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6.2.2 Measures of barrier function: unaffected atopic dermatitis skin 

compared to healthy control skin 

 

Atopic dermatitis patients had significantly lower NMF levels and higher TEWL compared 

with healthy controls. (Figure 6.2)  Transepidermal water loss values in AD patients and 

healthy controls exponentially decreased with NMF. (Figure 6.3) TEWL was associated 

with AD severity scores. (Figure 6.4) 

 

  

Figure 6.2 NMF and TEWL in AD patients and controls 

NMF levels in the SC and TEWL in children with AD and healthy controls (boxplots with 

Tukey style whiskers, n(AD) = 74, n(healthy) = 18). Difference in NMF levels and TEWL 

between healthy children and children with AD were determined by two-tailed Mann-

Whitney test. BH corrected p-values: ****p < 0.0001. 
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Figure 6.3 Relationship between TEWL and NMF 

Relationship (exponential decay) between TEWL and NMF in children with AD and 

healthy controls.  

 

 

 

 
Figure 6.4 Association between TEWL and AD severity 

Linear regression TEWL and AD severity (SCORAD and oSCORAD) in children with AD 

(b = slope of the regression line, C.I. = 95% confidence interval, R2 = coefficient of 

determination). 
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6.2.3 Stratum corneum and systemic biomarkers: atopic dermatitis 

compared to healthy controls  

 

Nineteen out of 27 and 12 out of 39 measured biomarkers, in SC and plasma 

respectively, showed significantly different levels in infants with AD compared with 

healthy controls. (Figure 6.5) While some biomarkers showed directional change (i.e. 

parallel increase or decrease in AD as compared to healthy controls), some of them 

showed discordance between SC and plasma, or were significantly different only in SC 

or plasma. For example, CCL17 and CCL22 were elevated in AD in both SC and 

plasma, however, several inflammatory biomarkers including IL-1α, IL-1β, IL-15, IL-16, 

IL-18, IL-12p40, SAA, chemokines CXCL8, CCL2 and CCL4, cell adhesion biomarkers 

sVCAM-1 and sICAM-1 and vascular factors VEGF-A and Flt-1 in AD were significantly 

different from healthy controls only in the SC. In contrast, VEGF-C, Tie2 and CCL13 

were significantly elevated in plasma and undetectable or unchanged in the SC. (Figure 

6.5) The biomarker profiles in plasma and SC differed not only qualitatively but showed 

distinct magnitudes of difference. Figure 6.6 demonstrates the fold change in SC and 

plasma biomarkers in AD infants compared with healthy controls. In the skin 

compartment the most significantly elevated biomarkers in AD patients were IL-18, 

CXCL8, Flt-1, CCL22, CCL17 and sICAM-1. The most significant decreases were 

observed in IL-15, GM-CSF, CCL4, IL-12p40, IL-1α, IL-13 and IL-5. In plasma, the 

biomarkers CCL17, IL-5, VEGF-C, GM-CSF, and CCL26 had the most significant fold 

increases in plasma of AD patients compared with healthy controls, while IL-4 and 

CXCL10 had the most significant decrease. There was no significant difference in SC or 

plasma biomarkers following stratification for FLG mutations or by the clinical presence 

or absence of bacterial superinfection of AD (data not shown). 
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Figure 6.5 Biomarkers in SC and plasma of AD children and healthy controls 

Levels of cytokines and chemokines in the SC (n(AD) = 66, n(healthy) = 13) and plasma 

(n(AD) = 47, n(healthy) = 20) of children with AD and healthy controls (log-transformed 

values, boxplots with Tukey style whiskers). Differences in cytokine and chemokine 

levels between healthy children and children with AD were determined by two-tailed 

Welch’s t-test or two-tailed Mann-Whitney test (for details see supplemental table S1). 

BH corrected p-values: ****p < 0.0001, ***p < 0.001, **p < 0.01, *p < 0.05, < DL → more 

than 50 % of values below fit curve range. 
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Figure 6.6 Biomarker fold difference in SC and plasma of AD patients and controls. 

Fold difference between cytokine and chemokine levels in the SC and in plasma of 

children with AD and corresponding cytokine/chemokine levels in healthy children. 

Results are expressed as mean +/- SEM (n(ADSC) = 66, n(healthySC) = 13; n(ADplasma) = 

47, n(healthyplasma) = 20). Fold difference was calculated by dividing individual 

cytokine/chemokine level in the SC and in plasma of each child with AD by the 

corresponding mean cytokine/chemokine level in healthy children. Differences in 

cytokine and chemokine levels between healthy children and children with AD were 
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determined by two-tailed Welch’s t-test or two-tailed Mann-Whitney test (see 

supplemental table S1 for details). BH corrected p-values: ****p < 0.0001, ***p < 0.001, 

**p < 0.01, *p < 0.05. 

 

6.2.4 Stratum corneum and systemic biomarkers: correlation with skin 

barrier function and disease severity 

 

Correlation analysis between biomarkers and the biophysical measures of barrier 

function (TEWL) and AD severity (SCORAD & oSCORAD) are shown in Figure 6.7. 

Consistent with the differences found between healthy controls and AD patients (Figures 

6.5 & 6.6), SC inflammatory biomarkers IL-18, CXCL8, VEGF-A and Flt-1 showed the 

strongest association with barrier function and AD severity, followed by CCL17, CCL22, 

sICAM-1 and sVCAM-1 levels. In general, similar strength of biomarker association was 

obtained with SCORAD and oSCORAD. In plasma, biomarkers involved in the Th2 

response, CCL22, CCL17, and CCL11, had the strongest association with barrier 

function. Other plasma inflammatory biomarkers associated with barrier function were 

CCL13, IL-16, and IL-17A. (Figure 6.7) Among plasma biomarkers, CCL22 and TNF-

alpha showed the strongest association with disease severity (oSCORAD). The skin 

barrier parameters TEWL and NMF showed significant correlation with disease severity. 

(Figure 6.4 & 6.7)  
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Figure 6.7 Heatmap of biomarkers, barrier function and AD severity 

Spearman correlation coefficients between SC and plasma biomarkers and AD severity 

(SCORAD, oSCORAD) as well as TEWL. ****p < 0.0001, ***p < 0.001, **p < 0.01, *p < 

0.05 (BH corrected p-values). 
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 Discussion 6.3

 

This study is novel in several aspects: I studied a large sample size of treatment naïve 

infants at initial presentation of moderate-to-severe AD. The non-invasive technique 

employed has clear advantages when studying skin disease in any group, but 

particularly in infants and children. A diverse range of significantly associated and clinico-

pathologically relevant biomarkers were measured in the stratum corneum.  The skin and 

systemic compartment had distinct biomarker profiles; the skin compartment in the study 

reflects cytokines dominant in the outer layers of the SC, whereas the plasma profile 

reflects both tissue and systemic response. The SC sampling I employed is, compared 

with full thickness biopsy, selective for the epidermis and thus more representative of 

mature cytokine protein expression in this compartment than whole biopsy mRNA. The 

non-invasive techniques employed to measure biomarkers certainly require further 

validation, however in this exploratory study, they have proved promising. Identified 

biomarkers could broadly be grouped into those critical in innate immune activation, Th2 

immune activation, and angiogenesis.  

