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Effects of the antipsoriatic drug dithranol on 
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ABSTRACT. Although the precise causes of psoriasis remain to be 
elucidated, psoriasis has been known as a disorder in which factors in 
the immune system, enzymes and other biochemical substances that 
regulate skin cell division are functionally imbalanced, thereby resulting 
in rapid proliferation of keratinocytes and incomplete keratinization. 
The expression of candidate genes such as E2A and caspase-9, which 
have been recognized to play a critical role in cellular proliferation/
differentiation and apoptosis, is of great interest. They may be 
therapeutically targeted by the antipsoriatic drug, dithranol. We examined 
the molecular effects of dithranol on the mRNA and protein expression 
levels of E2A and caspase-9 in the HaCaT keratinocyte cell line. The 
HaCaT cells were treated with 0-0.5 µg/mL dithranol for 30 min. After 
dithranol was washed out, the HaCaT cells were cultured for 2 h, and 
their total cellular RNA and proteins were isolated. Quantitative real-
time reverse transcriptase-polymerase chain reaction and Western blot 
were performed to determine the mRNA and protein levels of these two 
genes. We found that dithranol treatment in the range of 0.25-0.5 µg/
mL slightly upregulated the mRNA expression of E2A and caspase-9 
approximately 1.5- and 1.2-fold, respectively. However, undetectable 
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change and minor downregulation of the protein expression levels were 
observed for E2A and caspase-9, respectively. Consequently, these genes 
appear not to be viable therapeutic targets for dithranol.
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INTRODUCTION

Psoriasis is a common, chronic skin disease, affecting approximately 2-4% of the pop-
ulation worldwide. It is characterized by immune activation, increased proliferation and ab-
normal differentiation of keratinocytes. The disease is of great concern due to its incurable na-
ture (Schon and Boehncke, 2005; Lowes et al., 2007). Dithranol (1,8-dihydroxy-9-anthrone), 
also referred to as anthralin, is one of the crucial topical antipsoriatic drugs (Kemeny et al., 
1990; Pavithran, 2001). It is a very effective compound in the treatment of active psoriasis, but 
its molecular mechanism of action is still not well understood.

Since the mechanism or disease process to explain psoriasis has not yet been fully elu-
cidated, an investigation on the roles of numerous candidate genes as molecular biomarkers 
responsible for the pathogenesis of psoriasis is undergoing. The helix-loop-helix transcription 
factor Id1 (inhibitor of differentiation or inhibitor of DNA binding), known to function in sup-
pressing cell differentiation and promoting cell proliferation, has recently received much at-
tention regarding psoriasis. In particular, increased Id1 gene expression was revealed in kera-
tinocytes of psoriatic patients’ skin (Bjorntorp et al., 2003), and an activated Id1 pathway was 
subsequently corroborated by another study (Mark et al., 2006). In a cellular model of psoriasis 
such as the HaCaT keratinocyte cell line, the Id1 mRNA was shown to be highly expressed 
(Langlands et al., 2000). Recently, the molecular role of Id1 was further highlighted in psoriasis 
since we found that the levels of Id1 transcripts in peripheral blood mononuclear cells of pso-
riatic patients were approximately 2-fold higher than those in controls (Ronpirin et al., 2010). 
Of particular interest, the cellular function of the Id1 protein is regulated via binding with other 
interactors such as E2A proteins (Yan et al., 1997; Engel and Murre, 2001; Perk et al., 2005; 
Kee, 2009). Specifically, E2A can form homodimers and heterodimers due to its interaction 
with E2A and Id1, respectively. If E2A/Id1 heterodimers occur in cells, the protein complex is 
unable to bind to a corresponding gene promoter, thus leading to prohibition and promotion of 
cell differentiation and proliferation, respectively. By contrast, E2A/E2A homodimers binding 
to a gene promoter result in a cell differentiation. Therefore, the balance between Id1 and E2A 
proteins is extremely critical for eukaryotic cells (Olson and Klein, 1994). Nevertheless, the ef-
fect of dithranol on E2A gene expression has never previously been elucidated in HaCaT cells.

