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Abstract: Psoriasis is a chronic inflammatory skin disease characterized by excessive proliferation of keratino-
cytes. Current existing therapies only relieve symptoms but cannot cure disease. Pilose Antler (PA) is a well-known 
Traditional Chinese Medicine (TCM) used in the prescription, which has the effects of invigorating kidney Yang, 
replenishing essence and supplement the blood, strong bones and muscles based on Chinese traditional medicine 
theory. Although it is not traditionally used to treat psoriasis, but it is reported that PA and its extracts have im-
munomodulatory activities. The present study aimed to identify the curative effect and mechnasim of Pilose Antler 
Extracts (PAEs) in imiquimod- (IMQ-) induced psoriasis animal model. Severity of inflammation of the dorsal skin 
was scored according to the clinical Psoriasis Area and Severity Index (PASI) and epidermal hyperplasia was mea-
sured by H&E staining. The mRNA expression of inflammatory factors in the epidermis was analyzed by Real-Time 
polymerase chain reaction (PCR). The results showed that PAEs can attenuate the IMQ-induced psoriasis-like inflam-
mation, accompanied with increased epidermal hyperplasia. Real-time PCR analysis indicated that PAEs inhibited 
the levels of inflammatory factors , including interleukin (IL)-12, interferon-γ (INF-γ). In order to find out the active 
compouds in PAEs in the treatment of Psoriasis, the composition of proteins are profiled by LC/MS/MS, the results 
show that 216 different proteins were involved in PAEs, 10 of them had immune response function. Annexin A1 and 
Cathelicidin-1 were two typical proteins which may have positive effects on Psoriasis. In conclusion, we consider the 
PAEs as a potential treatment for Psoriasis, anti-inflammatory protein/peptide are the active ingredients of PAEs. 
Further research on the new drug development based on above research will be carried out for the next step.

Keywords: Pilose antler extracts, imiquimod-induced psoriasis, inflammation, interleukin-12, interferon-γ

Introduction

Psoriasis is an autoinflammatory and in some 
aspects an autoimmune disease of the skin  
[1], which is characterized by hyperproliferation 
of epidermal keratinocytes. The active leuko-
cytes are involved in the immunopathology of 
the disease. It can be triggered by the topical 
biological response modifier imiquimod, medi-
ated by the IL-23/IL-17 axis and activated den-
dritic cells (DCs).

Recent study has shown that severe psoriasis 
is associated with an increased risk of mortality 
as male and female patients in the study died 
3.5 and 4.4 years younger respectively than 
those without psoriasis [2]. Therefore, psoria- 
sis poses a major social and economic burden 
on society. Current existing therapies only re- 
lieve symptoms but cannot cure disease. Con- 

ventional therapies for psoriasis have not been 
fully satisfactory [3]. Dexamethasone, Predis- 
one, Betamethasone and other steroids have 
some short-term effect, but easy to induce dia-
betes, osteoporosis, ulcers, and other disease, 
if medication is discontinued, symptoms will be 
recurrent. Therefore, safe new drugs with lon-
ger term effect and less side effects are urgent-
ly needs for the treatment of psordiasis. 

Pilose Antler has been used in China for over 
2000 years in clinic as a traditional animal 
medicine. Based on TCM basic theory, it has 
the effects of invigorating kidney Yang, replen-
ishing essence and supplement the blood, 
strong bones and muscles. Although it is not 
traditionally used to treat psoriasis, but it is 
reported that PA and its extracts have immuno-
modulatory activities. Orally administrated PA 
extracts increased monocytes in rat [4]. Intra- 
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peritioneal injection of Pantocrin could enhan- 
ce phagocytosis and immunoglobulin levels in 
mice [5]. In addition, the PA extracts have been 
used in the prevention and treatment of certain 
immune-related diseases, such as rheumatoid 
arthritis. Some studies provide evidence that 
PA and its extracts exhibit anti-infective acti- 
vity against pathogenic Staphylococcus aureus 
both in vitro and in vivo [6]. According to thou-
sands years of application and mordern rese- 
arch, we try to develop a new potential precur-
sors drug from PA for the treatment of Psoria- 
sis. In our previous study, we have extracted 
proteins/peptides from PA with good biologi- 
cal activity [7]. This work is to investigate the 
effects and mechanism of PAEs on IMQ-indu- 
ced psoriasis of animal model, it’s also the 
foundation of new drug development of pso- 
riasis.

