
2240  |     LETTERS TO THE EDITOR

K E Y W O R D S

asthma, IL‐33, murine models, nonsteroidal anti‐inflammatory drug, 
protease allergen

Natsuko Maruyama1,2

Toshiro Takai1

Seiji Kamijo1

Punyada Suchiva1,2

Mai Ohba3

Tomohito Takeshige4

Mayu Suzuki1

Mutsuko Hara1

Kei Matsuno4

Sonoko Harada4

Norihiro Harada4

Susumu Nakae5

Katsuko Sudo6

Toshiaki Okuno3

Takehiko Yokomizo3

Hideoki Ogawa2

Ko Okumura1

Shigaku Ikeda1,2

1Atopy (Allergy) Research Center, Juntendo University Graduate School 
of Medicine, Tokyo, Japan

2Department of Dermatology and Allergology, Juntendo University 
Graduate School of Medicine, Tokyo, Japan

3Department of Biochemistry, Juntendo University Graduate School of 
Medicine, Tokyo, Japan

4Department of Respiratory Medicine, Juntendo University Graduate 
School of Medicine, Tokyo, Japan

5Laboratory of Systems Biology, Center for Experimental Medicine and 
Systems Biology, The Institute of Medical Science, The University of 

Tokyo, Tokyo, Japan
6Pre‐clinical Research Center, Tokyo Medical University, Tokyo, Japan

Correspondence
Toshiro Takai, Atopy (Allergy) Research Center, Juntendo University 

School of Medicine, 2‐1‐1 Hongo, Bunkyo‐ku, Tokyo 113‐8421, Japan.
Email: t-takai@juntendo.ac.jp

ORCID

Toshiro Takai   https://orcid.org/0000-0001-8363-0355 

R E FE R E N C E S

	 1.	 Samuchiwal SK, Boyce JA. Role of lipid mediators and control of 
lymphocyte responses in type 2 immunopathology. J Allergy Clin 
Immunol. 2018;141:1182‐1190.

	 2.	 Laidlaw TM, Boyce JA. Aspirin‐exacerbated respiratory disease–
new prime suspects. N Engl J Med. 2016;374:484‐488.

	 3.	 Peebles RS Jr, Hashimoto K, Morrow JD, et al. Selective cyclooxy‐
genase‐1 and ‐2 inhibitors each increase allergic inflammation and 
airway hyperresponsiveness in mice. Am J Respir Crit Care Med. 
2002;165:1154‐1160.

	 4.	 Gavett SH, Madison SL, Chulada PC, et al. Allergic lung responses 
are increased in prostaglandin H synthase‐deficient mice. J Clin 
Invest. 1999;104:721‐732.

	 5.	 Kamijo S, Takeda H, Tokura T, et al. IL‐33‐mediated innate response 
and adaptive immune cells contribute to maximum responses of 
protease allergen‐induced allergic airway inflammation. J Immunol. 
2013;190:4489‐4499.

	 6.	 Oboki K, Ohno T, Kajiwara N, et  al. IL‐33 is a crucial amplifier of 
innate rather than acquired immunity. Proc Natl Acad Sci USA. 
2010;107:18581‐18586.

	 7.	 Tamari M, Tanaka S, Hirota T. Genome‐wide association studies of 
allergic diseases. Allergol Int. 2013;62:21‐28.

	 8.	 Halim TY, Steer CA, Matha L, et al. Group 2 innate lymphoid cells 
are critical for the initiation of adaptive T helper 2 cell‐mediated 
allergic lung inflammation. Immunity. 2014;40:425‐435.

	 9.	 Cayrol C, Duval A, Schmitt P, et al. Environmental allergens induce 
allergic inflammation through proteolytic maturation of IL‐33. Nat 
Immunol. 2018;19:375‐385.

	10.	 Nishioka I, Takai T, Maruyama N, et  al. Airway inflammation 
after epicutaneous sensitization of mice requires protease ac‐
tivity of low‐dose allergen inhalation. J Allergy Clin Immunol. 
2018;141:2271‐2273.

SUPPORTING INFORMATION

Additional supporting information may be found online in the 
Supporting Information section at the end of the article. 

