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Abstract. Aloe vera is a traditional wound‑healing medicine 
used for the treatment of skin disorders. Aloe polysaccha-
ride (APS) is the main macromolecule of Aloe vera, which 
contributes to its function. Psoriasis is an immune‑mediated 
chronic inflammatory disease, which affects 2‑3% of the 
general population. The conventional remedies used to treat 
psoriasis demonstrate limited effects; therefore, natural prod-
ucts, including Aloe vera, are being taken into consideration. 
However, the effects of APS on the treatment of psoriasis 
and the underlying mechanisms remain to be elucidated. The 
human keratinocyte cell line HaCaT was used to determine 
the effects of APS on psoriasis. Cells were randomly divided 
into five groups: i) Negative control group; ii) tumor necrosis 
factor (TNF)‑α stimulated psoriasis model group; and iii) APS 
(20, 40 and 80  µg/ml) pretreated psoriasis groups. Cell 
viability and proliferation were investigated using the CCK‑8 
assay. ELISA and western blotting were applied to study the 
abundance of interleukin (IL)‑8 and IL‑12 in TNF‑α‑incubated 
culture medium and APS‑treated HaCaT cells, respectively. In 
addition, the mRNA expression levels of p65, and the protein 
expression levels of nuclear factor (NF)‑κB inhibitor‑α (IκBα) 
and phosphorylated‑p65, were detected by reverse transcrip-
tion‑quantitative polymerase chain reaction and western 
blotting, respectively. APS was revealed to significantly reduce 
TNF‑α‑stimulated elevation of HaCaT cell proliferation in a 
dose‑dependent manner. The expression levels of inflammatory 
factors, including IL‑8 and IL‑12, were increased in response to 

TNF‑α. In addition, the mRNA and protein expression levels of 
p65 were increased following treatment with TNF‑α. Notably, 
treatment with APS was demonstrated to significantly atten-
uate the aforementioned effects in a dose‑dependent manner. 
Furthermore, IκBα protein expression levels were significantly 
reduced following treatment with TNF‑α, which was signifi-
cantly reversed following treatment with APS. In conclusion, 
these results suggested that APS inhibited TNF‑α‑induced 
proliferation of keratinocytes and overactivation of the NF‑κB 
signaling pathway.

Introduction

Psoriasis is a chronic inflammatory autoimmune disease 
that predominantly affects the skin (1). The pathogenesis of 
psoriasis is complex, and involves genetic, immunological and 
environmental factors (2). The development of the disease is 
characterized by continuous relapses. In addition, patients with 
psoriasis tend to suffer from the disease for their entire lives (3). 
At present, psoriasis is incurable; however, it may be controlled 
with medication. Topical corticosteroid agents are the most 
effective therapeutic approach for the treatment of this disease. 
Treatment with systemic therapies, including numerous mono-
clonal antibodies and inhibitors, are often used to treat patients 
with psoriasis resistant to topical therapy or alternative thera-
pies; however, the adverse side effects of systemic therapies 
including nausea, gastrointestinal intolerance, hyperlipidaemia 
should not be und�������������������������������������������er�����������������������������������������estimated (4,5). Considering this, phyto-
medicine has been considered as an alternative therapy for 
the treatment of patients with psoriasis, due to its safety and 
tolerability (6).

It is reported that the active ingredients of Aloe vera could 
be used as antibacterials and wound‑healing promoters. Aloe 
polysaccharide (APS) is the main bioactive component of 
Aloe vera (7). Traditionally, Aloe vera has been used to treat 
patients with skin disorders. Numerous studies have revealed 
that Aloe vera exhibits anti‑inflammatory and antioxidant 
effects (8,9). Previous studies investigating whether Aloe vera 
exhibits therapeutic effects when administered to patients with 
psoriasis have generated mixed results (10,11).

