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Abstract

BACKGROUND AND PURPOSE: Homoharringtonine (HHT) is a drug for treatment of chronic myeloid leukemia. This study

investigated the role of homoharringtonine in allergic inflammations. EXPERIMENTAL APPROACH: Mouse model of atopic

dermatitis (AD) induced by DNFB and anaphylaxis employing DNP-HSA were used to examine the role of homoharringtonine

in allergic inflammations. We investigated roles of miR-183-5p, regulated by HHT in RBL2H3 cells, in AD and anaphylaxis.

KEY RESULTS: HHT exerted negative effects on in vitro allergic inflammation and attenuated clinical symptoms associated

with AD. AD increased the expression levels of hallmarks of allergic inflammation and induced features of allergic inflammation

in rat basophilic leukemia (RBL2H3) cells. HHT prevented DNFB from increasing the expression of Th1/Th2 cytokines in

mouse model of AD. HHT inhibited passive cutaneous anaphylaxis and passive systemic anaphylaxis. MiR-183-5p inhibitor

inhibited anaphylaxis and AD. B cell translocation gene 1 (BTG1) was shown to be a direct target of miR-183-5p. BTG1

prevented antigen from inducing molecular features of in vitro allergic inflammation. AD increased the expression of NF-

kB, and NF-kB showed binding to the promoter sequences of miR-183-5p. NF-kB and miR-183 formed positive feedback to

mediate in vitro allergic inflammation. Curcumin inhibited in vitro allergic inflammation and attenuated AD by regulating

the expression levels of miR-183-5p and BTG1. Curcumin and miR-183-5p inhibitor prevented cellular interactions involving

mast cells and macrophages in AD. CONCLUSIONS AND IMPLICATIONS: HHT can be developed as anti-allergy drug and

NF-κB- miR-183-5p-BTG1 axis can serve as a target for the development of anti-allergy drugs.

Abbreviations

AD, atopic dermatitis; BTG1, B cell translocation gene 1; DNFB, 2, 4,-dinitrofluorobenzene; DNP-HSA,
2,4-dinitrophenyl human serum albumin; H&E, hematoxylin and eosin; HHT, Homoharringtonine; miRNA,
microRNA; PCA, passive cutaneous anaphylaxis; PSA, passive systemic anaphylaxis; RBL2H3, rat basophilic
leukemia; UTR, untranslated region

Keywords: Anaphylaxis; Atopic dermatitis; Homoharringtonine; miR-183-5p; NF-kB

Running title: Anti-allergic effect of homoharringtonine

Introduction

Homoharringtonine (HHT), a protein translation inhibitor of plant alkaloid, exhibits cytotoxic effect against
acute myeloid leukemia cell lines. HHT shows cytotoxic effects against acute lymphoblastic leukemia (ALL)
cells and chronic myeloid leukemia (CML) cells by decreasing expression of Bcl-6 (Wang et al., 2017). It
inhibits tumorigenic potential of gefitinib-resistant non-small cell lung cancer cells (Caoet al., 2015), inhibits
infiltration of imatinib-resistant mast tumor cells harboring imatinib-resistant D814Y KIT gene (Jin et al.,
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2010) and the in vitro growth of triple-negative breast cancer cells by decreasing expression levels of anti-
apoptotic proteins such as Bcl-2, survivin and X-linked inhibitor of apoptosis protein (XIAP) (Yakhni et
al., 2019). Bcl-XL, an anti-apoptotic protein, confers protection against cytotoxic effect of HHT in human
leukemia cells (Linet al., 2011).

HHT in combination with hsp90 inhibitor IPI504 synergistically inhibits leukemia cells by exerting apoptotic
effects (Wu et al., 2019). Abivertinib, an inhibitor of Bruton’s tyrosine kinase (BTK), in combination with
HHT have synergistic effect in treating acute myeloid leukemia cells (Huang et al., 2019). HHT in combi-
nation with bortezomib exert cytotoxic effects against diffuse large B cell lymphoma (DLBCL) and mantle
cell lymphoma (MCL) cells by myeloid leukemia cell differentiation protein-1 (MCL-1) down-regulation,
Phorbol-12-Myristate-13-Acetate-Induced Protein 1 (PMAIP1) up-regulation, and Bcl-2 homologous antag-
onist/killer (BAK) activation (Nguyen et al., 2018).

HHT binds to NF-κB repressing factor (NKRF). Second double-strand RNA-binding motif (DSRM2) domain
of NKRF is necessary for binding of HHT to NKRF. HHT shifts NKRF from the nucleus to the cytoplasm,
strengthens the p65-NKRF interaction, and interferes with p65-p50 complex formation, thereby attenuating
the transactivation activity of p65 on theMYC gene (Chen et al., 2019b). HHT binds to myosin-9. The
increased expression level of myosin-9 is correlated with enhanced apoptotic effect of HHT (Zhang et al.,
2016). HHT decreases the expression of KIT , a frequently mutated and/or highly expressed gene in t (8;
21) Acute Myeloid Leukemia (AML), in concert with MYC down-regulation (Chen et al., 2019b).

