug candidate for the treatment of liver fibrosis in the clinical setting. 
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