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 46 

SUMMARY: 47 

This paper presents a method of establishing an in vitro psoriasiform cutaneous inflammatory 48 

model at the transcription level using a combination of five cytokines (IL-17A, IL-22, IL-1α, TNF-49 

α, OSM) on HaCaT cell line. 50 

 51 

ABSTRACT: 52 

Psoriasis is a common chronic inflammatory skin disease mediated by innate and adaptive 53 

immune systems, characterized by abnormal proliferation and differentiation of epidermal 54 

keratinocytes and infiltration of inflammatory cells. Skin-specific keratinocytes are key 55 

participants in innate immunity, responding to immune cells and environmental stimulation, 56 

thereby serving an important role in the immunopathogenesis of psoriasis. Here, we present a 57 

method for inducing psoriasiform keratinocytes inflammation at transcription level with HaCaT 58 

cell line using five proinflammatory cytokines combination (M5 combination), including IL-17A, 59 

IL-22, IL-1α, TNF-α, and oncostatin M. Results demonstrate that M5 combination induced HaCaT 60 

cells showed increased levels of antimicrobial peptides (BD2, S100A7, S100A8, and S100A9), 61 

chemokines, and cytokines (CXCL1, CXCL2, CXCL8, CCL20, IL-1β, IL-6 and, IL-18). The mRNA levels 62 

of keratinocytes differentiation markers (Keratin1, Keratin10, Filaggrin, and Loricrin) were down 63 

regulated, which was consistent with the transcriptome data derived from psoriasis‑ like 64 

keratinocytes. The method described here, therefore, establishes an in vitro psoriasiform 65 

cutaneous inflammation at transcription level and contributes to the research for molecular 66 

pathogenesis of psoriasis. 67 

 68 

INTRODUCTION: 69 

Psoriasis is a common non-contagious chronic inflammatory skin disease triggered by a 70 

dysregulated immune response, affecting the keratinocytes that predominantly form the 71 

epidermis1, characterized by abnormally rapid multiplication of keratinocytes with 72 

hyperkeratosis and parakeratosis. Psoriasis affects about 3% of the world-wild population2. 73 

Disease burden is further increased by several comorbidities, including cardiovascular diseases 74 

and metabolic syndrome caused by the syndrome3. 75 

 76 

Epidermis is composed of five layers of keratinocytes and undergo morphological change with 77 

differentiation process: the stratum basal, stratum spinosum, stratum granulosum, stratum 78 

lucidum (found on palms and soles) and stratum corneum described here from the inner to outer 79 

surface4. Change in epidermis differentiation leads to a disturbed skin barrier, which is important 80 

for the pathogenesis of skin inflammatory diseases5-8. Keratinocytes play a vital role in 81 

maintaining an intact epidermal barrier to prevent water loss and against environmental triggers 82 



such as UVB exposure, allergens, and pathogens9. Healthy individuals show a balance between 83 

basal cells proliferation and stratum corneum desquamation, while multiple skin diseases 84 

including psoriasis, are characterized by an imbalances of this complex mechanism10. 85 

 86 

In addition to forming barrier function, keratinocytes are also a critical component of skin’s 87 

immune system. In the immunopathogeneses of psoriasis, activation of skin-resident Type 1 88 

helper T cells (Th1) and Type 17 helper T cells (Th17), leads to increased production of IFN-γ and 89 

IL-17A, respectively. These cytokines induce increased synthesis of chemokines (CCL20, 90 

CXCL1/2/8/9/10/11), antimicrobial peptides (BD2, LL37, S100A7/8/9/12), and other 91 

inflammatory factors (TNF-α, IL-6, IFN-β) in keratinocytes, leading to the recruitment of more Th1, 92 

Th17, and neutrophils into the skin, further amplifying the IL-17/IL23 axis11. The crosstalk 93 

between keratinocytes and immune cells is responsible for the induction and maintenance of 94 

psoriasis11. 95 

 96 

Complex cytokine networks have been described in psoriasis, and the central role of pro-97 

inflammatory cytokines (such as IL-23, IL-22, IL-17, IL-1α, oncostatin M(OSM), and TNF-α) 98 

produced by immune cell infiltration has been highlighted12,13. Indeed, previous studies have 99 

shown that increased levels of IL-17A, IL-22, IL-1α, TNF-α, and OSM induced a profile of 100 

psoriasiform on normal human epidermal keratinocytes in vitro14. 101 

 102 

Immortal keratinocyte cell lines (HaCaT) that are more easily obtained and cultured than primary 103 

keratinocytes with better reproducibility, have been widely used for the study of psoriasis15-20. 104 