 

Innate Immune Activation 

 

The role of innate immune activation in pathogenesis of infantile AD is supported by my 

findings of elevated IL-18 and IL-1β in the SC of AD patients compared with healthy 

controls. These findings are in keeping with recent reports in early onset AD, where 

changes in the innate immune system were already detectable at birth.[197]  

 

IL-1 cytokines have profound effects on epidermal differentiation that need to be tightly 

controlled under physiological conditions.[198] IL-1β is a key inflammatory cytokine in the 

innate immune response and participates in the acute and chronic stages of AD.[199] It 
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is secreted by epithelial cells and involved in inflammation, through the synthesis of 

cytokines, inflammatory mediators and adhesion molecules, participates in dendritic cell 

maturation, and protection from skin infections.[200] After acute barrier permeability 

disruption, an increase in the epidermal expression of IL-1α and IL-1β occurs, which 

might have a protective function.[201] IL-1β treatment of organotypic 3D models leads to 

increased expression of tight junctions at early time points, but after 96 hours of 

stimulation the expression of these proteins is decreased.[202]  

 

IL-18 levels were particularly striking in the cohort; observed in very high levels in the 

SC, and were the most significantly increased biomarker when compared with healthy 

controls. IL-18 levels were strongly associated with barrier function, and also correlated 

with disease severity.  IL-18 is a member of the IL-1 family of cytokines.[203] It is similar 

to IL-1 with respect to structure, receptor utilization, and cytokine processing. [203] Both 

these cytokines, along with inflammasome activation, are key players in innate immune 

activation. The innate immune system protects the host from pathogens and initiates the 

repair process following injury or trauma. IL-18 has a pleiotropic effect that stimulates 

both Th2 and Th1 responses, depending on its cytokine environment.[204] IL-18 with IL-

12 or IL-15 enhances the Th1 response, while IL-18 without IL-12 can stimulate Th2 

response, including allergic inflammation.[204] IL-18 with Il-2 or IL-4 enhances the 

production of IL-4, IL-13 and IgE [205] Elevated expression of serum IL-18 is seen in 

children, and murine models;[206, 207] has been shown to be elevated in the SC in AD 

adults[208] [209] and in the serum of infants and children with AD, correlating with 

disease activity [210, 211].  

 

I also found CXCL8 (IL-8) to be significantly increased in the SC and correlated with 

disease severity and barrier dysfunction, further supporting the role of innate activation. 

CXCL8 was reported to be elevated in the plasma of children and adolescents with AD 

over 20 years ago.[212] Since this time the cytokine has received very little attention with 



 113 

respect to its role in atopic diseases. The pathomechanistic role of CXCL8 in AD has not 

been studied. Stratum corneum levels of CXCL8 have been shown to be closely 

correlated with SC IL-18, however, their relationship, if any, in AD is unknown.[213] 

CXCL8 has been shown to be a potent chemotactic factor for neutrophils, but not 

eosinophils.[214] It is considered to be produced by keratinocytes, but may also be 

derived from skin inflammatory cells.[213]  

 

Th2 Immune Response 

 

Many cytokines and chemokines involved in the Th2 response were elevated in the 

cohort. CCL17 (TARC) and CCL22 (MDC) were significantly elevated in both the skin 

and plasma, had notable fold change compared with controls, and were significantly 

correlated with severity and barrier function. CCL17, produced by Th2 cells and 

keratinocytes, is a key chemokine involved in homing of chemokine (C-C motif) receptor 

4 CCR4-expressing T cells to the skin.[215] CCL17 has been detected in the inflamed 

skin of patients and an animal model of AD.[216, 217] Serum CCL17 is strongly 

correlated with disease severity in patients with AD, including infants, and is the most 

reliable objective AD biomarker identified to date.[218-221] CCL22 is similar to CCL17 

and is a chemoattractant for CCR4-expressing skin-homing T cells.[216] Meta-analysis 

of available studies reported a strong correlation coefficient between CCL22 and disease 

severity in AD.[221]   

 

IL-13 was elevated in the plasma of infants with AD. The role of IL-13 has been 

extensively studied in AD, both in animal models and humans, and its role in the 

pathogenesis is well established. It has been shown to be elevated in both the serum 

and skin lesions of patients with AD, and IL-13 expression is strongly correlated with IgE 

levels.[222] IL-13, along with IL-4, can decrease the expression of the epidermal 

differentiation complex gene, promote desquamation, and increase TEWL [223] It has a 
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permissive effect on microbial invasion, and epidermal barrier dysfunction by inhibiting 

AMP production,[224] reduces lipid production and induces spongiosis.[225] 

Furthermore, IL-4 and IL-13 stimulate keratinocytes to express TSLP resulting in Th2 

polarisation.[226]  

 

The other canonical type 2 cytokine is IL-4, and its aberrant production is long 

associated with atopic disorders. IL-4 was not detected in high enough levels to 

accurately measure it. IL-13 levels have often been shown to be elevated compared to 

IL-4 levels in inflamed tissues.[227] Murine work suggests that this is because primary 

sources of Il-4 include basophils and conventional Th2 cells[228], in contrast to tissue 

Th2 cells and Group 2 innate lymphoid cells (ILC2s) that are the major producers of IL-

13.[229, 230] The fact that ILC2s produce significant amounts of IL-13, but not IL-4, may 

explain the quantities and timing of expression of these cytokines.[227] 

 

I demonstrated significantly decreased IL-5 levels in the skin compartment of AD patients 

compared with healthy controls, in contrast to significantly increased levels in the plasma 

that positively correlated with disease severity scores. Th2 cells and mast cells are the 

major IL-5 producing cells.[231, 232] Group 2 innate lymphoid cells also produce Th2 

cytokines, including IL-5. Group 2 innate lymphoid cells are involved in innate immune 

responses in allergy and infection.[233] Unlike in atopic lung disease, IL-5 has not been 

extensively studied in AD. Gürkan et al reported significantly increased serum IL-5 levels 

in infants with AD infants compared with controls, but did not demonstrate a correlation 

with disease severity.[234] Eosinophils constitutively express IL-31RA and release 

proinflammatory cytokines and chemokines, including IL-1β, IL-6, IL-31, CXCL1, CXCL8 

CXCL8, CCL2 and CCL18 and CCL26, in response to IL-31.[226] In keeping with 

elevated IL-5 levels and eosinophil activation, elevated levels of CCL2, IL-1β, and 

CXCL8 were found in the SC.  
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Angiogenesis and Lymphangiogensis Biomarkers 

 

The third prominent biomarker profile in the cohort identifies angiogenesis and 

lymphangiogensis as key processes. Biomarkers for these were significantly elevated in 

patients compared with controls and correlated with disease severity and barrier 

function. Angiogenesis, the growth of new blood vessels from pre-existing ones, is an 

essential physiological process during embryonic and postnatal development[235], as 

well as in the menstrual cycle and wound healing.[236] Lymphangiogenesis occurs in 

embryonic development.[237] Angiogenesis is a hallmark of chronic inflammatory skin 

diseases and plays a role in AD, although this has not been extensively studied.[238] 

Plasma and skin concentrations of VEGF-A are increased in AD patients compared with 

controls.[239, 240] The function of lymphangiogenesis in AD and whether it represents a 

feasible therapeutic target in AD is unclear.[238] It is possible that the biologic role of 

lymphangiogenesis in AD may not be pathogenic, but instead a response to 

inflammation, attempting to rectify the disease through transportation of allergens and 

inflammatory cells away from the inflamed skin.[241, 242]   

 

Other Biomarkers 

 

Other biomarkers of note in the cohort were Granulocyte-macrophage colony-stimulating 

factor (GM-CSF) and soluble intercellular adhesion molecule-1 (sICAM-1). GM-CSF 

levels were diminished in the SC and increased in the plasma of AD infants. Plasma 

levels negatively correlated with barrier function. sICAM-1was significantly elevated in 

the SC of AD patients compared with healthy controls and strongly correlated with 

disease severity and barrier function. 
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GM-CSF 

GM-CSF is synthesized and released by multiple cutaneous cells including 

keratinocytes.[243] Langerhans cells (LC) resident in the skin act as antigen capturing 

and processing cells, and then switch to antigen presenting cells when they migrate to 

local lymph nodes to present peptide fragments to naïve T cells. The switch in LC 

function seems to be dependent on GM-CSF.[244, 245] In vitro GM-CSF also enhances 

keratinocyte proliferation[246], exerts diverse effects on cells of macrophage/granulocyte 

lineage, enhances neutrophil chemotaxis and phagocytosis, and eosinophil 

activation.[244] GM-CSF was identified in skin blister fluid of atopic individuals after 

allergen challenge.[247] Patients with AD had increased GM-CSF expression in affected 

skin and a 3 to 25 fold higher GM-CSF production by isolated keratinocytes.[248, 249] 