DOI: 10.1111/all.13839  

Biomarkers detected in dried blood spots from atopic 
dermatitis patients strongly correlate with disease severity

To the Editor,
Assessment of disease severity in atopic dermatitis (AD) is essential 
for monitoring treatment effects and for comparison of clinical tri‐
als investigating new treatment options. Although serum biomarkers 

offer an objective outcome measure for disease severity in AD,1 a 
disadvantage is the need for a venipuncture, which requires trained 
personnel and immediate processing of blood to prevent degrada‐
tion of biomarkers. Since biomarker levels may be influenced by 
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processing, time, and temperature, strict protocolized handling is 
needed. This can be challenging, for example, in multicentre trials. 
Dried blood spots (DBS) are a convenient alternative to venipunc‐
ture. DBS can be obtained using a simple, minimally invasive, nearly 
painless procedure by the patients themselves, outside medical insti‐
tutions. The aim of this study was to investigate whether biomarkers 

determined in DBS offer a reliable tool for the assessment of disease 
severity in AD.

Sixty‐five adult AD patients (median age 32 years (interquartile 
range (IQR) 23‐47, median Eczema Area and Severity Index (EASI) 
score 17.4, IQR 10.0‐25.7), 14 psoriasis patients, and 26 nonatopic 
(healthy) controls (HC) were included in a prospective cohort study 

F I G U R E  1   A, Biomarker levels in dried blood spots (DBS) from atopic dermatitis (AD) patients, patients with psoriasis, and healthy 
controls. Differences in biomarker levels between 65 AD patients, 14 psoriasis patients, and 26 healthy controls at baseline were analyzed 
by ANOVA testing. Horizontal bars represent median biomarkers levels. *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001. AD, atopic 
dermatitis; HC, healthy controls; psor, psoriasis. B, Biomarker levels measured in DBS during treatment with topical steroids. Median 
biomarker levels measured in DBS during treatment of AD patients. Error bars represent 95% confidence intervals. Linear mixed models 
were used to model the changes over time of biomarkers after treatment initiation with topical steroids. P‐values are shown in Table S3
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(Table S1; serum biomarker levels of these AD patients were previ‐
ously reported in another study).2 At t0, patients started with daily 
application of topical steroids (European and US classification class 
III), which was tapered to what we consider a safe maintenance 
scheme between t1 and t2. After treatment initiation, disease se‐
verity significantly decreased to a median EASI score of 3.3 (IQR 
1.2‐5.6) at t1, and remained stable until t2 (median EASI score 2.7, 
IQR 1.0‐4.6), resulting in a median percentage change in EASI score 
from baseline to t1 of −81% and −84% at t2. The Patient‐Oriented 
Eczema Measure (POEM) and pruritus according to the visual analog 
scale (VAS) showed a similar pattern (Figure S2).

At baseline (t0), t1, and t2, serum and DBS were collected for bio‐
marker measurement. DBS were obtained by a fingerprick lancet 
(Super Blade, 1.5 mm blade/penetration depth 1.6 mm, Sarstedt) 
from digitus III or IV and spotted onto filter paper (Whatman 903 
Proteinsaver; GE Healthcare) to create DBS (following the proto‐
col published by Ostler et al) (Figure S1B).3 Spotted filter papers 
were dried horizontally overnight at room temperature and subse‐
quently stored with desiccant in individual air tight polyethylene 
bags at −80°C under constant monitoring of humidity levels until 
analysis.

For elution of DBS, two 3.2 mm disks (containing approximately 
3 µL of whole blood each) were punched from the central part of 
each spot into a MultiScreen 96‐well filter plate well (hydrophilic, 
low protein binding Durapore Membrane, Merck Chemicals) and 
100 µL elution buffer was added per well (PBS containing 5 mL/L 
Tween‐20, 10  g/L bovine serum albumin, and complete protease 
inhibitor cocktail with EDTA (complete ULTRA tablets, Roche, one 
tablet per 25 mL buffer)). Plates were sealed and placed overnight at 
4°C on a microshaker set to 600 rpm to extract the analytes. Finally, 
plates were centrifuged at 2100 g for 2 minutes. Biomarkers in both 

