
Viewpoint
In Vitro Trials: The Dawn of a New Era for Drug

Discovery in Atopic Dermatitis?

Atopic dermatitis (AD) is a chronic, pruritic inflammatory skin disease, affecting up to 25% of children and
about 10% of adults, including 1-3% of the elderly. It presents with variable clinical phenotypes and is char-
acterized by eczematous papules and plaques with excoriation, exudation and/or lichenification, intense
itching and xerosis (St€ander, 2021). Over the past decade, increasing understanding of AD pathogenesis
has led to the discovery of new therapeutic targets (Chovatiya and Paller, 2021; St€ander, 2021). Monoclonal
antibodies that inhibit the IL-4 and/or IL-13 pathway have revolutionized the treatment of moderate-to-
severe AD. JAK inhibitors are emerging in the therapeutic armamentarium of AD since inflammatory
cytokines utilize the JAK/STAT pathway for downstream signal transduction. (Tsiogka et al., 2022)
Nemolizumab, a monoclonal antibody that blocks the a subunit of the IL-31 receptor, rapidly alleviates
itching by directly blocking signaling and is currently under investigation in AD (Serra-Baldrich et al.,
2022). However, despite recent advances in AD treatment, achieving complete or near-complete response, a
personalized approach for specific phenotypes, long-term disease control of signs and symptoms, on/off
treatment regimens, and management of associated atopic comorbidities are still important unmet needs in
patients with AD (Patrizi et al., 2022).

In this issue of The Journal of Pharmacology and Experimental Therapeutics, Nishimoto et al. report an
interesting cellular model of human-induced pluripotent stem cell-derived keratinocyte-like cells for in vitro
studies, a modern therapeutic approach for drug discovery and treatment, applied to AD.

In vitro trials or “clinical trials in a dish” may be considered a hot topic in the field of drug development
as they allow researchers to test new compounds on human derived cells before planning human clinical
trials (Ross and Wilson, 2014; Strauss and Blinova, 2017). These models, such as the pioneeristic study of
Nishimoto and colleagues, address multiple needs of 21st century medicine (Strauss and Blinova, 2017).
The use of these models beforehand may be crucial in identifying the best patient candidates to be enrolled
in clinical trials, thereby increasing the likelihood of achieving the expected outcomes (Fermini et al.,
2018a,b). For many diseases, physicians are now able to stratify patients according to clinical, laboratory,
and imaging parameters, and the resulting patient stratification can be fundamental in decision-making.
Furthermore, the use of in vitro trials would allow investigators to predict possible drug-related side effects/toxic-
ities and prevent them in human patient studies ( Ross and Wilson, 2014; Strauss and Blinova, 2017; Fermini
et al., 2018b). The implementation of these models in clinical practice would also help in the prediction of response
to a specific therapy, thus reducing the failure and containing the costs, especially in life-threatening diseases (i.e.,
cancer, infections, systemic immune diseases) (Fermini et al., 2018a,b; Strauss and Blinova, 2017).

Two main types of in vitro models are available: induced pluripotent stem cells (iPSC) and organ-on-a-chip
(Strauss and Blinova, 2017). The iPSC-based model, the one applied in the paper by Nishimoto et al., relies
on cellular reprogramming of skin and peripheral blood cells into pluripotent stem cells capable of transdiffer-
entiating into a large variety of cell types (Grskovic et al., 2011; Costamagna et al., 2019; Rowe and Daley,
2019). This is the most recent and “close-to-reality” model that uses patient-derived tissue from unlimited
and easy-to-retrieve sources (e.g., blood, adipose tissue, bone marrow), thus ensuring its wide application
(Grskovic et al., 2011). In addition, iPSCs can be used as “bricks” to build 3D organ models, which could be
considered quite a perfect setting for studies about disease pathogenesis and identifying new therapeutic tar-
gets (Strauss and Blinova, 2017; Costamagna et al., 2019). To this end, organs-on-chips have been developed
over the past decade as devices to culture iPSCs (or other cell types) in continuously perfused microchambers
designed to mimic tissue vasculature and complexity (Ma et al., 2021).
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The pathophysiology of AD involves a complex interaction of immune dysregulation, epidermal barrier
dysfunction, altered skin microbiome, and IgE sensitization on a genetic background, triggered by environ-
mental factors (Tsakok et al., 2019; St€ander, 2021). Current knowledge suggests that robust activation of
Th2 (IL-4, IL-5, IL-13, IL-31) and Th22 (IL-22) immune responses in both skin and serum plays an important
role in the immunopathogenesis of AD, especially in the acute phase, followed by a variable degree of Th1
(IFN-c, TNF alpha) and Th17 (IL-17) activation in chronic disease. IL-4 and IL-13 are considered pivotal to
the pathogenesis of AD and contribute significantly to the key signs and symptoms of the disease: erythema,
lichenification, and pruritus. (Pappa et al., 2022; St€ander, 2021; Yosipovitch et al., 2019, 2020).

