
Target Evaluation 

The mechanism of action for each drug target, based on literature 

and proprietary data, was represented in the Psoriasis PhysioMap. 

Thus the putative effect of each drug target on cells, pathways, 

and cytokines can be evaluated. An example is the effect of  

ustekinumab3, an IL-23 inhibitor, is shown below. 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Psoriasis PhysioMap was developed to represent psoriasis 

disease pathophysiology and drug effects were then added onto 

the biological pathways. Ustekinumab was modeled as an 

antibody which reduces the amount of IL-23 in the skin. Arrows 

show where IL-23 has direct inhibition (red) or one step 

downstream (orange) inhibition of cells and cytokines in response 

to ustekinumab. Colored lines show potential increased and 

decreased fluxes due to ustekinumab binding to, and reducing the 

effects of IL-23.  Areas of biological uncertainty or variability which 

could impact efficacy can be identified; i.e., the relative contribution 

of Th1 vs. Th17 vs. γδ T cells to the disease pathophysiology. The 

impact of such uncertainty and variability can be further assessed 

in the quantitative PhysioPD model.  The effects of each drug 

target on the skin and immune physiology can be implemented in 

a similar manner. 

 

Data Integration 

An important aspect of Psoriasis PhysioMap development was the 

research, curation, and incorporation of literature and data into the 

PhysioMap. This allowed scientific experts to understand and 

critique the design and the information used to build the 

PhysioMap. This also enabled identification of data gaps, 

biological variability, and biological uncertainty. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Psoriasis PhysioMap Scope 

The Psoriasis PhysioMap was scoped to support select drug 

development decisions and the content was focused on the 

physiology necessary to address those decisions.  

  

Biological systems to be incorporated: 

• Target population: Moderate to severe plaque psoriasis, 

focused on established disease  

• Disease state: Treatment of existing plaques  

• Biological systems: Psoriatic plaque and local lymph node 

 

Key research questions: 

• How do potential drug targets rank based in terms of predicted 

efficacy?  

• What is the anticipated effect of modulating these targets? 

• What pathways are redundant? 

• Does rank change depending on hypotheses about biology? 
 

PhysioMap Development 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Select drugs and their pharmacokinetics were incorporated into 

the PhysioMap to enable future Psoriasis PhysioPD model testing 

and support qualification. As part of the MQM, the quantitative 

model must be able to replicate preselected preclinical and clinical 

trial data which use drugs currently on the market. In addition, 

potential biomarkers are tested using this same data. 

 

 

 

 

Target Assessment 

All drug targets were assessed based on the following criteria: 

 

Strength of Mechanistic Rationale (“level of evidence / risk”) 

• In the context of the mechanisms driving psoriasis, how likely is 

it that target perturbation will have clinical impact?  

• Scale: Very High, High, Medium, Low, Very Low 

Novelty 

• Are there other drugs for this target on the market or in clinical 

trials for psoriasis? 

• Scale: High, Medium, Low. 

Clinical Evidence  

• Has modulation of the target or pathway demonstrated clinical 

efficacy? 

• Scale: High, Medium, Low. 

Specificity to Psoriasis or Psoriatic Disease 

• Is the target specifically implicated in psoriasis? 

• Scale: Very High, High, Medium, Low. 

 

In addition, anticipated target populations, and anticipated 

competitive advantage were used to evaluate each target. An 

example of one target evaluation table for marketed drugs is 

shown below. 
 

 

 

 
 

 

 

 

 

 

 
 

Conclusions 

• A mechanistic physiological PhysioMap of psoriasis 

pathophysiology was developed.  

• The mechanism of actions for systematically evaluating potential 

drug targets were incorporated into the Psoriasis PhysioMap 

and evaluated based  on select criteria. 

• Development of the PhysioMap consolidated knowledge, 

identified data gaps and biological uncertainties, and potential 

areas of biological variability requiring further exploration. 

• Use of the PhysioMap enabled an unbiased evaluation and 

comparative analysis of the drug targets.  