In this study, we examined roles of HHT in allergic inflammations. HHT attenuated atopic dermatitis (AD)
and exerted negative effects on anaphylaxis. MiR-183-5p was one of those miRNAs that was regulated by
HHT during in vitro allergic inflammation. MiR-183-5p was shown to mediate AD and anaphylaxis. NF-kB
was responsible for the increased expression of miR-183-5p during allergic inflammation. BTG1served as a
target of miR-183-5p and inhibited in vitro allergic inflammation. Anti-atopic and anti-anaphylactic effects
of HHT have not been reported. The mechanisms of anti-allergic effects by HHT merit further investigation.
We provided evidence that HHT can be developed as anti-allergy drug and that miR-183-5p-BTG1 axis can
be a target for the development of anti-allergy drugs.

Methods

Animals

Female BALB/C mice that were five week old were purchased from Nara Biotech (Seoul, South Korea)
and were group housed under specific pathogen-free conditions in the animal facility of the Kangwon Na-
tional University. All animal experiments were approved by Institutional Animal Care and Use Committee
(IACUC) of Kangwon National University (KW180823-1).

Materials

2, 4-dinitrofluorobenzene (DNFB) was purchased from Sigma-Aldrich (St. Louis, MO, United States). All
other chemicals used in this study were also purchased from Sigma-Aldrich (St. Louis, MO, United States).
The following antibodies were obtained from Santa Cruz Biotechnology (Dallas, TX, United States): hi-
stone deacetylase 3 (HDAC3), cyclooxygenase-2 (COX-2), monocyte chemoattractant protein 1 (MCP1),
Lyn, SOCS1, Fc?RIβ, and actin. Anti-mouse and anti-rabbit IgG horseradish peroxidase (HRP)-conjugated
antibodies were purchased from Thermo Pierce (Rockford, IL, United States). The jetPRIME transfec-
tion reagent was purchased from Polyplus (NY, United States). The miRNA inhibitor was purchased from
Bioneer Company (Daejeon, South Korea). Primers used in this study were commercially synthesized by
Bioneer Company (Daejeon, South Korea). The chemical library used in this study was kindly provided by
Korea Chemical Bank of Korea Research Institute of Chemical Technology.

Cell Culture

Isolations of mast cells and macrophages were performed according to the standard procedures with slight
modifications (Eom et al., 2014). Rat basophilic leukemia (RBL2H3) cells were obtained from the Korea Cell
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Line Bank (Seoul, South Korea). Cells were grown in DMEM containing heat-inactivated fetal bovine serum,
2 mM L-glutamine, 100 U/ml penicillin, and 100 μg/ml streptomycin (Invitrogen). Cultures were maintained
in 5% CO2 at 37°C. Human keratinocyte HaCaT cells were purchased (HDFa lot #1780051, Gibco, Grand
Island, NY, United States) and expanded in Dulbecco’s modified eagle medium (DMEM; Gibco, Grand
Island, NY, United States) containing 8% fetal bovine serum (Gibco, Mulgrave Victoria, Australia) at 37°C
with 5% CO2.

β-Hexosaminidase Activity Assays

β-hexosaminidase activity assays were performed according to the standard procedures (Nohet al., 2017).

Immunoblot and Immunoprecipitation

Immunoblot and immunoprecipitation were performed according to the standard procedures (Noh et al.,
2017).

MiRNA Array Analysis

The miRNA expression analysis was performed by using miRNA Array III kit (Signosis, CA, United States)
following the manufacturer’s instructions. Five μg of total miRNA was annealed to an oligonucleotide primer
mix and hybridized to 132 miRNA oligonucleotide probes. Streptavidin-HRP chemiluminescence was used
for the detection of miRNA expression.

MiRNA Target Analysis

Genes that contain the miR-binding site(s) in the untranslated region (UTR) were obtained using the Tar-
getScan program.

MiRNA Extraction and Quantitative Real-Time PCR

Total miRNA was isolated with the miRNeasy Micro Kit (Qiagen, CA, United States) following the standard
protocol from the manufacturer. The extracted miRNA was reverse transcribed using a miScript II RT Kit
(Qiagen, CA, United States) with universal RT primer. The expression level of miR-183-5p was quantified
with SYBR Green Master Mix (Qiagen, CA, United States) using a miRNA-specific forward primer and
universal reverse primer. Relative expression of miRNA was calculated using the 2-ΔΔ῝Τ method (ΔCT =
CTmiR-CTreference). The U6 small nuclear RNA was used as an endogenous control for data normalization.
The expression levels of T-helper 1 (Th1)/T-helper 2 (Th2) cytokines and BTG1 were also quantified by
quantitative real-time PCR (qRT-PCR) analysis.