Hyperproliferative keratinocytes in psoriasis may also be likely due to dysregulated 
apoptosis since apoptosis is a physiological mechanism of homeostasis and development. In 
this regard, caspases are the executioners of apoptosis, and caspase-9 is particularly responsi-
ble for initiating the caspase activation cascade during apoptosis (Kuida, 2000). Interestingly, 
caspase-9 was shown to be reduced in psoriatic epidermis (Oztas et al., 2006). An in vivo study 
showed improvement of the psoriatic skin following effective dithranol therapy, and molecu-
lar alterations in apoptotic biomarkers including Bcl-2, Bcl-x, Bax, Fas, and Fas ligand were 
observed (Yamamoto and Nishioka, 2003). Nonetheless, the effect of dithranol on caspase-9 
gene expression has to date not been fully understood.
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The objective of this study was to investigate the molecular effect of dithranol on the 
mRNA and protein expression levels of both E2A and caspase-9 in the HaCaT keratinocyte 
cell line. HaCaT cells were established as the first permanent epithelial cell line from adult 
human skin, and have been proven to exhibit normal differentiation. Therefore, this particular 
cell line could be considered a promising tool for studying the regulation of keratinization in 
human cells (Boukamp et al., 1988). The HaCaT cell line was chosen for this study since it has 
been demonstrated to be a suitable cellular model of psoriasis according to previous reports 
(Farkas et al., 2001; Tencomnao et al., 2009).

MATERIAL AND METHODS

Cell culture

The human keratinocyte cell line, HaCaT, was purchased from (CLS-Cell Lines Service, 
Eppelheim, Germany) (Boukamp et al., 1988). The cells were cultured in Dulbecco’s modified 
Eagle’s medium (DMEM; HyClone, Logan, UT, USA) supplemented with 10% fetal bovine se-
rum (FBS; HyClone), and cells were maintained at 37°C in a humidified atmosphere at 5% CO2.

Dithranol treatment

Dithranol treatment was performed following a procedure previously described by 
Farkas et al. (2001) with minor modifications (Tencomnao et al., 2009). In brief, cultured 
HaCaT cells at about 90% confluence in a 60-mm plate were washed with phosphate buffered 
saline (PBS) under sterile conditions and were incubated for 30 min at 37°C in a humidified 
atmosphere at 5% CO2 with increasing concentrations of dithranol (0.1, 0.25 and 0.5 mg/mL) 
(Sigma, St. Louis, MO, USA) in DMEM containing 0.5% FBS. Dithranol was always freshly 
dissolved in acetone and used immediately. Control cells were treated with the acetone only 
or left untreated. After dithranol treatment, treated cells were washed with PBS and were cul-
tured in DMEM containing 10% FBS for 2 h at 37°C in a humidified atmosphere at 5% CO2 
prior to isolations of total cellular RNA and proteins for subsequent experiments.

Total RNA extraction and cDNA synthesis

Total cellular RNA isolation was carried out using Trizol reagent (Invitrogen, Carls-
bad, CA, USA) according to manufacturer instructions. The amount of RNA was determined 
by absorbance at 260 nm. Prior to real-time reverse transcriptase-polymerase chain reaction 
(RT-PCR), about 1 mg of the total RNA was treated with 10-5 U deoxyribonuclease I (DNase I; 
Invitrogen) for 15 min at 25°C. First-strand cDNA was synthesized from about 250 ng DNase 
I-treated RNA for each sample using ImProm-IITM Reverse Transcription System (Promega, 
Madison, WI, USA) with oligo(dT)17 primer following the manufacturer protocol. Reverse 
transcription was carried out at 50°C for 60 min.