serum and eluted DBS were measured by multiplex technology (see 
Data S1). At baseline, levels of IL‐18, IL‐22, IL‐31, sIL‐2R, and stromal 
cell‐derived factor 1α (SDF‐1α) measured in DBS from AD patients 
were significantly higher than in HC (P < 0.05), but similar to patients 
with psoriasis (Figure 1A). Levels of I‐309, thymus and activation‐
regulated chemokine (TARC), pulmonary and activation‐regulated 
chemokine (PARC), and macrophage‐derived chemokine (MDC) in 
DBS at t0 were significantly upregulated in AD patients compared to 
patients with psoriasis and HC (P < 0.01) (Figure 1A). TARC showed 
the strongest correlation (Pearson) with disease severity (r = 0.68, 
P < 0.0001), followed by I‐309 (r = 0.52, P < 0.001), MDC (r = 0.51, 
P < 0.001), and PARC (r = 0.38, P < 0.01). (Tables 1 and S1). TARC, 
PARC, I‐309, and MDC, members of the CC‐chemokine family, are 
involved in inflammation and recruitment of T cells into the skin and 
play a role in the pathogenesis of AD.4 The other biomarker levels did 
not correlate with disease severity.

Thymus and activation‐regulated chemokine, I‐309, and MDC 
levels in DBS highly correlated with serum levels (r = 0.90, P < 0.0001; 
r = 0.86 and r = 0.84, respectively; P < 0.0001, Table 1). PARC, IL‐22, 
IL‐31, sE‐selectin, and sIL‐2R in DBS and serum showed significant 
correlations but showed lower r values (varying from r  =  0.27 to 
r = 0.50, Table 1). Interestingly, TARC DBS levels showed a stronger 
correlation with EASI than TARC serum levels (r = 0.68 vs r = 0.58, 
respectively; Table 1). The strong correlation of TARC levels in DBS 
with disease severity is in accordance with observations in serum.5 
The stronger correlation with disease severity when measured in 
DBS compared to serum may be explained by higher recovery levels 
in DBS than in serum due to a faster release of intracellular compo‐
nents in DBS.6 An additional explanation might be that these bio‐
markers are expressed at different concentrations in capillary blood 
(DBS) and venous blood (traditional blood draw).

In a linear mixed model approach modeling, EASI score changes 
over time using a combination of biomarkers (described in Data S1) 
showed that I‐309, TARC, PARC, and MDC decrease significantly 
during daily treatment with topical steroids (t0‐t1), and then remain 
stable during intermittent treatment with topical steroids (t1‐t2) 
(Figure 1B, Table S3). The biomarkers IL‐18, IL‐22, IL‐31, sIL‐2R, and 
SDF‐1α did not change during treatment. Remarkably, using only 
TARC levels resulted in the best model for prediction of EASI scores, 
both at baseline (ie, before treatment initiation) and after treatment 
initiation (Table S4). After adjusting for gender and age, these results 
remained unchanged.

Since TARC level in DBS was the strongest predictor of disease 
severity measured by EASI, we investigated the stability of TARC 
levels in DBS for the application in future clinical trials, daily practice, 
and biobanking purposes. TARC levels were stable after storage at 
room temperature for 7 days (Figure S3A), or after storage at −80 
C̊ for 34  months (Figure S3B) and after three freeze/thaw cycles. 
(Figure S3C).

An advantage of DBS over venipuncture is the simplicity of the 
minimally invasive and nearly painless procedure. While venipuncture 
requires trained personnel, DBS can be performed by patients them‐
selves, outside medical institutions. DBS only require a very small 

TA B L E  1   Correlations between Eczema Area and Severity Index 
(EASI), serum, and dried blood spots (DBS) biomarkers

 
EASI vs serum 
biomarker

EASI vs DBS 
biomarker

serum vs DBS 
biomarker

I‐309 0.41*** 0.52**** 0.86****

log TARC 0.58**** 0.68**** 0.90****

log PARC 0.40** 0.38** 0.50****

log MDC 0.41*** 0.51**** 0.84****

IL‐18 0.01 0.13 −0.04

IL‐22 0.34** 0.34** 0.27*

IL‐31 0.06 0.13 0.30*

SDF‐1α −0.08 0.17 0.22

log sE‐selectin 0.39** 0.23 0.32*

sIL‐2R 0.08 0.20 0.28*

Pearson correlations between disease severity measured by EASI and 
biomarkers measured in serum and DBS from 65 AD patients.
*P < 0.05. 
**P < 0.01. 
***P < 0.001. 
****P < 0.0001. 
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amount of blood (±10 μL), which is a particular advantage in studies 
in newborns and infants. DBS also offer a huge simplification in stor‐
age (ambient temperature) and transport (eg, by mail), which reduces 
costs and simplifies logistic harmonization between centers partic‐
ipating in clinical trials. In a small subset of patients, we confirmed 
that TARC DBS levels are stable when stored at room temperature 
for up to 7  days after collection, and levels are not influenced by 
repeated freeze/thawing. Moreover, when DBS are stored at −80˚ 
Celsius, TARC levels remain stable up to 34 months. Earlier reports 
have shown that cytokine levels in DBS remain stable up to 23 years 
when DBS are stored at −24˚C.7 This makes TARC measured in DBS a 
very reliable and cost‐effective biomarker for disease severity in AD.

