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Capsulesummary:
MiRNA-155 contributes to the inflammatory processAD by regulating the expression of the
high-affinity receptor for IgE (FaRI) via its transcription factor PU.1. miRNA-155 yna

represent an interesting new target in AD therapy.
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Abbreviations:

AD - Atopic dermatitis

CD34LC — CD34 hematopoietic stem cell-derived LC
DC — Dendritic cell

FceRI - high-affinity receptor for IgE

FSL-1 — Fibroblast-stimulating lipopeptide (P&ys-GDPKHPKSF)
LC — Langerhans cell

LPS — Lipopolysaccharide

LTA — Lipoteichoic acid

MiRNA — microRNA

P3C — Pam3Cys-SKKKK

rFl — relative fluorescence index

Sa. — Saphylococcus aureus

Sp. — Sreptococcus pyogenes

SNP — single nucleotide polymorphism
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Totheeditor

MicroRNA (miRNA) have been shown to be importanhefi tuners of posttranscriptional
regulation of gene expression. In the immune systexm special miIRNA have been extensively
investigated: miRNA-146a is constitutively exprekse Langerhans cells (LC) and facilitates
endotoxin-induced tolerance, while miRNA-155 isundd upon activation in macrophages and
dendritic cells (DC) and can promote or supprefiariimatior’ 2 miRNA-155 binds to PU.1, a
key factor promoting the transcription of the hiffinity receptor for IgE (FeRlI). In atopic
dermatitis (AD), a multifactorial severe skin disea FERI is expressed on epidermal
Langerhans cells (LC) and inflammatory dendriticidepmal cells (IDEC). AD skin is
predominantly colonized witlstaphylococcus aureus (Sa.) that can be recognized by Toll-like
receptors (TLR). TLR activation am vitro generated LC results in a down-regulation céRAc
expression The aim of the present study was to explore egry processes of ERI
expression after TLR signaling-related miRNA expres. We showed that TLR-induced and
ectopic mIRNA-155 decreaseddRd on LC in a PU.1-dependent manner.

We used hematopoietic CD34tem cell-derived LC (CD34LC) generated from huncand
blood (provided by the Johanniter-Hospital Bonn #mel St. Marien-Hospital Bonn, Germany,
and with the approval of the local ethics commitiééhe University of Bonn in accordance with
the declaration of the Helsinki principles) fomstilation or for transfection experiments (Online
Repository Table El and Ell). CD1aells were obtained using CD1a-MircoBeads enrigitme
(Miltenyi Biotec GmbH, Germany). Mean purity of C83enriched cells was 83+12 %. CD1a
cells were subject to flow cytometry analysis, qPCitibodies and primers see Online
Repository Table Elll and EIV) and TagMaMicroRNA Assays for hsa-miRNA-155-5p, hsa-
mMiRNA-146a-5p and control RNU48 (Life Technolog@mbH, Germany). Significances (two-
tailed Wilcoxon signed-rank tests), Pearson cadiimdla and correlation significances were
calculated using IBM SPSS Statistics 22 softwaBd/(Deutschland GmbH, Germany).

Our first experiments tested whether miRNA-155 amékNA-146a were involved in TLR2-
induced modulation of ERI expression in CD34LC. miRNA-155 was highly inédddoy TLR2
ligation (Fig. 1A). CD34LC were transfected withepmiRNA-155 and pre-miRNA-146a.
Transfection specificities were verified by TagfiavicroRNA Assays (Fig. 1B-C). The levels
of both PU.1 (Fig. 1D) and ERI (Fig. 1E-G) were reduced significantly in theepence of
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ectopic miRNA-155 in comparison with the controhefe was no effect in the presence of
ectopic pre-miRNA-146a. Thus, transfection of CD@4lith ectopic miRNA-155 was sufficient

for TLR-induced FeRI regulation via its transcription factor PU.1.