• The PhysioMap provided the foundation for an enhanced 

Psoriasis PhysioPD model, which will integrate the Psoriasis 

PhysioMap pathophysiology in a quantitative manner. 

Introduction 

Psoriasis is a chronic and recurring autoimmune disease and the 

resulting inflammatory signals increase the growth of skin cells. 

The rapidly proliferating skin accumulates in patches of scaly and 

inflamed skin. Psoriasis can be physically debilitating and result in 

a severely lowered quality of life. Systemic biologic drugs exhibit 

very good efficacy for many patients, but their use is limited to 

moderate and severe cases of disease. The complex 

pathophysiology of the disease complicates the development of 

therapeutics to treat mild and moderate as well as severe disease 

and to treat individuals who do not respond to biologic drugs. 

Mechanistic physiological modeling, simulation, and analysis 

provides a means for a systematic approach to investigating 

psoriasis disease pathophysiology and making drug target 

decisions.  
 

Objectives 

• Develop a PhysioMap® representing psoriasis pathophysiology. 

• Represent targets or compounds in the context of psoriasis 

pathophysiology.  

• Use the PhysioMap to provide preliminary recommendations 

related to target and compound prioritization. 

• Convert the PhysioMap into a PhysioPD™ model capable of 

predictive simulations to support target prioritization and 

development decisions. 

 

Methods 
 

The Psoriasis PhysioMap was developed using JDesigner 

software, part of the Systems Biology Workbench1.  

     The Model Qualification 

 Method (MQM) was used to  

 ensure that the PhysioMap 

 and future PhysioPD model 

 are fit for purpose2. Map 

 development focused on 

 sections 1-3: scope, 

 biological mechanisms, and 

 qualitative uncertainties. Use 

 of the MQM provided clear 

 and consistent quality control. 
 

 

 

 

Molecules are represented as boxes. Immune cells are blue and 

cytokines are aqua. Arrows show changes in state (such as 

activation of immune cells) or location. Positive effects are shown 

as modifiers with a circle on the end, while negative modifiers have 

a bar.   
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Cell types: Cytokines: Compartments: 

• APCs, plasmacytoid 

and Tip dendritic cells 

• Th1 and Th17 cells 

• γδ T cells 

• Endothelial cells 

• Keratinocytes 

• Macrophages 

• Neutrophils 

• Il-17 

• Il-23 

• IL-1b 

• IL-22 

• TNF 

• Chemokines 

• Lymph node 

• Dermis & 

Epidermis 

• Systemic 

Circulation 

 

• Biological processes:  

• Initial epithelial injury / insult 

• Intrinsic triggers (e.g., Substance 

P) 

• Activation of dendritic cells 

• Antigen presentation / T cell 

activation 

• Keratinocyte activation and 

proliferation 

• Cytokine production 

• Endothelial cell activation 

• Immune cell recruitment into 

skin  

 

Figure 2. Select sections of the Psoriasis PhysioMap 
 

• Ustekinumab 

• Exenatide 

• Infliximab 

• Etanercept 

• Alefacept 

• Salicylic acid 
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Key uncertainties 

Use of Psoriasis 

PhysioPD 

Infliximab TNFa  

Very 

High Low High High 

Is there room for 

improvement vs. 

existing products on 

the market? 

Investigate alternative 

compounds, conduct virtual 

head-to-head comparisons. 

Ustekinumab 

IL-

23/17 

axis 

Very 

High Med High High 

Compare to other 

products in 

development? 

Investigate relative 

therapeutic potential of 

different targets in pathway. 

 

Table 1. Cell types, proteins, and compartments incorporated into the Psoriasis PhysioMap 
 

 

Figure 4. Public and proprietary data and literature were researched, collected, 
curated, and incorporated into the  PhysioMap 

 

 

Table 3. Drug target assessment table 
 

 

Table 2. Biological processes incorporated into the Psoriasis PhysioMap 
 

 

Figure 3. The direct and indirect effects of ustekinumab on psoriasis physiology  
mapped onto the Psoriasis PhysioMap.  
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