It has been well established that tumor necrosis factor 
(TNF)‑α is involved in direct and indirect regulation of 
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numerous genes involved in immune and inflammatory 
responses (12). In patients with psoriasis, the serum levels 
of TNF‑α are associated with disease activity. During the 
development of psoriasis, TNF‑α is secreted by T cells and 
has an important role in the pathogenic process (13). Despite 
previous studies suggesting that Aloe vera may represent a 
promising therapeutic agent for the treatment of patients with 
psoriasis (6,14,15). To the best of our knowledge, the molecular 
mechanism underlying the involvement of TNF‑α and APS in 
treatment of psoriasis has not yet been investigated.

Nuclear factor (NF)‑κB has an important role in inflam-
mation via induction of the transcription of proinflammatory 
genes (16). Members of the NF‑κB/Rel family include NF‑κB1 
(p50/p105), NF‑κB2 (p52/p100), p65 (RelA), RelB and c‑Rel. 
p65 can form active heterodimers with a p50 or p52 subunit 
containing transactivation domains (17). In its inactive form, 
NF‑κB is sequestered in the cytoplasm associated with 
IκB. Upon stimulation, IκB is degraded, which then trig-
gers phosphorylation of p65 (18). A previous study revealed 
that there is a significant overexpression of phosphorylated 
(p)‑p65 in the epidermis of psoriatic plaques compared with 
normal skin (19). Furthermore, it has been demonstrated that 
Aloe vera can directly inhibit NF‑κB activation in peripheral 
blood mononuclear cells (20); however, whether APS can alle-
viate the symptoms of psoriasis via inactivation of NF‑κB is 
largely unknown. The study was designed to examine whether 
APS inhibited TNF‑α‑induced proliferation of keratinocytes 
through NF‑κB signaling pathway.

Materials and methods

Cell culture and agents. HaCaT cells (Shanghai Blowing 
Applied Biotechnology Co., Ltd., Shanghai, China; STR 
profile confirmed as appropriate) were cultured in Dulbecco's 
modified Eagle's medium supplemented with 10% fetal bovine 
serum, and 1% penicillin and streptomycin (Sigma‑Aldrich; 
Merck KGaA, Darmstadt, Germany), and were incubated 
at 37˚C in a humidified incubator containing 5%  CO2. 
Recombinant human TNF‑α was purchased from BioLegend, 
Inc. (San Diego, CA, USA). APS (75.6%) was supplied by the 
Chinese Academy of Sciences, Shanghai Institute of Materia 
Medica (Shanghai, China).

Cell viability assay. The viability of HaCaT cells was investi-
gated using Cell Counting Kit‑8 (CCK‑8; Dojindo Molecular 
Technologies, Inc., Kumamoto, Japan). Cells were seeded 
into a 96‑well plate at a density of 5.0x103 cells/well and were 
incubated for 24 h at 37˚C in 5% CO2. Subsequently, cells were 
treated with TNF‑α (10 ng/ml), various concentrations of APS 
(20‑80 µg/ml) or a combination of TNF‑α (10 ng/ml) and APS 
(20, 40 and 80 µg/ml) for 24 h at 37˚C in 5% CO2. CCK‑8 
solution (10 µl) was then added to each well, and the plates 
were incubated for an additional 2 h at 37˚C. The control group 
was treated with an equal amount of PBS. Absorbance values 
at 450 nm were determined for each well using a microplate 
reader. Cell proliferation rate=(OD24 h‑OD0 h)/OD0 h x100%. 
All assays were carried out in triplicate.

ELISA. HaCaT cells were treated with either TNF‑α or 
a combination of TNF‑α and various concentrations of 

APS, and supernatants were collected 24 h post‑treatment. 
Concentrations of interleukin (IL)‑8 (cat. no. D8000C) and 
IL‑12 (cat. no. M1270) were determined using ELISA kits 
(RayBiotech, Inc., Norcross, GA, USA). Briefly, 100 µl of each 
standard and supernatant sample were added to a 96‑well plate 
coated with anti‑Human IL‑8 or IL‑12 and incubated overnight 
at 4˚C with gentle agitation. Plates were subsequently washed 
four times with wash buffer. Wells were then incubated for 
1 h with IL‑8 or IL‑12 specific biotinylated antibodies at room 
temperature, and were rinsed four times with wash buffer. 
Following this, cells were treated with diluted streptavidin 
solution (100 µl/well) for 45 min at room temperature, washed 
four times with wash buffer, and further incubated for 30 min 
at room temperature with 100 µl TMB One‑Step substrate 
reagent in the dark. The plates were quenched with stop solu-
tion and absorbance values were detected at 450 nm using a 
PowerWave XS spectrophotometer (BioTek Instruments, Inc., 
Winooski, VT, USA). ELISA analyses for each sample were 
repeated in triplicate. All assays were carried out in triplicate.

