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Plaque Psoriasis: Plaque psoriasis is an inflammatory skin disorder affecting nearly 2% of the world population. Despite recent 
advances in psoriasis treatment, there is still a need for more effective therapies. The ETS transcription factor FLI1 plays critical roles 
in hematopoiesis, angiogenesis, immunity, and cancer. Emerging evidence suggests that FLI1 is intricately involved in inflammatory 
processes underlying psoriasis pathogenesis.
Methods: RNAseq and bioinformatic analysis were used to identify the correlation between FLI1 levels and the expression of 
inflammatory genes associated with psoriasis. Over-expression of FLI1 in skin cells determined FLI1’s role in inducing transcription of 
psoriasis-related inflammatory genes, including IL6, IL1A, IL1B, IL23, and TNFα. Inhibitors such as chelerythrine (CLT) were tested 
for their suppressive effects on these genes. Mouse models of plaque psoriasis were employed to assess the therapeutic potential of 
CLT and tacrolimus (TAC).
Results: Over-expression of FLI1 in skin cells upregulated 24 psoriasis-associated genes, which were identified through RNAseq. 
Inhibitors of FLI1, such as CLT, suppressed these inflammatory genes in skin cells. In mouse models of plaque psoriasis induced by 
imiquimod (IMQ) or phorbol ester (TPA), treatment with the anti-FLI1 inhibitor CLT, administered either peritoneally or topically, 
significantly downregulated inflammatory genes and alleviated psoriasis symptoms. Similarly, TAC, a common immunosuppressive 
agent, effectively attenuated IMQ-induced psoriasis by acting as a potent anti-FLI1 compound.
Conclusion: These findings demonstrate that FLI1 plays a central role in psoriasis development and highlight it as a potential 
therapeutic target for this skin disorder.
Keywords: psoriasis, FLI1, protein kinase C, inflammation markers, inhibitors, chelerythrine

Introduction
Psoriasis is a chronic inflammatory skin disease comprising multiple forms including plaque, flexural, guttate, pustular or 
erythrodermic.1 The worldwide prevalence of psoriasis is about 2%, with a lower incidence in Asians and some Africans, 
and a higher percentage (11%) in Caucasian and Scandinavian populations2,3 Despite the availability of several treatment 
modalities, more effective drugs are needed for effective treatment of all forms of the disease. New insights into the 
mechanism of psoriasis may then uncover novel therapies for this disease.

Most psoriasis cases are linked to chronic plaque-type psoriasis with classical appearances of erythematous, pruritic 
plaques covered in silvery scales.4 Psoriasis typically affects the skin, but may also involve the joints, and has been 
associated with several diseases.5 Inflammation is not limited to the psoriatic skin and has been shown to affect different 
organ systems.1,2 Psoriasis is thus a systemic disease rather than a solely dermatological. Compared to control subjects, 
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psoriasis patients often exhibited increased hyperlipidemia, hypertension, coronary artery disease, type 2 diabetes, and 
larger body mass index.6,7

Although both innate and adaptative immune responses are associated with psoriatic, there is a strong association with 
innate immune genes in genetic studies.8 Several cytokines, including IL1B, IL17, IL23, TNFα, and IL6, secreted from 
dendritic cells, macrophages, and monocytes, are responsible for the pathogenesis of psoriasis.9 Induction of these 
cytokines is facilitated through abnormal expression of LL-37 and different antimicrobial peptides from keratinocytes 
during stress conditions, such as physical injury.10

Interaction between inherited susceptibility alleles and environmental triggers play a critical role in psoriasis’s 
pathogenesis.11 However, no single genetic variant seems sufficient for full-blown psoriasis. Hence, a multifactorial 
setting including multiple genetic mutations and environmental factors, which have been attributed up to 30% of disease 
risk, ought to be considered.11 In a recent study, a whole-exome SNP array identified 15 new susceptibility loci for 
psoriasis. These genes include C1ORF141, ZNF683, TMC6, AIM2, IL1RL1, CASR, SON, ZFYVE16, MTHFR, 
CCDC129, ZNF143, AP5B1, SYNE2, IFNGR2 and 3q26.2-q27.12 This study also identified four susceptibility loci: 
TNIP1, NFKBIA, IL12B and LCE3D-LCE3E.

Friend virus-induced leukemia-1 (Fli-1) is an ETS-related oncogenic transcription factor initially identified by our 
group as a target of retroviral insertional mutagenesis in erythroleukemia induced by Friend virus.13–15 This oncogene is 
also activated through translocation (EWS-FLI1) or overexpression in various human solid and liquid tumors.16,17 In 
addition to cancer, FLI1 is involved in the development of various illnesses, including inflammatory diseases.16,18 While 
overexpression of FLI1 contributes to the development of autoimmune systemic lupus erythematosus (SLE),19,20 loss of 
this transcription factor in fibroblasts and epithelial cells underlines systemic sclerosis.21,22 Finally, Fli-1 is also a major 
regulator of immunity, hematopoiesis and stem cell maintenance and development.16 High expression of FLI1 is 
characteristic to almost all hematopoietic cells.16
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In this study, we used RNAseq data of FLI1-depleted human leukemic cells and identified a correlation between FLI1 
deficiency and reduced expression of markers of psoriasis. Accordingly, overexpression of FLI1 in the epithelial cell line 
HaCaT increased expression of these markers of inflammation and psoriasis. Moreover, inhibition of FLI1 reversed 
expression of these psoriasis genes. In a mouse model of psoriasis induced in the skin by imiquimod (IMQ),23–25 FLI1 
inhibitors strongly blocked the induction of inflammation markers and psoriasis. These results, for the first time, 
implicate FLI1 in the development of psoriasis and point to FLI1 as a potential target for the treatment of this skin 
disorder.

Materials and Methods
Cells Culture and Drug Therapy
The erythroleukemia HEL and Acute Monocytic THP1 cell lines (human origin) were originally obtained from ATCC 
(HEL 92.1.7, THP1) and maintained in Dulbecco’s Modified Eagle Medium supplemented with HyClone 5% fetal 
bovine serum (GE Healthcare). HUVEC cell was originally from Thermo Fisher Scientific CN. The spontaneously 
immortalized human epidermal keratinocytes HaCaT and A431 skin cancer cell lines were also originally obtained from 
ATCC and were maintained in Dulbecco’s modified Eagle’s medium (DMEM) containing 10% Fetal Bovine Serum 
(FBS). Cells were trypsinized (0.25% trypsin-EDTA solution; Invitrogen, US) and sub-cultured when attained 70–80% 
confluence. Cell lines were thawed from nitrogen and after 6–8 passages discarded. All these cells were cultured in an 
incubator with 5% CO2 at 37 °C and maintained mycoplasma free used in all experiments.

Cell treatment procedure with drugs was previously described.26 Chelerythrine, IMQ, TPA and Camptothecin (CPT) 
compounds were obtained from MCE (MCE, CN).

