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Abstract

Background Biomarkers to objectively measure disease severity and predict therapeutic responses are needed in ato-
pic dermatitis (AD).

Objective Primary aim: To identify biomarkers reflecting therapeutic response in patients with AD treated
systemically. ~ Secondary aims: (i) To identify a biomarker pattern predicting responsiveness to systemic treatment. (ii)
To identify differences in expression of biomarker in filaggrin gene (FLG) mutation carriers vs. non-FLG mutations
carriers.

Methods Thirty-eight severe AD patients treated with methotrexate or azathioprine participated. Serum levels of a
proliferation-inducing ligand, B-cell activating factor of the TNF family, thymus and activation-regulated chemokine
(chemokine (C-C motif) ligand 17) (TARC (CCI-17)), interleukin-1 receptor antagonist (IL-1RA), interleukin-1 beta, IL-4,
IL-6, IL-7, IL-8, IL-9, IL-10, IL-12, IL-13, IL-18, IL-31, interferon gamma, tumour necrosis factor alpha, vascular
endothelial growth factor (VEGF), monokine induced by interferon gamma (chemokine (C-X-C motif) ligand 9), interferon
gamma-induced protein 10 (C-X-C motif chemokine Ligand 10), monocyte chemoattractant protein-1 (chemokine (C-C
Motif) ligand 2), macrophage inflammatory protein-1 beta (chemokine (C-C motif) ligand 4), regulated on activation,
normal T cell expressed and secreted (chemokine (C-C motif) ligand 5), Cutaneous T-cell-attracting chemokine (che-
mokine (C-C moitif) ligand 27) (CTACK (CCL-27)), thymic stromal lymphopoietin, IL-5, interleukin-1 alpha and granulo-
cyte-colony stimulating factor were analysed by ELISA and Luminex. The primary outcomes were differences in mean
absolute change of SCORing Atopic Dermatitis (SCORAD) between groups after 12 weeks compared with baseline.
Responders to treatment were defined by a SCORAD reduction in >50%. Buccal mucosa swabs were collected to
determine FLG genotype status.

Results Thymus and activation-regulated chemokine, CTACK, IL-13 and VEGF showed a significant decrease after
treatment with methotrexate or azathioprine. However, no decrease in individual cytokine levels was significantly corre-
lated with a change in any of the outcome parameters. In addition, baseline biomarker levels were not significantly differ-
ent between responders and non-responders, and FLG and non-FLG mutants showed similar biomarker profiles.
Conclusion Thymus and activation-regulated chemokine and CTACK were confirmed as potential biomarkers. VEGF
and IL-13 have a potential value as well. Biomarkers could not be used to discriminate at baseline between responders
and non-responders, or FLG genotype status.

Received: 25 April 2019; Accepted: 17 October 2019

Conflicts of interest

PS: Consultancies in the past for Sanofi 111017 and AbbVie 041217 (unpaid). Independent research grants in the
past >5 years ago. Contract support: involved in performing clinical trials with many pharmaceutical industries
that manufacture drugs used for the treatment of e.g. psoriasis and atopic dermatitis for which we get financial
compensation paid to the department/hospital. MAMH: consultant to Sanofi and Pfizer.

Funding source

None.

JEADYV 2020, 34, 1545-1554 © 2019 The Authors. Journal of the European Academy of Dermatology and Venereology published by John Wiley & Sons Ltd
on behalf of European Academy of Dermatology and Venereology

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and

distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.


https://orcid.org/0000-0002-5840-2235
https://orcid.org/0000-0002-5840-2235
https://orcid.org/0000-0002-5840-2235
https://orcid.org/0000-0001-5960-0471
https://orcid.org/0000-0001-5960-0471
https://orcid.org/0000-0001-5960-0471
mailto:
http://creativecommons.org/licenses/by-nc-nd/4.0/

1546

Roekevisch et al.

Introduction

Atopic dermatitis (AD) is characterized by an epidermal barrier
dysfunction and an immune dysregulation favouring a Th2 cel-
lular response.” A method to objectively measure disease sever-
ity and to predict therapeutic responses in AD is wanted, and
much research is being done to evaluate biomarkers in AD.
Biomarkers may play an important role in personalized treat-
ment of AD in the near future, since it is assumed that treat-
ments will be more effective when targeting the patient’s
specific biological signature as determined by biomarkers. A
systematic review and meta-analysis® showed that serum thy-
mus and activation-regulated chemokine (TARC) to date are
considered the best biomarker for assessing disease severity. T-
cell-attracting chemokine (CTACK), sE-selectin, macrophage-
derived chemokine (MDC), lactate dehydrogenase (LDH) and
interleukin (IL)-18 could be useful as severity biomarkers as
well, but need to be validated in additional studies. Three other
biomarkers are B-cell activating factor of the TNF family
(BAFF), a proliferation-inducing ligand (APRIL) and IL-31, but
contradictory experimental findings make their importance rel-
atively unclear.” '? IL-4 and IL-13 are believed to have a role in
AD pathogenesis, because the frequencies of IL-4 and IL-13-
producing cells, among them CD4+ and CD8+ T-cell subsets,
are significantly higher in AD patients than in healthy sub-
jects.I3 In addition, Dupilumab, which blocks IL-4 and IL-13,
has shown efficacy in patients with AD."*