Quantitative real-time PCR

After cDNA synthesis, real-time PCR was performed on the StepOnePlusTM (Applied 
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Biosystems, Foster City, CA, USA) using TaqMan® Universal PCR Master Mix and TaqMan® 
Gene Expression Assays probe and primer mix (Applied Biosystems), according to manufac-
turer instructions. The assay identification numbers of E2A, caspase-9 and ubiquitin C (UBC) 
were Hs00413032_ml, Hs00154261_ml and Hs00824723_ml, respectively. All gene-specific 
probes were labeled using a reporter dye FAM at the 5'-end and a non-fluorescent quencher at 
the 3'-end of probe. The thermal cycler conditions were as follows: hold for 10 min at 95°C 
followed by two-step PCR for 40 cycles of 95°C for 15 s followed by 60°C for 1 min. Ampli-
fication reactions in triplicate for each sample were performed and the results were normalized 
to the UBC gene expression level. An analysis of relative gene expression data was performed 
using the Applied Biosystems StepOneTM Real-time PCR Software v 2.0 with regard to the fold 
change in studied gene expression normalized to endogenous control. The data for each dithra-
nol concentration treatment represented fold change in normalized mRNA expression relative 
to that at 0 mg/mL dithranol. The relative expression in fold change was arbitrarily set at 1.

Total protein isolation and quantification

Total protein isolation from the HaCaT cells was performed using Nonidet-P40 (NP-
40) lysis buffer (1% NP-40, 20 mM Tris, pH 7.4, 150 mM NaCl, 3% glycerol, 1.5 mM EDTA) 
containing protease inhibitors. Protein concentrations were determined according to the Brad-
ford method (Bradford, 1976) using a protein assay kit (Bio-Rad, Hercules, CA, USA) and 
bovine serum albumin (BSA; Sigma) as a standard.

Western blot analysis

Briefly, 15 μg extracts was fractionated by 10% SDS-polyacrylamide electrophore-
sis and electrotransferred onto a nitrocellulose membrane. The membrane was incubated in 
blocking solution (5% nonfat dry milk, 0.1% Tween 20 in PBS or 3% BSA, 0.5% Tween 20 in 
PBS) for 1 h at room temperature. The blot was washed twice for 15 min each in PBS-Tween 
20 (0.1%), then incubated for 1 h at room temperature with primary antibody solution. The pri-
mary antibody solution used for each protein was either a 1:2000 dilution of polyclonal rabbit 
anti-E2A (cat. No. sc-349; Santa Cruz Biotechnology, Santa Cruz, CA, USA), a 1:5000 dilu-
tion of polyclonal rabbit anti-caspase-9 (cat. No. 9502; Cell Signaling Technology, Beverly, 
MA, USA) or a 1:4000 dilution of polyclonal rabbit glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH; cat. No. sc-25778; Santa Cruz Biotechnology). The blot was washed twice 
for 15 min each in PBS-Tween 20 (0.1%), then incubated for 1 h at room temperature with 
a 1:5000 dilution of an affinity purified goat anti-rabbit IgG coupled to horseradish peroxi-
dase (cat. No. 7074; Cell Signaling Technology). After washing, the immunoreactive protein 
bands were detected using LumiGLO reagent and peroxide (Cell Signaling) for E2A (75 kDa) 
and GAPDH (37 kDa), while using SuperSignal West Femto Maximum Sensitivity Substrate 
(Pierce, Arlington Heights, IL, USA) for full-length caspase-9 or procaspase-9 (47 kDa) and 
its active form or caspase-9 (37 kDa).

Statistical analysis

Each experiment was performed in triplicate, and data were reported as fold over 
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0 mg/mL dithranol concentration for both quantitative real-time PCR and Western blot. 
Regarding the Western blot experiments, all band densities were analyzed by 1-D Multi 
Lane Densitometry program in an AlphaImager 2000 (Alpha Innotech Corp., San Lean-
dro, CA, USA). Protein band densities from each dithranol concentration were normalized 
to GAPDH densities. Data are reported as means ± SD for three independent experiments 
and were analyzed by the Student t-test. Differences at P < 0.05 were considered to be 
significant.