Western blotting. Protein lysates were prepared using radio-
immunoprecipitation assay lysis buffer (Beyotime Institute of 
Biotechnology, Haimen, China) with a protease/phosphatase 
inhibitor cocktail (Cell Signaling Technology, Inc., Danvers, 
MA, USA). Antibodies for IL‑8 (cat. no. 94853S; 1:1,000), 
NF‑κB inhibitor‑α (IκBα; cat. no. 4814S; 1:1,000), NF‑κB 
(p65; cat. no. 8242S; 1:1,000) purchased from Cell Signaling 
Technology, Inc, and IL‑12 (cat.  no.  ab9992; 1:1,000) 
purchased from Abcam, (Cambridge, MA, USA). GAPDH 
mouse monoclonal antibody (cat. no. D190636; 1:1,000) was 
purchased from Sangon BioTech Co., Ltd. (Shanghai, China). 
The protein concentrations were determined through BCA 
Protein Assay kit (Vazyme, Piscataway, NJ, USA). Samples 
with equal amounts of protein (25 µg) were fractionated on 
10% SDS‑PAGE and were then transferred to polyvinylidene 
fluoride membranes. Following blocking with 5% non‑fat milk 
for 1.5 h at 25˚C, the membranes were incubated with primary 
antibodies for at 4˚C overnight. Membranes were then washed 
with PBS and incubated with goat anti Rabbit IgG horseradish 
peroxidase (cat. no. ab6721; 1:1,000) for another 2 h at 25˚C. 
Blots were developed with SuperSignal West Femto Maximum 
Sensitivity Substrate (Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) and the images were obtained by ImageQuant 
LAS 4000 (GE Healthcare Life Sciences, Little Chalfont, 
UK). All assays were carried out in triplicate.

Reverse transcription‑quantitative polymerase chain 
reaction (RT‑qPCR). Extraction of RNA from cell lysates 
was performed using an RNeasy kit (Qiagen GmbH, Hilden, 
Germany). RNA was then subjected to cDNA synthesis using 
PrimeScript RT reagent kit (Takara Bio, Inc., Otsu, Japan). 
Synthesized cDNA was analyzed by RT‑qPCR using SYBR 
Premix Ex Taq (Takara Bio, Inc.) according to manufacturer's 
protocol, the PCR conditions consisted of 95˚C for 30 sec, 
followed by 40 cycles of amplification (95˚C for 3 sec and 
60˚C for 30 sec). Bio‑Rad CFX96 Touch™ Real‑Time PCR 
Detection system (Bio‑Rad Laboratories, Inc., Hercules, CA, 
USA) was performed. The fold‑change was determined as 
2‑∆∆Cq using β‑actin as an internal control (21). The primer 
sequences are as follows: NF‑κB (p65), forward 5'‑ATC​AAT​
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GGC​TAC​ACA​GGA‑3', reverse 5'‑CCC​GTG​AAA​TAC​ACC​
TCA‑3'; and β‑actin forward 5'‑CAT​GTA​CGT​TGC​TAT​CCA​
GGC‑3' and reverse 5'‑CTC​CTT​AAT​GTC​ACG​CAC​GAT‑3'. 
All assays were carried out in triplicate.

Statistical analysis. All data were analyzed using Prism 
5.0 software (GraphPad Software Inc., La Jolla, CA, USA) 
and expressed as the means ± standard error of the mean. 
Significant differences between groups were statistically 
analyzed using one‑way analysis of variance followed by the 
Newman‑Keuls method. P<0.05 was considered to indicate a 

statistically significant difference. All assays were carried out 
in triplicate in the present study.