GM-CSF, as part of the IL-3, IL-4, IL-5 gene cluster, appears to play an important role in 

the pathogenesis of AD, particularly with respect to its role in eosinophil recruitment and 

activation.[250] The inheritance of a homozygous GM-CSF -677*C/C genotype was 

associated with a complete absence of severe atopic dermatitis in a cohort of 113 

children with AD and 114 controls.[251]  

 

sICAM-1 

Leucocyte-endothelial adhesion molecules are involved in the initial stages of 

recruitment and migration of cells from the circulation to the sites of inflammation.[252] 

sICAM-1 represents soluble form of intercellular adhesion molecule-1 (ICAM-1) that is 

constituently expressed or is inducible on the cell surface of different cell lines, including 

human keratinocytes.[253] The release of sICAM1 is modulated by several cytokines 

and various factors including TNFα, IL-1, IL-6 and IFN-γ.[254] The role of ICAM-1 in AD 

has received little attention. In 1994 sICAM was shown to be higher in AD patients 

compared with healthy controls and, furthermore, decreased with improvements in 

disease activity.[255] One study looked at 5 children with AD and found elevated levels 

of sICAM-1 compared with healthy controls.[256] ICAM-1 is better understood in atopic 
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respiratory disease. It plays a prominent role in allergic rhinitis and asthma, mediating T-

cell interactions, signal transduction, modulating cell activation, proliferation, and 

cytokine production.[252] sICAM-1 concentration has been shown to correlate with 

bronchial hyper-reactivity and asthma severity.[257] 

 

Esaki et al investigated early onset paediatric AD biomarkers, using 

immunohistochemistry and real-time PCR to study skin biopsies from 19 children. The 

children were within 6 months of disease onset, with a mean age of 1.3 years.[130] They 

reported Th17, Th9, Th2 and Th22 activation in both lesional and non-lesional skin[130] 

and demonstrated significantly higher induction of Th17 related cytokines (IL-17A, IL-19, 

CCL20, LL-37, peptidase inhibitor 3) in children with AD compared with AD adults and 

control subjects.[130] There was no statistically significant difference in IL-17A levels in 

the SC or plasma of AD patients compared with healthy controls. I did, however, find an 

association between IL-17A levels and barrier function. It is notable, however, that in 

Esaki et al’s study the statistically significant difference in IL-17A levels in paediatric skin 

were observed when lesional skin was compared to control children or AD adult skin. 

There was no significant difference observed between IL-17A levels in control children 

and non-lesional skin in AD children,[130] hence my IL-17A findings concur with their 

results. 

 

AD is a ‘multi axis’ immune disease.  It is becoming apparent that different subtypes of 

the disease are associated with variations in immune profiles. Single cytokine targeting 

may not be fully effective in this complex disorder and multi-cytokine therapies, or 

combination treatment, may prove more effective. Therapeutic options in AD are poised 

to rapidly increase, along with drug costs. An objective and evidence-based approach 

with respect to disease severity and therapeutic response will become even more 

relevant. Combinations of biomarkers with good prediction ability identified by 
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multidimensional data and multivariate analysis may be useful tools in drug selection and 

justification in severe AD patients.  

 

I have demonstrated a SC and plasma biomarker profile for infants with moderate-to-

severe AD, a novel study in this age group. Innate immunity, Th2 responses and 

lymphangiogenesis appear to be important mechanisms in early disease. Further 

understanding of the predictive abilities of biomarker combinations may have clinical 

utility in objective severity measurements, disease prognostication, and measuring 

therapeutic responses. 

 

I have demonstrated a skin and systemic biomarker profile in infants for the first time, 

using a novel non-invasive technique. It is encouraging that a diverse range of 

biomarkers could be measured in the SC, and these biomarkers were clinico-

pathologically informative.  The skin and plasma compartment had different biomarker 

profiles; the skin compartment relates to the outer layers of the stratum corneum, 

whereas the plasma profile reflects tissue and systemic response. The SC sampling 

employed followed by ELISA analysis is, compared with biopsies, more representative of 

keratinocyte expression, and focused on protein levels. There are several challenges 

when measuring tissue expressed mediator patterns, particularly in a disease such as 

AD, which is dynamic with inflammatory patterns varying during the course of the same 

disease. I made every effort to minimize this effect by sampling a clinically non-involved 

skin site, at the volar forearm, in acute disease at first presentation.  

 

 Summary of Results 6.4

 

19 SC and 12 plasma biomarkers showed significant difference between healthy and AD 

skin. Some biomarkers were common to both the SC and plasma, and others were 
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compartment-specific. Identified biomarkers of AD severity included Th2 skewed 

markers (IL-13, CCL17, CCL22, IL-5), markers of innate activation (IL-18, Il-1α, IL1β, 

CXCL8), angiogenesis (Flt-1, VEGF) and others (sICAM-1, GMCSF).  

 

 Conclusions 6.5

 

I identified clinically relevant biomarkers of AD, including novel markers, easily sampled 

and typed in infants. These markers may provide objective assessment of disease 

severity and suggest new therapeutic targets, or response measurement targets for AD. 

Future studies will be required to determine if these biomarkers, seen in very early AD, 

can predict disease outcomes or comorbidities.  

 

 

 Key Findings 6.6

 

• Non-invasive sampling can detect clinical relevant biomarkers in AD skin and 

yield significant insights into infantile AD  

• Innate immune activation is important in the epidermis in infantile AD 

• The Th2 pathway and angiogenesis were also identified as key pathways in this 

condition 

• These biomarkers may be useful for disease stratification, and provide insights 

into pathogenesis of infant AD 
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7 Concluding Discussion and Future Directions 

 
 Our understanding of AD pathogenesis has advanced and transformed since the start of 

this millenium. With the discovery of the role of FLG mutations in AD and inherited SC 

barrier dysfunction, barrier integrity is now recognized as a critical factor in disease 

development, as well as in subsequent allergic sensitization. Disease pathomechanisms 

are complex, however, and include interplay between these and other epidermal 

structural abnormalities, immunological dysregulation, and dysbiosis of the commensal 

skin microbiota. The relative roles of these major players in disease initiation, 

persistence and flare, and the development of atopic co-morbidites are key areas for 

further investigation in the field. 

 

My overarching aim for this thesis was the investigation of early disease mechanisms in 

AD. Characterisations of the epithelial barrier in early life, both in the setting of health 

and disease, as well as biomarker discovery in infantile AD were the key areas of study. 

This work has resulted in several significant original findings that have progressed our 

understanding of disease pathomechanisms. 

 

I have established that the early postnatal weeks are particularly dynamic for SC 

maturation. Filaggrin processing, corneocyte maturity, and protease activities show 

regional and temporal differences in infant skin. The infant cheek SC has delayed NMF 

normalisation, higher cohesion and reduced CE maturation, and evidence of increased 

SC stress from birth. These novel findings help explain clinical patterns in early life AD, 

particularly why infantile AD initially affects the cheeks. Furthermore, the results are 

supportive of the cheek site being highly relevant for allergen priming in early childhood.  

The findings of this study support the concept of improving SC moisturisation and skin 

barrier function in sites of vulnerability in infants in an effort to prevent the onset of AD. 
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Key areas for further investigation include whether such an intervention prevents the 

development of AD and subsequent atopic co-morbidities. Consideration of the optimal 

timing of such a therapy, and whether it should be applied to all infants, or a subgroup of 

at-risk infants, would also be of value. A preventative approach, focused on the cheek, a 

skin site of vulnerability, could be a simple and cost effective intervention to deliver. 

Consequently, it would be potentially applicable to both the developed and developing 

world. 