Overexpression of FLI1 in HaCaT and A431
DNA was diluted in TE buffer to a final concentration of 4 μg (MigR1; MigR1-Fli1). Lipofectamine transduction of cells 
was performed according to the manufacturer’s protocol (Invitrogen). Transduction of samples at a final concentration of 
4 μg was made in 250 μL of Dulbecco Modified Eagle Medium (serum free) and incubated at room temperature for 
5 minutes. Lipofectamine 2000 reagent was diluted to 10 μL of 250 μL of media (serum free). Diluted DNA was then 
added to the lipofectamine 2000 reagent, mixed gently, and incubated for 15 minutes at room temperature to allow for the 
DNA-lipofectamine complexes to develop. After incubation, DNA-lipofectamine mixture was added to the 70%–80% 
confluent HaCaT and A431 cell cultures in dishes. Transduced cells were left to incubate at 37°C. After 6 hours, the 
medium was changed. Two days after transfection, cells were checked for GFP expression, and RNA and protein 
extracted for further analysis.

RNA Preparation and RT-qPCR
Total RNA was extracted from attached and leukemic cells using TRIzol reagent kit (Life Technologies; Thermo Fisher 
Scientific, USA). cDNAs were synthesized from extracted mRNAs using the reverse transcription reaction by the 
PrimeScript RT Reagent kit (Takara Bio, CN). RT-qPCR was carried out using the FastStart Universal SYBR-Green 
Master Mix (Roche, Shanghai, CN) and the Step One Plus Real-time PCR system (Applied Biosystems/Thermo Fisher 
Scientific, US). For comparison, the expression of the tested genes was calculated as relative values to the level of 
GAPDH. Three biological replicates were used for all the RT-qPCRs, each in triplicate (n = 3). The primer sequences are 
listed in Table 1.

Western Blot Analysis
Western blotting was performed, as previously described.26 The antibodies used are as follows: Polyclonal rabbit FLI1 
(ab133485) was purchased from Abcam (UK), and the GAPDH (G9545) antibody was obtained from Sigma Aldrich 
(US). The antibody dilutions were performed according to the manufacturer’s instructions. The Odyssey system (LI COR 
Biosciences, US) was used to image and analyze the proteins on the Western blot membranes.
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Table 1 Primer Sequences Used for RT-qPCR