Different from human papillomavirus16 E6/E7 transformed HEK001 and KerTr cells, HaCaT cell 105 

line is capable of expressing differentiation gene products, including Keratin1 (KRT1), Keratin10 106 

(KRT10), Loricrin, and filaggrin20-22, thereby providing a promising tool similar to primary 107 

keratinocytes to study the regulation of keratinization and proinflammatory. 108 

 109 

KRT5/14 is the major type I-type II keratin pair expressed in proliferative basal keratinocytes, 110 

whereas differentiated keratinocytes in the suprabasal layers downregulate KRT5/14 and express 111 

KRT1/10 as the major keratin pair23. Upon comparison of psoriasis lesion with healthy skin, the 112 

changes in keratin expression included decreases in KRT1/1024,25 and increases in KRT5/14 in the 113 

psoriatic epidermis26, characterized by hyperproliferation and parakeratosis27. Loricrin is a 114 

terminally differentiating structural protein comprising more than 70% of the cornified envelope, 115 

contributes to the protective barrier function of the stratum corneum28, down regulated in the 116 

skin of psoriasis patients29. Filaggrin is expressed at the final stages of keratinocyte differentiation 117 

and is involved in the aggregation of a scaffold‐like cornified envelope30, decreased expression in 118 

psoriasis lesion skin29. 119 

 120 

Overall, our goal was to generate inflammatory keratinocytes model in HaCaT cells using a 121 

cytokine combination that will be able to synergistically recapitulate some characteristics of 122 



psoriasis skin lesions, including initiating an immune response, keratinocytes proliferation and 123 

differentiation. 124 

 125 

PROTOCOL: 126 

Perform steps 1 to 3 under sterile condition. All the culture medium contained 0.1 mg/mL 127 

penicillin and streptomycin. 128 

 129 

1. Cell preparation 130 

 131 

1.1. Seed 1 x 106 HaCaT cells in 10 mL of Dulbecco’s Modified Eagle Medium (DMEM) 132 

supplemented with 10% fetal bovine serum (FBS) in 100 mm cell culture dish. Incubate the 133 

culture dish at 37 °C in a humidified 5% CO2 incubator for 2 days. 134 

 135 

1.2. When the culture reaches around 80% confluency, carefully remove the medium from the 136 

culture dish and wash the cells with 5 mL of 1x phosphate buffered saline (PBS). Gently rock the 137 

culture dish manually. 138 

 139 

1.3. Remove PBS and add 2 mL of 0.25% trypsin-EDTA solution to the cells. Gently shake the 140 

culture dish to let the solution completely coat the monolayer of cells. 141 

 142 

1.4. Incubate the cells at 37 °C in a humidified 5% CO2 incubator for 5 min until the cells are visibly 143 

detached from the surface of the culture dish under phase-contrast microscopy. 144 

 145 

NOTE: The morphology of cells should appear round. If the cells are not well detached, incubate 146 

for an additional period of 5 min along with manual agitation. 147 

 148 

1.5. Once the cells are detached, add 5 mL of DMEM plus 10% FBS to inactivate trypsin and collect 149 

the cell suspension in a 50 mL centrifuge tube using a pipette. 150 

 151 

1.6. Centrifuge the tube containing cell suspension at 180 x g for 5 min. Decant the supernatant. 152 

 153 

1.7. Add 10 mL of DMEM plus 10% FBS medium to the pellet and gently pipette the medium up 154 

and down to bring the cells into suspension. 155 

 156 

2. Cell seeding in the 6-well plate 157 

 158 

2.1. Seed the cells at a density of 2.0 x 105 cells/well in 6-well culture plate. 159 

 160 

2.2. Incubate the 6-well culture plate at 37 °C in a humidified 5% CO2 incubator overnight before 161 

M5 combination stimulation to let the cells adhere to the plate. 162 

 163 



3. M5 stimulation of HaCaT cells 164 

 165 

3.1. Prepare M5 cytokine combination mix medium containing 10 ng/mL of recombinant IL-17A, 166 

IL-22, IL-1α, TNF-α, and oncostatin M protein in DMEM containing 2% FBS. 167 

 168 

NOTE: M5 combination consisted of recombination of IL-17A, IL-22, IL-1α, TNF-α, and oncostatin 169 