Dried blood spots also offer the possibility of measuring drug 
concentrations of new biological agents8 and current drugs that are 
frequently used in AD treatment, including cyclosporin A,9 myco‐
phenolic acid, and tacrolimus.9 Combining measurement of drug 
concentrations in DBS with disease severity biomarkers would be a 
major step forward in clinical care and trials.

In conclusion, we have shown that in a population of mild to se‐
vere adult AD patients TARC, PARC, I‐309, and MDC levels measured 
in DBS highly correlate with disease severity and significantly de‐
crease during effective treatment with topical steroids. DBS offer a 
simple and minimally invasive method for measurement of biomark‐
ers and provide a tool for objective severity outcome measurements 
in AD that can easily be applied in clinical trials and daily practice.

CONFLIC TS OF INTERE S T

Judith Thijs, Renée Fiechter, Barbara Giovannone, Edward Knol, 
Stefan Nierkens Carla Bruijnzeel‐Koomen, DirkJan Hijnen: no con‐
flicts of interest. Marjolein de Bruin‐Weller: consultant for Regeneron 
Pharmaceuticals, Inc, Sanofi Genzyme; an advisory board member 
for AbbVie, Regeneron Pharmaceuticals, Inc, Sanofi Genzyme; and 
principal investigator for AbbVie, Regeneron Pharmaceuticals, Inc, 
Roche, Sanofi Genzyme.

Judith L. Thijs1,2

Renée Fiechter1,2

Barbara Giovannone1,2

Marjolein S. de Bruin‐Weller1

Edward F. Knol1,2

Carla A. F. M. Bruijnzeel‐Koomen1

Julia Drylewicz2

Stefan Nierkens2

DirkJan Hijnen1,2

1Department of Dermatology and Allergology, University Medical 
Center Utrecht, Utrecht, The Netherlands

2Laboratory of Translational Immunology, Utrecht, The Netherlands

Correspondence
DirkJan Hijnen, Department of Dermatology, Erasmus MC, Rotterdam, 

P.O. Box 2040, 3000 CA Rotterdam, The Netherlands, Internal address 
NA‐511, Dr. Molewaterplein 40, 3015 GD Rotterdam, The Netherlands.

Email: dirkjanhijnen@gmail.com

ORCID

Judith L. Thijs   https://orcid.org/0000-0003-2753-5235 

Marjolein S. de Bruin‐Weller   https://orcid.
org/0000-0002-1249-6993 

Julia Drylewicz   https://orcid.org/0000-0002-9434-8459 

Stefan Nierkens   https://orcid.org/0000-0003-3406-817X 

DirkJan Hijnen   https://orcid.org/0000-0003-3379-3425 

R E FE R E N C E S

	1.	 Thijs J, Fiechter SI, Sleeman MA, et al. EASI p‐EASI: utilising a combi‐
nation of serum biomarkers offers an objective measurement tool for 
disease severity in atopic dermatitis patients. J Allergy Clin Immunol. 
2017;140(6):1703‐1705.

	2.	 Thijs JL, Drylewicz J, Fiechter R, et al. EASI p‐EASI: utilizing a combi‐
nation of serum biomarkers offers an objective measurement tool for 
disease severity in atopic dermatitis patients. J Allergy Clin Immunol. 
2017;140:1703‐1705.

	3.	 Ostler MW, Porter JH, Buxton OM. Dried blood spot collection of 
health biomarkers to maximize participation in population studies.  
J Vis Exp. 2014;83:1‐9.

	4.	 Gros E, Bussmann C, Bieber T, Forster I, Novak N. Expression of 
chemokines and chemokine receptors in lesional and nonlesional 
upper skin of patients with atopic dermatitis. J Allergy Clin Immunol. 
2009;124:753‐760.