RESULTS

Quantitative real-time RT-PCR

In the current study, we assessed the effect of dithranol on mRNA expression of 
E2A and caspase-9 using quantitative PCR approach. A housekeeping gene UBC was 
used as an internal control. After 2 h of dithranol treatment, our result showed that nor-
malized E2A mRNA transcripts of HaCaT cells were increased as dithranol concentra-
tions used were increasing (Figure 1). As compared to 0 mg/mL dithranol concentration 
(acetone-treated cells), the expression of E2A mRNA transcripts was increased by about 
1.5-fold that was considered to be statistically significant (P < 0.05) when 0.5 mg/mL di-
thranol was used for the treatment. Although no statistical significance was reached when 
treating HaCaT cells with 0.25 mg/mL dithranol, a tendency of E2A upregulation was 
observed. With regard to the normalized caspase-9 transcripts, they were significantly 
increased (P < 0.05) by approximately 1.2-fold over that of 0 mg/mL dithranol treatment 
when concentration of either 0.25 or 0.5 mg/mL dithranol was applied to the HaCaT 
cells (Figure 2). At 0.1 mg/mL dithranol treatment, almost significant upregulation of 
the caspase-9 mRNA transcripts was observed. Taken together, the upregulation effect of 
dithranol was concentration-dependent for both E2A and caspase-9 mRNA transcripts in 
the HaCaT cells although slight changes in mRNA expression levels were experimentally 
evident.

Western blot analysis

We further evaluated the expression of both genes in protein levels using West-
ern blot analysis. Total protein was isolated from the HaCaT cells after 2 h of dithanol 
treatment. A housekeeping gene GAPDH was used as an internal control. No significant 
difference in the expression of the E2A protein was detected although various concentra-
tions of dithranol were applied (Figure 3). By contrast, tendency towards downregula-
tion of caspase-9 was observed when increasing the concentrations of dithranol, and the 
HaCaT cells treated with 0.5 mg/mL dithranol had the normalized protein levels of full-
length caspase-9 (procaspase-9) and its active form (caspase-9) significantly decreased 
(P < 0.05) to approximately 0.7- and 0.6-fold over that of 0 mg/mL dithranol treatment, 
respectively (Figure 4). Therefore, the expression level of the E2A protein remained 
unchanged in the HaCaT cells treated with increasing dithranol concentrations, while 
slight downregulation of both forms of caspase-9 at 0.5 mg/mL dithranol treatment was 
observed.
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Figure 2. Quantitative real-time RT-PCR analysis of caspase-9 expression in HaCaT cells treated with increasing 
dithranol concentrations (0, 0.1, 0.25, and 0.5 µg/mL) for 2 h. Average fold over expression at 0 µg/mL dithranol. 
*P < 0.05 indicating a statistically significant difference.

Figure 1. Quantitative real-time RT-PCR analysis of E2A expression in HaCaT cells treated with increasing 
dithranol concentrations (0, 0.1, 0.25, and 0.5 µg/mL) for 2 h. Average fold over expression at 0 µg/mL dithranol. 
*P < 0.05 indicating a statistically significant difference.

Figure 3. Western blot analysis of E2A in HaCaT cells treated with increasing dithranol concentrations (0, 0.1, 0.25, 
and 0.5 µg/mL) for 2 h. A. Immunodetected protein band for E2A and GAPDH. B. Average fold over expression at 
0 µg/mL dithranol for the E2A protein.

A

B
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Figure 4. Western blot analysis of caspase-9 in HaCaT cells treated with increasing dithranol concentrations (0, 
0.1, 0.25, and 0.5 µg/mL) for 2 h. A. Immunodetected protein band for procaspase-9, caspase-9 and GAPDH. 
B. Average fold over expression at 0 µg/mL dithranol for the procaspase-9 protein. C. Average fold over 
expression at 0 µg/mL dithranol for the caspase-9 protein. *P < 0.05 indicating a statistically significant difference.