Results

Treatment with APS has no marked effects on the viability 
of HaCaT keratinocytes. The viability of HaCaT cells was 
investigated to determine the effects of APS on HaCaT kera-
tinocytes. The results demonstrated that compared with in 
the negative control (NC) group, cell viability was not altered 
following treatment with APS (20, 40 and 80 µg/ml) (Fig. 1).

APS inhibits TNF‑α induced proliferation of HaCaT 
keratinocytes. Psoriasis is characterized by excessive prolif-
eration of keratinocytes  (14,15); therefore, the majority of 
treatment strategies to alleviate psoriasis are via suppres-
sion of the proliferation of keratinocytes. To investigate the 
effects of APS on psoriasis, HaCaT cells were treated with 
various concentrations of APS (20, 40 and 80 µg/ml) for 
24  h. Furthermore, TNF‑α is involved in the overprolif-
eration of keratinocytes (22). The results of the present study 
demonstrated that HaCaT cells treated with 10 ng/ml TNF‑α 
exhibited a significantly increased rate of cell proliferation 
compared with in the NC group (Fig.  2). In addition, the 
results revealed that TNF‑α‑stimulated cells treated with APS 
exhibited significantly decreased rates of cell proliferation in 
a dose‑dependent manner compared with cells treated with 
TNF‑α alone (Fig. 2). These results suggested that APS inhib-
ited the inflammatory factor‑induced proliferation of HaCaT 
keratinocytes.

APS decreases TNF‑α‑induced production of inflammatory 
factors. Inhibition of TNF‑α regulates numerous inflamma-
tory factors; therefore, TNF‑α inhibitors have been approved 
for the treatment of patients with psoriasis (23). Following 
treatment with 10 ng/ml TNF‑α, or a combination of 10 ng/ml 
TNF‑α and increasing concentrations of APS (20, 40 and 
80 µg/ml), for 24 h, IL‑8 and IL‑12 protein expression levels 
were detected in HaCaT cell lysates. The results of western 
blotting revealed that TNF‑α treatment significantly enhanced 
the protein expression levels of IL‑8 and IL‑12 compared with 
in the NC group (Fig. 3A‑C). Furthermore, cells additionally 
treated with APS exhibited significantly decreased levels of 
IL‑8 and IL‑12 in a dose‑dependent manner compared with in 
cells treated with TNF‑α alone (Fig. 3A‑C).

APS suppresses TNF‑α‑induced secretion of inflammatory 
factors. Following treatment with TNF‑α, cells exhibited 
enhanced levels of secreted IL‑8 and IL‑12 into the culture 
medium compared with in the NC group (Fig. 4A and B). In 
addition, in TNF‑α‑stimulated cells treated with increasing 
concentrations of APS, the secretion of IL‑8 and IL‑12 into the 
culture medium was significantly decreased in a dose‑depen-
dent manner compared with in cells treated with TNF‑α alone 
(Fig. 4A and B).

APS suppresses TNF‑α‑induced enhancement of p65 mRNA 
expression. NF‑κB functions as a linker for dysregulated 
crosstalk between keratinocytes and immune cells in the 
pathogenesis of psoriasis  (24). In patients with psoriasis, 

Figure 1. Treatment with APS has no marked effects on the viability of 
HaCaT keratinocytes. Compared with in the NC group, the viability of cells 
treated with various concentrations of APS (20, 40 and 80 µg/ml) was not 
significantly altered. APS, aloe polysaccharide; NC, negative control.

Figure 2. APS significantly inhibits TNF‑α‑induced upregulation of 
HaCaT cell proliferation in a dose‑dependent manner. Treatment with 
10 ng/ml TNF‑α significantly increased cell proliferation of HaCaT cells 
compared with in the NC group. In addition, treatment with APS (20, 40 and 
80 µg/ml) significantly decreased TNF‑α‑induced proliferation of HaCaT 
cells in a dose‑dependent manner. **P<0.01 vs. NC; #P<0.05 and ##P<0.01 
vs. TNF‑α‑treated group. APS, aloe polysaccharide; NC, negative control; 
TNF‑α, tumor necrosis factor‑α.
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NF‑κB signaling is normally activated by TNF‑α; therefore, 
TNF‑α inhibitory drugs such as etanercept may decrease 
p‑p65 levels and subsequently attenuate symptoms of the 
disease (25). Following treatment with TNF‑α, HaCaT cells 
exhibited increased expression levels of p65 mRNA compared 
with in the NC group; however; administration of APS 
attenuated this effect in a dose‑dependent manner (Fig. 5).