There is generalized skin dysfunction in AD, with abnormalities in both affected and 

unaffected skin. Filaggrin deficiency is associated with a skin barrier defect and AD, but 

the mechanism underlying this is unknown. I have shown, for the first time, significant 

structural differences in corneocytes in ADFLG that can be quantitatively measured. These 

structural changes correlate well with NMF levels and remain despite apparent clinical 

improvement. The persistence of this physical abnormality in corneocyte structure, even 

after disease control, is one mechanism to explain why a skin barrier abnormality 

endures in ‘unaffected’ AD skin, why ADFLG patients have more severe and persistent 

disease, and why they have more food allergies. These corneocyte structural changes 

have the potential to facilitate endophenotyping AD patients and, furthermore, allow a 

structural assessment of therapeutic interventions targeted at barrier repair. Whether the 

physical abnormality in ADFLG corneocytes facilitates the adherence of bacteria and 

viruses and explains, in part, the microbiome dysbiosis and increased infection rate in 

the skin of these patients is an intriguing question. 

 

My work has identified clinically relevant biomarkers of AD, including novel markers that 

yield significant insights into infantile AD. I have established that non-invasive sampling 

can detect clinically relevant biomarkers in the skin. These markers may provide 

objective assessment of disease severity and suggest new therapeutic targets, or 

response measurement targets for AD. The next stage of this study is to further 
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interrogate the biomarker data, with respect to disease trajectory. Data is available on 

acute and convelasent disease status, as well as longer-term outcomes of the cohort of 

AD patients. This data will establish if these biomarkers, seen in very early AD, can 

predict disease outcomes or atopic comorbidities. This work has the potential to reveal 

further mechanistic insights, facilitate AD subphenotyping, which will ultimately inform 

clinical study design and drug development, and hasten the era of personalized medicine 

in AD.  

 

Atopic dermatitis has a range of clinical presentations and disease courses. This is 

reflected in molecular research and clinical trial outcomes demonstrating that AD is not 

only a heterogeneous disease clinically, but also pathomechanistically. Further research 

opportunities arise from this work. How the findings of this thesis can be utilised to allow 

subphenotyping, understand and predict disease trajectories, guide directed therapeutics 

and preventative strategies, and the optimal timing of such interventions, are the next 

challenges to address. 
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9 Appendix A: Data Collection Proformas and Experimental 

Standard Operating Procedures 
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Allergy Bazaar – Station 6 

SCORAD - SCORing of Atopic Dermatitis 

  

 3. Subjective symptoms 

 4. How is it calculated? 

 2. Intensity Criteria 

1. Extent Criteria 

SCORAD is a clinical tool to standardize  
clinical evaluation of atopic dermatitis patients 
 

The rule of 9 before the age of 2 

Advisible to draw lesion spread directly on the  
evaluation sheet and then perform the calculation 

 

A = Spread …/100 
B = Intensity …/18 
C = Subjective symptoms …/20 
 

SCORAD calculation A/5 + 7B/2 + C 

The two most representative items concerning the quality of life of patients (during the 3 previous days) are; 
• Pruritus 
• Sleep loss 
The patient and/or parents expresses the intensity of pruritus and sleep loss using a visuel analog scale graded 
between 0 and 10 

Oedema/papulation 
 
Stage 1  
  
 

Stage 2 
     
 
Stage 3 

 

Erythema 
 
Stage 1  
  
 

Stage 2 
     
 
Stage 3 

  
 

  Oozing/crusting 
 
Stage 1  
  
 
 

Stage 2 
   
   
Stage 3 

Excoriation 
 
Stage 1  
  
 

Stage 2 
     
 
Stage 3 

Lichenification 
 
Stage 1  
  
 

Stage 2 
  
    
Stage 3 
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1.0 Introduction	

This	document	outlines	 the	procedure	 for	 calibration	of	 the	TEWAMETER®	TM	300	Probe	prior	 to	

performing	 Transepidermal	 Water	 Loss	 measurement	 at	 the	 Children’s	 Clinical	 Research	 Unit	

(CCRU).		

2.0 Definitions		

Calibration	

Calibration	 is	the	process	of	configuring	the	graduations	of	a	measuring	 instrument,	 in	comparison	

to	 a	 certain	 standard,	 to	 provide	 a	 result	within	 an	 acceptable	 range.	 It	 is	 an	 essential	 activity	 to	

provide	assurance	of	the	accuracy	of	an	instrument’s	readings.		

3.0 Applicable	to	

This	SOP	applies	to	all	clinical	staff	who	measure	TEWL	as	part	of	a	research	study	being	conducted	

in	the	CCRU.		

4.0 Objectives	

The	purpose	of	this	SOP	is	to	outline	the	procedure	of	calibrating	the	TEWAMETER®	TM	300	Probe.	

5.0 Procedures		

5.1 Types	of	Calibration	

5.1.1 Factory	Calibration	

• Factory	calibration	of	the	Tewameter®	Probe	is	recommended	once	a	year.	

• This	is	carried	out	by	the	Manufacturer,	Courage+Khazaka	Electronic	GmbH.		

• The	Manufacturer	 should	be	contacted	 in	advance	 to	book	 the	calibration	and	

following	 this,	 the	 device	 should	 be	 carefully	 packaged	 and	 shipped	 to	 the	

following	address:	Courage+Khazaka	electronic	GmbH,	Mathias-Brüggen-Str.	91,	

50829	Cologne,	Germany.	

5.1.2 Local	Check	Calibration	

• At	a	local	level,	the	Tewameter	®	TM	300	should	be	calibrated	prior	to	each	use	

to	check	that	the	factory	calibration	has	not	changed.	This	is	the	Check	

Calibration	procedure.		

• A	local	check	calibration	should	also	be	performed	one	month	before	starting	a	

new	study	and	in	case	of	the	probe	experiencing	any	mechanical	forces	(e.g.	

falling)	or	thermal	changes.		
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• If	the	results	of	local	calibration	are	not	within	accepted	ranges	the	probe	needs	

to	be	calibrated	by	the	factory.	

5.2 The	Check	Calibration	Procedure	
The	Check	Calibration	cap	is	required	for	this	procedure.		

• Let	the	open	cap	acclimatise	to	the	measurement	condition	approx.	10	mins	prior	to	the	

Check	Calibration	procedure.	After	the	acclimatisation	time,	seal	the	probe	head	with	the	

cap.	Note	that	the	cap	can	only	be	put	over	the	head	in	one	way.	Do	not	use	any	force	on	

the	probe	head	while	trying	to	put	it	on	it.		

• Place	the	probe	with	the	sealed	cap	on	the	table	(not	under	direct	lamp	light).	

• During	the	Check	Calibration	procedure,	the	additional	ambient	condition	sensor	must	not	

be	connected.	

• To	access	the	calibration	function,	the	MPA	software	must	be	opened	on	the	laptop.	Click	

the	option	for	the	Tewameter	Check	Calibration	Function	(the	measurement	window	of	the	

probe	must	be	activated	first).		

• To	begin	with	the	checking	function,	press	the	‘Start’	button	in	the	program.		

• During	the	Check	Calibration	process,	do	not	move	the	probe.	

• The	values	of	the	humidity	and	temperature	sensors	of	the	upper	and	lower	pair	are	now	

constantly	measured	for	a	period	of	3	mins	and	compared	to	each	other.		

• After	3	mins	a	report	will	be	generated	which	will	show	if	the	checked	values	are	within	the	

tolerances.	This	report	can	also	be	stored	as	a	summary	of	the	status	of	the	probe.	

• The	Report	should	indicate	that	the	status	of	the	Probe	is	‘OK’	with	a	standard	deviation	of	

not	be	greater	than	0.2.	

5.3 Calibration	Records	
Calibration	records	should	be	maintained	as	evidence	that	the	instrumentation	results	are	accurate	

and	reliable.		

Certificates	of	Factory	Calibration	and	Local	Check	Calibration	Reports	should	therefore	be	printed	

and	stored	in	the	MPA5	Equipment	folder.	