Although some promising results on potential biomarkers for
AD have been published, more research is needed to find a reli-
able biomarker profile for disease severity and especially for pre-
dicting responsiveness to immunosuppressive treatment, which
may result in tailor-made clinical treatment. To date, data on
this topic are sparse. In the present study, the primary aim was
to identify biomarkers that reflect the therapeutic response in
AD patients treated with methotrexate (MTX) or azathioprine
(AZA). Secondary aims were (i) to identify a biomarker predict-
ing responsiveness to systemic immunosuppressive treatment,
and (ii) to identify differences in biomarker profiles in filaggrin
gene (FLG) mutation carriers vs. non-carriers."”

Materials and methods

The methods of the original RCT, containing inclusion and
exclusion criteria, concealment of treatment and treatment regi-
mens have been published previously."

Study population and treatment protocol

This is a sub-study of patients participating in a single blind RCT
evaluating efficacy and safety of MTX vs. AZA over a 12-week per-
iod." All 42 randomized patients were asked to donate blood for
biomarker determinations. also

Healthy volunteers were

recruited. Inclusion criteria for healthy volunteers were no
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personal or family history of AD, asthma and allergic rhinocon-
junctivitis.

Primary outcomes of treatment were differences in mean
absolute change of SCORing Atopic Dermatitis (SCORAD)
between groups after 12 weeks compared with baseline. The
SCORAD was also subdivided in objective SCORAD. Secondary
outcomes were the absolute change of Eczema Area and Severity
Index (EASI), pruritus and sleeplessness scores on a visual ana-
logue scale (VAS, range 0-10). EASI and SCORAD assessments
were provided by a blinded assessor. VAS-itch and sleeplessness
was provided by the patient.

As both MTX and AZA induced a significant reduction in
SCORAD at 12 weeks without a significant difference in effect

> all patients were pooled together and

between treatments,’
divided into responders and non-responders. Responders to
treatment were defined as patients with a SCORAD reduction in
50% or more 12 weeks after baseline (SCORAD50), and biomark-
ers of responders and non-responders were compared at baseline.
This study was conducted with institutional research ethics com-
mittee approval (Academic Medical Center Amsterdam), and all
patients and healthy volunteers signed informed consent which
complied with all the Declaration of Helsinki Principles.

Blood sample collection

Peripheral serum blood samples were collected before starting
treatment (week 0, baseline) and 12 weeks after using MTX or
AZA. Peripheral serum blood samples of 18 healthy volunteers
were collected at one not further specified time point.

Filaggrin genotyping

A buccal swab was taken to investigate FLG mutation status
(R501X, 2282del4, R2447X, S3247X and 3321delA mutations).
Patients were pooled together and divided into FLG mutation
carriers and non-FLG mutation carriers. During the RCT, no
one was aware of the mutation status. The methods have been
published previously.'®

Cytokine and chemokine analyses

IL-31, APRIL and BAFF in serum samples were measured using
specific ELISA kits. IL-31 measurement (R&D Systems Europe
Ltd., Abingdon, UK) was performed according to manufac-
turer’s instructions with the following modifications: diluent
was composed of PBS (Fresenius Kabi, Zeist, The Netherlands)
supplemented with 50% fetal bovine serum (Lonza Verviers,
Sprl., Verviers, Belgium) and used for dilution of standard and
detection antibody. Blocking step was performed with 3% milk
(Nutricia Nederland BV, Zoetermeer, The Netherlands) in PBS.
Capture antibody was diluted in a working concentration of
1.6 pg/mL instead of 0.8 pg/mL. Streptavidin-HRP was diluted
to a working concentration of 1 : 300 instead of 1 : 200. The
limit of detection was 63—-4000 pg/mL.
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collected

43 patients underwent randomization,
and blood sample at week 0 was

Patient did not receive

study medication, n=1

Patients received

Patients received

19 patients complete the study,
and blood sample at week 12
was collected

methotrexate, azathioprine,
n=20 n=22
Did not complete study, n= 1 Did not complete study, n= 3
« Discontinued due to AE * Did not adhere to study protocol, n= 1
¢ Discontinued due to AE, n=2
\4 A/
At week 12: At week 12:

19 patients complete the study,
and blood sample at week 12
was collected

Figure 1 Flow chart of the randomization, treatment and blood sample collection of study participants. AE, adverse event.

A proliferation-inducing ligand (eBioscience, Hatfield, UK)
measurement was performed according to the manufacturer’s
instructions. The limit of detection was 780-25 000 pg/mL.
BAFF (Antigenix America Inc., Huntington Station, NY, USA)
assay was conducted according to the manufacturer’s instruc-
tions with the following modification: the blocking step was per-
formed with 3% milk in PBS. The limit of detection was 156—
10 000 pg/mL. For all ELISAs, the stop solutions were added
after monitoring the colour development at 620 nm. The

Table 1 Patients’ baseline characteristics

substrate reaction was stopped when the highest standard had
reached an OD of 9.0-9.5.

