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Abstract: Psoriasis is a chronic and relapsing skin disease that affects approximately 2–3% of the 
world population and is considered as an inflammatory disease. Defective keratinocyte 
proliferation and differentiation programs, aberrant immune responses are the major factors that 
have been implicated in its pathogenesis. Thick scaly plaques, which are psoriasis characteristic 
formed by the abnormal maturation of keratinocytes and epidermal hyperplasia. The aim of this 
study is to establish the initial stage of psoriasis model by LPS (lipopolysaccharide) treatment to 
HaCaT (transformed keratinocyte) cells. MTT assay of LPS was performed to hallmark the initial 
stage of psoriasis. ELISA assay was performed to determine the cytokine release as response to LPS 
for psoriasis initial stage. According to the MTT assay results 200 ng/mL used as the test dose and 
8µg/mL LPS determined as the toxic dose at 72th hour. LL-37 was the first cytokine whose 
expression increased in the formation of the immune response. Besides, TNF-α release occurs soon 
after. The presence of immune system cells is needed to maintain IL-17 and IL-1β release. The 
cytokine release at the 72th hour decreased to control level due to the lack of immune cells in the 
culture medium. 
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1. Introduction 

Psoriasis is a chronic, multifactorial, inflammatory skin disease characterized by T 
cell-mediated keratinocyte hyperproliferation and shiny white scales. The etiology of the disease 
relies on both genetic and environmental factors. Psoriasis can be triggered by many different causes 
such as damage, trauma, infection, environmental factors, drugs, metabolic factors, alcohol and 
smoking [1]. Keratinocytes are the basic and dense cell type of the epidermis. Keratinocytes are 
arranged in five layers in the epidermis; stratum basale, stratum spinozum, sratum granulose, 
stratum lusidum and stratum corneum. In the process of epidermal terminal differentiation, the 
prismatic cells in the basal layer become more and more flat as they move upwards and lose their 
nuclei and cornify. Programmed cell death is the fundamental step of cornification [2]. While this 
process is normally 28–30 days, it decreases to 3–4 days in psoriatic skin. Psoriasis characteristic of 
thick scaly plaques formed by abnormal maturation and hyperproliferation of keratinocytes. This 
hyperproliferation is driven by cytokines secreted by activated resident immune cells, infiltrating T 
cells, dendritic cells and cells of the innate immune system, as well as the keratinocytes themselves 
[3]. The aim of this study is to establish a model of the psoriasis’ initial stage by LPS 
(lipopolysaccharide) treatment of keratinocytes, the main cells affected in the pathogenesis of 
psoriasis, using transformed cell line HaCaT. 
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2. Materials and Methods 

DMEM-high glucose (Gibco) medium was mixed with 10% FBS (Gibco), 1% 
penicillin-streptomycin (Gibco) and 1x amphotericin B (Capricorn) for HaCaT cell culture. Cells 
were grown in 5% CO2, 95% air humidified incubator at 37 °C. 

To construct the cell culture psoriasis model, it was planned to use LPS to initiate the 
keratinocyte response by inducing expression of proinflammatory cytokines. For LPS test dose and 
toxic dose determination, the MTT assay was performed according to the manufacturer’s 
instructions (Vybrant MTT Cell Proliferation Assay Kit). After 24 h incubation, cells were treated at a 
concentration of 0, 10, 50, 100, 200, 500, 1000, 1500 ng/mL LPS (Sigma-L2630) diluted with PBS, as 
triplicated. Readings were then taken at 12, 24, 48 and 72 h. No toxicity was seen after the first trial 
and the MTT test was repeated with LPS treatment at higher concentrations to determine the LD50 
dose. Cells were treated at a concentration of 0, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 5.5, 6, 6.5, 7, 7.5 and 8 
mg/mL LPS at 24, 48 and 72 h. 