	5.	 Thijs J, Krastev T, Weidinger S, et al. Biomarkers for atopic dermatitis: 
a systematic review and meta‐analysis. Curr Opin Allergy Clin Immunol. 
2015;15:453‐460.

	6.	 Pennings J, Siljee JE, Imholz S, et al. Comparison of different blood 
collection, sample matrix, and immunoassay methods in a prenatal 
screening setting. Dis Markers. 2014;2014:509821.

	7.	 Skogstrand K, Thorsen P, Norgaard‐Pedersen B, Schendel DE, 
Sorensen LC, Hougaard DM. Simultaneous measurement of 
25 inflammatory markers and neurotrophins in neonatal dried 
blood spots by immunoassay with xMAP technology. Clin Chem. 
2005;51:1854‐1866.

	8.	 Burns D, Brunner L, Rajendran S, Johnson B, Ma M, Wang J. Validation 
of a ligand binding assay using dried blood spot sampling. AAPS J. 
2013;15:123‐131.

	9.	 Koster RA, Alffenaar J, Greijdanus B, Uges D. Fast LC‐MS/MS anal‐
ysis of tacrolimus, sirolimus, everolimus and cyclosporin A in dried 
blood spots and the influence of the hematocrit and immunosuppres‐
sant concentration on recovery. Talanta 2013;115:47‐54.

SUPPORTING INFORMATION

Additional supporting information may be found online in the 
Supporting Information section at the end of the article.       

Nierkens and Hijnen are senior authors. 

https://orcid.org/0000-0003-2753-5235
https://orcid.org/0000-0002-1249-6993
https://orcid.org/0000-0002-9434-8459
https://orcid.org/0000-0003-3406-817X
mailto:﻿
https://orcid.org/0000-0003-3379-3425
mailto:dirkjanhijnen@gmail.com
https://orcid.org/0000-0003-2753-5235
https://orcid.org/0000-0003-2753-5235
https://orcid.org/0000-0002-1249-6993
https://orcid.org/0000-0002-1249-6993
https://orcid.org/0000-0002-1249-6993
https://orcid.org/0000-0002-9434-8459
https://orcid.org/0000-0002-9434-8459
https://orcid.org/0000-0003-3406-817X
https://orcid.org/0000-0003-3406-817X
https://orcid.org/0000-0003-3379-3425
https://orcid.org/0000-0003-3379-3425














- Supplementary data -1

Biomarkers detected in dried blood spots from atopic dermatitis patients strongly correlate2
with disease severity.3

4

Judith L. Thijs, MD, PhD1,2; Renée Fiechter, MD1; Barbara Giovannone, PhD1,2; Marjolein S. de Bruin-5
Weller, MD, PhD1; Edward F. Knol, PhD1,2; Carla A.F.M. Bruijnzeel-Koomen, MD, PhD1; Julia6
Drylewicz, PhD2, Stefan Nierkens, PhD2,3#, DirkJan Hijnen, MD, PhD1,2#7

8

Acknowledgements: The authors thank Amelia Lacna and Lysette Ebskamp-van Raaij for their technical9
support.10