Material and methods

Pilose antler extracts preparation

Male sika deer, at the early, fast-growing stage 
of antler development, were obtained from a 
local deer farm (Jiyunluye Ltd., China). The ant-
lers were cut into small sections (1×1 cm). Then 
the sections were sliced into 0.3 mm pieces 
using a WND-200 grinder (Weinengda Electric 
Co., Ltd. Zhejiang, China). The pieces of antler 
tissues were homogenized 8-12 hrs in a JM-L 
50 colloid mill (Shanghai Nuoni Light Industrial 
Machinery Co., Ltd.) and then added a certain 
amount of acetic acid to maintain the pH 6.4. 
We used water to extract Pilose antler, because 
water was able to extract more lower molecular 
protein which can be absorbed well, so water 
was deemed to be a superior extract solu- 
tion and more suitable for subsequent experi-
ments. The mixture was centrifuged at 5,000× 
g for 10 min at 4°C, the supernatant was col-
lected and then rotary evaporated in Rotava- 
por (Buchi, Switzerland) at 60°C. The concen-
trated supernatant was dialyzed with P1000D 
dialysis membrane (Solarbio, China) and then 
lyophilized in FD-1D-50 Freeze drying machine 
(Beijing Bo Kang laboratory instruments Medi- 
cal Co., Ltd., China). The Pilose antler powder 
was stored at 4°C.

Gel electrophoresis

To prepare 4°C aqueous extract, 4 mg of Pilo- 
se antler powder was dissolved in 1 mL of de- 

ionized water (4 mg/mL). A bradford protein 
assay kit (Tiangen Biotech (Beijing) CO., Ltd., 
China) was used to measure protein concentra-
tion. Total protein of PAEs was then separated 
by sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE). And stained by 
Coomassie brilliant blue R-250 stain (Bio-Rad 
Laboratories).

Protein identification by LC/MS/MS

The expressed band of antler was excised  
from the gel, transferred into sterile 2 mL mi- 
crocentrifuge tubes. Then, all the bands were 
destained with 20 mM (NH4)HCO3 (containing 
50% methanol) and dehydrated with 100%  
acetonitrile. The gel particles were reduced by 
10 mM DTT for 45 min and alkylated with  
50 mM iodoacetamide for 45 min at RT in 50 
mM (NH4)HCO3 (pH 8.5) solution. Gel particles 
were washed with 20 mM (NH4)HCO3 (pH 8.5), 
dehydrated with acetonitrile, and air-dried. The 
proteins were digested by trypsin (Promega 
(Beijing) Biotech Co., Ltd, USA) using an enzy- 
me-to-substrate ratio of 1:50 (w/w) for over-
night at 37°C. Digested peptides were extract-
ed with 1% fluoroacetic acid (FA) in 50% aceto-
nitrile, and samples were dried with a Speed-
Vac and redissolved in 0.1% FA for LC/MS. 
Sample was separated on an analytical C18 
column (Agilent Technologies; 4.6 mm×150 
mm, 5 μm) connected inline to the mass spec-
trometer, at 200 ml/min using a linear ace- 
tonitrile gradient the 1 s survey scans were 
acquired over the mass range 350-1350 (m/z) 
and a maximum of 2 concurrent MS/MS acqui-
sitions. The proteins were identified by search-
ing the LC-MS/MS data of Swiss-Prot data- 
base using MaxQuant.