Levels of TARC were assessed using a Luminex-based multi-
plex system (Millipore BV, Amsterdam, The Netherlands),
according to the manufacturer’s instructions. The limit of detec-
tion was 9.8-10.000 pg/mL.

A Luminex-based multiplex system (Bio-Rad Laboratories BV,
Veenendaal, The Netherlands) was used to determine the levels
of interleukin-1 alpha (IL-1a), interleukin-1 receptor antagonist
(IL-1RA), interleukin-1 beta (IL-1), IL-4, IL-5, IL-6, IL-7, IL-8,

Responderst Non-responders FLG mutation Non-FLG mutation

Total MTX AZA
(n=38) (n=19) (n=19)
Age (year), mean (SD) 39.8(14.2) 41.5(13.7) 38.0(14.9)
Male sex (%) 21 (55%) 10 (53%) 11 (58%)
Presence of asthma or 35 (92%) 18 (95%) 17 (89%)
allergic rhinitis (%)
Received MTX (%) 19 (50%) 19 (100%) -
Received AZA (%) 19 (50%) - 19 (100%)
Presence of allergen-specific IgE (%) 38 (100%) 19 (100%) 19 (100%)
Duration of AD (year), mean (SD) 35.9(16.6) 38.3(15.1) 33.5(18.1)
Outcome
Total SCORAD, mean (SD) 57.8(11.4) 57.1(12.2) 58.4(10.8)
Objective SCORAD, mean (SD) 45.4(10.1) 45.0(10.4) 45,6 (10.3)
EASI, mean (SD) 28.2(13.4) 27.6(12.6) 30.1(14.6)
VAS-itch, mean (SD) 74(1.7) 7.2(1.8) 7,6 (1.6)
VAS-sleep loss, mean (SD) 5.5(2.6) 49(2.7) 6.0 (2.5)

‘tResponders to treatment were defined by a SCORAD reduction in >50% 12 weeks after baseline.

Non-responders: SCORAD <50% 12 weeks after baseline.
AZA, azathioprine; FLG, filaggrin gene; MTX, methotrexate; SD, standard deviation.
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carriers carriers
(n=15) (n=23) (n=12) (n=22)
39.3 (13.1) 40.0 (15.2) 50.6 (12.9) 34.8 (12.4)
8 (53%) 13 (57%) 7 (58%) 13(59%)
14 (93%) 21 (91%) 12 (100%) 19 (86%)
7 (47%) 12 (52%) 6 (50%) 11 (50%)
8 (53%) 11 (48%) 6 (50%) 11 (50%)
15 (100%) 23 (100%) 12 (100%) 22 (100%)
34.9 (14.7) 36.6 (18.1) 50.3 (13.1) 28.8 (14.0)
59.8 (11.1) 56.4 (11.6) 59.7 (13.2) 57.6 (10.7)
47.9 (9.9) 43.8 (10.2) 49.6 (11.3) 43.9 (9.5)
30.7 (13.9) 27.6(13.4) 33.6 (14.1) 26.6 (13.7)
7,8 (1,0) 7.1 (2.0) 6.7 (2.4) 7.7(1.2)
5.3(2.3) 5.5(2.8) 5.0 (2.8) 5.9 (2.3)
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Table 2 Serum levels of cytokines/chemokines under systemic treatment with MTX and AZA

Week 0

APRIL (pg/mL), median (IQR)

Total AD group (n = 38)
MTX (n = 19)
AZA (n=19)

1391 (1109-1920)
1430 (863-1921)
1360 (1120-1920)

BAFF (pg/mL), median (IQR)

Total AD group (n = 35)
MTX (n = 17)
AZA (n = 18)

TARC (pg/mL), median (IQR)

Total AD group (n = 38)
MTX (n = 19)
AZA (n=19)

96.0 (26.0-364.0)
70.0 (29.0-212.0)
160.0 (26.0-670.0)

1254 (895.4-2455)
2166 (1142-2809)

1038 (604.6-2113)

IL-1RA (pg/mL), median (IQR)

Total AD group (n = 38)
MTX (n = 19)
AZA (n=19)

IL-9 (pg/mL), median (IQR)
Total AD group (n = 38)
MTX (n = 19)

AZA (n=19)

IP-10 (pg/mL), median (IQR)

Total AD group (n = 38)
MTX (n = 19)
AZA (n=19)

VEGF (pg/mL), median (IQR)

Total AD group (n = 38)
MTX (n = 19)
AZA (n=19)

IL-1B (pg/mL), median (IQR)
Total AD group (n = 38)
MTX (n = 19)

AZA (n = 19)

IL-6 (pg/mL), median (IQR)
Total AD group (n = 38)
MTX (n = 19)

AZA (n=19)

IL-7 (pg/mL), median (IQR)
Total AD group (n = 38)
MTX (n = 19)