APS downregulates TNF‑α‑induced NF‑κB activity. Notably, 
following treatment with TNF‑α, the protein expression 

levels of p‑p65 were significantly increased in HaCaT cells 
compared with in the NC group; however, this effect was 
significantly attenuated following treatment with APS in a 
dose‑dependent manner (Fig. 6A and B). In addition, HaCaT 
cells treated with TNF‑α exhibited significantly decreased 
levels of IκBα, an inhibitory protein of NF‑κB; however, this 
effect was significantly attenuated following treatment with 
APS in a dose‑dependent manner (Fig. 6A and C).

Discussion

Pharmacological treatments available at present for patients 
with psoriasis are not satisfactory due to adverse side effects 
and unfavorable outcomes. Phytomedicines, including 
Aloe vera, indigo naturalis and Mahonia aquifolium, are there-
fore considered to represent alternative therapeutic approaches 
for the treatment of patients with psoriasis (26).

Aloe vera is a traditional medicinal agent used for the 
treatment of dermatological diseases. Numerous studies have 

Figure 4. APS suppresses TNF‑α‑induced secretion of IL‑8 and IL‑12 in 
HaCaT cell culture medium in a dose‑dependent manner. Following treat-
ment with TNF‑α, the expression levels of IL‑8 and IL‑12 secreted by HaCaT 
cells into the culture medium were detected. Treatment with APS inhibited 
TNF‑α‑induced secretion of (A) IL‑8 and (B) IL‑12 into the culture medium 
in a dose‑dependent manner. **P<0.01 vs. NC; ##P<0.01 vs. TNF‑α‑treated 
group. APS, aloe polysaccharide; IL, interleukin; NC, negative control; 
TNF‑α, tumor necrosis factor‑α.

Figure 3. APS significantly suppresses TNF‑α‑induced expression of IL‑8 
and IL‑12 in HaCaT cells in a dose‑dependent manner. (A) Western blotting 
results revealed that the expression levels of IL‑8 and IL‑12 were increased 
following treatment with TNF‑α and subsequently decreased following 
treatment with APS in a dose‑dependent manner. Semi‑quantitative analysis 
of (B) IL‑8 and (C) IL‑12 protein expression. **P<0.01 vs. NC; #P<0.05 and 
##P<0.01 vs. TNF‑α‑treated group. APS, aloe polysaccharide; IL, interleukin; 
NC, negative control; TNF‑α, tumor necrosis factor‑α.
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investigated the application of Aloe vera for the treatment 
of psoriasis  (6,14,15). Choonhakarn et al  (6) revealed that 
Aloe vera markedly reduces the clinical symptoms exhibited 
by patients with psoriasis. In the present study, it was revealed 
that APS, the main bioactive component of Aloe vera, did not 
have a significant effect on the viability of HaCaT keratino-
cytes. However, treatment with APS was revealed to suppress 
TNF‑α‑induced increases in HaCaT cell proliferation in a 
dose‑dependent manner. These results suggested that treatment 
with APS inhibited excessive proliferation of keratinocytes 
without affecting normal skin cells.