M. Synergistic action of M5 combination recapitulates some features of psoriasis, like 170 

upregulation of chemokines and antimicrobial peptides production31. 171 

 172 

3.2. After overnight cell culture, remove the supernatant, and pipette 2 mL of M5 combination 173 

mix medium into each well. 174 

 175 

3.3. Continue culturing the cells; cell lysates were collected at 24 h for mRNA quantification (step 176 

4) or culture supernatant were collected at 48–72 h for the determination of cytokine levels by 177 

ELISA assay32-37 (step 6). 178 

 179 

4. Harvest mRNA of M5 stimulated HaCaT cells 180 

 181 

4.1. Aspirate the M5 combination mix medium and wash once with 1–2 mL of cold PBS. 182 

 183 

4.2. Aspirate PBS and add 1 mL of commercially available guanidium Isothiocyanate solution 184 

directly to the culture dish to lyse the cells. 185 

 186 

4.3. Pipette the lysate up and down several times to homogenize and transfer the cell lysate into 187 

a 1.5 mL microcentrifuge tube. Leave at room temperature for 5 min. 188 

 189 

4.4. Add 200 μL of chloroform, shake the tube vigorously for about 20 s and incubate the sample 190 

for 5 min at room temperature. 191 

 192 

4.5. Centrifuge at 12,000 x g for 10 min at 4 °C. 193 

 194 

4.6. Transfer the aqueous phase to a fresh 1.5 mL microcentrifuge tube. 195 

 196 

4.7. Add 500 μL of isopropanol to the aqueous phase and mix gently. Leave at room temperature 197 

for 5 min. 198 

 199 

4.8. Centrifuge at 12,000 x g for 15 min at 4 °C. 200 

 201 

4.9. Aspirate isopropanol and add 1 mL of 75% ethanol. Wash the pellet once. 202 

 203 

4.10. Centrifuge at 7,500 x g for 5 min at 4 °C. Pour off the ethanol and let the pellets air-dry. 204 



 205 

4.11. Add 30 μL DEPC treated water to the RNA pellet. Prepare for RT-PCR detection. 206 

 207 

5. Analysis of mRNA expression by Real-Time PCR 208 

 209 

5.1. Perform cDNA synthesis with 1 μg of total RNA using a commercially available kit following 210 

the manufacturer’s instruction. 211 

 212 

NOTE: 1 μg of total RNA for SYBR Green RT-PCR assay. 213 

 214 

5.2. Prepare the PCR reaction mixture. 12.5 μL of SYBR premix EX Taq II, 1μL of PCR Forward 215 

Primer (10 μM), 1 μL of PCR Reverse Primer (10 μM), 2 μg of cDNA, and 8.5 μL of dH2O. The final 216 

volume is 25 μL per reaction. 217 

 218 

NOTE: List of primer sequences of genes used for RT-PCR analysis in this study is shown in Table 219 

1. 220 

 221 

5.3. Incubate in thermocycler. The cycling conditions included a denaturing step at 95 °C for 30 s, 222 

40 cycles of 95 °C for 5 s, 60 °C for 30 s, 72°C for 20s and a melting curve analysis. 223 

 224 

5.4. Analyze RT-PCR experiment data by calculating relative differences in gene expression from 225 

Ct (threshold cycle) values using 2-ΔΔCT equations. Use β-actin as an internal control for RT-PCR 226 

relative quantitative gene expression standardization. 227 

 228 

6. Harvesting cell culture supernatant for ELISA 229 

 230 

6.1 Pipette each cell culture media into a 1.5 mL microcentrifuge tube. 231 

 232 

6.2. Centrifuge at 1500 x g for 10 min at 4 °C. 233 

 234 

6.3. Aliquot the supernatant and store at -80 °C immediately. 235 

 236 

7. Analysis of cytokines expression by ELISA 237 

 238 

7.1. Follow the manufacturer’s instruction to prepare all reagents, working standard, and 239 

samples. A three-fold serial dilution of standard with sample diluent ranging from 2,000 to 2.74 240 