Ethics statement

Animal experiments were performed in ac- 
cordance with Guide for the Care and Use of 
Laboratory Animals published by the US Na- 
tional Institutes of Health, the Guide for the 
Care and Use of Laboratory Animals’ protocol, 
published by the Ministry of the People’s Re- 
public of China (issued 3 June, 2004), and ap- 
proved by the Institutional Animal Care and  
Use Committee of China Academy of Chinese 
Medical Sciences. The protocol was approved 
by Experimental Research Center, China Aca- 
demy of Chinese Medical Sciences. All surgery 
was performed under 1% pentobarbital so- 
dium anesthesia and all efforts were made to 
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sured by ImagePro Plus software (Media Cy- 
bernetics). 

Real-time PCR  

Total RNAs were isolated from shaved back 
skin tissues using an ultrapure RNA extrac- 
tion kit (Promega (Beijing) Biotech Co., Ltd, 
USA). Each sample was run in triplicate. Sam- 
ples after evaluating RNA quality were further 
reversed transcription with the HiFi-MMLV 
cDNA first strand synthesis kit (Kang Biotech- 
nology Co., Ltd., China). According to manufac-
turer’s protocols, real-time PCR for each tran-
script was executed with a fluorescent dye Ul- 
traSYBR Mixture chimeric fluorescence (Kang 
Biotechnology Co., Ltd., China). The cycle thre- 
shold (Ct) fluorescence values for amplification 
were recorded for each target gene and GAP- 
DH gene. The differences between cycle thre- 
sholds for target genes and GAPDH in each  
of the samples were calculated (ΔCt), and the 
average fold change in expression between 
PAEs-treated and MTX-treated mice was calcu-
lated by the following formula: average fold dif-
ference = 2 raised to the power of (ΔCtA-ΔCtV).

Statistical analysis

Data were presented as mean ± S.D., Student’s 
t-test was used to compare two experiments 
and ANOVA was used to compare three and 
more groups. A value of P<0.05 was consid-
ered statistically significant.

Result 

Quality control of pilose antler extracts

According to the ancient records of TCM, there 
has no clear active ingredient was discovered 
and no clear mechanism of activity was eluci-
dated in all animal medicines, which greatly 
influenced the development and application of 
animal medicine. Many studies indicated that 
protein(s) is one of the most active components 
of Pilose velvet-related products [8]. In order to 
control the quality of the PA we investing the 
expression of proteins by SDS-PAGE. A water 
soluble fluffy white powder containing 36% pro-
tein had been obtained. Figure 1 represents a 
typical SDS-PAGE pattern of the antler pro-
teome visualized by coomassie blue. From this 
gel, the specific band was cut and used to in-gel 

minimize suffering. Healthy BALB/c male mice 
purchased from Vital River Laboratories (China) 
were housed in polypropylene cages and main-
tained under standard conditions of a 12 h 
light/dark cycle, a temperature of 25°C, and 
35-60% humidity. Mice were fed standard diet 
without limitations until 24 h before sacrifice. 

Animal treatment

Healthy BALB/c male mice purchased from 
Vital River Laboratories (China) were used in all 
experiments and fed standard mouse chow 
and water. Animals were housed in polypropyl-
ene cages and room temperature maintained 
at 25±1°C with a 12/12 h light/dark cycle. The 
48 mice were randomly divided into the con- 
trol and IMQ-induced groups. In all experi-
ments, control groups received a daily topical 
dose of Vaseline cream (Hebei Lanlian Feitian 
Petrochemical CO., Ltd.) on the shaved back  
for 7 consecutive days. IMQ-induced groups 
were treated with 42 mg of commercialy avail-
able 5% IMQ cream (Sichuan Mingxing Phar- 
maceutical Corporation, Ltd.). Those mice were 
divided into the following six groups (n = 8/
group): Control group, (WT); Model group, (IMQ); 
Methotrexate group (1 mg/Kg/d, MTX), and  
low (0.13 g/kg/d), medium (0.26 g/kg/d), and 
high (0.52 g/kg/d) dose PAEs groups. All mice 
were treated orally for 7 days. At the end of  
the experiment period, all the mice were sacri-
ficed by 1% pentobarbital sodium and their 
shaved skins were removed.