6.0 References	

Manufacturer’s	Manuals:	

• Information	and	Operating	Instruction	for	the	Multi	Probe	Adaptor	MPA	Systems	(Hardware)	

(Version	06/2015	DK)	

• Information	and	Operating	Instruction	for	the	Software	MPA	(Version	06/2015	DK)	

• Instructions	on	the	Tewameter®	TM	300	(Version	06/2015	DK)	
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1.0 Introduction	

This	document	outlines	the	procedure	for	measurement	of	Transepidermal	Water	Loss	performed	as	
part	of	a	clinical	research	study	conducted	at	the	Children’s	Clinical	Research	Unit	(CCRU).		

2.0 Definitions	

Transepidermal	Water	Loss	(TEWL)		
Transepidermal	 Water	 Loss	 is	 the	 measurement	 of	 water	 evaporation	 from	 the	 skin.	 It	 is	 an	
indispensable	 parameter	 for	 the	 evaluation	 of	 the	 water	 barrier	 function	 of	 the	 skin.	 A	 certain	
amount	of	evaporation	of	water	from	the	skin	takes	place	as	part	of	normal	skin	metabolism.	When	
the	skin	barrier	function	is	slightly	damaged,	the	water	loss	will	increase.	
	

The	Tewameter®	TM	300		
The	Tewameter®	TM	300	is	a	device	for	the	assessment	of	Transepidermal	Water	Loss.	

3.0 Applicable	to	

This	SOP	applies	to	all	clinical	staff	who	measure	TEWL	as	part	of	a	research	study	being	conducted	
in	the	CCRU.		

4.0 Objectives	

The	 purpose	 of	 this	 SOP	 is	 to	 give	 instructions	 on	 the	 correct	 procedure	 for	 measuring	
Transepidermal	Water	Loss.		

5.0 Procedures		

5.1 Materials	
• Multi	Probe	Adaptor	(or	MPA	5)	–	the	main	device	
• Tewameter®	TM	300	Probe	–	connectable	probe	
• Laptop	

5.2 How	to	start	up	the	TEWL	machine	in	the	Clinic	(Multi	Probe	Adaptor	MPA	5)	

5.2.1 Before	turning	on	the	machine	or	connecting	to	the	power	supply:	
• Unpack	the	MPA	machine	and	place	it	on	an	even	surface.	
• Connect	 the	 Tewameter®	 TM	 300	 probe	 to	 the	 first	 socket	 on	 the	 left	 of	 the	

MPA	 machine	 taking	 care	 to	 ensure	 that	 the	 pin	 is	 in	 the	 correct	 position	
(upright).	Then	screw	the	probe	in	place.	

• Take	the	red	protective	cap	off	the	probe	and	place	the	probe	in	the	designated	
holder.	
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• Connect	the	Ambient	condition	sensor	to	the	second	socket	at	the	front	of	the	
MPA	machine	also	ensuring	 that	 the	pin	 is	 in	 the	upright	position.	Then	screw	
the	probe	in	place.	

• Ensure	that	the	ambient	condition	sensor	is	not	in	direct	sunlight.	Temperature	
and	relative	humidity	should	be	constant.	The	optimal	room	conditions	are	20°C	
–	22°C	and	40%-60%	relative	humidity.	

5.2.2 Connecting	the	MPA	machine	to	the	power	supply	
• Connect	the	power	cord	to	the	back	of	the	MPA	machine.	
• Then	plug	the	adapter	into	a	power	socket	and	turn	on	the	switch.	
• Ensure	the	cable	is	not	stretched.	For	safety	reasons,	do	not	use	extension	leads.	

5.2.3 Connecting	the	MPA	machine	to	the	laptop	
• Turn	on	the	laptop.	
• When	prompted,	enter	Username	‘loan.laptop’	and	password	‘olhsc09’.	
• Select	‘CTRL,	ALT	and	DEL’	and	enter	the	logon	details:	

User:	clinic	
Password:	clinic		

• Attach	the	grey	USB	cable	to	the	MPA	machine	and	the	laptop.		
• Open	MPA	software	by	double	clicking	the	MPA	Icon	on	the	computer	desktop.	

5.2.4 Entering	Patient	Data		
• Click	 ‘File’	 and	 ‘Open’.	 To	add	a	new	patient,	 click	on	 ‘Edit	new	person’.	 Enter	

the	study	number	for	the	‘first	name’	and	AD_OLH	for	the	‘second	name’.	Values	
must	be	entered	for	the	first	name	and	the	surname.	Click	in	‘Add	personal	data’	
and	close.	

• In	the	MPA	software,	select	the	Tewameter	probe	on	the	right	hand	side	of	the	
screen.	
	

5.3 Taking	a	TEWL	measurement		
• Allow	the	patient	to	rest	for	10-20	minutes	to	allow	for	their	blood	circulation	to	return	to	

normal.		
• The	skin	area	to	be	measured	must	be	exposed	during	this	rest	period	to	acclimatise.	Avoid	

stress	 or	 upset	 as	much	as	possible	 as	 this	may	 lead	 to	 increased	 transpiration	 and	blood	
circulation.	

• Before	measurement,	place	the	short	end	of	the	probe	on	the	skin.		
• To	start	a	measurement,	press	the	white	button	on	the	side	of	the	probe	handle.		
• A	measurement	value	is	displayed	every	second,	it	is	recommended	to	take	a	reading	for	5	–	

10	seconds.		
• To	stop	a	measurement,	press	the	white	button	again.	An	average	value	will	be	calculated.	
• The	average	value	will	be	displayed	in	the	lower	left	hand	corner	of	the	window.		
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• Click	on	‘File’	and	‘Save	data’.	If	more	than	one	reading	has	been	taken	for	the	same	patient,	

click	on	‘File’	and	‘Save	all	data’.	

• Record	the	TEWL	value	in	the	Study	Participant’s	healthcare	record	and/or	study	file.						

6.0 References	

Manufacturer’s	Manuals:	

• Information	and	Operating	Instruction	for	the	Multi	Probe	Adaptor	MPA	Systems	(Hardware)	

(Version	06/2015	DK)	

• Information	and	Operating	Instruction	for	the	Software	MPA	(Version	06/2015	DK)	

• Instructions	on	the	Tewameter®	TM	300	(Version	06/2015	DK)	
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 SOP No 3.1: Tape Stripping of Skin 
 
 
 

Version 1.0, 21st August 2012   

 

Scope: All studies conducted within the PaedCRU which require tape stripping of skin.  

 

Applicable to: All Registered Nurses and medical practitioners who are required to carry out the tape 
stripping technique during the course of a research study. 

 

1.0 Roles and Responsibilities 

 It is the responsibility of all staff that will perform tape stripping of skin to: 

1.1 Have read and understood this SOP and to be familiar with the procedure. 

1.2 Have undertaken the required training and to have been deemed competent in the 

procedure of tape stripping. 

1.3 Perform the procedure in accordance with this SOP. 

 

2.0 Procedure 

2.1 Introduce yourself to the parent/guardian and child and explain what you are going to 

do. 

2.2 Ensure that the study consent form has been signed by the parent/guardian and that an 

assent form has been signed by the child, if appropriate. 

2.3 Check the child’s identity with the parent and against the Case Report Form (CRF). 

2.4 Place an adhesive disc on the selected skin surface. Draw a circle around the disc so that 

further discs may be placed on the same area. 

2.5 Apply uniform pressure on the sampling disc for 10 seconds using the D500D-Squame 

disc applicator. 