pg/mL. Dilute samples 1:2 with sample diluent. 241 

 242 

7.2. Add 100 µL of standard and sample per well. Cover wells with lid and seal the plate with 243 

paraffin film. Incubate for 2.5 h at room temperature. 244 

 245 



7.3. After 2.5 h, discard the solution. Add 300 µL of wash buffer to each well of the plate for 3 min 246 

and aspirate. Repeat the process for four additional times. After the last wash, invert the plate 247 

and tap on absorbent paper to remove remaining liquid. 248 

 249 

7.4. Add 100 µL of the detection antibody solution to each well. Incubate the plate on a shaker 250 

for 2 h at 37 °C. 251 

 252 

NOTE: Biotinylated detection antibody solution is prepared in each ELISA kits. 253 

 254 

7.5. Aspirate and wash each well of plate five times using 300 µL of Wash buffer. After the last 255 

wash, invert the plate and tap on absorbent paper to remove the remaining liquid. 256 

 257 

7.6. Add 100 µL of HRP-Streptavidin conjugate to each well. Incubate for 45 min at room 258 

temperature with gentle shaking. 259 

 260 

7.7. Discard the solution by aspirating with a pipette after the incubation. Wash each well of plate 261 

five times using 300 µL of Wash buffer. After the last wash, invert the plate and tap on the 262 

absorbent paper to remove the remaining liquid. 263 

 264 

7.8. Perform detection by adding 100 µL of TMB substrate to each well. Incubate for 30 min at 265 

37 °C in the dark. 266 

 267 

7.9. Add 50 µL of stop solution, when color develops, to each well. Gently tap the plate to ensure 268 

thorough mixing. Read at 450 nm immediately. 269 

 270 

REPRESENTATIVE RESULTS: 271 

 272 

M5 combination stimulation induced inflammatory response of HaCaT cells. 273 

HaCaT cells were stimulated with or without M5 cytokines combination for 24 h. mRNA 274 

expression of psoriasis-related genes, which are involved in the regulation of the immune and 275 

inflammatory chemokines and antimicrobial peptides, were evaluated. Neutrophil chemokines 276 

CXCL138, CXCL239, CXCL840, and T-cell chemokines CCL2041,42 were significantly increased in M5 277 

combination stimulated HaCaT cells compared to untreated HaCaT cells in a time-dependent 278 

manner (Figure 1A). Expression of BD243, S100A744,45, S100A846, S100A946, and S100A1247,48 , as 279 

antimicrobial peptides were barely detected in unstimulated HaCaT cells and were strongly 280 

expressed after the M5 combination stimulation with time-dependent expression pattern (Figure 281 

2A). Further, microarray expression of psoriasiform cutaneous inflammation in HaCaT was also 282 

performed using Human Expr 12x135K Arr Del49. Cytokines, chemokines (Figure 1B) and 283 

antimicrobial peptides (Figure 2B) were found to be upregulated in M5 combination stimulated 284 

HaCaT. Protein levels of IL-6, IL-1β, IL-18, and CXCL820,50-54 were studied via ELISA as a 285 

confirmation. Higher protein levels were observed in supernatant of M5 combination stimulated 286 



HaCaT cells compared to control cells (Figure 1C). Meanwhile, to evaluate the pathophysiological 287 

correlation of M5 combination induced psoriasiform cutaneous inflammation on HaCaT cells, 288 

microarray dataset (GDS4602)55 from lesion skin biopsy sample of normal and patients with 289 

psoriasis were downloaded from gene expression omnibus (GEO). We explored the expression 290 

levels of several proinflammatory chemokines, cytokines, and antimicrobial peptides. The results 291 

showed that proinflammatory chemokines CXCL1, CXCL2, CXCL8, and CCL20 and antimicrobial 292 

peptides BD2, S100A7, S100A8, S100A9, and S100A12 over-expressed in psoriatic skin as 293 

compared with normal skin (Supplementary Table 1). Taken together, these results indicated 294 

that M5 combination stimulation in HaCaT cells contributed to establishing psoriasiform 295 

inflammation in vitro, with increased proinflammatory chemokines, and antimicrobial peptides 296 

production at the transcription level. However, further studies are needed to establish this as a 297 

model for psoriasiform inflammation model. 298 

 299 

M5 combination stimulation reduced keratinocyte differentiation level in HaCaT cells 300 