The effect of different TLR engagements on the esgpion of miRNA, PU.1 and ERI were
then investigated. miRNA-155 expression was shownbé induced strongly with P3C
(8.5+4.8-fold) followed by FSL-1 (7.1+3.2-fold) andTA (4.4+2,2-fold). PU.1 and FeRI
expressions were reduced significantly and invgrpebportional to miRNA-155 levels in all
cases (Fig. 2A). Bacterial suspensionSaf (Pansorbifl) and ofSp. (serotype M49 strain 591)
were then used to mimic the influence of AD-relagith bacteria and LPS to address TLRA4.
mMiRNA-155 was induced significantly by LPSa., Sp. and P3C (Fig. 2B)PU.1 decreased
significantly with all four stimuli, but showed trsdrongest reduction witBa. (-57+14 %) and
Sp. (-55£20 %) followed by P3C (-54+7 %) and LPS (-38#%) (Fig. 2B). FeRI was decreased
strongly at the mRNA and protein levels after emehtment. In addition, there was a significant
negative correlation dU.1 andFCERIA mRNA with miRNA-155 on one hand but a significant
positive correlation betwedfCER1A andPU.1 mRNA (Fig. 2C) on the other hand. In contrast,
PU.1 and FCERI1A did not correlate with miRNA-146a (Online Reposjtd-ig. S1). Taken
together, the results show that when miRNA-155 imdsiced upon TLR2 and TLR4 activation
on LC there was a significant regulating effectlawering the levels oPU.1 and subsequently
FceRlI.

Among inflammatory cells in AD, DC have been shotenexpress miRNA-155 Therefore,
since FeRI on DC is assumed to be a key structure in thiarmmatory process of AD, we
investigated the influence of miRNA-155 and miRNA6&a on FeRI expression. Upon TLR2
engagement miRNA-155 was highly induced, while miRNi6a showed only little increase.
Ectopic and different TRL-induced miRNA-155 suféotly down-regulatedPU.1 and
subsequently FBRRI. Negative correlations of miRNA-155 withU.1 and FCER1A expression
and positive correlations fdfCERLA and PU.1 supported a relationship between miRNA-155
levels and FeRlI via PU.1.

A contradictory point is the high expression oElRton cutaneous DC in the frequent presence

of skin colonization withSa. in AD. Our data would imply a down-regulation dietreceptor
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following the miRNA-155-PU.1-FRI pathway, but miRNA-155 as well as PU.1 themsslve
have been described to be elevated in AD®.ttm murine bone marrow derived mast cells
(BMMC) PU.1 mRNA and protein levels are increased upon ILf8atmerf, an interleukin that
is found to be released uporeRe cross-linking in mice and, controversially dissad, in human
mast cells, but also in keratinocytes and endathetlls of lesional AD skin® Additionally,
IL-33 can be positively regulated by miRNA-155 aswn in chronic allergen challenged murine
type 2 innate lymphoid cells (ILC2)Transferring the knowledge taken from the literatto our
system, one could suggest that miRNA-155-induced. R¥pression via IL-33 is more powerful
than a concurrent down-regulation of PU.1 througreai miRNA-155/mRNA interaction.
However, in AD, a high expression of PU.1 may owvete miRNA-155 levels and thus PU.1
down-regulation is reduced. Another point is theidence of several single nucleotide
polymorphisms (SNP) in the receptor’'s promotor sagivhich go along with an increaseceRt
expression in AD. SNP can also be found in the BRU of PU.1 (see:
https://www.ncbi.nlm.nih.gov/snp/?term=SPI1n silico analysis revealed that none of the
known SNP in the PU.1 3’ UTR affects the bindingioa of miRNA-155 (data not shown).