A

B

C

DISCUSSION

Given the potential roles of E2A and caspase-9 as biomarkers in psoriasis, they were 
studied in the present investigation since we hypothesized that dithranol acted therapeutically 
by targeting E2A and caspase-9. Various studies have shown that E2A was extremely critical 
for cell proliferation and differentiation (Yan et al., 1997; Engel and Murre, 2001; Perk et al., 
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2005; Kee, 2009). Although E2A binding partner, Id1, has been revealed to be important in 
psoriasis according to various reports (Bjorntorp et al., 2003; Mark et al., 2006; Ronpirin et al., 
2010), the knowledge concerning the molecular involvement of E2A in psoriasis still remains 
limited. Apoptosis, another pathway undoubtedly imbalanced in psoriasis, is crucial in the 
maintenance of skin cell homeostasis as well as in the pathogenesis of certain skin diseases 
including psoriasis, but only few studies on caspase-9 in psoriasis have been reported to date 
(Yamamoto and Nishioka, 2003; Oztas et al., 2006).

In the quantitative real-time PCR approach, we employed the UBC gene as a house-
keeping gene control, and total RNA was isolated from the HaCaT cells after 2 h of dithranol 
treatment for subsequent experiments. The statistical significance was reached when treating 
HaCaT cells with 0.5 mg/mL dithranol for E2A mRNA transcripts, while both 0.25 and 0.5 
mg/mL concentrations of dithranol resulted in a significant difference for caspase-9 mRNA 
transcripts. However, as compared to 0 mg/mL dithranol concentrations, the significant levels 
of normalized E2A and caspase-9 mRNA transcripts were found to be increased by about 1.5- 
and 1.2-fold, respectively. Therefore, slightly upregulated mRNA transcripts of both E2A and 
caspase-9 were found in response to increasing concentrations of dithranol. It is worth noting 
that the real-time PCR results seem to support our hypothesis that i) dithranol lessens psoriatic 
activity by promoting E2A gene expression, thus increasing cell differentiation and decreas-
ing cell proliferation, and ii) dithranol decreases psoriatic activity by enhancing caspase-9 
gene expression, thus increasing cell apoptosis. Nonetheless, the Western blot results seem to 
disagree since an insignificant change in the E2A protein and a tendency towards a decrease in 
the caspase-9 protein were experimentally observed in this study. One might assume that de-
crease in the procaspase-9 protein could be due to a result of cleavage of full-length caspase-9, 
thus resulting in more expression of its active form. However, we also found a decrease in its 
active form, therefore in line with the full-length form. Indeed, only certain caspases are fully 
processed in cells. For instance, nine caspases were found to be expressed in normal human 
epidermis, but only caspase-14 was fully processed (Raymond et al., 2007). Nevertheless, in 
our in vitro cellular model, the HaCaT cell line was clearly proven to express both procas-
pase-9 and caspase-9. It is worth mentioning that the assay for caspase-9 activity should also 
be carried out in order to give an insight into the molecular role of caspase-9 in response to di-
thranol. According to the previous in vivo study, dithranol therapeutically promoted apoptosis 
in psoriatic patients (Yamamoto and Nishioka, 2003). However, the in vitro effect of dithranol 
on apoptosis in the HaCaT cells was unlikely (Henseleit et al., 1996), thereby being consistent 
with our finding that caspase-9 might not be a therapeutic target for dithranol.

It should be considered that inconsistent results were found between the two experi-
mental approaches, real-time PCR and Western blot. This might be explained not only by the 
difference in sensitivity between the two techniques, but the difference in utilization of house-
keeping genes as well. The latter seems to be considerably more logical in this case. Neverthe-
less, GAPDH and β-actin have been commonly used as reference genes for protein studies in 
various cell types including the HaCaT cells. Recently, proper reference genes for quantita-
tive real-time PCR in human epidermal keratinocytes have been reported, and, in contrast to 
GAPDH and β-actin, UBC was one of the most stable genes (Allen et al., 2008). Therefore, 
UBC was chosen as an internal control for our real-time PCR analysis. It is noteworthy, that 
using more than one reference genes is better in order to assure data trustworthiness. Further-
more, we were not surprised by these contradictory results since the real-time PCR showed 
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only slight upregulation of E2A and caspase-9 mRNA levels. In the near future, it would be 
better to study the gene expression profile since many biomarkers in the network profile are 
likely to provide a useful insight into a better understanding of signaling cascades involved.
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