Scoring severity of skin inflammation

The severity of inflammation of the dorsal skin 
was scored using the clinical PASI. Erythema, 
scaling, and thickening were scored indepen-
dently on a scale between 0 and 4: 0, none; 1, 
slight; 2, moderate; 3, marked and 4, highly 
marked. The cumulative scores (the amount of 
erythema, scaling and thickening) was used to 
measure severity of inflammation.

Histology and polarization imaging

Skin samples were fixed in 10% formaldehyde 
for 24 h at 4°C and then placed in 70%-100% 
ethanol. All samples were embedded in paraf-
fin, cut into 10 μm sections, detected by Abrio™ 
Imaging System (CRI, USA) and stained with 
H&E. Epidermal thickness was accurately mea-
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trypsin digestion and subsequent analysis by 
LC/MS/MS.

LC/MS/MS approach

Because present public databases contain only 
a limited entry of deer sequences, we also 
searched sequences from other artiodactyla 
species to find matches. 216 different proteins 
were identified from the PAEs using a routine 
LC/MS/MS approach. According to gene ontol-
ogy, the searching of the peptides led to the 
identification of 147 proteins of molecular func-
tion, 146 proteins of cellular component and 
154 proteins of biological process. Psoriasis  
is an auto inflammatory and in some aspects 
an autoimmune disease of the skin. We analy-
sis all the proteins fond that there were 10  
proteins had immune response function. An- 
nexin A1 and Cathelicidin-1 were two typical 
proteins which may have special distribution  
on psoriasis.

Annexin A1 plays important roles in the innate 
immune response as effector of glucocorticoid-

mediated responses and regulator of the in- 
flammatory process. Annexin A1 is a protein 
mainly located on basal keratinocytes of the 
basement membrane. In lesional psoriatic skin, 
annexin A1 appears only in the cell membrane, 
suggesting a translocation of the protein [1]. 
This transition may occur to promote the bind-
ing of annexin A1 to phospholipids, therefore 
reducing the production of inflammatory pros-
tanoids [9]. Annexin A1 has anti-inflammatory 
activity, plays a role in glucocorticoid-mediated 
down-regulation of the early phase of the in- 
flammatory response. As we know that anne- 
xin A1 contributes to the adaptive immune re- 
sponse by enhancing signaling cascades that 
are triggered by T-cell activation, regulates  
differentiation and proliferation of activated 
T-cells, promotes the differentiation of T-cells 
into Th1 cells and negatively regulates differ- 
entiation into Th2 cells [27]. 

Cathelicidin-1 is potent microbicidal activity 
and active against Staphylococcus aureus (S.
aureus) and E.coli. S.aureus is a notorious 
pathogen causing a broad range of infections 
both in and outside hospitals [10, 11]. 50% 
psoriasis patients’ skin were injected with 
S.aureus., which increased skin lesions. The 
staphylococcal enterotoxins- the so-called su- 
perantigens- are extremely potent T cell acti- 
vators, that promoting keratinocyte prolifera-
tion [12]. 

PAEs mitigates inflammation on IMQ-induced 
psoriasis in mice 

Mice with IMQ-induced psoriasis were used to 
observe the anti-inflammation effects of PAEs. 
IMQ cream was applied on shaved back skin for 
7 consecutive days. As a result, the skin of the 
mice in control group with Vaseline cream had 
no erythema or scaling and the hair was shiny. 
Three days following the application of IMQ 
onto the shaved back skin of the mice started 
to exhibit symptoms of erythema, scales and 
thickening. Signs of inflammation in IMQ group 
continually increased in severity until the end  
of the study. Both the PAEs and MTX treated 
groups show fewer symptoms of inflammation, 
as shown in Figure 2A. From the images re- 
vealed in Figure 2B, it is possible to detect and 
quantify the severity scores of the mice. The 
PAEs-H and PAEs-M groups, but not the PAEs-L 

