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Psoriasis is a common disease, affecting around 2–3% 
of the population. While biologicals achieve PASI-75 
responses above 80%, their high costs limit accessibi-
lity in many countries. For example, in Germany, an-
nual costs are approximately €30,000 for bimekizumab 
(anti-IL17A/F), €27,000 for tildrakizumab (anti-IL-23), 
€12,000 for the TYK2 inhibitor deucravacitinib, and 
€6,000 for the PDE4 inhibitor apremilast (1), undersco-
ring the substantial treatment expenses associated with 
these medications. In contrast, the phosphodiesterase 4 
(PDE4) inhibitor roflumilast, used in chronic obstructive 
pulmonary disease (COPD), offers a more affordable al-
ternative at treatments costs of approximately €1,000 per 
year, potentially expanding patient access and reducing 
healthcare costs. PDE4 is a cAMP hydrolysing phospho-
diesterase involved in the signal transduction in many 
inflammatory cells orchestrating psoriasis. Low cAMP 
levels, as they may result from upregulated PDE4, favour 
the release of pro-inflammatory cytokines (2). Inhibit-
ing PDE4 increases intracellular cAMP, reversing this 
process. In vitro, the PDE4 inhibitor roflumilast is more 
potent than apremilast reflected by an IC50 to inhibit 
PDE4 of 0.8 nM (2) and 7.4 nM (3), respectively. The 
superior potency of roflumilast compared with apremi-
last to inhibit PDE4 was translated into a comparably 
higher potency to augment cAMP in PGE2-stimulated 
peripheral blood mononuclear cells (4). Roflumilast, 
well established for treatment of severe COPD since 
2011, was approved for the topical treatment of psoria-
sis by the FDA in July 2022. A Danish study showed 
that systemic roflumilast achieved a PASI-75 reduction 
in 35% of psoriasis patients at week 12, increasing to 
44% by week 24 (5). Different animal models aid in 
understanding psoriasis pathogenesis and evaluating the 
potential efficacy of new treatments, though no single 
model encapsulates all disease aspects (6). In this study, 
we examined the efficacy of roflumilast in two com-
monly used psoriasis mouse models: topical Aldara® 
application and recombinant IL-23 injection. Both have 
histological and clinical commonalities with human 
psoriasis, e.g., upregulation of IL-17 and IL-23. Yet, in 
Aldara-induced psoriasiform dermatitis (AIPD), repeated 
topical application of Aldara®, containing a TLR7 ligand 
(Imiquimod) and isostearic acid, additionally exerts a 
strong systemic inflammatory response, exemplified by 
increased splenic mass (6, 7). A more subtle induction of 
psoriasis is achieved by repeated intradermal injections 

of recombinant murine IL-23, which lead to an initial 
IL-17 release by γδ-T cells subsequently amplified by 
macrophage recruitment (8). We aimed to investigate the 
impact of roflumilast treatment to further validate these 
pre-clinical model systems for the use of translational 
psoriasis research.

METHODS AND RESULTS
Animal experimentation was approved by the respective go-
vernmental administration (AZ 92-7/17), and performed by 
certified staff. All experiments were performed in mice of both 
sexes, aged between 7 and 11 weeks. The primary endpoint was 
clinical disease manifestation, expressed by the PASI score on 
day 5 (AIPD) or the ear thickness on day 16 (IL-23). A p-value 
less than 0.05 was considered statistically significant. The ex-
periments were performed following established protocols (Fig. 
1A, D) (9, 10). AIPD was induced by repetitive, daily topical 
application of Aldara® (Meda Pharmaceuticals,  USA) from day 
0–4 (7). IL-23 psoriasiform dermatitis was induced by repetitive 
intradermal injections of recombinant murine IL-23 every other 
day from day 0–15, as described (11). Mice were orally treated 
with roflumilast (5 mg/kg bodyweight) (Sigma-Aldrich, USA) 
dissolved in 0.8% methylcellulose once daily, beginning 1 day 
before application of Aldara® or IL-23. Mice treated with vehicle 
alone served as positive controls. Treatments were continued 
once daily throughout the experiment. H&E stainings were per-
formed according to established procedures. Epidermal thickness 
was measured at 10 randomly chosen sites of each section using 
ImageJ software (https://imagej.net/ij/). Plasma concentrations of 
cytokines was measured using Luminex® xMAP® technology and 
performed by Eve Technologies Corporation (Calgary, Alberta, 
Canada). In the AIPD model, the disease score at the primary 
endpoint (day 5) measured 7.11 (± 0.68) in the vehicle group 
(Fig. 1B, C). A similar clinical disease severity was observed 
in mice treated with roflumilast. Here, the final disease score 
was 6.50 (± 1.02). Likewise, specific components of the PASI 
assessment – erythema, infiltration, and desquamation – were 
similar between the two groups. Concurrently, the degree of 
weight loss observed in this model was comparable between the 
mice treated with roflumilast and those administered the vehicle 
alone. In IL-23-induced psoriasiform dermatitis, the ear thickness 
measured 496.25 µm (± 53.59) in the control group. Roflumilast 
ameliorated the disease development, resulting in a significantly 
reduced ear thickness of 364.27 µm (± 28.73) on day 16 (Fig. 
1E, F). Histologically, the epidermal thickness in control mice 
measured 20.18 µm (± 3.83). In comparison, roflumilast-treated 
mice showed a reduced mean thickness of 14.23 µm (± 1.53), 
but this reduction was not statistically significant. (Fig. 1G). 
The histological score index was 1.65 (± 0.35) in the control 
group and 1.16 (± 0.31) in the treatment group, also not reaching 
statistical significance (Fig. 1G). In plasma, concentrations of 
IL-17F, IL-22, and IL-33 were significantly elevated in the AIPD 
mouse model (Fig. S1). 
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DISCUSSION