Genes Forward Primer Reverse Primer

Human
CMPK2 GTACCTCCTTTATTCCTGAAGCC ATGGCAACAACCTGGAACTTT

HBEGF ATCGTGGGGCTTCTCATGTTT TTAGTCATGCCCAACTTCACTTT

EGR1 GGTCAGTGGCCTAGTGAGC GTGCCGCTGAGTAAATGGGA
HMOX1 AAGACTGCGTTCCTGCTCAAC AAAGCCCTACAGCAACTGTCG

IFIT2 AAGCACCTCAAAGGGCAAAAC TCGGCCCATGTGATAGTAGAC

IFIT1 TTGATGACGATGAAATGCCTGA CAGGTCACCAGACTCCTCAC
IL1A TGGTAGTAGCAACCAACGGGA ACTTTGATTGAGGGCGTCATTC

IL1B ATGATGGCTTATTACAGTGGCAA GTCGGAGATTCGTAGCTGGA
ISG20 CTCGTTGCAGCCTCGTGAA CGGGTTCTGTAATCGGTGATCTC

IGFL1 CACAAGAGATGTGGGGACAAG CACTGCGACAAAGCCTGTCA

CCL3L3 AGGTCCTCTCTGCACCACTT ACTCGGTTGTCACCAGACACA
KLK14 TGGGCAAGCACAACCTGAG ATGGGGCTGGATATAGTTCCC

NCF2 CCCACTCCCGGATTTGCTTC GTCTCGGTTAATGCTTCTGGTAA

OAS2 CTCAGAAGCTGGGTTGGTTTAT ACCATCTCGTCGATCAGTGTC
CCL3L1 CACCTCCCGACAGATTCCAC GGTCACTGACGTATTTCTGGAC

CCL5 CCAGCAGTCGTCTTTGTCAC CTCTGGGTTGGCACACACTT

IFIH1 TCGAATGGGTATTCCACAGACG GTGGCGACTGTCCTCTGAA
TNFAIP3 TCCTCAGGCTTTGTATTTGAGC TGTGTATCGGTGCATGGTTTTA

OASL CTGATGCAGGAACTGTATAGCAC CACAGCGTCTAGCACCTCTT

RSAD2 TGGGTGCTTACACCTGCTG GAAGTGATAGTTGACGCTGGTT
KLF4 CCCACATGAAGCGACTTCCC CAGGTCCAGGAGATCGTTGAA

ISG15 CGCAGATCACCCAGAAGATCG TTCGTCGCATTTGTCCACCA

GAPDH GGAGCGAGATCCCTCCAAAAT GGCTGTTGTCATACTTCTCATGG
PI3 CACGGGAGTTCCTGTTAAAGG TCTTTCAAGCAGCGGTTAGGG

CCL3 AGTTCTCTGCATCACTTGCTG CGGCTTCGCTTGGTTAGGAA

TNFα CCTCTCTCTAATCAGCCCTCT GAGGACCTGGGAGTAGATGAG
IL17A TCCCACGAAATCCAGGATGC GGATGTTCAGGTTGACCATCAC

IL23 CTCAGGGACAACAGTCAGTTC ACAGGGCTATCAGGGAGCA

IL6 ACTCACCTCTTCAGAACGAATTG CCATCTTTGGAAGGTTCAGGTTG
FLI1 CAGCCCCACAAGATCAACCC CACCGGAGACTCCCTGGAT

GAPDH GTCTCCTCTGACTTCAACAGCG ACCACCCTGTTGCTGTAGCCAA

Mouse
Keratin 17 ACCATCCGCCAGTTTACCTC CTACCCAGGCCACTAGCTGA

TNFα CCCTCACACTCAGATCATCTTCT GCTACGACGTGGGCTACAG

IL17A TTTAACTCCCTTGGCGCAAAA CTTTCCCTCCGCATTGACAC
IL23 ATGCTGGATTGCAGAGCAGTA ACGGGGCACATTATTTTTAGTCT

IL6 TAGTCCTTCCTACCCCAATTTCC TTGGTCCTTAGCCACTCCTTC

GAPDH AGGTCGGTGTGAACGGATTTG GGGGTCGTTGATGGCAACA
CMPK2 ACTTGACCTAGTTGACCAGTGC GCATCCAGTCCTTCAATGGC

HBEGF CGGGGAGTGCAGATACCTG TTCTCCACTGGTAGAGTCAGC

EGR1 TCGGCTCCTTTCCTCACTCA CTCATAGGGTTGTTCGCTCGG
HMOX1 AGGTACACATCCAAGCCGAGA CATCACCAGCTTAAAGCCTTCT

IFIT2 GGAGAGCAATCTGCGACAG GCTGCCTCATTTAGACCTCTG

IFIT1 GCCTATCGCCAAGATTTAGATGA TTCTGGATTTAACCGGACAGC
IL1A TCTATGATGCAAGCTATGGCTCA CGGCTCTCCTTGAAGGTGA

IL1B GAAATGCCACCTTTTGACAGTG TGGATGCTCTCATCAGGACAG

ISG20 TGGGCCTCAAAGGGTGAGT CGGGTCGGATGTACTTGTCATA
IGFL1 ACTGGAACTCTGACAAGAGGT CGCAGTTTTCCGTGAACTCG

KLK14 CCTGGGCAAGCACAACATAAG CTTCAGCAGCATGAGGTCATT

NCF2 GGAGAAGTACGACCTTGCTATCA ACAGGCAAACAGCTTGAACTG

(Continued)
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RNAseq and Heatmap Analysis
RNAseq was performed using HaCaT-FLI1 and HaCaT-control cells, as previously described.26 The data for public 
access was submitted to GEO; accession: GEO Accession viewer (nih.gov). Differentially expressed genes (DEG) were 
identified from this data using HISAT2 and used for a KEGG pathway analysis. The Supplemental Table 1 listed 
differentially expressed genes (DEGs) enriched in the KEGG pathway, where | log2(MIGRFLI1A/MIGR1A) | >1 and 
p <0.05. Heatmaps were used to display 24 genes displayed at least two-fold difference between FLI1 expressing and 
scrambled control cells.

Computer Docking
The three-dimensional structures of Chelerythrine and Tacrolimus were analyzed and drawn in PubChem. The protein 
crystallographic structure of FLI1 was retrieved from www.rcsb.org(1FLI). Auto Dock tools 1.5.7 used to compute the 
molecular docking simulations following the standard protocol, as described in the software documentation. Furthermore, 
the interacting sites were analyzed using PyMol analysis.

Cellular Thermal Shift Assay (CESTA)
The CESTA analysis was performed as previously described by others.27 Cells (HaCaT-FLI1) were lysed in lysis buffer 
containing 0.1% TritonX-100 in PBS, and the cell suspension was incubated with CLT/TAC (final concertation of 100 
µM) or DMSO for 30 min. The 20 μL aliquots of samples were incubated at temperature 37 °C, 41 °C, 43 °C, 45 °C, 47 
°C, 49 °C, 51 °C, 53 °C, 55°C for 8 min, respectively. The lysates were then separated from the precipitated and 
aggregated proteins by centrifugation at 12,000 rpm for 15 min at 4°C. Equal volume of the supernatant was used in 
Western blot for protein expression. The control and drug treated groups were used to determine the temperature curve by 
using the gray value of the images captured from image J. Each experiment was performed in triplicate.

Mice
Balb/c mice (male, 6–7 weeks old, 20 ± 2 g) were kept on a 12 h light/dark cycles under SPF conditions. They were 
acclimatized for at least 7 days before use.

IMQ-Induced Psoriasis-Like Mouse Model
Mice were randomly divided into three experimental groups (n = 6). (1) Control, (2) IMQ, (3) IMQ + Chelerythrine. An 
area of 3 cm × 5 cm2 was shaved from the back of all the mice. A topical dose of 62.5 mg of 5%IMQ cream (Med Shine 
Pharmaceuticals, Sichuan, CN) was applied to the skin of mice daily for six consecutive days. Chelerythrine Chloride 
(4 mg/kg) or a vehicle (DMSO) in 100 μL saline was intraperitoneally injected into Balb/c mice every other day. Other 
details were described in Figure 5a. The administration dose of Chelerythrine chloride was mainly referred to the 
previous work.28,29 On day 7, the mice were humanly sacrificed by dislocation of the neck by an experienced technician. 
Samples of skins, spleens were collected on the seventh day for future experiments, and the psoriasis area and severity 

Table 1 (Continued). 

Genes Forward Primer Reverse Primer

OAS2 TTGAAGAGGAATACATGCGGAAG GGGTCTGCATTACTGGCACTT

PI3 ACTCGAGCCCACATTCCATC GGTTGTCACCAGACACACTG
CCL3 TGTACCATGACACTCTGCAAC CAACGATGAATTGGCGTGGAA

CCL5 TTTGCCTACCTCTCCCTCG CGACTGCAAGATTGGAGCACT

IFIH1 ATGGACGCAGATGTTCGTGG TCCCTTCTCGAAGCAAGTGTC
TNAIP3 ACCATGCACCGATACACGC AGCCACGAGCTTCCTGACT

RSAD2 AGCATTAGGGTGGCTAGATCC CTGAGTGCTGTTCCCATCTTO

KLF4 GGCGAGTCTGACATGGCTG GCTGGACGCAGTGTCTTCTC
ISG15 GGTGTCCGTGACTAACTCCAT CTGTACCACTAGCATCACTGTG
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index (PASI) score30 for mice was recorded. PASI is based on daily assessment of three criteria, epidermal erythema, 
scaling and ticking of the dorsal skin. PASI is then calculated by adding the scores of the three separate criteria (range 
from 0 to 12). The spleen from each mouse was isolated, and a photograph was taken before weighing. After experiment, 
mice were terminated using cervical dislocation, under experienced technical supervision.

Chelerythrine Gel Preparation and Animal Treatment
The composition of CLT gel containing 0.2% CLT is as follows: 20 mg CLT, 0.2 g azone,1.2 g glycerin, TEA, 0.2 
g carbopol 940, 2 g 96% ethanol, distilled water q.s. to final weight of 10 g.31,32 To generate the gel, Carbopol 940 
(Mackline, CN) was slowly added to an appropriate quantity of distilled water while stirring. Then, Triethanolamine 
(TEA) [Aladdin, CN] was added to adjust pH to 6–8, ensuring that the carbopol dissolves completely. The mixture was 
incubated at room temperature overnight to allow the carbopol to fully swell, then added the glycerin and mixed well. 
CLT (20 mg) was dissolved in 96% ethanol and supplemented with azone (Macklin, CN). Finally, the CLT solution was 
transferred to the aqueous solution of carbopol 940 while being stirred continuously until the gel formed. The 0.03% 
Tacrolimus (TAC) cream [LEO Laboratories Ltd., shanghai, CN] was used as standard.

Mice were randomly divided into four groups (n = 6). Vaseline group (CONTROL), IMQ group (IMQ), IMQ+CLT 
group (IMQ+CLT) and IMQ+TAC(IMQ+TAC). A daily topical dose of 62.5 mg of 5%IMQ cream or control Vaseline 
was used on the back skin of the mice for 6 consecutive days. A dose of 25 mg/cm2 CLT gel or 20 mg TAC cream was 
applied 2 h later after applying IMQ for 6 consecutive days. Erythema, scaling, and thickness were recorded based on the 
Psoriasis Area Severity Index (PASI): 0, none; 1, 2, moderate; 3, severe; 4, very severe. On day 7, the mice were 
humanly sacrificed by the dislocation of the neck by an experienced technician.