In summary, several factors may contribute to ggulkation of FERI expression on cutaneous
DC. We have shown that different TLR stimuli as Ivasd whole bacterial lysates were able to
significantly induce miRNA-155 and thereby decre&seRl levels inin vitro LC in a PU.1
dependent manner. These findings support the hgpisttfor a functional TLR-miRNA-155-
PU.1-FeRI regulatory network in CD34LC. The sustainedvat®n of FeRI in AD may

therefore be owing to an interruption in the dialedpetween miRNA and PU.1.
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FigureLegends

Figure 1 Ectopic miRNA-155 decreases PU.1 and FceRl expression. CD34LC were left
untreated (Q), were treated with P3C or were temniefl with indicated pre-miRNA for 24 h.
Mean values = SEM of stimulation experiments (na® shown (A). miRNA expressions (B)
and mean values + SEM of miRNA levels (C), of mRNA E) and rFI (F) of transfected cells
(n=8-10) are depicted. Representative histogramBceRRl protein expression are shown (G).
(RQ=relative quantitation) *p<0.05; **p<0.01

Figure 2 Different TLR stimuli were able to decrease PU.1 and FceRIl expression. CD34LC
were left untreated (&) or were treated as inditared analyzed by TagmaMicroRNA Assays
and qPCR. Mean values + SEM of miRNA-155-5p, mRM#®els ofPU.1 and FCER1A and rFI

of FcceRI from n=5-8 experiments are shown (A, B). Pearsomrelations and correlation
significances oACT values ofPU.1, FCERLA and miRNA-155 of stimulation experiments are
depicted. *p<0.05



RQ

16
12

0J mP3C

*

miRNA-155 (ARn)

_——

MIiRNA-155 miRNA-146a

10000
Ln
Q§1ooo
<=
53 100
S 10
1
50
E 40
"<zt 30
D)
@ 20
=
— 10
o
~ 0
10
T
QO S
LL\./

O N b~ OO

a
H
)
°
. 1 1
Ctr. Pre-155
* n.s

(1]

Pre-155 Pre-146a

** n.s.

i |

Pre-155 Pre-146a

o Ctr.

Cycle
10000 -

3

:F § 1000 A

<( —

100 -
prd

ze

= 10 A

1
E
12 -
= 10 A
< 3 8 -
nd <Z‘: 6 -
L &
CE 47
A
~ 0
G
1001
_ 801

©
3 601

e
401
201
0

# Pre-miR

2

Pre-146a

mMiRNA-146a (ARnN)
H

oD ¢

Ctr. Pre-146a

*x n.s.

i |

Pre-155 Pre-146a

A Citr.

A Pre-146a
Isotype

—1030 103 104 105

FceRI-FITC

Figure 1



FCER1A PU.1 miRNA-155
(rel. mRNA level)

(rel. mRNA level)

FceRlI

(RQ)

(rkF1)

PU.1

16 - o 30
12 - * u“'.) ~ 20
<O
° < 10
4 - i £
0 +—uim__ 0
@ FSL1 LTA
*
60 - < 40
3 g
40 A - <Z(
20 A 2z 2
£ 10
0 A g 0
FSL-1 LTA
*
25 - — a 16
20 * 2 12
15 - < 2
J< 8
10 - =
OX 4
5 - i L £
O = T i T g O
@ FSL-1 LTA P3C
*
6 - — 16
4 * 12

FceRI
(rFI)

4
0 A iii—. 0

FSL 1 LTA

8{ R? Linear = 0,473

2 0
miRNA-155
r= 0.688, p =0,000

FCER1A

P3C

(=]
hi

-
=)
|

-
)
|

o
|

R? Linear = 0,652

> o 2
MiRNA-155
r= 0.807, p = 0,000

LPS S.a.

j

(N1

LPS S.a. P3C
*
*
*
*
| E— T Ti—
@ LPS Sa Sp. P3C
*
*
*
*
T i T — T miim T
@ LPS Sa Sp. P3C

FCER1A

@

1 R? Linear = 0,624

y
PU.1
r= 0.790, p = 0,000

Figure 2



o O b~

N. Leib et al.

Online Repository

Table EI Ligands and concentration used for TLR mediated stimulation of CD34LC.