HaCaT as an immortal keratinocyte cell lines, retained functional differentiation proprieties of 301 

normal keratinocytes, showed normal keratinization and stratification grown in organotypic 302 

cultures56,57 and normal morphogenesis transformation to differentiation features in high 303 

calcium concentration culture medium57-59. mRNA levels of KRT5 and KRT14, as cytokeratin 304 

associated with proliferating keratinocytes, were increased in M5 stimulated HaCaT (Figure 3A). 305 

To further explore the effect of M5 combination stimulation on the differentiation level of 306 

keratinocytes, mRNA expression of keratinocyte differentiation markers was evaluated. KRT1 and 307 

KRT10, which are among the first to be expressed during cornification as early differentiation 308 

makers, were significantly down-regulated (Figure 3A). Meanwhile, mRNA levels of Loricrin and 309 

Filaggrin as late differentiation markers, which are the main components of the epidermal 310 

cornified envelope, were significantly down-regulated (Figure 3A). Microarray expression 311 

profiling also upregulation of keratinocyte proliferation marker KRT5 and KRT6, while 312 

differentiation marker KRT1, KRT10, Loricrin and Filaggrin were down-regulated (Figure 3B). This 313 

is similar to studies performed in human biopsy where compared to normal skin, GEO profile of 314 

patients with psoriatic skin lesion (GDS4602)60 showed decreased KRT10, Filaggrin, and Loricrin 315 

expression (Supplementary Table 1). In summary, M5 combination decreases keratinocyte 316 

differentiation marker expression in HaCaT cell line. 317 

 318 

FIGURE AND TABLE LEGENDS: 319 

 320 

Figure 1: Chemokines genes sustained increase in HaCaT cells cultured with combination of IL-321 

17A, IL-22, IL-1α, TNF-α, and OSM (M5 combination). HaCaT cells were cultured in M5 322 

combination for 6, 12, and 24 hours. QRT-PCR analysis was carried out and mRNA expression 323 

levels for CXCL1, CXCL2, CXCL8, and CCL20 were normalized using β-actin housekeeping gene and 324 

expressed as the fold increased above unstimulated control (A), Heatmap analysis of cytokines 325 

and chemokines expression profiles between control and M5 stimulated HaCaT (B). Levels of IL-326 

6, IL-1β, IL-18, and CXCL8 in the culture supernatant of HaCaT cells stimulated by M5 for 96 h 327 



were measured by ELISA (C). Mean ± SD. *P < 0.05; **P < 0.01; ***P < 0.001. Two-tailed Student’s 328 

t-test. Data represents three independent experiments. 329 

 330 

Figure 2: Antimicrobe peptide genes sustained increased in HaCaT cells cultured with M5 331 

combination. HaCaT cells were cultured in M5 combination for 6, 12, and 24 hours. QRT-PCR 332 

analysis was carried out and mRNA expression levels for BD2, S100A7, S100A8, S100A9, and 333 

S100A12 were normalized using β-actin housekeeping gene and expressed as the fold increased 334 

above unstimulated control (A), Heatmap analysis of antimicrobial peptides expression profiles 335 

between control and M5 stimulated HaCaT (B). Mean ± SD. *P < 0.05; **P < 0.01; ***P < 0.001. 336 

Two-tailed Student’s t-test. Data represents three independent experiments. 337 

 338 

Figure 3: Keratinocyte differentiation genes sustained decreased in HaCaT cells cultured with 339 

M5 combination. HaCaT cells were cultured in M5 combination for 6, 12, and 24 hours. QRT-PCR 340 

analysis was carried out and mRNA expression levels for KRT1, KRT10, Filaggrin, and Loricrin were 341 

normalized using β-actin housekeeping gene and expressed as the fold increased above 342 

unstimulated control (A), Heatmap analysis of keratinocytes proliferation and differentiation 343 

markers expression profiles between control and M5 stimulated HaCaT (B). Mean ± SD. *P < 0.05; 344 

