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CONCLUSIONS AND FUTURE STUDIES

We have combined a dual isotope labelling strategy with data independent MS analysis (MSE) that has allowed low abundant sensitiser modified peptides to be identified within complex mixtures. The use 

of SuperSILAC as a spike-in reference standard has enabled us to determine protein expression changes of the keratinocyte proteome upon exposure to the model sensitiser DNCB.

These data suggest that modification of keratinocyte cells by DNCB causes up-regulation of proteins associated with membrane bound vesicles and exosomes which have been shown to have a 

supportive function in the cutaneous immune system (Kotzerke et al, 2013).

A number of proteins were found to be directly modified by DNCB, including  modulated proteins such as heat shock proteins and those associated with chromatin function. 

We have also studied proteome changes and modification in keratinocytes and skin fibroblasts with other sensitisers, including DPCP, CA and EA.  Data analysis is currently ongoing.

RESULTS II

As the modification of peptides by sensitizers is generally not stoichiometric, high background ions 

from unmodified peptides can mask the low ion intensities of modified peptides making analysis 

for assignment of modification sites challenging (Figure 5).

By treating cells with a 50:50 mix (by molar ratio) of native and stable-isotopically labelled 

(deuterated) DNCB, the mass spectra can be interrogated for an isotopic signature, pinpointing 

modified peptides.  A modified peptide is indicated by two peptide peaks separated by a fixed 

mass difference (i.e. difference in mass between the unlabelled and labelled sensitiser).  Two 

examples of this are shown in Figure 6; firstly modification of the peptide FYEQFSK (m/z 557.72, 

2+) from heat shock protein 90 alpha is confirmed by the presence of a 2nd peptide peak 1.5 Da 

upstream of the native modified peptide; and secondly the peptide ISSVLAGGSCR (m/z 608.27, 

2+) from keratin type I cytoskeletal 14/16; manual inspection of the spectra for all DNCB modified 

peptides is still ongoing.

BACKGROUND

Allergic Contact Dermatitis (ACD) is a 

delayed-type hypersensitivity response 

and is the most common presentation of 

immunotoxicity in humans with an 

estimated 20% of the general population 

suffering from contact allergy to at least 

one contact allergen (Figure 1).

Figure 1. ACD triggered

by lip balm (A) or a henna

tattoo (B).
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Figure 2. Contact 

Hypersensitivity.

Contact hypersensitivity in skin is a multi-stage process that occurs as follows (Figure 2):

(i) A chemical sensitiser penetrates through the skin

(ii) forms a stable association with skin protein(s)

(iii) this hapten-protein complex then becomes internalised and processed by Langerhans cells

(iv) the presented antigen reacts with the receptor of naïve T cell

(v) which in turns induces the proliferation of antigen specific (memory) T cell population.

By developing non-animal test methods, each aiming to predict the impact of a chemical on one 

key event, as described in the AOP (Figure 3) it may be possible to integrate this scientific 

evidence in order to make risk assessment decisions.

Our work involves the use of mass spectrometry to better enhance our understanding of Key 

Event 1, specifically the haptenation of epidermal proteins and the global effect on the skin 

proteome.  Initial studies have been performed using the model sensitiser 2,4-

Dinitrochlorobenzene (DNCB).

Figure 3 Modified from ‘Adverse Outcome Pathway (AOP) for Skin Sensitisation’, OECD report 

Key Event 1 Key Event 2 + 3 Key Event 4 Adverse Outcome

RESULTS I

Analysis of the HDMSE data from all 6 samples identified 123,499 peptides, covering 2206 

proteins (>2 peptides), of which 1880 were quantified using Hi3.  606 proteins (1169 peptides) 

were found to be modified by DNCB, these included heat shock proteins, keratins, ribosomal 

proteins, histones proteins and others, a summary of the GO terms representing molecular 

function associated with these proteins is shown in Figure 4. 

METHODS II

Protein solubilisation and fractionation: Cell pellets were resuspended in lysis buffer 

(4% SDS, 0.1 M dithiothreitol (DTT), 0.1 M Tris-HCl, pH 7.4) and sonicated on ice for 3 min. 