2.6 Remove the plastic disc using a forceps. Place disc in a microtube. 
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 SOP No 3.1: Tape Stripping of Skin 

 

 

 

Version 1.0, 21st August 2012   

2.7 Four strips must be harvested from each site using the same technique.  

2.8 The time period (10 seconds) must be consistent for each sample taken. 

2.9 Ensure that the microtubes are labelled in the sequence in which they were taken. 

2.10 Microtubes should be brought to the -80° freezer immediately. If there will be a delay 

in transporting the microtubes to the freezer, they may be stored in the refrigerator for 

a period of no longer than 2 hours. 
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STANDARD	OPERATION	PROTOCOL	
	

	

1	TITLE:	DETERMINATION	OF	FILAGGRIN	DEGRADATION	PRODUCTS	
(NMF)	IN	THE	STRATUM	CORNEUM	

	

2	PRINCIPLE	

The	NMF	components	are	extracted	from	the	tapes	containing	stratum	corneum	by	
ammonia	solution	and	subsequently	determined	by	HPLC.	

	

3	APPLICATION	

The	method	is	developed	for	the	human	stratum	corneum	but	can	also	be	used	for	
animal	and	in	vitro	models		

	

4	DEFINITIONS		

Filaggrin	degradation	products:	pyrrolidone-4-carboxylic	acid	(PCA),	histidine	(HIS),	

trans-and	cis-	urocanic	acid	(trans-	and	cis-UCA).	Tyrosine	(TYR)	can	also	be	detected.		

	

5	SAFETY	

The	analysis	should	be	performed	according	to	the	current	safety	protocols	of	the	AMC	
(see	Thema	gevaarlijke	stoffen	en	Chemie	kaarten).	
		
	
	
Waste:	
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The	waste	should	be	treated	according	to	the	current	procedures	in	the	AMC	(see	
"Procedure	afvalstromen"	in	Kwadraet).	
		
Room:	
Sample	preparation	and	analysis	should	be	performed	in	the	laboratory.	Extraction	with	
ammonia	should	be	done	in	the	fume	hood.	The	HPLC	should	be	placed	under	the	
ventilation.			
		
	

6	REAGENTS,	STANDARDS	AND	QUALITY	CONTROL	SAMPLES	
6.1						Disposables	and	chemicals:	

	

	

	

2	ml	cryo	vials	with	attached	screw	cap		 Sarstedt		 72694100	
Auto	sampler	Vail	clear	glass		
(12mm	x	32	mm	x	6	mm)	 	 	 Sigma	 		 29001-U	
Blue	screw	cap	9	mm	with	PTFE	septum			 Sigma	 		 29044-U	
200	µl	inserts	for	vials		 	 	 Grace	Alltech		 8611107	
Pyrrolidone-4-carboxylic	acid		 	 analytical	standard	
Trans-	urocanic	acid	 	 	 	 analytical	standard	
Cis-	urocanic	acid	 	 	 	 analytical	standard	
Histidine	 	 	 	 	 analytical	standard	
Tyrosine	 	 	 	 	 analytical	standard	
Ammonia,	25%	 	 	 	 Merck,	p.a.	
Acetonitrile	 	 	 	 	 Merck,	HPLC	grade	
Sodium	octane-1-sulfonate	

DSquames	(22	mm,	3.8	cm2),		 	 Monaderm	
Semi	Prep	Security	Guard	Cartridge	 	 Phenomenex	
Synergi	4	mm	Polar-RP	80A	column	 	 Phenomenex	

	
Article	

	 																																																											
Firma	

	
Art	nr.	

	
Plaats	
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6.2	 Quality	Control	(WC)	samples	

The	quality	control	samples	(QC)	are	done	by	pooling	a	large	number	of	DSquame	
tapes	containing	stratum	corneum	which	are	processed	in	the	same	way	as	the	
samples.		

Typical	example:	50	tapes	are	extracted	by	25	ml	of	ammonia,	evaporated,	and	solved	
in	25	ml	of	water.	100	µl	aliquots	are	distributed	into	2-ml	cryo-vials	and	kept	at	-20	
°C.	
	

 
 

7	EQUIPPMENT	

Micro	Hettich	centrifuge	 	 Hettich	
IKA-Vibrax-VXR	Model	2200	 	 Ika-VIBRAX	
Eppendorf	Concentrator	5301	
HPLC	 	 	 	 	 Jasco	
Software: TurboChrom   Perkin Elmer 
Automatic	pipettes	and	tips		 	 0.1-1	mL,	20-200	µL	

	

8	PROCEDURE	

	
8.1	 EXTRACTION	OF	NMF	BY	AMMONIA	
	
Individual		tape	(22	mm	DSQUAME)	is	placed	in	a	2-mL	cryo	vial	with	the	adhesive	side	
facing	inside.	The	tape	strip	should	be	pushed	by	using	tweezers	on	the	bottom	of	the	
tube	to	ensure	that	the	entire	tape	comes	in	contact	with	the	ammonia	fluid.	To	the	
tape	500	µl	of	25%	(w/w)	ammonia	solution	is	added	(take	care	by	pipetting	that	
ammonia	is	very	volatile),	and	after	closing	vortexed	for	2	hours	(IKA-Vibrax-VXR	Model	
2200).	After	centrifugation1	(approx.	1	minute	at	max	speed)	ammonia	extracts	are	
quantitatively	transferred	to	another	2-mL	cryo	tubes	and	evaporated	to	dryness	at	60	
°C	(approximately	2-3	hours)	using	Eppendorf	Concentrator.	To	the	residue,	500	µl3	

Milipore	water	is	added,	and	vortexed	(15	min	by	IKA-Vibrax-VXR	Model	2200).		
	
1THIS	STEP	CAN	BE	SKIPPED	IF	LARGE	22	MM	DSQUAME	TAPE	IS	USED	WHICH	DOES	NOT	DISTURB	
PIPETTING		

Description	 Company	 Inventaris	nr.	 Room	nr.	

	

Diepvries	-20	ºC	 Lieb	 01-020-2366	 F1-205	
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Specific	points	
	
IF	THE	PROTEINS	SHOULD	BE	DETERMINED	THE	TAPES	AFTER	REMOVAL	OF	THE	AMMONIA	EXTRACTS	
SHOULD	BE	ALLOWED	TO	DRY	AND	BE	STORED	AT	-20	°C.	
	

IF	SMALL	DSQUAME	TAPES	ARE	USED	(14	MM),	VOLUME	OF	AMMONIA	and	WATER	IS	300	AND	250	µl,	
RESPECTIVELY.		
	
IF	AMMONIA	EXTRACTS	OF	2	TAPES	ARE	POOLED,	THE	EXTRACT	VOLUME	THAT	IS	TAKEN	FOR	
EVAPORATION	COULD	BE	REDUCED	TO	SPEED	UP	THE	EVAPORATION.	THE	PIPETTING	SHOULD	BE	AS	
PRECISE	AS	POSSIBLE,	AND	THE	EXACT	VOLUME	SHOULD	BE	REGISTRED	AND	TAKEN	INTO	ACCOUNT	BY	
CALCULATION.			
	

8.2 PROTEIN ANALYSIS 
	

Normally,	the	protein	amount	on	the	tape	used	for	normalization	of	NMF	concentration	

are	determined	by	measuring	optical	density	by	SquameScan	(see	SOP	‘’Protein	

determination	by	SquameScan’’).	However,	in	the	case	the	non-homogenious	

distribution	of	the	stratum	corneum	cells	over	the	tape,	the	proteins	have	to	be	

determined	by	colorimetric	assay.	The	protein	assay	can	be	done	in	the	extract	which	is	

used	for	HPLC	(less	accurate)	or	after	extraction	of	tapes	by	KOH	(see	SOP	‘’Protein	

determination	in	tape	strips).	

	

	

 

8.3 HPLC ANALYSIS 
	

Before	HPLC	analysis,	the	extracts	(allowed	first	to	come	to	the	room	temperature	if	

previously	frozen)	are	briefly	vortexed	and	subsequently	centrifugated	in	micro	

centrifuge	(1	min).	70	µl	extract	and	70	µl	of	mobile	phase	are	pipetted	into	the	

autosampler	vial	(with	the	insert)	and	briefly	vortexed	(1	min).		