Figure 1. SDS-PAGE analysis of PAEs. Proteins of an-
lter were analyzed by electrophoresis on a 10% SDS-
PAGE gel. (1: Marker, 2: 5 μl, 3: 10 μl, 4: 20 μl).
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Figure 2. PAEs mitigates skin inflammation on IMQ-induce psoriasis in mice. (A) Representative macroscopic views of mouse shoved back skin following continuous 
treatment for 7 days. (a) WT group, skin was smooth, rosy and thin; (b) IMQ group, hypertrophic lesions with heavy scales over, skin lesion was dark red; (c) MTX 
group, scattered scales, skin lesion was not so thick as model group, the color was less red; (d-f) low, medium, and high dose of PAEs groups, less scales, skin le-
sions was significantly thinner than model, the color was less red (e and f). (B) Epidermal thickness and erythema, scaling of the shoved back skin were respectively 
identified on 7 days indicated on a scale from 0-4. The cumulative score (erythema plus scaling plus thickness) is recorded. 
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group, exhibited anti-inflammatory activity. The 
PASI score shown that PAEs suppressed IMQ-
induced psoriasis in a dose-dependent man-
ner. Compared with the IMQ group (5.13± 
0.72), inflammation scores were significantly 
decreased in the other groups. The MTX and 
PAEs-L, PAEs-M, and PAEs-H experiment groups 
had inflammation scores of 5.3±0.48, 5.53± 
0.49, 4.55±0.26, and 4.08±0.48, respectively; 
there was a significant difference between the 
scores of the high dosage PAEs group and the 
low dosage PAEs group. 

PAEs suppressed proliferation of keratinocytes 
on IMQ-induced psoriasis in mice

It has been previously revealed that IMQ-
treated skin increased epidermal thickening, 
hyperproliferous keratinocytes, parakeratosis 
and altered differentiated epidermis symptom-
atic of psoriatic skin lesions [13]. In the present 
study, through the analysis of H&E-stained and 
Abrio sections from the IMQ-treated shaved 
back skin, we observed increasing epidermal 
thickeness, stratum corneum, prickle cell layer 

Figure 3. Oral PAEs alters keratinocyte 
proliferation on IMQ-induced psoriasis in 
mice. (A) Abrio view (×200) of the shaved 
back skin of the six groups of mice treated 
by three types of drugs. a. WT group; b. 
IMQ group; c. MTX group; d-f. low, medium, 
and high dose of PAEs groups (B) Histolog-
ical view(H&E staining of skin lesions). (C) 
PAEs reduces the thickness of epidermis 
cells, n = 4, **p<0.01 vs. the WT group. 

Figure 4. Real-time PCR confirmation of mRNA levels of IL12p40 and INF-γ in dorsal skin of PAEs-treated mice. IMQ 
treatment increased IL12p40 and INF-γ mRNA levels, while PAEs relieved those changes. **p<0.01 compared with 
control.
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strated that Pilose antler extracts possess- 
ed various bio-activities such as anti-amnesic 
[16], anti-inflammatory [17], antioxidant [18], or 
anti-aging activities [19]. Although there no 
report is available on the effect of Pilose an- 
tler extracts on psoriasis, it has immunomodu- 
latory effects both on animal model and clinic, 
therefore, this research is made a primary ex- 
ploration of PAEs on the future treatment of 
psoriasis.