Lysates were clarified by centrifugation at 12,000 x g for 10 min.  Protein concentration was 

estimated using a Direct Detect IR Spectrometer (Millipore). 50 µg of SuperSILAC reference 

lysate was added to 50 µg of each treated or control lysate from each timepoint.  Proteins were 

precipitated using chloroform and methanol and then re-solubilised in 100 µL of 6 M urea, 2 M 

thiourea and 10 mM HEPES, pH 7.5.  Proteins were reduced (DTT) and alkylated (IA) prior to 

digestion with LysC (1/50 (w/w)) for 4 h at 37°C.  Peptides were diluted (x4) with 20 mM

ammonium bicarbonate and digested overnight with trypsin (1/50 (w/w)) at 37°C.  Digests were 

spiked with 300 fmol enolase (S. cerevisiae) and Clp B (E.coli) protein digest standards (Waters) 

and then fractionated using the Agilent 3100 OFFGEL Fractionator along 13cm pH 3-10 IPG 

strips (GE Life Sciences).  Collected fractions were desalted using C18 Empore plates (Sigma).

Mass spectrometry analysis: Each fraction was re-suspended in 20 µL Buffer A (3% 

acetonitrile + 0.1 % formic acid), loaded onto a reverse phase trap and separated using a C18 

reverse phase HSS T3 column (Waters).  Peptides were eluted over a 90 min gradient up to 60% 

acetonitrile at a flow rate of 300 nL/min.  Eluted peptides were sprayed directly into a Synapt G2-

S mass spectrometer (Waters) operating in MSE mode; lockmass (Glu-fib) was acquired every 60 

s.

Data analysis: Raw mass spectra were processed using PLGS executables (ver 3.0.2, 

Waters) and searched against the human Uniprot sequence database using SILAC R10K8 as a 

fixed modifier group (<2% FDR). Oxidation of methionine; carboxyamidomethylation of Cys; 

dinitrophenyl modification of Lys, Cys, His, Tyr; deamidation of Asn and Gln; acetylation of Lys 

and N-term were selected as variable modifications.

Protein abundance of the heavy SuperSILAC reference was estimated using Hi3 as described by 

Silva et al, 2006.  The calculated abundance of each SILAC heavy protein was then used to 

calculate the protein abundance for each of the light SILAC labelled proteins in the control and 

test samples at each timepoint.

An overview of GO terms associated with proteins identified in this study were obtained using 

Panther. Enrichment of GO terms of differentially expressed proteins (>2-fold and <0.5-fold 

change in protein abundance in treated compared to untreated) were performed using Gorilla.
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METHODS I

Preparation of SuperSILAC reference: Four skin-related cell lines [HaCaT (keratinocyte); 

A431 (cutaneous squamous cell carcinoma); A375 (malignant melanoma); HDFa (primary dermal 

fibroblasts)] were cultured in SILAC heavy DMEM media R10K8 (Dundee Cell Products) for >5 

population doublings in order to achieve >97% incorporation of heavy label.

Exposure of skin cells with the chemical sensitiser DNCB: The keratinocyte cell 

line (HaCaT) was cultured in SILAC light DMEM supplemented with 10% dialysed FCS, 2 mM L-

glutamine and 1% pen/strep, at 37°C and 5% CO2.  Cells in culture were exposed to 20 µM of a 

50:50 mix of DNCB and DNCB-D3 (or media only for control). After 4 h the medium containing 

DNCB was removed and replaced with fresh media for a further 20 h.  Cell samples were taken at 

2h, 4h and 24h and washed twice to remove excess media.

Figure 5. Abundance profile of modified 

and unmodified peptides from HaCaT

extracts as measured by LC-MSE. Majority 

of modified peptides are present in low 

abundance.

Figure 4. Range of GO 

terms representing 

molecular function 

associated with DNCB 

modified proteins.

By spiking in a SuperSILAC reference standard into all 6 samples it has been possible to 

compare  protein abundance between DNCB treated and control; it will also be possible to 

assess the change in protein expression over time.  Analysis of GO terms associated with cellular 

component for proteins differentially expressed between control and DNCB treated cells revealed 

an enrichment of extracellular membrane and vesicle associated proteins that were up-regulated 

in DNCB treated cells (A) whilst cytoskeletal and microtubule associated proteins were down-

regulated (B) (Figure 7).
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Figure 6. Mass spectra of two peptides 

showing DNCB modification by the 

presence of two peptide peaks 1.5 Da 

apart.  A) shows peptide FYEQFSK from 

heat shock protein 90 and B) shows 

peptide ISSVLAGGSCR from keratin type I 

cytoskeletal 14/16.

DNCB modified

DNCB-D3 modified

Figure 7 Enrichment analysis of GO terms associated with 

cellular compartment for proteins that were up-regulated (>2-fold) 

(A) and down-regulated (<0.5 fold) (B).
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