TPA-Induced Psoriasis-Like Mouse Model
Psoriasis induction with TPA started at day 0 with the topical application of 20 μL of TPA (2.5 μg/ear) suspended in 
Methanol/DMSO (99%:1%) solution. Methanol/DMSO solution is applied as control on right ears of each mouse (inner 
and outer ear surfaces). Thirty minutes before the application of TPA, the inner and outer surface of each ear was treated 
with 20 μg of CLT (dissolved in Methanol/DMSO) for consecutive 6 days. As a marker of inflammation, changes in right 
ear thickness during TPA therapy were assessed using a digital Vernier caliper (SMCT shanghai, CN), as described.33 

After the final treatment, the mice were sacrificed, ear biopsies were obtained and used for further analysis.

Histological Analysis
Skin tissues of mice were fixed in 4% paraformaldehyde (XILONG SIENTIFIC, CN) solution and embedded in paraffin. 
The paraffin-embedded tissues were sectioned and stained with hematoxylin and eosin (H&E) for histological evaluation.

Immunohistochemistry (IHC)
Immunohistochemistry (IHC) was conducted utilizing reagents from Abcam following a standardized protocol. Tissue 
sections containing the target protein underwent fixation in 4% paraformaldehyde (XILONG SIENTIFIC, CN) solution 
for 24 hours and were subsequently embedded. Deparaffinization was achieved by immersing the sections in xylene 
twice for 5 minutes each, followed by rehydration through a series of graded ethanol solutions (100%, 95%, and 70%) 
and a final rinse in distilled water. Heat-induced antigen retrieval (HIER) was performed using Tris-EDTA buffer (pH 
9.0) in a pressure cooker for 20 minutes. Non-specific binding was minimized by incubating the sections with Abcam’s 
Antibody Diluent for 1 hour at room temperature. Primary antibody incubation was carried out overnight at 4°C using 
Anti-FLI1 Antibody from Abcam in Antibody Diluent. Subsequently, sections were washed with PBS and incubated with 
HRP-conjugated anti-rabbit IgG secondary antibody in Antibody Diluent for 1 hour at room temperature. Detection was 
achieved using Abcam’s DAB Substrate Kit according to the manufacturer’s instructions. Counterstaining was performed 
with hematoxylin for 1 minute, followed by dehydration and mounting.
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Statistical Analysis
Statistical analysis was performed using a two tailed Student t test or a one-way ANOVA with Tukey’s post hoc test, 
using Prism9 GraphPad software. The P values were indicated within the figures using a standard scheme, P≤0.05 (*), 
P≤0.01 (**), P≤0.001 (***), P≤0.0001 (****) and P>0.05 (ns). Where appropriate, the data were displayed using the 
mean ± the SD from at least 3 independent experiments.

Results
FLI1 Expression Correlates with Expression of Psoriasis-Associated Inflammatory 
Genes
Using RNAseq analysis, we have previously identified over 1000 differential expressed genes (DEGs) whose expression 
is upregulated or downregulated after knocking down FLI1 in the human erythroleukemia cell line HEL.26 Within these 
DEGs, 9 out of 19 genes have been previously linked to psoriasis12 (Figure 1a), and their expression is significantly 
altered in FLI1 knockdown cells. To confirm these results, the expression of these nine genes was determined in 
lentivirus-mediated FLI1 knocked-downed HEL (shFLI1) and scrambled control cells, using RT-qPCR. This analysis 

Figure 1 FLI1 regulates genes linked to psoriasis development. (a) Heatmap of the indicated psoriasis genes within the differentially expressed genes (DEGs) of the FLI1 
knockdown (shFLI1) in HEL cells. (b) The relative expression of the indicated genes in shFLI1 versus scrambled control cells, as determined by RT-qPCR. P≤0.05 (*), P≤0.01 
(**), P≤0.001 (***) and P≤0.0001 (****).
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has revealed reduced expression of IFNGR2, NFKBIA, AP5B1, ILIRL1, and TNIP1 and increased expression of TMC6, 
C1ORF141, MTHFR, and AIM2, in shFLI1 cells versus control (Figure 1b). The expression results from human 
erythroleukemic cells point to FLI1 as a potential transcriptional regulator of psoriasis-associated genes.

Overexpression of FLI1 in HaCaT Cells Stimulates the Expression of Classical 
Inflammatory Psoriasis Genes
Previously, the immortalized human keratinocyte cell line HaCaT was used to generate an in vitro model of psoriasis 
following treatment with IMQ.25 Interestingly, HaCaT cells exhibit negligible levels of FLI1, and treatment with IMQ did 
not induce the expression of this transcription factor when compared to erythroleukemia HEL cells, which express high 
levels of FLI1 (Figure 2a). However, treatment of HEL cells with IMQ significantly induced FLI1 expression in a dose 
response manner (Figure 2b). As epithelial cells are known to express FLI1,34 gene silencing due to epigenetic 
modification is likely responsible for the lack of FLI1 induction in HaCaT cells following IMQ treatment.

To test whether FLI1 alone can induce psoriasis genes, we transfected HaCaT cells with MigR1-FLI1 expression 
plasmid or vector MigR1, carrying the green fluorescence GFP. We obtained a high efficiency of transfection (over 40%) 
as evident from GFP expression (Figure 2c). Western blot confirmed significant expression of FLI1 in HaCaT (HaCaT- 
FLI1) versus HaCaT control cells (Figure 2d). Overexpression of FLI1 in HaCaT cells did not increase proliferation 
(Figure 2e) or changes in cell morphology but induced high expression of pro-inflammatory genes associated with 
psoriasis including IL23 (Figure 2f), IL6 (Figure 2g), TNFα (Figure 2h),35 and Keratin 16 (Figure 2i), which is one of the 
proliferation markers in psoriasis.36 In contrast, the expression of Keratin 1, a keratinocytes differentiation marker,37 was 
downregulated in HaCaT-FLI1 cells (Figure 2j), and the level of IL17A remained unchanged (Figure 2k). Among these, 

Figure 2 Expression of FLI1 in HaCaT cells induces the transcription of inflammatory genes associated with psoriasis. (a) Expression of FLI1 in HaCaT cells treated with 
10 μM of IMQ for 24 hours, as determined by Western blotting. The erythroleukemia HEL cells were used as a positive control. (b) FLI1 protein expression in HEL cells 
treated with the indicated concentration of IMQ. RD shows relative density determined through densitometry. Average of protein expression for three experiments shown 
in right panel. (c) Green Fluorescence protein (GFP) expression in HaCaT cells transfected with MigR1-FLI1 (Left panel). Right panel shows the cell microscopic image. (d) 
The expression of FLI1 in HaCaT cells transfected with MigR1-FLI1 and control MigR1 plasmids, as detected by Western blotting. (e) The proliferation rate of HaCaT-FLI1 
versus HaCaT-control cells, as determined by MTT. (f-k) Relative expression of IL23 (f), IL6 (g), TNFα (h), Keratin16 (i), Keratin1 (j) and IL17 (k) in HaCaT-FLI1 versus 
HaCaT-control cells, as determined via RT-qPCR. P≤0.01 (**), P≤0.0001 (****) and P>0.05 (ns).
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the expression of IL16 and TNFα was previously reported to be regulated by FLI1.18,38 IL17A was also shown to be 
a direct target of FLI1 in leukocytes of the MRL/Lpr Mouse Model of Lupus Nephritis.39 Due to hematopoietic specific 
expression, IL17A chromatin unacceptability could underlie the lack of induction of this cytokine in HaCaT cells 
by IMQ.