AZA (n=19)

IL-13 (pg/mL), median (IQR)
Total AD group (n = 38)
MTX (n = 19)

AZA (n=19)

MCP1 (pg/mL), median (IQR)

Total AD group (n = 38)
MTX (n = 19)
AZA (n=19)

7.83 (0.07-29.37)
7.05 (0.07-16.79)
10.21 (0.07-49.03)

23.91 (3.05-43.13)
23.91 (15.17-40.84)
21.70 (0.92-66.52)

685.6 (523.7-1042)
686.3 (613.3-1183)
680.8 (452.3-863.4)

32.38 (8.14-60.10)
39.11 (15.57-94.06)
29.56 (8.14-48.61)

0.14 (0.03-0.43)
0.14 (0.08-0.31)
0.08 (0.03-0.66)

2.01 (0.38-3.45)
2.09 (0.72-3.45)
1.92 (0.03-3.79)

8.40 (7.20-10.40)
8.27 (7.01-11.27)
8.52 (7.26-10.27)

1.81(0.85-3.17)
1.81(0.33-3.02)
1.50 (1.02-3.61)

50.67 (38.18-85.12)
45.65 (39.40-78.55)
54.21 (31.06-96.61)

MIP-1b (pg/mL), median (IQR)

Total AD group (n = 38)
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114.3 (91.98-152.1)

Week 12

1397 (953-1986)
1397 (911-1970)
1397 (962-2002)

222.0 (42.0-410.0)
192.0 (33.0-282.0)
248.0 (46.50-557.0)

827.2 (479.9-1733)
828.3 (492.5-1717)
826.1 (381.0-2098)

4.77 (0.07-16.79)
5.51 (0.07-13.46)
1.20 (0.07-30.70)

18.42 (3.52-30.61)
16.25 (4.75-30.61)
21.70 (0.92-30.61)

636.3 (501.5-898.5)
858.4 (531.3-922.4)
596.2 (470.7-791.0)

14.40 (0.95-37.68)
29.70 (0.95-66.50)
4.06 (0.95-22.76)

0.11 (0.03-0.43)
0.14 (0.03-0.43)
0.08 (0.03-0.54)

1.41 (0.17-2.09)
1.41 (0.72-2.09)

1.07 (0.03-1.92)

8.27 (6.70-10.46)
8.27 (6.50-9.27)
8.77 (6.76-12.02)

1.18 (0.04-2.76)
1.65 (0.15-2.57)
0.85 (0.04-3.61)

53.40 (33.04-68.95)
50.97 (41.70-69.33)
55.64 (30.44-67.29)

111.8 (80.28-134.7)

P-value

0.68
0.98
0.65

0.47
0.07
0.46

0.0001
0.004
0.03

0.15
0.21
0.37

0.24
0.50

0.39

0.27
0.62

0.23

<0.0001
0.005
0.001

0.44
0.45
0.81

0.02
0.45
0.007

0.67
0.64
0.95

0.003
0.10
0.008

0.01
0.07
0.07

0.004

Mean difference between
week 12 and week 0

28.0 (—2993 to 124.8)
36.0 (-198.0-123.0)
20.0 (~335.0 to 143.0)

0.0 (—44.0 to 106.0)
84.0 (—26.0 to 194.0)
0.0 (—151.5 to 38.50)

—403.8 (~734.5t0 —53.72)
~700.0 (—1595 to —125.0)
—231.9 (~471.0 to0 30.36)

0.0 (~7.91 10 0.0)
—1.13 (—9.74 10 2.50)
0.0 (—2.50 10 0.0)

0.0 (—12.73 to 3.55)
0.0 (—13.35 t0 8.91)
0.0 (12,52 t0 1.10)

—40.21 (—214.0 t0 96.59)
—33.82 (—266.7 to 187.3)
—42.95 (—134.3 t0 71.23)

~9.54 (~28.64 10 0.0)
—12.84 (—24.07 10 0.0
~7.19 (—28.7110 0.0)

0.0 (~0.12 t0 0.05)
0.0 (~0.17 t0 0.06)
0.0 (~0.12 t0 0.05)

—0.26 (—1.71 10 0.09)
—0.34 (—1.71 10 0.69)

0.0 (-1.7110 0.0)

~0.13 (-2.14 10 1.59)
0.0 (—1.75 10 0.75)
—0.51 (—2.53 10 2.99)

~0.47 (~1.20 10 0.0)
~0.34 (-1.47 10 0.11)
—0.60 (~0.98 10 0.0)

—9.46 (—26.26 10 5.94)
—8.92 (25.09-5.35)
—10.24 (-27.92 t0 9.57)

~12.01 (—25.89 to —1.82)

P-value MTX vs. AZA
of the absolute difference
between week 12 and week 0

0.72

0.06

0.02

0.80

0.89

0.89

0.72

0.67

0.42

0.79

0.95

0.95

0.91

© 2019 The Authors. Journal of the European Academy of Dermatology and Venereology published by John Wiley & Sons Ltd
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Table 2 Continued