The oral PDE4 inhibitor apremilast has been used to 
treat patient with psoriasis for over a decade. In 2022, the 
FDA approved roflumilast for the topical treatment of 
psoriasis. However, systemic (oral) roflumilast has only 
been approved for the treatment of severe COPD, and 
therefore has not been widely used in psoriasis. A recent 
Danish study suggests that systemic roflumilast may be 
more effective than apremilast (5), which may reflect 
the higher potency to inhibit PDE4 (4). Roflumilast has 
been infrequently studied in murine psoriasis models. 
Data with roflumilast in validated mouse disease models 
may allow cellular and molecular insights on the drugs’ 
mode of action to be obtained and, together with clinical 
findings, may encourage pivotal phase 3 clinical trials that 
could lead to the approval of this cost-effective treatment. 

For instance, Xu et al. (12) found that topical roflumilast 
application in the AIPD mouse model did not alter PASI 
scores or cAMP levels, whereas intraperitoneally applied 
apremilast (1 mg/kg) exerted a disease-modifying effect 
in AIPD (13). In contrast, we observed that oral roflu-
milast treatment did not result in any significant change 
in disease manifestation in the AIPD model. Given that 
different murine models replicate certain aspects of the 
human disease, using multiple models is beneficial for 
translational research. Hence, we also evaluated the impact 
of oral roflumilast in the IL23-induced mouse model of 
psoriasis. Here, disease severity was reduced and the pre-
defined primary endpoint was met. Evaluating roflumilast 
in both AIPD and IL-23 models highlights differences in 
pathogenesis and offers more robust data. This points to 
inherent differences between the 2 models. First, Aldara® 
is not only a potent TLR7 agonist but also acts as a weak 

Fig. 1. Distinct clinical outcomes of PDE4 inhibitor roflumilast in Aldara® or interleukin (IL)-23-induced psoriasis mouse models. Aldara®-
induced psoriasiform dermatitis (AIPD) is not alleviated by phsphodiesterase-4 inhibition with roflumilast. In contrast, psoriasiform dermatitis induced by 
recombinant murine IL-23 injection is significantly reduced with roflumilast treatment. (a) Schematic experimental setup of AIPD. Red dots indicate sites 
of psoriasis manifestation. (b) Representative clinical images of the respective groups in AIPD. (c) Psoriasis area and severity index (PASI) from days 
0–5 and PASI score at the primary endpoint (day 5). Individual score values (erythema, infiltration, and desquamation) from day 0–5 and mean weight 
of the respective groups over time. (d) Schematic experimental setup of IL-23-induced psoriasiform dermatitis. (e) Representative clinical images of the 
respective groups in IL-23 induced psoriasiform dermatitis. (f) Ear thickness from day 0-16 in IL-23 induced psoriasiform dermatitis and ear thickness at 
the primary endpoint (day 16). (g) Epidermal thickness and semiquantitative histological score of samples obtained on day 16. Representative histological 
images of the respective groups. ((c) and (e–g): mean with SEM or scatter dot plot, mixed-effect analysis with Bonferroni correction).

http://medicaljournalssweden.se/actadv
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cAMP-PDE inhibitor (14). Therefore, its intrinsic PDE4 
inhibitory activity may prevent the observation of any 
additional effects from “add-on” PDE4 inhibitors. Addi-
tionally, the robust activation of TLR7 by Aldara® results 
in a strong immune response, as evidenced by increased 
plasma concentrations of IL-17F, IL-22, and IL-33, as well 
as an increased splenic mass in this model (7). Consistent 
with this, our findings show that in the AIPD mouse model 
further PDE4 inhibition by roflumilast does not produce 
any amelioration of disease. In contrast, roflumilast-treated 
mice in the IL-23 model exhibited reduced disease seve-
rity. In this model, repeated injections of IL-23 stimulate 
T cells, specifically γδ-T cells, to secrete IL-17 and IL-22, 
which drive disease progression (15). T cell regulation 
is dependent on cAMP, with elevated levels exerting an 
inhibitory effect. By inhibiting PDE4, roflumilast prevents 
the hydrolysis of cAMP, leading to increased intracellular 
cAMP levels and thereby effectively ameliorating the 
disease. In summary, the distinct mechanistic pathways 
underlying disease induction are essential for accurately 
interpreting the observed results. Nevertheless, further 
studies dissecting psoriasis model differences are warran-
ted. This study underlines that caution should be applied 
if research is based on single murine disease models, 
considering the different disease induction mechanisms. 
Finally, systemic (oral) application of roflumilast in pso-
riasis warrants further randomized controlled clinical trials  
and could emerge as a cost-effective and safe alternative 
treatment for psoriasis. 
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