As FLI1 is also expressed in hematopoietic and endothelial cells,40 we examined its level in response to IMQ in 
macrophage THP1 and endothelial HUVAC cells by Western blot analysis. The results show higher expression of FLI1 in 
these cell lines in response to IMQ treatment (Supplemental Figure 1a and b). Higher FLI1 expression in these cell lines 
also increased the expression of IL6, IL17, IL1B, IL23, TNFα in THP1 (Supplemental Figure 1c) and IL1B, TNFα in 
HUVEC cells by RT-qPCR (supplemental Figure 1d). These results demonstrate induction of markers of psoriasis by 
IMQ in keratinocyte, endothelial and hematopoietic cell line HEL/THP1 associated with higher FLI1 expression.

Identification of Differentially Expressed Genes Regulated by FLI1 That are Associated 
with Psoriasis
A recent single-cell RNA sequencing database reporting gene expression in psoriasis patients untreated or receiving IL23 
blockade.41 In this study, while fibroblasts and myeloid populations displayed the most extensive changes during 
psoriasis evolution, with WNT5A+/IL24+ fibroblasts shown to upregulate multiple inflammatory genes in keratinocytes 
that could be blocked by IL23 treatment. Analysis of this scRNA database also revealed changes in the level of FLI1 
expression in both hematopoietic and non-hematopoietic cells within normal and disease skin, while the highest level was 
found in endothelial cells (Supplemental Figure 2). Treatment with IL23 at days 3 and 14 resulted in significant reduction 
in FLI1 level in endothelial, Melanoma, T and luminal epithelial cells when compared to skin lesions obtained from day 
zero and non-lesion biopsies from the same patients. Despite positive effect of IL23 treatment on FLI1 expression, this 
cytokine is shown here to be downstream of FLI1 and likely regulated by this transcription factor. While this analysis 
clearly revealed FLI1 induction in specific psoriasis skin cells, it may not reflect the events associated with expression of 
this transcription factor during the development of the disease. To independently test for the role of FLI1 in psoriasis, we 
performed RNAseq analysis on HaCaT cells over-expression FLI1 versus control cells, as previously described.26 This 
analysis identified a total of 102 DEGs significantly induced by overexpression of FLI1 (Supplemental Table 1). A GO 
analysis of the HaCaT-FLI1 versus HaCaT-control cells revealed pathways involved in virus infection, TNF and cytokine 
signaling pathways and other diseases (Figure 3a and supplemental Figure 3). According to protein–protein interaction 
(PPI) network, several psoriasis factors including IL1B, IL1A and TNFα were among DEGs involved in the TNF and 
cytokine pathway (Supplemental Figure 3). Among 102 DEGs, 24 genes displayed at least two-fold difference between 
FLI1 expressing and scrambled control cells (Figure 3b), and induction of these DEGs by FLI1 was confirmed by RT- 
qPCR analysis (Figures 2g, h, 3c and Supplemental Figure 4). Expression of IL6 and TNFα was induced, but slightly less 
than 2-fold in HaCaT-FLI1 cells and excluded from the list. Interestingly, 20 of these 24 genes induced in HaCaT-FLI1 
cells were previously linked to psoriasis including KLF4,42 EGR1,43 IL1A,44 CCL3,45 KLK14,46 FLI147, CCL3L3,48 

HBGEF,49 HMOX150 IGFL1,51 NCF2,52 RSAD2,53 CCL5,54 TNFAIP3,55 IL1B,56 IFIT1,57 OAS258, OASL58 PI3,59 

ISG15.60

To further corroborate these results, we overexpressed FLI1 in another keratinocyte cell line A431 (Supplemental 
Figure 5a), which induced similar psoriasis genes (Supplemental Figure 5b). To validate whether FLI1 indeed regulates 
these psoriasis-related genes, we inhibited the activity of this transcription factor using the previously established anti- 
FLI1 compound camptothecin (CPT)61–63 (Figure 3d). Camptothecin was previously shown to exert strong anti-FLI1 
activity, independent of its topoisomerase inhibitory function, when applied at very low concentrations.61,62 Treatment of 
HaCaT-FLI1 cells with a low dose of CPT (20 nM) reverted transcription of eight tested psoriasis genes (IL-6, IL1B, 
TNFAIP3, IFIT1, IL23, EGR1, CCL3, KLK14; Supplemental Figure 6), further demonstrating the effect of FLI1 on 
expression of these psoriasis-related genes.
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Chelerythrine Inhibits FLI1 and Blocks the Induction of Psoriasis Markers
While CPT inhibits FLI1 at a very low dose (20nM), this compound is also known to exhibit type 1 topoisomerase 
activity.61,63 We therefore sought out specific inhibitors of FLI1 that may reduce the risk of drug-induced side effects. In 
search of new FLI1 inhibitors, our drug screening identified the benzophenanthridine alkaloid chelerythrine (Figure 4a), 
a PKCα/β inhibitor64 that reduced the expression of FLI1 protein in leukemia HEL cells expressing high levels of this 
transcription factor (Figure 4b). Indeed, the effect of chelerythrine (CLT) on FLI1 downregulation was significantly 
diminished in the scrambled control cells versus FLI1 knockdown HEL cells (Figure 4c).26 This result further indicates 
the specificity of CLT to FLI1. Inhibition was previously reported to induce FLI1 downstream target MIR145, further 
suppressing FLI1 protein expression in leukemic cells.65,66 Accordingly, significant upregulation of MIR145 was 
detected in CLT-treated HaCaT-FLI1 cells associated with lower FLI1 protein (Figure 4d).