	

	

PCA,	His,	trans-UCA,	Tyr,	and	cis-UCA	are	separated	on	a	250	x	3	mm	reversed-phase	

Synergi	4	mm	Polar-RP	80A	column	(Phenomenex,	Torrance,	CA,	USA)	at	flow	rate	of	0.4	

mL/min,	delivered	by	Jasco	PU-980	HPLC	pump	(Jasco,	Tokyo,	Japan).	A	Semi	Prep	

Security	Guard	Cartridge	System	(Phenomenex,	Torrance,	CA,	USA)	is	used	as	the	guard	

column.	Isocratic	elution	was	performed	with	a	low-UV-absorbance	eluent,	consisting	of	

6.0	mM	hydrochloric	acid,	0.3	mM	sodium	octane-1-sulfonate,	and	1%	(v/v)	acetonitrile.	
A	Jasco	UV-975	Intelligent	UV/VIS	detector	is	used	as	the	detector.	PCA	and	His	are	

monitored	at	205	nm,	while	trans-UCA,	cis-UCA,	and	Tyr	are	monitored	at	267	nm.	

Injection	(10	µL)	is	carried	out	by	a	Shimadzu	SIL-20A	prominence	autosampler	
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(Shimadzu	Corp.,	Tokyo,	Japan).	The	chromatography	peaks	are	integrated	by	Perkin	
Elmer	TurboChrom	station	(see	template	‘’TurboChrom	HPLC	chromatogram	peak	
integration’’).	Chromatographic	data	are	exported	to	the	Excel	(i.e.	summary	data)	
including:	peak	hight,	peak	area,	area/hight,	and	retention	time	(see	SOP	‘’TurboChrom’’	
integration).	
	

	

9	CALIBRATION	AND	QUALITY	CONTROL	
The	stock	standard	solutions	of	each	NMF	component	are	prepared	in	water	at	a	
concentration	level	of	10	mmol/L,	except	that	of	Tyr	which	was	prepared	at	
concentration	level	of	2.5	mmol/L	due	to	its	poor	solubility	in	water.	The	working	
standard	is	prepared	by	mixing	individual	NMF	components	and	filled	up	to	a	desired	
volume	with	water.	The	calibration	standard	which	is	used	for	the	calibration	by	each	
run	is	are	prepared	by	diluting	of	the	working	standard	with	water.	The	calibration	
standard	at	the	concentration	of		10.05	nmol/mL	(HIS	and	TYR),	26.14	nmol/mL	(PCA),	
13.02	nmol/mL	(trans-UCA)	and	13.25	nmol/mL	(cis-UCA)	is	prepared	preferably	in	
larger	quantity,	distributed	into	2-ml	cryo	vials	and	kept	at	-20	°C.	Before	HPLC	analysis,	
the	calibration	standard	is	thawed	and	diluted	for	the	HPLC	analysis	in	the	same	way	as	
the	samples.	
	
Each	analysis	day,	at	least	2	standards	and	2	QC	samples	should	be	run	with	the	
samples.	Data	on	QC	and	standards	should	be	monitored	by	making	time	charts.		
	
	
	

10	DATA	ANALYSIS	
A	calibration	curve	is	constructed	by	plotting	peak	heights	against	known	concentrations	
of	NMFs.	For	routine	analysis,	calibration	by	one	standard	concentration	is	done.	The	
concentrations	of	NMFs	in	the	samples	is	expressed	as	mmol	NMF/g	protein	and	as	
mmol/L	(see	Excel	template	‘’NMF	template’’).		
	
	
	

11	SENSITIVITY	AND	PRECISION	
The	respective	lower	limits	of	detection	for	HIS,	PCA,	trans-UCA,	cis-UCA	and	TYR	is	0.68;	
1.57	;	0.58;	0.46;	and	1.18	µM.	The	respective	reproducibility	is	5.3;	6.2	;	5.4;	5.7	and	8.2	
%.	
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12	COMMENTS	
The	ratio	area/hight	of	the	chromatographic	peaks	and	the	ratio	PCA/UCA	should	be	
inspected.	In	case	of	deviation	(>2	SD),	the	chromatograms	should	be	checked.	
	
The	extracts	can	be	stored	at	-20	°C.	

14	LITERATURE	
Irena Dapic , Ivone Jakasa , Nico L. H. Yau , Sanja Kezic & Arthur Kammeyer (2013) 
Evaluation of an HPLC Method for the Determination of Natural Moisturizing Factors in 
the Human Stratum Corneum, Analytical Letters, 46:14, 2133-2144, DOI: 
10.1080/00032719.2013.789881 To link to this article: 
http://dx.doi.org/10.1080/00032719.2013.789881 
 

15	APPENDIX	
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STANDARD	OPERATION	PROTOCOL	

 Extraction	cytokines	from	tape	strips	
 
	

	

	

1	TITLE:	Extraction	of	inflammatory	mediators	in	stratum	corneum	tape	strips		

	

2	PRINCIPLE	

The	inflammatory	mediators	are	extracted	by	sonification	with	a	phosphate	buffer	

3	APPLICATION	
	
The	method	can	be	used	for	the	extraction	of	cytokines	and	inflammatory	mediators		in	
tape	strips	of	different	size	

	

4	DEFINITIONS		
Inflammatory mediators: cytokines, chemokines, grow factors, angiogenesis e.t.c. which 
can subsequently be analysed by ELISA or MDS electrochemilumeluminescence 
methods  

5	SAFETY	
The	analysis	should	be	performed	according	to	the	current	safety	protocols	of	the	AMC	
See	Introductie: Veiligheid op het laboratorium (http://kwadraet.amc.nl) and  the AMC 
Intranet information (http://laboratorium)!Arbo,milieu en veiligheid	
	
		
	
	
Do	not	touch	dry	ice	with	bare	hands.	
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6	REAGENTS,	STANDARDS	AND	QUALITY	CONTROL	SAMPLES	
6.1						Disposables	and	chemicals:	
	

Article	 Company	 Art	nr.	 Room	nr	
20	ml	glass	vails	

	
Sigma_Alldrich	 Z1909527	 K0-162	

2	ml	Seaf	seal	micro	tube	 Sarstedt	 72695.500	 K0-162	

Dry	Ice	 	 	 LAKC	

Tweezer	 	 	 K0-162	

White	box	for	dry	ice	 	 	 K0-162	

PBS	(Phosphate-buffered	

saline)	for	Immune	Histo	–

staining	(20x	

geconcentreerd)	pH	7.4	

Klinipath	 4391.9010	 K0-162	

Tween-20	 Merck	 8.22184	 K0-127	

Pipettes	tips	100ul-1000ul	
Greiner	bio-

one	
686290	 K0-162	

Pipettes	tips		10ul-200	ul	
Greiner	bio-

one	
739291	 K0-162	

	 	

	

7	EQUIPPMENT		 	 	
	
Description	 Company	 Inventaris	nr.	 Room	nr.	
Freezer	-80	ºC	 Sanyo	 	 F1-205	

Ice	machine	

	
	 06-020-1847	 K0-131	

Vortex	

	
IKA	 	 K0-162	

Ultrasound	sonication	bath	 Brandson	5800	 	 K0-162	
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8	PROCEDURE	
	
8.1		 Chemicals	
	 	
8.1a		 PBS	with	0,005%	Tween-20	

	
50	ml	PBS	(6.1)	and	add	950	ml	demi	H2O	
Add	500	µl	10%	Tween-20		

	
8.2	 Extraction	cytokines	and	inflammatory	mediators	in	tape	strips	
	 	
8.3	 D-Squame	tape	22	mm		
	

- Place	the	tapes	strips	in	the	20	ml		glass	vials		with	the	adhesive	side	facing	
upside	(keep	on	ice)Or	place	the	tape	in	a	2	ml	Sarstadt	tube	adhesive	side	inside	
the	tube	