Week 0 Week 12

MTX (n = 19)
AZA (n=19)

IL-18 (pg/mL), median (IQR)
Total AD group (n = 38)
MTX (n = 19) 57.50 (44.92-77.15)
AZA (n=19) 58.98 (45.88-82.46)

CTACK (pg/mL), median (IQR)

111.1 (91.14-180.3)
117.5 (92.26-151.8)

109.1 (86.38-142.0)
112.1 (64.52-131.8)
57.75 (45.64-80.94)  53.61 (36.51-68.93)
48.76 (36.86-62.42)
54.58 (34.99-99.68)

Total AD group (n = 38)
MTX (n = 19)
AZA (n=19)

MIG (pg/mL), median (IQR)
Total AD group (n = 38)
MTX (n = 19)

AZA (n=19)

2125 (1420-3108)
2195 (1396-3059)
2035 (1428-3258)

1091 (765.3-2030)
1932 (1004-2175)
921.6 (672.1-1641)

1423 (1046-2047)
1435 (1049-2004)
1411 (1037-2175)

1077 (643.1-1695)
1111 (703.1-1915)
839.4 (579.4-1621)

P-value Mean difference between P-value MTX vs. AZA

week 12 and week 0 of the absolute difference
between week 12 and week 0

0.02 —11.31 (—27.36 to —2.65)

0.07 —13.29 (—25.73 10 0.87)

0.01 —7.62 (—20.0 t0 2.57) 0.37

0.001 —9.23 (—19.70 to —0.97)

0.35 —2.89 (—25.8510 11.14)

<0.0001 —434.7 (—1381 to —196.7) >0.99

0.0002 —562.5 (-1340t0 —191.1)

0.004 —425.8 (—1545 to —245.7)

0.31 —30.99 (—365.4 to 161.5) 0.08

0.06 —263.0 (—1112to 106.5)

0.60 —7.59 (—108.8 t0 268.7)

Differences between baseline and week 12 were considered significant with a P-value <0.0031 (Bonferroni correction, 0.05/16). The P-value of week 0 vs.
week 12 was analysed by the Wilcoxon matched-pairs signed rank test. The P-value of A absolute value (MTX vs. AZA) was analysed with the Mann-Whitney

U-test.

AD, atopic dermatitis; AZA, azathioprine; IQR, interquartile range; MTX, methotrexate.

IL-9, IL-10, IL-12, IL-13, IL-18, interferon gamma (IFN-7y),
tumour necrosis factor alpha (TNF-o), vascular endothelial
growth factor (VEGF), granulocyte-colony stimulating factor (G-
CSF), monokine induced by interferon gamma (chemokine (C-
X-C motif) ligand 9) (MIG (CXCL-9)), interferon gamma-
induced protein 10 (C-X-C motif chemokine Ligand 10) (IP-10
(CXCL-10)), monocyte chemoattractant protein-1 (chemokine
(C-C Motif) ligand 2) (MCP-1 (CCL-2)), macrophage inflamma-
tory protein-1 beta (chemokine (C-C motif) ligand 4) (MIP-1f
(CCL-4)), regulated on activation, normal T cell expressed and
secreted (chemokine (C-C motif) ligand 5) (RANTES (CCL-5))
and Cutaneous T-cell-attracting chemokine (chemokine (C-C
motif) ligand 27) (CTACK (CCL-27)).

Levels of thymic stromal lymphopoietin (TSLP) were assessed
using a Luminex-based multiplex system (Millipore BV),
according to the manufacturer’s instructions. The limit of detec-
tion was 9.8-10.000 pg/mL. If the Luminex panel measured a
value below the detection limit than half of that value was
assigned to the cytokine/chemokine.

A patient was excluded for analysis in case of a missing cyto-
kine/chemokine value. Also, only cytokines/chemokines with
serum levels that were significantly different (P < 0.05) from the
healthy volunteer group were analysed, unless stated otherwise.
If more than 50% of the values of a cytokine/chemokine were
below the lower limit of detection (LLD) evaluated in the total
AD group, that cytokine/chemokine was excluded from the anal-
yses. This criterion is based on the article by Domthong et al.'”
and in our study related to TSLP (>60% of values below LLD),
IL-5 (>62%), IL-1a (>95%) and G-CSF (>95%).

JEADV 2020, 34, 1545-1554

Statistical analysis

Data on patients’ characteristics were analysed using SPSS
23.0 for Windows (SPSS, Inc., Chicago, IL, USA) The distri-
bution of dependent data was assessed by D’Agostino & Pear-
son omnibus normality test. Medians with 1st and 3rd
interquartiles (IQR: Q1, Q3) were used for non-normal dis-
tributed data, and means with standard deviation were used
for normal distributed data.

Biomarker data obtained by ELISA and Luminex data were
analysed using Graphpad Prism 6.07 (GraphPad Software, Inc,
San Diego, CA, USA). All investigated biomarkers showed a
non-normal data distribution. If the natural logarithms (Ln) of
the biomarker values showed a normal distribution, then these
values were used in the analyses.