**P < 0.01; ***P < 0.001. Two-tailed Student’s t-test. Data represents three independent 345 

experiments. 346 

 347 

Table 1: List of primer sequences of genes used for RT-PCR analysis 348 

 349 

Supplementary Table 1: GEO profile of psoriatic lesion skin versus normal skin. GEO profile 350 

(GSD4602) data were generated from skin punch biopsies of 58 normal skin and 64 psoriasis 351 

lesion skin. Ratio between psoriasis lesion skin and normal skin were calculated using Prism 8 352 

software. The p values were analyzed using the Mann-Whitney U-test. 353 

 354 

DISCUSSION: 355 

Described herein is a method using five cytokines combination (IL-17A, IL-22, IL-1α, TNF-α, OSM) 356 

into HaCaT cell line to establish an in vitro psoriasiform cutaneous inflammation profile at 357 

transcription level. This protocol can be adapted for the study on the mechanism of genes in the 358 

pathogenesis of psoriasis as well as the screening of therapeutic drugs for psoriasis. Recent 359 

reports have shown that overexpression of IL-17A and IL22 producing CD8 T cells in lesional skin 360 

suggests their involvement in the pathogenesis of psoriasis61. IL-1α, IL-22, and IL-17A can induce 361 

skin inflammation in animal models62-65. Cytokines capable of inducing specific expression 362 

patterns associated with antimicrobial peptides produced, such as IL-17 and IL-2266 or innate 363 

immune response, such as IL-17, IL-1α, and TNF-α11,62,67 or keratinocyte differentiation programs, 364 

such as IL-22 or OSM68,69. Our results confirmed IL-17A, IL-22, IL-1α, TNF-α, and OSM as major 365 

skin inflammation inducers and demonstrated a powerful synergy on the expression of 366 

chemokines, cytokines, and antimicrobial peptides in HaCaT cell line. 367 

 368 



Notably, M5 combination induced the expression of HaCaT cells neutrophils attracting 369 

chemokines CXCL1, CXCL2, CXCL8, and recruitment of CCR6+ Th17 cells chemokines CCL20, which 370 

play a decisive role in the initiation and maintenance of psoriasis70-72. Antimicrobial peptides are 371 

suspected of modifying host inflammatory responses by a variety of mechanisms including action 372 

as angiogenic factors, chemotactic agents, and regulators of cell proliferation, have been 373 

implicated in the development of psoriasis in recent years73. S100A8 and S100A9 are also 374 

involved in the recruitment of inflammatory infiltrates74,75. S100A8 and S100A9 augments the 375 

production of CXCL1, CXCL2, CXCL8, and CCL20 in keratinocytes76. BD2 has chemokine activity 376 

and may recruit memory T cells and immature dendritic cells to the site of microbial invasion 377 

through interaction with CCR677. S100A12 has chemotaxis on mast cells and monocytes78. 378 

Antimicrobial peptides expressed in M5 stimulated HaCaT psoriasiform in vitro model is essential 379 

to the nature defenses of the skin and are also conductive to promoting the infiltration of 380 

inflammatory cells. 381 

 382 

Our data showed significantly decreased expression of early (KRT1 and KRT10) and late (Filaggrin 383 

and Loricrin) differentiation genes after M5 combination stimulation in HaCaT cells (Figure 2). 384 

Psoriasis is characterized by uncontrolled increased proliferation rate and poor differentiation79. 385 

GWAS have identified numerous genetic variations associated with psoriasis, comprising many 386 

genes of crucial importance for keratinocyte differentiation80. Psoriasis keratinocytes RNA-seq 387 

identified decreased differentially expressed genes were enriched for genes associated with 388 

epidermal differentiation81. Psoriasis keratinocytes showed decreased expression of early (KRT1, 389 

KRT10, DSC1) and late (LOR, FLG, IVL) differentiation genes81. KRT1 and KRT10 are directly 390 

involved in cell cycle control which onsets keratinocytes differentiation82. Mutation of KRT1/10 391 

or absence of KRT10 showed greater epidermal proliferation in the basal layer83,84. Loss-of-392 

function mutation (p.K4022X) in filaggrin gene is associated with psoriasis85. Loricrin, as a 393 

candidate for the PSORS4 locus, mutation deranges the keratinocyte differentiation and delays 394 

the cell death process86. Decreased filaggrin and loricrin expressions by keratinocytes in psoriasis 395 

lesion skin were observed87. In addition, S100A8/A9 stimulates keratinocytes proliferation 396 

through induced phosphorylation of p38 and SAPK/JNK followed by activation of ERK1/288. 397 

