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• We need a risk assessment approach for skin allergy that…

• doesn’t require new animal test data

• addresses novel exposure scenarios

• better characterises our uncertainty

Why mathematically model skin allergy?



Computational model of skin sensitisation: 2006-2008
 

 

 

 

Maxwell G. & MacKay C. 2008. ATLA. 36. 521-556 

Our history of developing skin allergy models



Skin Allergy Risk Assessment (SARA) model

Model the simplest 
representation of 
the chemistry and 
biology capable of 
reproducing 
induction of human 
skin sensitisation to 
DNCB to enable 
prediction of safe 
level of exposure



1. Extent of naïve CD8+ T-cell receptor (TcR) triggering is the key 
determinant of allergic status

2. Existence of at least one T-cell specific to the ‘antigen’

3. Required T-cell co-stimulatory signals are sufficient

4. Accompanying CD4+ T-cell response is optimal

5. DC migration from exposure site is sufficient

SARA model: founding assumptions



SARA model schematic

PANEL A = TOXICOKINETIC MODEL:
(1) diffusion and partitioning into
the stratum corneum and skin; (2)
sensitiser clearance by dermal
capillaries; (3) covalent modification
of protein nucleophiles by hapten.

PANEL B = TOXICODYNAMIC MODEL: (4) proteasome processing
of protein nucleophiles to form small peptides and transport to
the endoplasmic reticulum (ER); (5) binding of peptides and
hapten-peptide complexes to Class I MHC and transport to plasma
membrane; (6) binding of pMHC and hapten-pMHC to CD8+ T cell
receptors and (7) activation of naïve specific CD8+ T cells.
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8SEAC Unilever Information: Internal Use

Using literature data to parameterise model: 
e.g. proteasomal protein degradation

proteasome

damaged 
proteins

peptides

Data + expert judgementPreliminary data analysis



Using SARA model to simulate DNCB exposure

Clin. Exp. Immunol. (1983) 53, 709-715.

Quantitative relationships between sensitizing 
dose of DNCB and reactivity in normal subjects
P. S. Friedmann, C. Moss, S. Schuster & J. M. Simpson

- 165 healthy human 
volunteers divided into five 
dose groups

- Single exposure to 
between 62.5 - 1000 µg 
DNCB applied to 7.1cm2

volar forearm in 100μL 
acetone vehicle

- Sensitisation assessed 
four weeks later by DNCB 
challenge

- Sensitisation varied 
between 8 - 100% across 
dose groups



- Ex vivo human skin penetration experiment – OECD TG 428 to include 
multiple time points and chemical free/bound measurements

- Pendlington et al. (2008). Cutan. Ocul. Toxicol. 27, 283-94.
- Skin PK model: Davies et al. (2011). Toxicol. Sci. 119, 308–18.
- Fitting to experimental data provides parameters for DNCB TK Model

Characterising dose of DNCB in human skin



Characterising DNCB: protein binding in skin

Bespoke method:
• Radiolabelled 

DNCB in solution 
incubated with 
tape-stripped ex 
vivo human skin 
for up-to 24hrs

• Reaction diffusion 
system modelled 
and reaction rate 
determined by 
fitting to 
experimental data



Simulation of single 16.5µgcm-2 DNCB exposure



Thresholding model output to predict allergy

• Threshold defined (using literature data) that predicts the rate of human 
naïve CD8+ TcR signaling that would be sufficient to confer allergic status



Thresholding model output to predict allergy

• Threshold defined (using literature data) that predicts the rate of human 
naïve CD8+ TcR signaling that would be sufficient to confer allergic status

• Reverse Dosimetry used to back-calculate the doses of DNCB that would 
cross the TcR signal rate threshold/cause contact allergy



T cell forum: Characterising human T-cell response
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Modelling CD8+ T-cell differentiation



• Mathematical model of skin sensitisation: 
key mechanisms described using Ordinary 
Differential Equations and informed 
by/parameterised with chemical-specific or 
immunology literature data

• Model input data:

• Skin penetration and protein binding rate 

• Model output: 

• Probability of human skin allergy for a given                                                
skin exposure to sensitising chemicals

Summary: SARA model
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