Pruritus is the most frequently reported parameter related to the clinical burden of AD, and its treat-
ment is an important unmet need in AD patients (Misery et al., 2021; Fasseeh et al., 2022; Patrizi et al.,
2022; Sz€oll}osi et al., 2022). The cytokines produced by lymphocytes and keratinocytes in AD drive inflam-
mation and act directly/indirectly as pruritogens by depolarizing pruriceptive nerve fibers. The main pruri-
togens involved in AD are histamine, Th2 cytokines (i.e., IL-4, IL-13, IL-31), thymic stromal lymphopoietin
(TSLP), peptidases, and neuropeptides (Yosipovitch et al., 2020; St€ander, 2021). Itching in AD recruits sev-
eral cellular players, including type C nerve fibers, lymphocytes, mast cells, and keratinocytes, conse-
quently defining a complex neuroimmune axis (Yosipovitch et al., 2019, 2020). Together with neurons and
inflammatory cells, epidermal keratinocytes contribute to AD-related pruritus in two different ways: di-
rectly through the secretion of different epithelial pruritogen (TSLP, IL33, neuropeptides) and indirectly
through the production of an inefficient epidermal barrier characterized by increased transepidermal water
loss, dry skin, and increased penetration of pruritogens in the stratum corneum (Sandilands et al., 2009;
Tsakok et al., 2019; Sz€oll}osi et al., 2022). Several receptors involved in pruritus are present on keratino-
cytes and are overexpressed in AD: PAR2, TSLPR, H1-H4 (Buhl et al., 2020; Zhao et al., 2020; Sz€oll}osi
et al., 2022). Among these receptors, PAR2 is particularly relevant to different aspects of AD pathogenesis
as a driver of pruritus, barrier dysfunction, and inflammation. (Buhl et al., 2020; Zhao et al., 2020). Several
exogenous (e.g., bacteria, allergens) and endogenous proteases can activate the G-coupled membrane recep-
tor PAR2, which signals downstream via transient receptor potential subfamily V member 3 (TRPV3), a
calcium-permeable cation channel abundantly expressed in cutaneous keratinocytes. TRPV3 is crucial to
the production of neuronal pruritogen TSLP from keratinocytes and its inhibition abrogates PAR2 pruritus
signaling (Hollenberg and Compton, 2002; Zhao et al., 2020). The relevance of the PAR2–TRPV3 signaling
cascade in AD has been highlighted in other scientific papers, as overexpression of PAR2 in mice skin kera-
tinocytes was sufficient to create a very confident model of human AD (Buhl et al., 2020).

Currently, thanks to advances in in vitro models, several cell lines are available to reproduce skin kerati-
nocytes and to build an in vitro epidermal barrier from immortalized keratinocytes and primary keratino-
cytes (Liu et al., 2020; Rikken et al., 2020; Kim et al., 2022). On this basis, a skin-on-a-chip model,
stimulated with specific concentrations of IL-4 and IL-13, induced cytokine secretion and expression of spe-
cific genes comparable to those observed in human AD skin (Kim et al., 2022). In addition, a vascularized
skin model for AD using human keratinocytes, fibroblasts, pericytes, and endothelial cells derived from
iPSCs has been published, showing the histopathologic features of the disease and has been successfully
tested with dexamethasone and JAK inhibitors (Liu et al., 2020). This technology is evolving rapidly, and
in the near future, it will be possible to reproduce a more sophisticated artificial tissue that includes
iPSCs and neuroimmune cells involved in pruritogenesis during AD. Apart from skin disease modeling,
iPSC-derived keratinocytes could have other relevant applications, for example, skin grafts for cutaneous
wound healing and regenerative medicine (Zhong et al., 2021). To date, there is no skin model of AD consisting
only of patient-derived iPSCs, whereas in vitro iPSC models of individual pathogenetic mechanisms (IL4/IL13
and PAR2) are now available (Kim et al., 2022).

The broadening understanding of AD pathogenesis has led to the development of novel therapeutic mole-
cules (Chovatiya and Paller, 2021; St€ander, 2021). Monoclonal antibodies that inhibit the IL-4 and/or IL-13
pathway have revolutionized the treatment of moderate-to-severe AD. JAK inhibitors are emerging in the
therapeutic armamentarium of AD since inflammatory cytokines use the JAK/STAT pathway for down-
stream signal transduction (Tsiogka et al., 2022). Nemolizumab, a monoclonal antibody that blocks the
a subunit of the IL-31 receptor, rapidly alleviates itching by directly blocking signaling and is currently un-
der investigation in AD (Serra-Baldrich et al., 2022).

In their breakthrough scientific paper, Nishimoto et al. demonstrate the different transdifferentiation
steps of iPSCs in cutaneous keratinocytes (iKera), as confirmed by mRNA expression and immunofluores-
cence analysis. In this setting, iKera express the functional form of PAR2, as documented by intracellular
calcium sparks upon treatment with PAR2 agonist peptides, similar to previous reports on pruritogenic
PAR2–TRPV3 signal transduction in keratinocytes (Zhao et al., 2020). Interestingly, stimulation of iKera
by PAR2 also led to the release of TNFa, suggesting the presence of a functional PAR2-mediated
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proinflammatory response. An intriguing finding related to the different keratinocyte-related signaling path-
ways and their crosstalk in AD is the upregulation of PAR2 mRNA expression and corresponding protein levels
after iKera treatment with IL-4. To corroborate this result, co-treatment of iKera with PAR2 agonist peptide
plus IL-4/IL-13 further enhanced TSLP production compared with single stimulation. All these results support
the crosstalk between the PAR2 and Th2 cytokine signaling cascades in the AD exacerbation cycle. Further in-
vestigation on PAR2 inhibitors is required to explore PAR2-targeted drugs as potential breakthroughs in AD
treatment. In the future, it would be important for the commercial producers of iPSC to describe the gender ori-
gin of cells, due to the different expression of cellular pathways in male versus female.

In conclusion, following the findings of Nishimoto et al., iPSC-derived iKera appear to be a useful new
tool to shed light on the pathogenesis of AD and facilitate the translation of preclinical findings into the
clinical setting, at the dawn of the “clinical trial in a dish” era. This ongoing scientific research raises hope
for a more effective and safer, personalized management of AD patients.
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