Together, the mRNA expression pattern of keratinocytes differentiation process stimulated by 398 

M5 combination on HaCaT cells is consistent with that of psoriatic skin lesions. 399 

 400 

In this protocol, HaCaT cell line was used to establish psoriasiform cutaneous inflammatory 401 

models in vitro as they are easy to obtain and culture with good stability and reproducibility. 402 

Although HaCaT cells have been widely used in psoriasis studies15-19, it has been reported that 403 

the gene transcriptional profile of cornified envelope-associated proteins in HaCaT cells was 404 

generally different from that in primary keratinocytes, suggest HaCaT cells have a limitation as a 405 

model to study normal skin barrier development89,90. Meanwhile, the keratin profile expressed 406 

by HaCaT is much broader than that normally seen in primary keratinocyte cultures, including 407 

keratins associated with simple epithelium19. In our previous study, Gene ontology (GO) 408 

enrichment analysis HaCaT cells stimulated with M5 showed a similar genes enrichment in 409 



transcriptome data with lesional skin and epidermis of psoriasis patients. In the differentially 410 

expressed genes (DEGs) of psoriasis-like HaCaT cells, we found DEGs pattern in HaCaT cells 411 

stimulated with M5 are correlated with pathogenies of psoriasis (GSE54456, GSE26866)91. 412 

Meanwhile, immunohistochemistry patterns of chemokines40,92,93, antimicrobial peptides46,94-97 413 

and keratinocytes differentiation markers97-100 in psoriasis patients were consistent with GEO 414 

database. Therefore, HaCaT cells stimulated with M5 as an in vitro psoriasiform cutaneous 415 

inflammatory model were similar to primary keratinocytes. 416 

 417 

Notably, the activity of recombinant cytokines is critical to the success of the experiment. Always 418 

make working aliquots of dissolved recombinant cytokines and avoid freeze/thaw cycle are 419 

necessary. Meanwhile, we found stronger psoriasiform cutaneous inflammatory in M5 420 

stimulated HaCaT with culture medium plus 2% FBS compared to 10% FBS. In addition, identifying 421 

the expression of proinflammatory chemokines is necessary to detect whether the M5 induced 422 

psoriasiform model is successful before screening potential drugs or studies on the mechanism 423 

of psoriasis. 424 

 425 

Here, we have established a M5 combination that stimulates HaCaT cells psoriasiform cutaneous 426 

inflammatory model, showing consistent expression of inflammatory mediators and reduced 427 

levels of keratinocyte differentiation in patients with psoriasis, demonstrating the advantages of 428 

studying the synergistic effects of cytokines on pathophysiological condition in vitro. IL-17A, IL22, 429 

IL-1α, TNF-α, and OSM synergistic stimulation could be a novel valuable strategy to identify the 430 

key pathogenic tissue-specific molecules for disease and represent potential biomarker or drug 431 

target for development of future therapeutics of psoriasis. 432 
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Gene Forward (5’ to 3’)

 β-actin CCACGAAACTACCTTCAACTCC

S100A7 CCTTAGTGCCTGTGACAA

S100A8 AGTGTCCTCAGTATATCA

S100A9 CAACACCTTCCACCAATAC

S100A12 CAATACTCAGTTCGGAAGG

CXCL8 GTCCTTGTTCCACTGTGCCT

CCL20 TGACTGCTGTCTTGGATACACAGA

CXCL1 GCCAGTGCTTGCAGACCCT

CXCL2 CAAACCGAAGTCATAGCCAC

BD2 TTCTCGTTCCTCTTCATA

Filaggrin TGAGGGCACTGAAAGGCAAA

Loricrin GGGCACCGATGGGCTTAG

Krt14 CCAGTTCTCCTCTGGATCGC

Krt10 CCTGCTTCAGATCGACAATGCC

Krt5 TGTCAAGAAACAGTGCGCCA

Krt1 CCCTCCTGGTGGCATACAAG

Primer  Sequence 
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Reverse (5’ to 3’)