Correlations were performed with the Pearson’s correlation
coefficient on normal distributed data and Spearman’s rank test
on non-normal distributed data. Comparison analysis of non-
normal distributed data was performed with Wilcoxon matched-
pairs signed rank tests (paired data) and Mann—Whitney U-tests
(unpaired data). Comparison analysis of normal distributed data
was performed with two-sided paired t-tests (paired data) and
unpaired t-test (unpaired data). Due to multiple testing the
P value was adjusted using the Bonferroni correction (o/m)
where o was 0.05 and m is the number of selected hypotheses.
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Results
Patients’ characteristics

MTX vs. AZA Of the 43 randomized patients, 38 patients were
included in this sub-study (Fig. 1). In the AZA group, one
patient did not start on study medication, one did not adhere to
the study protocol and two discontinued because of adverse
events. In the MTX group, one patient did not complete the
study due to an AE. These patients were excluded due to missing
blood samples at week 12. Patients’ characteristics and baseline
values are shown in Table 1.

Response to treatment 1In the original study, after 12 weeks of
treatment, both the MTX group and AZA group showed
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significant reductions in SCORAD, without a significant differ-
ence between treatments. '’

In this follow-up study, 15 of 38 patients (39%) were respon-
ders and 23 (61%) were non-responders. Of the responders, 7
(47%) received MTX and 8 (53%) received AZA.

FLG mutation carriers vs. non-carriers Of the 38 AD patients,
12 (38%) had a FLG mutation, 22 had no FLG mutation
(58%), and of 4 (11%) patients, the mutation could not be
determined because, for different reasons, no buccal swap
was available as source of DNA for FLG analysis. Of the FLG
mutation carriers, 6 (47%) received MTX and 6 (53%)
received AZA. Of the non-FLG mutation carriers, 11 (50%)
received MTX and 11 (50%) received AZA. Age was signifi-
cantly higher in FLG mutation carriers (P = 0.001, unpaired
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Figure 2 Serum levels of cytokines/chemokines in atopic dermatitis patients after 12 weeks of systemic treatment and healthy volun-
teers. HV, Healthy Volunteers (n = 18); WK12, week 12 of systemic treatment with methotrexate or azathioprine of AD patients (n = 38,
only BAFF had missing values N = 35). At baseline, 16 cytokines/chemokines were significantly different in AD patients compared with
18 healthy volunteers. After 12 weeks of treatment, 4 biomarkers* were not significantly different. Anymore differences were considered
significant with a P-value <0.0031 (Bonferroni correction, 0.05/16) analysed with Mann-Whitney U-test. Maximum values a:

IL_1b_HV = 38.7; IL6_HV = 56.6. b: ILB_WK12 = 183.9; IL9_HV = 147.3 IL-9_WK12 = 186.6. c: IP_10_WK12 = 3631.9;

TARC_HV = 3376.5; TARC_WK12 = 5932.6. d: APRIL_HV = 48 420.0; BAFF_HV = 9948; MIG_WK12 = 6879.5.
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t-test) compared with the non-FLG mutation carriers with
50.7—-34.8 years (means).

TARC, VEGF, IL-13 and CTACK levels decrease
significantly during immunosuppressive treatment
At baseline, 16 cytokines/chemokines were significantly different
in AD patients compared with 18 healthy volunteers, namely
APRIL, BAFF, thymus and activation-regulated chemokine (che-
mokine (C-C motif) ligand 17) (TARC (CCL-17)), IL-1RA, IL-
9, IP-10 (CXCL-10), VEGF, IL-1f, IL-6, IL-7, IL-13, MCP-1
(CCL-2), MIP-1B (CCL-4), IL-18, CTACK (CCL-27) and MIG
(CXCL-9). These biomarkers were included in subsequent data
analysis. Differences between baseline and week 12 were consid-
ered significant if P-value <0.0031 [Bonferroni correction, 0.05/
16 (number of selected cytokines)].

An overview of the cytokines/chemokines levels at baseline
and after 12 weeks of systemic treatment with MTX and AZA
are shown in Table 2.
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After 12 weeks of treatment, TARC (CCL-17) [mean differ-
ence (MD) —403.8 (—734.5 to —53.72), P < 0.0001], VEGF
[MD —9.54 (—28.64 to 0.0), P < 0.0001], IL-13 [MD —0.47
(—1.20 to 0.0), P = 0.003] and CTACK [MD —434.7 (—1381 to
—196.7), P < 0.0001] showed a significant (P < 0.0031) decrease
in the total AD group. Without Bonferroni correction, IL-6,
MCP-1 (CCL-2), MIP-1B (CCL-4) and IL-18 were found signifi-
cantly decreased as well in this group.

In the MTX treated group, reduction in levels was significant
for IL-18 [MD —9.23 (—19.70 to —0.97), P = 0.001] and CTACK
[MD —562.5 (—1340 to —191.1), P = 0.0002] and in the AZA
treated group for VEGF [MD —7.19 (—28.71 to 0.0), P = 0.001].