11

1 Department of Dermatology and Allergology, University Medical Center Utrecht, The Netherlands.12

2 Laboratory of Translational Immunology, University Medical Center Utrecht, The Netherlands.13

3 U-DAIR, University Medical Center Utrecht, The Netherlands.14

#Senior authors15

16

17

Corresponding author:18

DirkJan Hijnen, MD, PhD, Department of Dermatology, Erasmus MC, Rotterdam.19

P.O. Box 2040, 3000 CA Rotterdam, The Netherlands, Internal address NA-511,20

Dr. Molewaterplein 40, 3015 GD Rotterdam, The Netherlands.21

Email dirkjanhijnen@gmail.com, telephone +31 6 278 232 8622

23



Methods24

Patients and controls25

A cohort of 65 adult AD patients, as defined by the criteria of Hanifin and Raijka,1 was recruited at the26
outpatient clinic of the University Medical Center Utrecht. Patients using oral immunosuppressive drugs27
or UV-therapy within three months before baseline were excluded from the study. Patients were followed28
for approximately two months. Sample size was calculated using correlation coefficients from a29
previously conducted study,2 applying a Fisher’s z-test for Pearson correlation in SAS version 9.2 (SAS30
Institute, Cary, NC, USA) with the following parameters: one-sided, α=0.05, and power=0.8, resulting in31
60 patients.32
During the first visit (t0) serum and DBS were collected and all patients started with daily application of33
potent topical steroids (European classification class III: fluticasone furoate, mometasone furoate or34
betamethasone) after instruction by a specialized nurse. During a second visit (t1) after three weeks, serum35
and DBS were collected, and patients were instructed to taper the frequency of topical corticosteroid36
application. Collection of serum and DBS was repeated after 6 to 12 weeks (t2) of treatment. The outline37
of the study protocol is summarized in Figure E1A.38
Fourteen psoriasis patients were included as disease controls during a visit to the outpatient clinic and39
were all treated with emollients and topical steroids only. Serum and DBS were collected on a single time40
point. A second control group consisted of 26 non-atopic healthy controls. The healthy controls were age-41
and sex-matched to the AD patients. The protocols of this study were approved by the Institutional42
Review Board of the University Medical Center Utrecht (Utrecht, The Netherlands), adhering to the43
Declaration of Helsinki Principles and all patients provided written informed consent.44

45

Disease severity46

As suggested by HOME, we used the eczema area and severity index (EASI)3 and the patient oriented47
eczema measure (POEM).4 In addition we used a Visual Analogue Scale (VAS) for pruritus.5 Disease48
severity in psoriasis patients was assessed by the Psoriasis Area Severity Index (PASI),6 the self-49
administered psoriasis area and severity index (SA-PASI),7 and VAS pruritus.50

51

Stability of biomarkers in DBS52

After collection, DBS are dried for 2-3 hours at room temperature. After drying, DBS can be transported53
at ambient temperature. To investigate DBS biomarker level stability over time, we stored DBS from 554
AD patients at room temperature and measured biomarker levels in DBS 1, 3, and 7 days after collection.55
To study long-term stability in DBS, we included DBS from 17 AD patients that were stored at -80˚C.56
Biomarker levels were measured after collection and after 34 months of storage. The influence of freeze57
thaw cycles on biomarker levels in DBS were also studied. DBS from 5 AD patients were thawed and58
frozen 3 times; biomarker levels were measured after each cycle.59

60

61



Measurement of analytes in serum and DBS62

A recently published study showed that the biomarkers TARC, MDC, PARC, IL-22, sE-selectin, sIL-2R,63
IL-18, I-309, and SDF-1α showed good correlation with disease severity when measured in serum.9 We64
therefore measured these biomarkers both in serum and in DBS using a Luminex platform. Multiplex65
immunoassays were performed at the MultiPlex Core Facility of the Laboratory of Translational66
Immunology (UMC Utrecht, The Netherlands) Uniquely color-coded magnetic beads (MagPlex67
Microsperes, Luminex, Austin, Texas) were conjugated to antibodies specific for the reported analytes68
and incubated with 50 uL of standard dilutions or sample for 1 hour (continuous shaking at room69
temperature in the dark). Samples were diluted in High Performance Elisa buffer (HPE; Sanquin, The70
Netherlands). Pre-treatment of samples included filtration (0.22 µm pore size) and incubation with71
HeteroBlock to prevent interference by binding of heterophilic antibodies. Plates were washed (Bio-Plex72
Pro II Wash Station; Bio-Rad, Hercules, CA, USA) and a corresponding cocktail of biotinylated detection73
antibodies was added for 1 hour (continuous shaking at room temperature in the dark). Repeated washings74
were followed by a 10-minute streptavidin-phycoerythrin (PE) incubation (continuous shaking at room75
temperature in the dark). Fluorescence intensity of PE was measured using a Flexmap 3D system76
(Luminex) and analysed using BioPlex Manager software version 6.1; (Bio-Rad, Hercules, CA, USA)77
using 5-parameter curve fitting. Data was analyzed by 5-parametric curve fitting using Bio-Plex Manager78
software, version 6.1 (Biorad, Hercules, CA). Multiplex immunoassays were in-house validated and show79
an intra- and inter assay variability of less than 5% and 20%, respectively, and recovery values of spikes80
proteins in serum of 99-102%.1081