- Add	0.6	ml	PBS	with	0,005%	Tween-20	(8.1)		(keep	on	ice)	In	the	20	ml	vail		
- Add	1,2	ml	PBS	with	0,005%	Tween-20	(8.1)		(keep	on	ice)	In	the	2	ml	sarstadt	

vail		
	

- Keep	tape	strip	with	PBS-Tween-20		on	ice	for	15	min	before	sonification		
- Sonicate	for	15	min	in	ice	water	(put	ice	in	water	bath)	
- Pipet	the	extract	completely	from	the	vial	and	distribute	(sometimes	you	should	

move	the	tape	with	the	tip)		in	aliquots	into	2-ml	Sarstedt	cryo	vials	which	are	
kept	all	the	time	on	dry	ice	and	store	afterwards		(-80	0C)		

	
8.4	 D-Squame	tape	14,7	mm		
	

- Place	a	tape	strip	in	a	4-	ml		glass	vails	with	the	adhesive	side	facing	upside	(keep	
on	ice)	

- Add	0,4	ml	PBS	(8.1)	with	0,005%	Tween-20	(keep	on	ice)	
- Keep	tape	strip	with	PBS-Tween-20		on	ice	for	15	min	before	sonification		
- Sonicate	for	15	min	in	ice	water	(put	ice	in	water	bath)	
- Pipet	the	extract	completely	from	the	vial	and	distribute	(sometimes	you	should	

move	the	tape	with	the	tip)		in	aliquots	into	2-ml	Sarstedt	cryo	vials	which	are	
kept	all	the	time	on	dry	ice	and	store	afterwards		(-80	0C)		
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Standard Operating Procedure  
 

1. Purpose 

The Proinflammatory Panel (human) measures 10 cytokines/biomarkers (Human interferon gamma 
(IFN-y), Human interleukin-1 beta (IL-1β), Human interleukin-2 (IL-2), Human interleukin-4 (IL-4), 
Human interleukin-8 (IL-8), Human interleukin-10 (IL-10), Human interleukin-12p70 (IL-12p70), Human 
interleukin-13 (IL-13), Human tumor necrosis factor alpha (TNF-α)) that are implicated in a number of 
disorders, including rheumatoid arthritis, Alzheimer’s disease, asthma, atherosclerosis, allergies, 
systemic lupus erythematosus, obesity, cancer, depression, multiple sclerosis, diabetes, psoriasis, and 
Crohn’s disease. 
 

2. Principle of Assay 

MSD provides a plate pre-coated with capture antibodies on independent spots (Multiplex assays are 
provided on 10-spot MULTI-SPOT plates). The technician adds sample over the course of one 
incubation period, analytes in sample bind with capture antibodies immobilized on the working 
electrode surface, which is detected by detecting antibodies conjugated with electrochemiluminescent 
labels (MSD SULFO-TAGTM)). The technician adds an MSD read buffer that provides the appropriate 
chemical environment for electrochemiluminescence and loads the plate into an MSD instrument 
where a voltage applied to the electrodes causes the capture labels to emit light. The MSD instrument 
measures the intensity of emitted light to provide a quantitative measure of analytes in the sample.   
 

3. Scope 

This SOP is intended to be used by a certified MSD trained personnel, within the jurisdiction of AMC 
Coronel institute of occupational and environmental health, under the leadership and permission of 
Sanja Kazic.    
 

4. Prerequisites 

 
Reagent  
Reagent Storage Catalog # Size Description 
Proinflammatory 
panel 1 (human) 
Calibrator Blend 

2-8 oC C0049-2 1 vial Ten recombinant human proteins in diluent, 
buffered and lyophilized. Individual analyte 
concentration is provided in the lot-specific 
certificate of analysis 

Diluent 2 ≤-10 oC R51BB-4 8 mL Diluent for samples and calibrator; contains 
serum, blockers, and preservatives. 

Diluent 3 ≤-10 oC R51BA-4 5 mL Diluent for detection antibody; contains protein, 
blockers, and preservatives. 

Read Buffer T 
(4X) 

RT R92TC-3 50 mL Buffer to catalyze the electrochemiluminescence 
reaction. 
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Detecting antibodies 
SULFO-TAG Antibody Storage Catalog # Size Description 
Anti-hu IFN-y Antibody (50X) 2-8 oC D21Q0-2 75 uL SULFO-TAG-conjugated Ab 
Anti-hu IL-1β Antibody (50X) 2-8 oC D21AG-2 75 uL SULFO-TAG-conjugated Ab 
Anti-hu IL-2 Antibody (50X) 2-8 oC D21QQ-2 75 uL SULFO-TAG-conjugated Ab 
Anti-hu IL-4 Antibody (50X) 2-8 oC D21QR-2 75 uL SULFO-TAG-conjugated Ab 
Anti-hu IL-6 Antibody (50X) 2-8 oC D21AK-2 75 uL SULFO-TAG-conjugated Ab 
Anti-hu IL-8 Antibody (50X) 2-8 oC D21AN-2 75 uL SULFO-TAG-conjugated Ab 
Anti-hu IL-10 Antibody (50X) 2-8 oC D21QU-2 75 uL SULFO-TAG-conjugated Ab 
Anti-hu IL-12p70 Antibody (50X) 2-8 oC D21QV-2 75 uL SULFO-TAG-conjugated Ab 
Anti-hu IL13 Antibody (50X) 2-8 oC D21OD-2 75 uL SULFO-TAG-conjugated Ab 
Anti-hu TNF-α Antibody (50X) 2-8 oC D21BH-2 75 uL SULFO-TAG-conjugated Ab 
 
 
Additional requirements 
 

! 96-well Proinflammatory Panel 1 (human) Plate (Part # N05049A-1), stored @ 2-8 oC 
! Extract from skin samples (see SOP for ‘Cytokines extraction from tape strips’) 
! Micro-tubes for preparing dilutions 
! Pipette capable of dispensing 10 to 150 ul/wel into a 96-well microtiter plate 
! Microtiter plate shaker capable of shaking at 300-1000 rpm 
! MSD plate reader (see SOP MSD reader) 
! Wash buffer  
! Adhesive plate seals  
! Deionized water (Demi) 
! Vortex  

 

5. Reagent Preparation 

Preparation of Standard: Prepare highest calibrator by adding 1000uL of Diluent 2 to the calibrator 
vial. Prepare the next calibrator by transferring 100uL of the highest calibrator to 300 uL of Diluent 2, 
mix by vortexing and repeat process 5 more times. Use Diluent 2 as the zero calibrator. Store 
reconstituted calibrator if necessary @ ≤ -70oC. 
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Preparation of Detecting antibody solution: The working solution for each detecting antibody is 1X. 
Combine 60uL of each antibody component (i.e 60uL * 10 = 600uL total) and add 2400uL of Diluent 3. 
Prepare the antibody solution immediately prior to use. 
 
Wash buffer preparation: Prepare wash buffer by combining 1x Phosphate buffered saline (PBS) with 
0,05% tween-20. 
 
Read buffer preparation: A 4X stock of MSD read buffer is included in the MSD kit. For 1 plate, dilute 
2X by adding 10mL of Read Buffer T (4X) to 10ml of deionized water. 
 

6. Responsibilities 

Review of SOP per year:  Assigned to F. C.  
Changes made in SOP:  Assigned to F. C.  
Approval of SOP:   Assigned to S. K.  
 

7. Procedure  

Add Samples: Add 50ul of prepared sample and calibrator per well. Seal the plate with an adhesive 
plate seal and incubate overnight at 2-8 oC  
 
Wash and Add Detecting Antibody Solution: Wash the plate 3 times with 100uL/well of wash buffer. 
Add 25uL of detection antibody solution to each well. Seal the plate with an adhesive plate seal and 
incubate at room temperature with shaking for 2 hours. 
 
Wash: Wash the plate 3 times with 100uL/well of wash buffer. Add 150uL of 2X Read buffer T to each 
well. 
 
Read Plate: Read the plate in the MSD instrument. No incubation in read buffer is required before 
reading the plate. 
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