The IMQ-induced mouse is utilized as a model 
of human psoriatic lesions, as it exhibits simi- 
lar characteristics, including erythema, epider-
mal thickening, scaling, neoangiogenesis, and 
the inflammatory infiltrate of T cells, neutro- 
phils and dendritic cells (DCs) [20, 21]. In the 
present study, the effect of PAEs on psoriasis-
like lesions was investigated in an IMQ-indu- 
ced model. The shaved back skin of the six 
groups of mice were treated with equal IMQ 
and taken PAEs or MTX by oral for 7 consecu-
tive days. IMQ treatment resulted in hyperprolif-
erative keratinocytes, parakeratosis, increas-
sate stratum corneum and statum spinosum, 
as it may have been expected. However, in the 
PAEs group, these inflammatory effects were 
more mild than those in model group. Follow- 
ing this, we further determined the anti-inflam-
matory effect of PAEs on psoriasis-like lesions.

Recently, A new subset of Th17-cells expressing 
IL-12 and IL-23 appears to play a major role in 
Th17-cell-dependent chronic inflammation in 
psoriasis [22]. IL-12 is an important factor to 
promote cell differentiation into Th1 from Th0, 
which can induce secretion of IFN-γ. Besides, in 
situ IL-12 may also have a role in the induction 
of new psoriatic skin lesions [23]. The p40 pro-
tein of IL-12 associate with a p19 subunit to 
form IL-23, they are heterodimers that share a 
common p40 chain. Previous studies reported 
that an antibody to the human IL-12/p40 (anti-
IL-12p40) have significant effect in psoriatic 
patients [24]. Some study of cytokines in the 
serum of patients with psoriasis over-express- 
ed IL-12 and INF-γ significantly. There was a  
significant correlation between serum levels  
of INF-γ, IL-12, and severity of the disease [25]. 
In addition, the levels of IL-12, INFγ and IL-23R 
gene expression are elevated in psoriasis skin 
lesions [26]. 

The results from our study have revealed that 
under the condition of IMQ-treatment, the 

in the IMQ-treated group compared with the WT 
group (Figure 3A, 3B). The indication of inflam-
mation of MTX group (2.72±0.6)×10 and PAEs- 
H group (2.32±0.25)×10 was evidently weak- 
er than in the IMQ group (6.39±0.37)×10 in 
each respect (Figure 3C) (P<0.001).

PAEs decreased the mRNA levels of interleukin 
12p40 on IMQ-induced psoriasis in mice 

IL12p40 were regulatory cell factor in psoriatic 
lesions, Changing the expression of IL12p40 
could improve skin inflammation. The amounts 
of IL12p40 and INF-γ were significantly higher 
in the skin of mice treated with IMQ (Figure 4). 
PAEs significantly decreased the levels of 
IL12p40 in skin and having a concentration-
dependent manner, comparable to that in un- 
treated mice. MTX on the expression of IL- 
12p40 mRNA had no effect.

Discussion

Psoriasis, which is regarded as a T-cell-medi- 
ated inflammatory skin disease, is character-
ized by hyperproliferation and poor differen- 
tiation of epidermal keratinocytes [14]. It is 
defined as an immunological disease, that is 
coupled with prominently increased vascular-
ization of the skin, fibroblast activation and leu-
cocyte infiltration. The underlying pathogenic 
mechanisms of this condition have not been 
entirely clarified. Currently, numerous thera-
peutic reagents are available including topical 
treatments, phototherapy, and systemic agents 
[15]. However, the therapeutic efficacy of these 
treatments is limited. Many patients with pso-
riasis commonly do not respond to or develop 
tolerance to these therapies. Novel biologic 
agents such as anti-tumor necrosis factor (TNF) 
α, TNFα blocker, and anti-IL-12/IL-23, which in- 
hibit autoimmunity and target specific mole- 
cular signals in the pathogenesis of psoriasis, 
are effective in the treatment of severe psoria-
sis. However, the safety of these therapeutic 
reagents is of concern.

Pilose antler have been traditionally used as 
anti-aging medicines. Chinese people used ant-
lers of various deer species as a conventional 
therapy for anti-aging and rejuvenation. Based 
on the TCM theory, we believed it has the ef- 
fects of invigorating kidney Yang, replenishing 
essence and supplement the blood, strong 
bones and muscles. Previous studies demon-
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