The release of IL-1β, IL-17, TNF-α and LL-37, which are pro-inflammatory and inflammatory 
mediators, in the media of the cultured cells were determined by ELISA assay (YLBiont).100.000 cells 
were seeded per well of 6-well plate. After 24 h, cells were treated with 200 ng/mL LPS as the test 
dose. The culture medium was collected at 1, 2, 4, 8, 12, 24, 48, and 72 h, and the amount of cytokine 
release was determined with ELISA. The collected media at the specified times were kept at +4 °C 
until ELISA measurement was performed. ELISA assay was performed according to the 
manufacturer’s instructions  

3. Results 

According to the results of cell survival rate, cells treated with 200 ng/mL LPS were showed the 
most increase in proliferation (Figure 1). The MTT test was repeated with LPS treatment at higher 
concentrations since no toxicity was observed after the first trial. According to the cell survival rates, 
LD50 dose of LPS was determined 8 mg/mL at 72th hour (Figure 2). 

 
Figure 1. Cell Viability-time chart of LPS-applied cells. 

It was observed that the release of the antimicrobial peptide, LL-37, started at 1.5th hour and 
reached its peak at the 8th hour, and it started to decrease after 24th hour. Likewise, TNF-α release 
started to increase at 3th hour, between 4th–8th hours had a partial plateau (which showed an 
increase of 25% at the 8th hour) and then decrease quickly (Figure 3). It was observed that there was 
no significant change in IL-17 release until 24th hour, there was an increase in 24th hour (48%) and 
immediately decreased. It was observed that IL-1β release started to increase in 12th hour, increased 
by 50% at 24th hour and returned to baseline at 72th hour. (Figure 4). 
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Figure 2. Cell Viability-time chart of high-dose LPS. 

  
Figure 3. LL-37 (ng/mL) and TNF-α (ng/L) release-time graph. 

  
Figure 4. IL-17 (ng/L) and IL-1β (pg/L) release-time graph. 

4. Discussion 

The interrelations of cytokines expressed in psoriatic skin determine the hyperproliferation of 
keratinocytes, increased neovascularization and inflammation [4]. Immune system activation, which 
is the first step of psoriasis pathogenesis, was evaluated by cytokine release in this study. The 
cytokines stimulate the expression of key growth factors and immune genes, including 
proinflammatory cytokines, chemokines, and antimicrobial peptides, which amplify immune 
circuits, accelerate keratinocyte turnover, and impact epidermal differentiation [1,5]. Expression of 
the TNF-α, Type I cytokine, increased at 3th hour and LL-37 (an antimicrobial peptide) increased at 
1.5th hour and both reached its peak level at the 8th hour, suggesting that the activation of the 
immune system is too early. The antimicrobial peptide LL-37, which plays an important role in the 
development of the immune response, begins to increase at the second hour and indicates that 
response has begun, TNF-α release starts soon after. TNF-α is secreted by many cells involved in the 
pathogenesis of psoriasis, such as keratinocytes, dendritic cells, NK cells, Th1, Th17 and Th22. 
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TNF-α is a multifunctional cytokine that regulates inflammation, immune response, cell motility, 
cell cycle, tissue regeneration and apoptosis. It plays roles in both the onset and chronic phase of 
psoriasis [6]. Previous studies have also shown increased TNF-α expression in active plaques. TNF-α 
expression describes the relationship between keratinocyte proliferation and immune activation and 
tissue inflammation [7]. In our study, the release of TNF-α reached up to the highest level between 
4–8 h and it contribute to support this information. Cytokines such as IL-17, TNF-α and IL-1β play a 
role in the formation of keratinocyte response in psoriasis by themselves or in combination. IL-17, 
TNF-α and IL-1β cause keratinocyte proliferation, but also increase the production of other 
chemokines and cytokines [1]. The presence of immune system cells is needed to maintain IL-17 and 
IL-1β release as well as TNF-α. Our results showed that the cytokine release at 72th hour is same as 
control level, we think that this decrease is due to the lack of immune cells in the culture medium. 
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