Statistical analysis82

Patient demographics and sample characteristics were compared by unpaired t-tests. Analyte83
measurements above or below the assay limits of detection were given values equivalent to the upper and84
lower limits respectively. TARC, PARC, MDC, and sE-selectin levels in serum and DBS were85
normalized by log-transformation. Correlation coefficients were tested using Pearson correlation tests.86
Levels of biomarkers between groups were compared with ANOVA. Linear mixed models were used to87
model the change over time of biomarkers after treatment initiation. This kind of model generalizes88
regression models by taking into account correlation between measurements in longitudinal data. We89
investigated the effects of the different biomarkers on EASI scores using a piecewise linear mixed model.90
For all AD patients, two slopes were considered: one for the first treatment period (between t0 and t1) and91
one for the second treatment period (between t1 and t2). The time for the slope’s change (t = 22 days) was92
based on the median duration of the first treatment period. Correlation between individual baseline values93
and the subsequent slopes was handled through the unstructured covariance matrix of random effects.94
Models were adjusted for age and gender. To test if a combination of biomarkers improves prediction of95
EASI compared to a single biomarker, an EASI prediction model was built using the Akaike Information96
Criteria (the lower the better) that quantifies the quality of the fit to the data. The Akaike criteria were97
used to identify the model that best described the behavior of EASI within the AD patients. Differences in98
biomarker levels in the stability tests were compared by a t-test in case of two measurements and by99
repeated measures ANOVA in case of more than two measurements. P-values < 0.05 were considered100
statistically significant. All statistical analyses were conducted using SAS version 9.4 (SAS Institute,101
Cary, North Carolina, USA) and Prism (version 6; Graphpad).102



Table E1. Baseline characteristics103

AD patients
(n=65)

Psoriasis patients
(n=14)

Healthy controls
(n=26)

Age, yrs 31.6 (22.6-46.7) 39.4 (27.6-67.5) 36.5 (29.5-54.3)

Male, n (%) 31 (47) 8 (67) 13 (50)

EASI 17.4 (10.0-25.7) N/A N/A

POEM 21.0 (17.0-25.0) N/A N/A

PASI N/A 4.2 (2.3-7.5) N/A

SA-PASI N/A 7.8 (4.8-17.6) N/A

VAS pruritus 7.5 (6.0-8.0) 5.0 (0.0-7.0) N/A

104

Categorical variables are presented as counts and percentages; continuous variables are presented as105
median (InterQuartileRange). ANOVA testing revealed no significant differences in age or gender106
between the groups. N/A; not available.107

108

Table E2. Correlation matrix at baseline109

POEM VAS pruritus EASI

r p-value r p-value r p-value
IL-18 -0,03 0,80 0,02 0,87 0,13 0,32
IL-22 0,09 0,51 0,24 0,09 0,34 0,01
IL-31 0,03 0,82 -0,25 0,08 0,13 0,33
ccl1/I309 0,38 0,00 0,11 0,45 0,52 0,00
sIL-2R 0,03 0,81 -0,18 0,21 0,21 0,11
sdf1alpha -0,02 0,86 -0,06 0,67 0,17 0,19
log TARC 0,30 0,02 0,03 0,85 0,68 0,00
log MDC 0,25 0,05 0,19 0,20 0,50 0,00
Log sE-selectin 0,08 0,54 -0,04 0,79 0,23 0,07
log PARC 0,08 0,53 0,07 0,62 0,38 0,00

110

Pearson correlations between disease severity measured by POEM, VAS pruritus, and EASI, and111
biomarkers measured in DBS from 65 AD patients112

113



Table E3. Changes over time of DBS biomarkers.114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

Linear mixed models were used to model the changes over time of biomarkers measured in DBS after136
treatment initiation with topical steroids. At t0 patients started with daily application of topical steroids,137
which was tapered to what we consider a safe maintenance scheme between t1 and t2.The biomarkers I-138
309, TARC, PARC, and MDC showed a significant decrease during daily treatment with topical steroids139
(between t0 and t1) and then remained at stable levels during intermittent treatment with topical steroids140
(between t1 and t2).141

Biomarker Estimate (95%CI) P-value
Baseline
I-309 (pg/ml) 130.17 (110.00, 150.35)

Log TARC (pg/ml) 3.37 (3.24, 3.49)

Log PARC (pg/ml) 7.31 (7.00, 7.63)

IL-18 (pg/ml) 3674.08 (3337.49, 4010.67)

IL-22 (pg/ml) 93.60 (73.17, 114.02)

IL-31 (pg/ml) 66.35 (43.36, 89.34)

Log MDC (pg/ml) 3.33 (3.25, 3.40)

sIL-2R (pg/ml) 2316.19 (1920.67, 2711.71)