Docking analysis revealed strong binding of CLT to the DNA-binding ETS domain of FLI1, as presented by the two- 
(Figure 4e) and three-dimensional views (Figure 4f). This interaction revealed a high binding energy of −7.36 kJ/mol 
(Figure 4f, bottom). Cellular thermal shift assay (CESTA) was then used to further confirm this affinity of CLT to FLI1 in 
HaCaT-FLI1 cells. CESTA technique is designed to detect changes in the thermal stability of the target protein upon CLT 
binding.27 When a target protein binds to a compound, it becomes stable and less susceptible to thermal denaturation. 
Accordingly, when the temperature was gradually increased, the stability of the target protein FLI1 increased after CLT 
treatment compared with the control (Supplemental Figure 7). Thus, CLT, in addition to inactivating FLI1, also down-
regulates FLI1 protein through induction of its downstream target MIR145. To determine whether CLT inhibits FLI1 in 
HaCaT cells, HaCaT-FLI1 cells were treated with CLT, and the effect on psoriasis genes was determined using RT-qPCR. 
This analysis revealed the slight upregulation of FLI1, but downregulation of some of its target genes (IL1A, TNFα, 
IL1B, IL23, and IL6) by CLT (Figure 4g-I).

Figure 3 FLI1 expression in HaCaT cells induces a spectrum of genes associated with psoriasis. (a) The Kegg pathway enrichment analysis of DEGs identified in HaCaT-FLI1 
versus HaCaT-control cells. (b) The left panel shows the heatmap of DEGs with significant differences derived from HaCaT-FLI1 versus HaCaT-control cells. The right panel 
presents the FPKM scores of the indicated genes. (c) Relative expression of the indicated genes in the HaCaT-FLI1 and HaCaT-control cells, as determined by RT-qPCR. (d) 
The expression analysis of FLI1 in HaCaT-FLI1 cells treated with either DMSO or 20 nM of Camptothecin (CPT) for 24h, as determined by Western blotting. P≤0.01 (**), 
P≤0.001 (***) and P≤0.0001 (****).
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Chelerythrine Attenuates Skin Psoriasis in Mice Treated With IMQ
To generate a mouse model of plaque psoriasis, 2-month-old Balb/c mice (n = 6) were shaved and treated with daily doses of 
topical IMQ cream,30 as depicted in Figure 5a. Another group of IMQ-treated mice (n = 6) was treated with CLT dissolved 
in saline and injected intravenously (4 mg/kg) a day before IMQ administration. Images in Figure 5b-top show significant 
attenuation in IMQ-induced psoriasis following CLT treatment. H&E staining analysis of the dorsal skin of the IMQ group 
on day 7 revealed significant epidermal hyperplasia, increased acanthosis, parakeratosis, telangiectasia, and inflammatory 
cell infiltration. CLT injection significantly reversed these histological changes caused by IMQ, showing less parakeratosis 
and less epidermal thickening than the IMQ group (Figure 5b-bottom). The psoriasis area severity index (PASI) score30 for 
these mice shows an intermediate improvement in IMQ+CLT versus IMQ alone treated groups (Figure 5c). Psoriasis in 
mice is characterized by spleen enlargement.24 Indeed, IMQ-treated mice had a larger spleen size. In contrast, IMQ plus 
CLT-treated mice exhibited a significantly smaller spleen size (Figure 5d and e). As controls, CLT injection of normal mice 
had no effect on the skin feature or the size of spleen (Supplemental Figure 8a and b).

Although Fli1 expression was not prominently observed in the epidermis in our study, based on our immunohisto-
chemistry (IHC) analysis, the Fli1 expression appeared to be in different skin cells. FLI1 expression was more evident in 
the dermis and hair follicle regions, which is why we focused on these areas for illustration. These findings are consistent 
with the observed increase in FLI1 levels following IMQ treatment and its suppression upon co-treatment with CLT 
(Figure 5f). As CLT blocks Fli1 protein, RT-qPCR expression analysis showed that IMQ-induced Fli1 expression was 
slightly but not significantly affected by CLT (Figure 5g). IMQ treatment induced whereas CLT co-treatment suppressed 
RNA levels of the psoriasis-related inflammatory gene Krt17 (Supplemental Figure 9a), Il1a (Figure 5h), Il17 (Figure 5i), 
Tnfα (Figure 5j), and Il6 (Figure 5k). Moreover, CLT inhibited expression of the selected psoriasis genes (Supplemental 

Figure 4 Chelerythrine inhibits FLI1 and blocks the expression of the FLI1 target genes in HaCaT-FLI1 cells. (a) The chemical structure of chelerythrine chloride (CLT). (b) 
CLT downregulates the expression of FLI1 in HEL cells, as determined via Western blotting. GAPDH was used as a loading control. (c) The expression of FLI1 in shFLI1-HEL 
versus scrambled-HEL cells treated with the indicated concentrations of CLT for 24h, by Western blotting. (d) The expression of MIR145 in HaCaT-FLI1 vs HaCaT-control 
cells, as determined via RT-qPCR. (e) Docking analysis of the interaction of CLT to the ETS-DNA binding domain of FLI1 through 2-dimensional analysis. (f) Properties of 
CLT binding affinity to the FLI1 DNA binding domain through 3-dimensional analysis. (g-l) The expression of FLI1 (g), IL1A (h), TNFα (i), IL1B (j), IL23 (k), and IL6 (i) in 
HaCaT-FLI1 cells treated with DMSO or CLT for 24h, as determined by RT-qPCR. HaCaT-control cells were used as control. P≤0.05 (*), P≤0.01 (**), P≤0.001 (***), P≤0.0001 
(****).
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Figure 9b-i) in skin that induced in HaCaT-FLI1 cells (Supplemental Figure 4). These results demonstrate the critical role 
Fli1 plays in the induction of plaque psoriasis and markers associated with the disease.

Chelerythrine Also Attenuates Skin Psoriasis Induced by TPA
The phorbol ester 12-O-tetradecanoylphorbol-13-acetate (TPA) is a protein kinase C activator known to induce inflam-
mation and epidermal hyperplasia and recapitulated some of the hallmarks of psoriasis.33,67 The experimental strategy 
depicted in Figure 6a was used to determine the effect of CLT on the severity of TPA-induced ear inflammation in mice. 
Ear edema was observed 24 h after treatment in all TPA-treated animals and was retained on day 6 until the last 
application. In animals treated with vehicle alone, initial ear thickness equaled 0.25 ± 0.011 mm (mean ± SD). Ear 
thickness increased to 0.53 ± 0.008 mm (mean ± SD) by day 6 after TPA treatment. When TPA-treated mice were also 
administrated topically with CLT solution, significant improvement in right ear thickness (0.43 ±0.019 mm) was observed 
compared to TPA alone mice treated with control solution (Figure 6b-left). H&E staining confirmed the attenuation of 
TPA-induced inflammation in mice treated with TPA plus CLT versus TPA alone (Figure 6b-right). Topical CLT 
treatment significantly improved ear thickness (Figure 6c) and PASI score (Figure 6d). As control, treatment of ears 
with CLT alone had no effect on skin thickness (Supplemental Figure 8c). While CLT treatment does not affect the 
expression of Fli1 (Figure 6e), it reduced the psoriasis gene Krt17 (Figure 6f), Il1a (Figure 6g), Il17 (Figure 6h), Tnfα 
(Figure 6i), Il6 (Figure 6j) induced by TPA in ear samples. In addition, CLT blocked the expression of some of the tested 
genes induced by FLI1 in HaCaT cells (Figure 3c and supplemental Figure 4) in RNA samples isolated from the mice 
ears (Supplemental Figure 10). Thus, Fli1 inhibition attenuated psoriasis induced by two different agents (IMQ and 
TPA), associated with downregulation of various Fli1 target genes.