GTGATCTCCTTCTGCATCCTGT

CTGCTTGTGGTAGTCTGT

CATCTTTATCACCAGAATG

TCATTCTTATTCTCCTTCTTGAG

CTTTGATATTCTTGATGGTGTTT

GCTTCCACATGTCCTCACAA

TGATAGCATTGATGTCACAGCCT

GGCTATGACTTCGGTTTGGG

TCTGGTCAGTTGGATTTGCC

ATATGGCTCCACTCTTAA

TGGCCACATAAACCTGGGTC

GGTAGGTTAAGACATGAAGGATTTGC

TCCAGTGGGATCTGTGTCCA

ATCTCCAGGTCAGCCTTGGTCA

GCTGCTGGAGTAGTAGCTTCC

GTTGGTCCACTCTCCTTCGG

Primer  Sequence 



Name of Material/Equipment Company Catalog Number Comments/Description

DMEM—Dulbecco's Modified Eagle 

Medium
Gibco 11965092

Fetal Bovine Serum Gibco 10100139C

HaCaT cells
China Center for Type 

CultureCollection
GDC0106

Less than 15 

generations

Human IL-1β ELISA Kit Beyotime PI305

Human IL-6 ELISA Kit Beyotime PI330

Human IL-8 ELISA Kit Beyotime PI640

IL-1 alpha Human Prospec CYT-253 Recombinant protein

IL-17 Human Prospec CYT-250 Recombinant protein

IL-22 Human Prospec CYT-328 Recombinant protein

OSM Human Prospec CYT-231 Recombinant protein

PBS Gibco 10010049 pH 7.4

Penicillin-Streptomycin Gibco 15140163

PrimeScrip RT reagent Kit TAKARA RR047A

TB Green Premix Ex Taq  TAKARA RR420A

TNF alpha Human Prospec CYT-223 Recombinant protein

TRIzo Reagent Invitrogen 15596018

Trypsin-EDTA (0.25%), phenol red Gibco 25200072
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Response to the Editor 

 

Dear Dr. Bajaj, 

 

The comments have been carefully taking into account and new revised submission 

have been uploaded. We highlighted all the altered passages in light yellow. The 

responses are as follows, 

 

Editorial comments: 

 

1. The editor has formatted the manuscript to match the journal's style. Please 

retain and use the attached file for revision. 

 

2. Please address all the specific comments marked in the manuscript. 

 

Reply: We have addressed comments using the attached file. 

 

3. Once done please highlight 3 pages of the protocol section including headings and 

spacings, to be used for filming purposes. 

 

Reply: We have highlighted protocol section. However, I am a little concerned about 

the need for RT-PCR and Elisa procedures to be taken. 

 

Reviewer #8:  

 

Manuscript Summary: 

This paper describes a method of producing inflammatory keratinocytes from HaCaT 

cells. The biggest advantage associated with this method is that M5 stimulated 

HaCaT cells were found to express chemokines, cytokines and keratins which are 

crucial in the pathophysiological process of psoriasis in a reproducible and consistent 

way. 

 

Major Concerns: 

Nil 

 

Minor Concerns: 

In line 82: as you know the stratum lucidum is found in the epidermal layer of thick 

skin of the palms and soles. 

 

Reply: Thank you for your comments, we have annotated the stratum lucidum in the 

manuscript. 

 

In line 275: keratins 5 and 14 are described as associated with proliferating 
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keratinocytes The keratin pair is usually expressed in basal keratinocytes regardless. 

Keratin 6 was upregulated, what about keratin 16? 

Reply: Thank you for your comments, KRT16 associates with KRT6 isomers and co-

expressed with KRT14 in number of epithelial tissues. We analysis microarray 

expression profiling, showed KRT16 slightly increased in M5 stimulated HaCaT 

compared to control, so we didn't show it in the manuscript. 



Gene
Ratio 

Psoriasis/Control
p Value

chemokine

CXCL1 5.34 <0.001

CXCL2 10.14 <0.001

CXCL8 18.59 <0.001

CCL20 7.07 <0.001

Antimicrobial peptide

BD2 193.55 <0.001

S100A7 15.31 <0.001

S100A8 10.14 <0.001

S100A9 52.46 <0.001

S100A12 52.48 <0.001

Keratinocyte differentiation

Filaggrin 0.58 <0.001

Loricrin 0.47 <0.001

KRT10 0.92 <0.001
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