Log sE-selectin (pg/ml) 3.05 (2.91, 3.19)

SDF-1α (pg/ml) 628.21 (460.86, 795.57)

Change/week (between t0 and t1)
I-309 (pg/ml) -19.49 (-26.69, -12.29) <.0001

Log TARC (pg/ml) -0.13 (-0.17, -0.10) <.0001

Log PARC (pg/ml) -0.35(-0.48, -0.23) <.0001

IL-18 (pg/ml) -72.15 (-161.57, 17.28) 0.11

IL-22 (pg/ml) -4.63 (-12.83, 3.57) 0.26

IL-31 (pg/ml) -0.09 (-9.37, 9.20) 0.99

Log MDC (pg/ml) -0.08 (-0.10, -0.06) <.0001

sIL-2R (pg/ml) -94.48 (-211.77, 22.80) 0.11

Log sE-selectin (pg/ml) -0.05 (-0.11, 0.01) 0.08

SDF-1α (pg/ml) -22.21 (-82.38, 37.96) 0.4632

Change/week (between t1 and t2)
I-309 (pg/ml) 0.52 (-1.28, 2.32) 0.56

Log TARC (pg/ml) 0.004 (-0.005, 0.01) 0.39

Log PARC (pg/ml) 0.02 (-0.02, 0.05) 0.37

IL-18 (pg/ml) 15.41 (-12.025, 42.85) 0.26

IL-22 (pg/ml) 1.18 (-0.94, 3.30) 0.27

IL-31 (pg/ml) -0.29 (-2.85, 2.28) 0.82

Log MDC (pg/ml) 0.001 (-0.004, 0.007) 0.61

sIL-2R (pg/ml) 13.88 (-19.54, 47.30) 0.41

Log sE-selectin (pg/ml) 0.01 (0.002, 0.03) 0.03

SDF-1α (pg/ml) 11.53 (-5.96, 29.02) 0.19



Table E4. Results linear mixed model analysis for prediction of EASI scores142

Effect Estimate Standard
Error

P value

Model at baseline
TARC (per increase of 1 log) 16.07 5.02 <.0001

Model during treatment
TARC (per increase of 1 log) 4.86 1.42 0.0015

143

Akaike information criteria were used to identify the best model for the prediction of EASI scores. The144
best model for EASI changes over time only included TARC measured in DBS. This resulted in the145
following equaqtions: EASI (before treatment i.e at baseline)=-36.9104+16.0686*LogTARC ; EASI146
(during treatment)= -9.9958+4.8570*LogTARC.147

Figure E1. Study design.148

A. Outline of the study protocol149
Patients were included during their first visit to the outpatient clinic (t0). After t0 all patients were treated150
with daily application of potent topical steroids (European classification class III; US classification class151
III).  After three weeks (t1) the use of topical corticosteroids was tapered. Disease severity was assessed152
by EASI, POEM, and VAS pruritus at all three timepoints (t0, t1, t2); DBS and serum were collected at the153
same timepoints.154
EASI; Eczema Area and Severity Index, POEM; Patient-Oriented Eczema Measure, VAS; Visual155
Analogue Scale.156
B. Obtaining a dried blood spot157

158

Figure E2. Changes in EASI, POEM, and VAS pruritus scores in AD patients during treatment159
with topical steroids.160

Median percentage change from baseline for EASI, POEM and VAS pruritus in 65 AD patients during161
treatment with local topical steroids. EASI; Eczema Area and Severity Index, POEM; Patient-Oriented162
Eczema Measure, VAS; Visual Analogue Scale.163

Figure E3A-C. Stability of TARC in DBS from atopic dermatitis patients.164

(A) TARC levels in DBS from 5 AD patients were stable for 1, 3 and 7 days after collection and storage165
at room temperature. Repeated measures ANOVA did not show statistically significant differences166
between TARC levels after 1, 3 or 7 days of storage. (B) TARC levels measured in DBS from 17 AD167
patients after collection and after 34 months of storage at -80 ̊ Celsius. A t-test showed no differences168
between TARC levels at 0 and 34 months. (C) TARC levels measured in DBS from 5 AD patients after169
repeated freeze-thawing. Repeated measures ANOVA did not show statistically significant differences170
between TARC levels after 1, 2 or 3 freeze-thaw cycles.171
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