The P-value (P < 0.05) for the absolute difference between
the MTX and AZA groups was only for TARC significant
(P = 0.02), as TARC levels decreased more upon treatment with
MTX than with AZA.

Twenty-five per cent of the biomarkers obtain values compa-
rable to the healthy volunteers after 12 weeks of systemic
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Figure 3 Correlations between ATARC (CCL-17), AVEGF, ACTACK (CCL-27) and AlL-13 and change in SCORAD over 12 weeks of
treatment with MTX or AZA in patients with AD. AD, atopic dermatitis; AZA, azathioprine; Diff12_XXX, difference in XXX after 12 weeks of

treatment; MTX, methotrexate; P, P-value; R, Rho.
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treatment {Fig. 2, P-value <0.0031 [Bonferroni correction, 0.05/
16 (number of selected cytokines)]}.

Decreased cytokine levels were not significantly
correlated with the change in outcome parameters
Cytokines TARC (CCL-17), VEGF, CTACK (CCL-27) and IL-13
found to be significantly decreased upon systemic treatment
were analysed individually to evaluate if this decrease correlated
with the change in outcome parameters.

The total SCORAD consists of the oSCORAD, VAS-itch and
VAS-sleep loss. For the Bonferroni correction, they were clus-
tered, so two outcome parameters (SCORAD and EASI) and
four cytokines/chemokines resulted in 8 correlations leading to a
Bonferroni correction with a P-value of 0.05/8 = 0.006.

Based on a Bonferroni corrected P-value of 0.006, we found
that decreased cytokine levels were not significantly correlated
with change in primary and secondary outcome parameters
(Fig. 3).

None of the biomarkers could identify or discriminate
between responders and non-responders

We investigated if cytokine/chemokine profiles differed between
responders and non-responders at baseline, to find a predictive
biomarker that could differentiate these two groups.

Based on a Bonferroni corrected P-value of 0.0031, none of
the baseline biomarker levels were significantly different between
responders and non-responders, indicating that none of the
cytokines/chemokines were able to distinguish between respon-
ders and non-responders (Table 3).

FLG and non-FLG mutation carriers show similar
biomarker profiles

After 12 weeks of treatment, all the outcome parameters showed
a significant decrease for both the FLG mutation carriers and
non-FLG carriers (data not shown). No significant differences
could be observed in cytokine/chemokine levels at baseline, after
12 weeks of treatment and between the change in cytokine levels
after treatment between carriers and non-carriers of FLG muta-
tions.

Discussion

Biomarkers may provide tools to predict and monitor therapeu-
tic response.18 In this study, TARC (CCL-17), VEGF, IL-13 and
CTACK showed a significant decrease in the 38 evaluated AD
patients who completed 12 weeks of systemic treatment with
MTX or AZA, and therefore, these markers showed to be poten-
tial severity biomarkers. However, the decreased cytokine levels
over 12 weeks of time were not significantly correlated with the
change in outcome parameters over 12 weeks of time. In addi-
tion, none of the biomarkers could be used to discriminate
between responders and non-responders, or FLG genotype sta-
tus, and therefore no potential predictive biomarkers were
found.

Thymus and activation-regulated chemokine (chemokine
(C-C motif) ligand 17) and IL-13 are mediated by Th-2 cells
which play an important role in the pathogenesis of AD in the
acute phase of AD cells.

Thymus and activation-regulated chemokine (chemokine
(C-C motif) ligand 17) is expressed by keratinocytes in the

Table 3 Baseline serum levels of cytokines/chemokines in responders and non-responders

Cytokines/chemokines Responders (n = 15)
APRIL (pg/mL), median (IQR)
BAFF (pg/mL), median (IQR)
TARC (pg/mL), median (IQR)
IL-1RA (pg/mL), median (IQR)
IL-9 (pg/mL), median (IQR)
IP-10 (pg/mL), median (IQR)
VEGF (pg/mL), median (IQR)
IL-1B (pg/mL), median (IQR)
IL-6 (pg/mL), median (IQR)
IL-7 (pg/mL), median (IQR)
IL-13 (pg/mL), median (IQR)
MCP-1 (pg/mL), median (IQR)
MIP-18 (pg/mL), median (IQR)
IL-18 (pg/mL), median (IQR)
CTACK (pg/mL), median (IQR)
MIG (pg/mL), median (IQR)

1298 (953.0-1609)
74.0 (26.0-240.0)+
1160 (920.1-2690)
8.61(0.07-21.91)
29.48 (17.33-66.52)
714.1 (670.1-866.3)
23.90 (0.95-57.69)
0.26 (0.08-0.37)
1.75 (0.72-3.45)
8.77 (5.74-9.77)
2.12 (1.02-3.61)
44.71 (31.06-76.06)
107.6 (90.25-181.2)
57.50 (45.88-77.15)
2572 (1778-3271)
1024 (718.6-2248)

#n = 35. tn = 20.