Figure 5 CLT inhibits IMQ-induced psoriasis-like symptoms in mice. (a) Depicted diagram shows the methodology used to induce psoriasis by IMQ and the strategy applied 
to treat these mice with CLT. (b) Images of IMQ-induced psoriasis-like symptoms within the shaved region of mice skins (n=6) treated with or without CLT (top panel). 
Bottom panel shows histological views and H&E staining of skins at day seven of the experiment for the indicated groups. (c) PASI score for IMQ and IMQ+CLT treated mice 
when compared to the control group. (d) Spleen images of the indicated experimental groups removed from the sacrificed mice. (e) Spleen weight of the indicated mouse 
groups. (f) Immunohistochemistry analysis of Fli1 expression in skin section of control, IMQ and IMQ+CLT treated mice. The overall positive area of Fli1 protein expression 
indicated below. (g-k) The expression of Fli1 (g), Il1a (h), Il17 (i), Tnfα (j) and Il6 (k) in skin samples of the indicated mouse groups, as determined by RT-qPCR. P≤0.05 (*), 
P≤0.01 (**), P≤0.001 (***), P≤0.0001 (****) and P>0.05 (ns).
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Dermal Chelerythrine Treatment Moderates Psoriasis Symptoms Induced by IMQ in 
Mice
As systemic treatment of mice with CLT via IP injection strongly blocked skin psoriasis symptoms induced by IMQ 
(Figure 5), we examined whether such an effect can also be recapitulated using topical treatment. We prepared CLT gel 
for topical treatment in this experiment, as described in materials and methods. We also used the immunosuppressive 
compound Tacrolimus (TAC) as a control, which can effectively block psoriasis when used as a topical gel.68–70 Indeed, 
treatment with IMQ for two hours followed by CLT or TAC moderated IMQ-induced psoriasis effect (Figure 7a, top) 
with a better improvement in skin disfiguration than the control group (Figure 7a, bottom). Treatment with both IMQ and 
with CLT or TAC also significantly reduced the spleen size relative to IMQ (Figure 7b and c). The attenuation of 
psoriasis was accompanied by a lower score than IMQ alone treated mice (Figure 7d). While IMQ treatment significantly 
increased Fli1 staining in spleen sections, treatment with IMQ+CLT or IMQ+TAC significantly moderated this expres-
sion (Figure 7e). As control, both intraperitoneal and topical treatment of CLT gel or TAC cream had no effect on the 
skin of control mice (Supplemental Figure 8a and b). The double treatment condition (IMQ+CLT and IMQ+TAC) 
reduced expression of Il1b (Figure 7f) Tnfα (Figure 7g), Il6 (Figure 7h), Il17 (Figure 7i) and Il23 (Figure 7j), but not Fli1 
(Figure 7k) induced by IMQ, as determined by RT-qPCR using skin samples isolated from treated mice.

While CLT significantly reduced the expression of Fli1 targets, a similar reduction was observed after TAC 
administration (Figure 7f-k). These results raised the possibility that TAC, like CLT, may have anti-FLI1 activity. 
Indeed, in docking analysis, TAC binds to the ETS DNA-binding domain of FLI1 (Supplemental Figure 11a), with 
binding energy of −8.64 kJ/mol (Supplemental Figure 11b), which is higher than CLT (binding energy −7.36 kJ/mol) 
[Figure 4f]. In CESTA analysis, TAC increased the stability of FLI1 protein after gradual temperature increase 
(Supplemental Figure 11c). Treatment of HaCaT-FLI1 cells with CLT or TAC significantly reduced FLI1 protein 
expression as determined by Western blotting (Supplemental Figure 12a). TAC treatment was also reduced FLI1 

Figure 6 CLT suppresses TPA-induced psoriasis-like symptoms in the ears of the treated mice. (a) The depicted strategy used to induce psoriasis-like symptoms in mouse 
ears with TPA and following treatment with CLT. (b) Images of psoriasis-like symptoms induced by TPA on right ear of mice (n=6) treated with or without CLT (left panel). 
Right panel shows histological views and H&E staining of ear samples from the indicated mouse groups. (c) The right ear thickness score for the indicated mouse groups 
measured at the termination of the experiment. (d) The PASI score of the indicated groups obtained from the recorded daily condition of the treated mice. (f-j) The 
transcriptional level of Fli1 (e), Krt17 (f), Il1a (g), Il17 (h), Tnfα (i) and Il6 (j) in ear samples of the indicated treated mice groups, as determined by RT-qPCR. P≤0.001 (***), 
P≤0.0001 (****) and P>0.05 (ns).
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expression in the leukemic HEL cell line (Supplemental Figure 12b). These results point to FLI1 inhibitors as a potential 
new target for psoriasis.

Discussion
Previous studies indicated the critical role FLI1 plays in hematopoiesis, angiogenesis, and development of various 
cancers and diseases.16,18–22 Herein, we report a novel role for FLI1 in the induction of skin psoriasis as a potential 
therapeutic target for this disease. We show that FLI1 expression controls the transcription of several classical markers of 
psoriasis and that can be blocked by treatment with anti-FLI1 inhibitors both in tissue culture and in animal models of 
psoriasis.

Knockdown of FLI1 in leukemic cells identified many regulated genes, among which we identified nine that were 
previously linked to loci associated with the development of psoriasis.12 This association raised the possibility of 
involvement of FLI1 in psoriasis, which we confirmed through overexpression of this transcription factor in epithelial 
cells. Interestingly, a recent study has identified FLI1 among DEGs differentially expressed in psoriasis patients, although 
these authors failed to show a role for this gene in initiating this disease.47 Here, we demonstrated that FLI1 induces 
several pre-inflammatory genes (IL1A, IL1B, IL6, TNFα, and IL23) associated with psoriasis in human epithelial cells 
that can be blocked by anti-FLI1 inhibitors CPT, and the new discovered TAC and CLT compounds. In RNAseq analysis, 
the overexpression of FLI1 causes significant changes in the expression of 24 genes, most of which was previously linked 
to psoriasis.42–60 Among these genes, the peptidase inhibitor 3 (PI3) gene expression, previously identified as a serum 
biomarker for psoriasis, was strongly induced in HaCaT-FLI1 epithelial cells.59,71,72 Moreover, expression of the 
psoriasis markers IL1B, IL16, IL17 and TNFα was previously shown to be directly controlled by FLI1 resulting in 
inflammation and leukemia progression.18,38,39 Expression of the remaining genes was also correlated with FLI1 as drug- 

