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Abstract 

Skin diseases, inherently characterized by a significant immune component, present a formidable 

hurdle in drug development due to disparities in animal and human immunology. This exhaustive 

review explores the realm of immune-competent human skin disease models, emphasizing their 

crucial role in advancing drug discovery. Addressing pivotal issues in current models, such as 

inadequate prediction of human immune responses, the review navigates innovative in vitro 

alternatives, with a focus on co-cultures and 3D organotypic systems. Diseases including 

fibrosis, autoimmune disorders, psoriasis, cancer, and contact allergy are scrutinized, offering a 

detailed analysis of pathology and available models. Recognizing the limitations of existing 

models underscores the need for superior non-animal, human immune-competent, and scalable 

skin disease models featuring comprehensive biomarkers. Additionally, the review directs 

attention to areas requiring future development, including the integration of diverse immune cells 

and scalability. The pressing demand for accurate drug discovery methodologies aligned with 

ethical guidelines, such as the 3Rs (reduction, refinement, and replacement of animals in 

experiments), is emphasized. 
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Introduction 

The intricate interplay between the immune system and various human diseases, including those 

affecting the skin, underscores the paramount importance of understanding the underlying 

immunological components. This introduction provides a contextual foundation for the 

imperative need to develop advanced skin disease models that faithfully replicate the human 

immune response[1]. The overarching goal is to facilitate more accurate drug development 

processes and mitigate the substantial challenges associated with the use of animal models[2]. 

The conventional reliance on animal models during the preclinical phases of drug development 

has yielded valuable insights but is fraught with limitations. The dissimilarities between animal 

and human immunology often result in drug failures during clinical testing[3]. This discrepancy 

underscores the pressing demand for alternative methods that effectively incorporate human 

immunology into in vitro skin disease models. As a consequence, this review focuses on the 

advancements in immune-competent human skin disease models, offering a comprehensive 

analysis of their role in overcoming the translational gap between preclinical and clinical testing. 



 

In particular, the limitations of prevalent animal models, ranging from poor prediction of human 

immune responses to species-specific factors, are addressed. While humanized mouse models 

represent a partial solution, challenges such as xenogeneic graft-versus-host disease and species-

specific cytokines persist[4]. The staggering costs associated with drug development and the high 

attrition rate in clinical trials further emphasize the need for innovative, ethically sound 

approaches in line with the 3Rs guidelines (reduction, refinement, and replacement of animals in 

experiments)[5]. 

This review focuses on key skin diseases, including fibrosis, autoimmune disorders, psoriasis, 

cancer, and contact allergy, all of which possess a significant immune component. The 

subsequent sections will delve into the pathology of these diseases and evaluate the existing in 

vitro models, ranging from co-cultures to 3D organotypic systems. A critical examination of the 

extent of immune cell integration in these models will provide insights into their efficacy and 

limitations[6]. 

In conclusion, the introduction sets the stage for a critical evaluation of the current landscape of 

skin disease models[7]. By emphasizing the inadequacies of existing approaches and the 

imperative for improved alternatives, it lays the groundwork for the subsequent discussion on the 

potential of next-generation skin-on-chip models, incorporating induced pluripotent stem cells, to 

propel the field forward in drug discovery and testing[8]. 

Materials and Methods 

Cell Culture and Maintenance: 

Human keratinocytes and fibroblasts were obtained from commercial sources and cultured in 

appropriate media supplemented with essential growth factors. 

Peripheral blood mononuclear cells (PBMCs) were isolated from healthy donor blood samples 

through density gradient centrifugation. 

In Vitro Skin Disease Models: 

Co-Culture Systems: 

Keratinocytes, fibroblasts, and immune cells were co-cultured to mimic the skin 

microenvironment. 

Different ratios of cell types were tested to optimize the model for specific skin diseases. 

3D Organotypic Models: 

 



Human skin equivalents were generated by seeding keratinocytes onto a collagen-based dermal 

equivalent containing fibroblasts. 

The inclusion of immune cells was optimized to represent various skin diseases. 

Disease-Specific Models: 

Fibrosis: 

Induction of fibrotic conditions was achieved by TGF-β stimulation. 

Collagen deposition and myofibroblast activation were assessed as indicators of fibrosis. 

Autoimmune Diseases: 

Immune cells were activated with disease-specific antigens to induce autoimmune responses. 

Immunohistochemistry and cytokine profiling were employed to assess disease characteristics. 

Psoriasis: 

Psoriatic conditions were mimicked through the addition of cytokines such as IL-17 and IL-23. 

Epidermal hyperplasia and inflammatory cell infiltration were evaluated. 

Cancer Models (Melanoma, SCC, BCC): 

Cancer cell lines were incorporated into the 3D organotypic models. 

Invasion assays and gene expression profiling were conducted to characterize cancer 

progression. 

Contact Allergy: 

Sensitization of the skin models to specific allergens was performed. 

Immune cell activation and cytokine release were assessed to model contact allergy responses. 

Biomarker Analysis: 

Comprehensive biomarker panels were employed to evaluate the immune response and disease-

specific characteristics. 

Techniques such as ELISA, flow cytometry, and gene expression analysis were utilized. 

Statistical Analysis 

 



Data were analyzed using appropriate statistical tests. 

Results were considered statistically significant at p < 0.05. 

Ethical Considerations: 

Ethical approval was obtained from the relevant institutional review board for the use of human 

samples. 

Informed consent was obtained from all human donors. 

This hypothetical materials and methods section provides a structured overview of the 

experimental procedures, cell culture methods, and disease-specific modeling approaches, in line 

with typical scientific research practices. The actual methods used in the referenced article 

should be consulted for precise details. 

Conclusion 

In conclusion, this review has provided a comprehensive overview of the current landscape of 

immune-competent human skin disease models, aiming to bridge the translational gap between 

preclinical and clinical phases of drug development. The necessity for more accurate and 

ethically sound alternatives to traditional animal models is underscored, given the disparities 

between animal and human immunology. 

The examination of co-culture systems and 3D organotypic models has revealed the potential of 

these in vitro approaches to replicate complex skin microenvironments. However, their 

limitations, including the need for further optimization of immune cell integration and scalability, 

emphasize the ongoing challenges in developing models that faithfully recapitulate human skin 

diseases. 

Our exploration of specific skin diseases—fibrosis, autoimmune disorders, psoriasis, cancer, and 

contact allergy—has provided insights into the existing models' capabilities and shortcomings. 

Despite significant progress, it is evident that the current models are inadequate, warranting 

continuous refinement and innovation. 

Looking ahead, the proposal for next-generation skin-on-chip models, leveraging induced 

pluripotent stem cells, offers a promising avenue for future research and drug discovery. This 

advanced approach has the potential to address the limitations of existing models by providing a 

more physiologically relevant platform for studying skin diseases and testing therapeutic 

interventions. 

The need for comprehensive biomarkers in these models becomes apparent as we strive for a 

deeper understanding of immune responses and disease-specific characteristics. Utilizing a 

combination of advanced techniques, including ELISA, flow cytometry, and gene expression 



analysis, will be crucial in establishing robust models that accurately reflect the complexities of 

human skin diseases. 

In conclusion, while significant strides have been made in developing immune-competent human 

skin disease models, there is a clear call for continued innovation and collaboration within the 

scientific community. The proposed shift towards skin-on-chip models holds promise for 

revolutionizing drug discovery in dermatology, marking a critical step forward in achieving more 

effective and reliable preclinical testing methodologies. As we navigate these uncharted 

territories, it is our collective responsibility to advance these models and contribute to the 

evolution of drug discovery practices for the benefit of patients worldwide. 
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