Stimulant/  Manufacturer’s specifications Final
Treatment concentration
FSL-1 Description:  Synthetic diacylated lipoprotei 16.6 x 13
Derived from: represents lipopoprotein LP44 Mfycoplasma salivarium pg/mL
Ligand for:  TLR2/TLR6
Manufacture: EMC microcollections GmbH, Tibingen, Germany
LTA-SA Description:  purified lipoteichoic acic Enodotoxin<1.25 EU/mg 1.0 pg/ml
Derived from: Staphylococcus aureus
Ligand for: range from 10 ng/mL to 10 pg/mL only activatédR?2
Manufacture: InvivoGen, San Diego, CA, USA
LPS Description:  ultra-pure lipopolysaccharit 0.1 pg/ml
Derived from: E. coli 0111:B4
Ligand for:  TLR4
Manufacture: InvivoGen, San Diego, CA, USA
M 49 Description:  Hea-killed bacteri 6.5 x 1€
vaccine Derived from: Streptococcus pyogenes serotype M49 cells/mL
POD 591 Ligand for:  TLR2
Manufacture: kind gift from R. Litticken, University of Aachen,
Germany
Pansorbin Description:  Hea-killed, formalir-fixed 10 uL
Derived from: Saphylococcus aureus Cowan 1 suspension/mL
Ligand for:  TLR2
Manufacture: ®Merck KGaA, Darmstadt, Germany
P3C Description:  Synthetic triacylated lipopepti 1.0 pg/ml
Derived from: -
Ligand for: TLR1/TLR2
Manufacture: EMC microcollections GmbH, Tubingen, Germany
“untreated” - equal volume

of medium
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Online Repository

Table Ell miRNA molecules used for transfection experiments. miRNA precursor and inhibitor

molecules were purchased from Life Technologies Bnibarmstadt, Germany.

miRNA Name

miRBase Accession #

Species

. ® .
Ambion Pre-miR™ Precursor

for hsa-miR-155-5p

MIMATO000646

Homo sapiens

. ® .
Ambion Pre-miR™ Precursor

for hsa-miR-146a-5p

MIMAT0000449

Homo sapiens

®
Ambion Pre-miR™ miRNA Precursor

Molecules - Negative Control # 1

synthetically derived miRNA

BLOCK-iT™ Alexa Fluof Red

Fluorescent Control (Ambion™)

synthetically derived miRNA
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Online Repository

Table Elll Antibodies used for flow cytometry analysis.

Antibody / Immunogen/ Clone Species Isotype Manufacturer
Conjugation  Specificity

CD14-APC  human CD14 TUK4 mouse IgG2a  Miltenyi Biotec GmbH,
Bergisch Gladbach,
Germany

FceRla human FeRla AER-37 (CRA1) mouse IgG2b,k eBioscience, San
Diego, CA, USA

Goat anti- mouse IgG Fcgpolyclonal goat IgG Jackson

mouse IgG, ImmunoResearch

FcFITC Europe Ltd., Suffolk,
UK

CDla human CDla SFCI19ThylA8 mouse IgG1 Beckman Colrtey

(T6-RD1) Krefeld, Germany
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Table EIV Oligonucleotides used for gPCR. Oligonucleotideswere purchased from Life

Online Repository

Technologies GmbH, Darmstadt, Germany.

Gene Forward sequence (5'- 3’) Reverse sequence (55 3")

ACTB AGCGCGGCTACAGCTTCA TCCTTAATGTCACGCACGATTT
FCER1A GGCAGCTGGACTATGAGTCTGA CTTCTCACGCGGAGCTTTTATT
FCER1G GATGCCATCCTGTTTCTGTATGG CACTTGGATCTTCAGTCGACAGTAG

PU.1

GGAGAGCCATAGCGACCATT

GGAGCTCCGTGAAGTTGTTC




Figure S1 miRNA-146a expression does not correlate with PU.1 and FCER1A levels. Pearson
correlations oACT values ofPU.1, FCER1A and miRNA-146a of stimulation experiments from
Figure 2 are shownr£Pearson correlation)

Figure S2 miRNA-155 downregulates MYD88. CD34LC were transfected with indicated pre-
MiRNA for 24 h. Mean values £+ SEM dYD88 mRNA levels of n=7-9 experiments are shown.
(RQ = relative quantitation), *p<0.05
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