The majority of studies that have investigated the clinical 
effects of Aloe  vera have not determined the underlying 
mechanism. Dysregulation of TNF‑α has previously been 
revealed to be involved in the development of psoriasis and 
is considered to represent a major therapeutic target (27). In 
the present study, it was demonstrated that APS attenuated 
the effects induced following treatment with TNF‑α. TNF‑α 
has been revealed to induce the production of numerous cyto-
kines, such as IL‑8 and IL12, and is associated with a cytokine 
network involved in the pathogenesis of psoriasis (28). In addi-
tion, TNF‑α, IL‑8 and IL‑12 represent commonly expressed 
cytokines in patients with psoriasis  (29,30). The results of 
ELISA and western blotting demonstrated that HaCaT cells 
treated with APS exhibited decreased IL‑8 and IL‑12 expres-
sion in a dose‑dependent manner, which had otherwise been 
induced by treatment with TNF‑α. This result is in agreement 
with the results of the cell viability assay, which revealed that 
APS was associated with proinflammatory cytokines and may 
suppress the proliferation of TNF‑α‑treated keratinocytes 
in a dose‑dependent manner via the suppression of TNF‑α 
signaling.

It has been well established that NF‑κB is involved in the 
regulation of proinflammatory gene expression via induction 
of the transcription of cytokines, including TNF‑α (31). The 

TNF‑α‑activated NF‑κB signaling pathway is involved in 
inflammatory processes and forms a positive feedback loop (32). 
In the present study, the protein expression levels of p‑p65 and 
the mRNA expression levels of p65 were detected. Notably, the 
expression levels of p‑p65 in HaCaT cells were significantly 
increased following treatment with TNF‑α; however, treatment 
with APS was revealed to reverse this effect in a dose‑dependent 
manner. Notably, p65 mRNA expression was also significantly 

Figure 5. APS suppresses TNF‑α‑induced upregulation of p65 mRNA 
expression. In the TNF‑α‑treated group, the mRNA expression levels of p65 
were significantly increased compared with in the NC group, which was 
significantly attenuated following treatment with APS in a dose‑dependent 
manner. **P<0.01 vs. NC; #P<0.05 vs. TNF‑α‑treated group. APS, aloe poly-
saccharide; NC, negative control; TNF‑α, tumor necrosis factor‑α. 

Figure 6. APS suppresses TNF‑α‑induced overactivation of NF‑κB activity. 
(A and B) In TNF‑α‑treated HaCaT cells, the protein expression levels of 
p‑p65 were significantly increased compared with in the NC group, which was 
significantly attenuated following treatment with APS in a dose‑dependent 
manner. (A and C) HaCaT cells treated with TNF‑α exhibited significantly 
decreased IκBα protein expression compared with in the NC group, which was 
significantly attenuated following treatment with APS in a dose‑dependent 
manner. **P<0.01 vs. NC; #P<0.05 and ##P<0.01 vs. TNF‑α‑treated group. APS, 
aloe polysaccharide; IκBα, NF‑κB inhibitor‑α; NC, negative control; NF‑κB, 
nuclear factor‑κB; p‑, phosphorylated; TNF‑α, tumor necrosis factor‑α.
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decreased in response to APS in a dose‑dependent manner 
compared with in cells treated with TNF‑α alone. NF‑κB is 
sequestered in the cytoplasm by its inhibitors, such as IκBα 
and IκBβ (33). Knockout of IκBα in lymphocytes and kerati-
nocytes may result in the features of psoriasis (34). In HaCaT 
cells treated with TNF‑α, the protein expression levels of IκBα 
were decreased; however, treatment with APS was revealed to 
attenuate this effect in a dose‑dependent manner. Therefore, 
these results suggested that the regulation of NF‑κB activity 
by APS may be via enhancement of IκBα protein expression. 
The results of the present study revealed that APS inhibited 
the NF‑κB signaling pathway via regulation of p65 activity 
and p65 mRNA expression. These results provided additional 
information regarding the mechanism underlying the effects of 
APS on psoriasis treatment.

In conclusion, the results of the present study demonstrated 
that APS may represent a potential therapeutic agent for the 
treatment of patients with psoriasis. Administration of APS 
suppressed the proliferation of keratinocytes induced by 
treatment with TNF‑α. Furthermore, APS treatment NF‑κB 
signaling pathways induced with TNF‑α in proliferating 
keratinocytes. Therefore, the efficacy of APS administration 
for the treatment of patients with psoriasis appeared to rely 
on its anti‑inflammatory activity. Based on these results, APS 
may be a promising drug candidate of treat psoriasis for its 
potential clinical applications.
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