Figure 7 CLT administered as a topical treatment suppresses IMQ-induced psoriasis symptoms in mice. (a) Images of psoriasis-like symptoms induced in mice skin by IMQ 
(n=6) treated with CLT or TAC (top panel). Bottom panel represents histological views and H&E staining of skin samples from the indicated mouse groups. (b, c) Spleen 
weight (b) and spleen images (c) of mice from the indicated groups treated with topical CLT gel or TAC cream. (d) The PASI score of the indicated treated mice obtained 
from the recorded daily condition of the treated mice. (e) Immunohistochemistry analysis of spleens isolated from the indicated groups. (f-k) The expression of Il1b (f), Tnfα 
(g), Il6 (h), Il17 (i), Il23 (j), Fli1 (k) in skin samples of the indicated groups, as determined by RT-qPCR. P≤0.05 (*), P≤0.01 (**), P≤0.001 (***), P≤0.0001 (****) and P>0.05 (ns).
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mediated inhibition of this ETS transcription factor moderately restored normal expression. As FLI1 regulates many of 
these genes, it is possible that a combination of these factors controls psoriasis. Further analysis is then required for each 
of these genes to determine their contribution alone or in combination in development of psoriasis and whether FLI1 
directly or indirectly regulates them.

IL23 and IL17 production by immune cells was identified as the critical driver of psoriasis pathogenesis.73 Excellent 
response of patients to anti-IL23/IL17A therapies indicates a crucial role for these cytokines in psoriasis.73,74 While FLI1 
expression in HaCaT cells only slightly, but significantly increases IL23, we detected a significant increase in the 
expression of both cytokines in skin samples of IMQ-treated mice partially suppressed by the anti-FLI1 inhibitors TAC 
and CLT. The induction of IL17/IL23 into skin by IMQ is likely partly driven by hematopoietic and other cells infiltrating 
the skin. Indeed, expression of these cytokines as well as other markers of psoriasis was also detected in HaCaT-FLI1 and 
in macrophage cell line THP1 treated with IMQ. As FLI1 is a major regulator of hematopoiesis16 and its expression is 
induced in the skin by IMQ, this transcription factor may be responsible for higher IL17 and IL23 expression mostly in 
hematopoietic and may also in non-hematopoietic compartment of psoriasis, a notion that remains to be investigated in 
future studies.

Recently, scRNA-seq analysis of psoriasis in patients received IL23 blockade revealed a subset of WNT5A+/IL24+ 
fibroblasts capable of upregulating multiple inflammatory genes in keratinocytes that were blocked by IL23 therapy.41 

Analysis of this scRNA-seq database identified a reduction in expression of FLI1 in hematopoietic, endothelial, and 
epithelial cells, in lesion treated with systemic IL23 blockade. This result is consistent with our observation using 
HaCaT-FLI1 cells and mice treated with IMQ in which activation of FLI1 upregulates IL23. FLI1 downregulation is 
associated with skin Systemic Sclerosis (SSC)21,22 However, high FLI1 expression is associated with lupus erythema-
tosus (LE)19,20 and higher psoriasis cases reported in LE patients.75 Interestingly, the Th17 pathway is shared by these 
two disease entities 76 and targeting IL17/IL23 is used to treat both diseases.76 These results further strengthen the role 
of FLI1 in psoriasis.

Previously, camptothecin (CPT) was classified as a potent inhibitor of FLI1 in leukemic cells while also possessing 
a potent topoisomerase I activity.63 Herein, we identified CLT as a new inhibitor of FLI1 transcriptional activity by 
binding to its DNA binding domain. In mice treated with CLT, plaque psoriasis induced by IMQ was significantly 
attenuated with downregulation of many downstream genes associated with psoriasis. Similar results were also observed 
in the TPA-induced psoriasis-like model, further confirming the role of FLI1 in the induction of this disease. Notably, as 
a protein kinase C-α/-β inhibitor, the CLT compound is shown to have major health benefits against bacteria, inflamma-
tion, cancers, and others.64 Interestingly, FLI1 is activated by PKC agonists through phosphorylation at serine site77. 
Thus, in addition to directly inhibiting FLI1, CLT also blocks its activity through suppression of the PKC pathway.

Our data clearly showed that CLT directly binds to FLI1, inhibiting its function and its downstream pathway. In 
addition to FLI1 functional inactivation, CLT is also shown to reduce the level of this transcription factor at protein level, 
through upregulation of its target gene MIR145.65,66 Interestingly, the transcription of Fli1 was increased in FLI1-HaCaT 
cells by CLT, but same treatment resulted in lower mRNA expression in skin cells isolated from IMQ-treated mice. This 
difference in expression is likely generated due to cell context specify and/or expression of FLI1 in HaCaT cells under an 
exogenous promoter.

Tacrolimus (TAC) was previously reported to suppress psoriasis69,70 and is used in the clinic as a potent immuno-
suppressive agent along with other drugs to prevent organ rejection.69 Interestingly, similar to CLT, we showed here that 
TAC suppresses the psoriasis gene expression, leading to attenuation of skin psoriasis induced by IMQ. Furthermore, we 
found that TAC has a higher affinity to the FLI1 binding domain than CLT, leading to strong transcriptional inactivation. 
These results further confirm the role of FLI1 in the development of psoriasis and implicate inhibitors of this transcrip-
tion factor as potent agents for the treatment of this disease.

Previous studies revealed that CLT has low selectivity and can promote apoptosis of normal cells, thus displaying 
cytotoxicity behavior in humans.78,79 However, we showed herein that topical administration of CLT on TPA- and IMQ- 
induced lesions in mice successfully inhibited psoriasis, which was accompanied by downregulation of markers of this 
disease. It would be then interesting to investigate whether topical application of both CLT and TAC will better inhibit 
psoriasis than either of these agents alone.
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In conclusion, we discovered that FLI1 regulates several genes associated with psoriasis in epithelial cells. Accordingly, 
FLI1 overexpression in HaCaT cells alters the spectrum of known and new psoriasis genes that can be blocked by anti-FLI1 
inhibitors. Increased FLI1 expression and its regulation of the psoriasis genes was also detected in psoriasis skin cells 
including hematopoietic, epithelial and endothelial cells. In an animal model of IMQ-induced psoriasis, the anti-FLI1 agents 
CLT and TAC attenuated disease symptoms, and this was associated with the downregulation of the psoriasis-associated 
genes. These results implicate FLI1, for the first time, in the development of psoriasis and point to the potential usefulness 
of anti-FLI1 inhibitors such as CLT and TAC and possibly others16 for the treatment of this skin disorder.
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