Non-responders (n = 23) P-value
R vs. NR week 0

1587 (1146-2100) 0.055
109.0 (29.50-508.0) 0.57
1723 (647.5-2445) 0.75
7.05 (0.07-41.60) 0.74
21.70 (0.29-40.84) 0.58
618.1 (431.5-1154) 0.31
35.19 (8.75-67.34) 0.59
0.08 (0.03-0.60) 0.41
2.09 (0.38-3.45) 0.62
8.27 (7.26-11.77) 0.38
1.50 (0.33-2.72) 0.35
71.20 (39.40-91.95) 0.41
117.5 (95.52-145.4) 0.88
57.99 (44.92-90.12) 0.79
1812 (1387-3059) 0.13
1111 (780.8-2025) 0.74

Responders to treatment were defined as patients with a SCORAD reduction in 50% or more (SCORAD50) 12 weeks after baseline. Differences at baseline
were considered significant with a P-value <0.0031 (Bonferroni correction, 0.05/16).

IQR, interquartile range; NR, non-responder; R, responder.
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epidermis, vascular endothelial cells, T cells and dendritic cells.
TARC is described at this moment to be the best single biomar-
ker for assessing disease severity.” IL-13 is secreted by Th2 cells
and eosinophils, and it is a central regulator in the IgE synthesis.
Dupilumab blocks the receptor for IL-4 and IL-13 which results
in inhibition of the inflammation. It has shown good efficacy in
patients with AD."*

Like TARC, VEGEF is also derived from endothelial cells, but
also from fibroblasts, smooth muscle cells and macrophages, and
it takes part in different stages of the angiogenesis, as well as
vasodilatation. It promotes survival, migration and proliferation
of endothelial cells and keratinocytes and increases the vascular
permeability of the skin. Vascular remodelling is known in
chronic inflammatory skin diseases.'” VEGF was also found to
play a role in inducing pruritus via epidermal hyper innerva-
tion.”® An active eczema with a high inflammation could there-
fore be associated with a higher VEGF and possibly more itch,
which detracts when it is suppressed by systemic immunosup-
pressive treatment.

Serum CTACK (CCL27) has previously been put forward as a
severity biomarker in adults and showed to have a strong corre-
lation with disease severity.” It belongs, like TARC, to the CC
family and is thought to play an important role in skin inflam-
mation as it attracts cutaneous lymphocyte antigen-positive
memory T cells into the inflammatory sites. CTACK (CCL27) is
only expressed in the skin, mostly in the epidermal ker-
atinocytes.”' Tt is expected that by suppressing inflammation
with systemic treatment, CTACK is reduced.

Besides TARC and CTACK, which we found in this study,
also sE-selectin, MDC, LDH and IL-18 were shown to be
promising biomarkers.” From these biomarkers, only IL-18 was
analysed in this study and showed a significant decrease in the
38 evaluated AD patients whom completed 12 weeks of systemic
treatment with MTX or AZA but only if it was not corrected for
Bonferroni. IL-18 is a member of IL-1 cytokine family, and its
levels have been shown to correlate with disease severity in chil-
dren and adult AD patients.*>**

Interestingly, TARC decreased significantly more under MTX
than AZA despite of their similar treatment efficacy as assessed
by decrease in disease severity.'> The question is if this reduction
is a specific characteristic of the mechanism of action of MTX.
Studies with MTX and AZA have been done in patients with
rheumatoid arthritis (considered a Thl dominant condition),
but the mechanism of action is still not fully understood.>** It
has been shown that serum IL-1f3, IL-6 and IL-8 decrease upon
MTX treatment.”> Concerning AZA, one study found that serum
levels of IL-6 in rheumatoid arthritis patients did not change
upon treatment.?® The mechanism of actions of these treatments
on serum level of cytokines/chemokines is hardly described in
the literature and is therewith inconclusive.

Treatment response (SCORADS50) could not be predicted
based on the cytokine/chemokine profile of a patient at baseline.

JEADV 2020, 34, 1545-1554

Also, the changes in the cytokine/chemokine profiles of respon-
ders compared with non-responders were similar for MTX and
AZA.

Our study has some limitations. This was an explorative
study, and besides looking at the biomarker results in the MTX
and AZA group separately, we also pooled the groups because of
the small sample sizes. However, MTX and AZA have a different
mechanism of action, and it is unknown how these mechanisms
have influenced the data. This is an important issue that should
be investigated in future studies.

It is a relative small study, and more than 50% of the AD
patients had values below the lower limit of detection (LLD) at
baseline for TSLP, IL-5 IL-1o and G-CSF. These cytokines were
excluded from analysis, and therewith, we could have missed
some potential biomarkers.

A combination of biomarkers shows a better correlation
with disease severity27; however, in this explorative study, mul-
tivariable analysis was not sensible as the number of subjects
was low.

In conclusion, serum levels of TARC, CTACK, IL-13 and
VEGF significantly decreased upon treatment. None of the
investigated biomarkers could discriminate between responders
and non-responders, and biomarker profiles between FLG
mutation carriers were similar to those in non-FLG mutation
carriers.
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