Transfection

Transfections were performed according to the manufacturer’s instructions. Lipofectamine and Plus
reagents (Invitrogen) were used. For miR-183-5p knockdown, cells were transfected with 10 nM
oligonucleotide (inhibitor) with Lipofectamine 2000 (Invitrogen), according to the manufacturer’s proto-
col. The sequences used were 5’-AGUGAAUUCUACCAGUGCCAUA -3’ (miR-183-5p inhibitor) and 5’-
TAACACGTCTATACGCCCA -3’ (control inhibitor).

Luciferase activity assays

To generate the pGL3 3’-UTR-BTG1 construct, a 947-bp mouse BTG1 gene segment encompassing 3’-UTR
was PCR-amplified and subcloned into the XbaI site of pGL3 luciferase plasmid. The mutant pGL3 3’-UTR-
BTG1 construct was made with the Quick Change site-directed mutagenesis kit (Stratagene). Luciferase
activity assay was performed according to the instruction manual (Promega).

pFlag-BTG1construct was made by PCR amplification and cloning into Flag-tagged pcDNA3.1 vector.

Chromatin Immunoprecipitation Assays

Assays were performed according to manufacturer’s instruction (Upstate). For detection of the binding of pro-
tein of interest to miR-183-5p promoter sequences, specific primers of miR-183-5p promoter-1 sequences [5’-
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GGCCCAGAATCTACTGATAGTG -3’ (sense) and 5’- TAAGTCTCTCTGGAGCTGGTG -3’ (antisense)],
miR-183-5p promoter-2 sequences [5’- CACCAGCTCCAGAGAGACTT -3’ (sense) and 5’- AGAGGCCCA-
GAAGGTAAGAC -3’ (antisense)], miR-183-5p promoter-3 sequences [5’- GTCTTACCTTCTGGGCCTCT
-3’ (sense) and 5’- GACTGATTTCTTGGGTTTGCAG -3’ (antisense)], and miR-183-5p promoter-4 se-
quences [5’- AGCCCCGTCTTTCTCCTT -3’ (sense) and 5’- CAGACCCTACAGAGAGGTCA -3’ (anti-
sense)] were used.

Histological Examination

Skin samples were collected, fixed with 10% neutral buffered formalin, and embedded in paraffin. Sections (5
μm thickness) were prepared and stained with haemotoxylin and eosin (H&E) or toluidine blue for leukocyte
infiltration or mast cell infiltration and degranulation, respectively.

Immunohistochemical Staining

Immunohistochemical staining of tissues was performed using an established avidin-biotin detection method
(Vectastain ABC kit, Vector Laboratories Inc., Burlingame, CA, United States). 4–6 μm-thick sections of
the paraffin-embedded tissue blocks were cut, mounted on positively charged glass slides, and dried in an
oven at 56°C for 30 min. The sections were deparaffinized in xylene and then rehydrated in graded ethanol
and water. Endogenous peroxidase was blocked by incubation in 3% (v/v) hydrogen peroxide for 15 min.
Antigen retrieval was accomplished by pretreatment of the sections with citrate buffer at pH 6.0 for 20 min
at 56°C in a microwave oven, and then the sections were allowed to cool for 30 min. Nonspecific endogenous
protein binding was blocked using 1% bovine serum albumin (BSA). The sections were then incubated
with primary antibodies overnight at 4°C. The following primary antibodies were used: anti-HDAC3 (1:100,
Santa Cruz Biotechnology); anti-MCP1 (1:100, Invitrogen); anti-CD163 (1: 700, Abcam); anti-TSLP (1:500,
Abcam); anti-BTG1 (1:200, Abcam), and anti-inducible nitric oxide synthase (iNOS) (1: 500, Santa Cruz
Biotechnology). After washing, biotinylated secondary antibodies were applied at 1:100 or 1:200 dilutions for
1 h. Color was developed with diaminobenzidine (Vector Laboratories, Inc.). Sections were counterstained
with Mayer’s hematoxylin. The sections incubated without primary antibody served as controls. To visualize
tissue mast cells, the sections were stained with 0.1% toluidine blue (Sigma) in 0.1 N HCl for 15 min.

Immunofluorescence staining

Cells were seeded onto glass coverslips in 24-well plates and were fixed with 4% paraformaldehyde (v/v)
for 10 min and then permeabilized with 0.4% Triton X-100 for 10 min. Cells were incubated with primary
antibody specific to CD163 (1:100; Abcam), iNOS (1:100; Santa Cruz Biotechnology), or NF-kB (1:200,
Cell signaling Technology) for 2 h. Anti-rabbit Alexa Fluor 488 (for detection of iNOS) or anti-goat Alexa
Fluor 546 (for detection of CD163 and NF-kB) secondary antibody (Molecular Probes) was added to cells
and incubated for 1 h. Fluorescence images were acquired using a confocal laser scanning microscope and
software (Fluoview version 2.0) with a X 60 objective (Olympus FV300, Tokyo, Japan).

Induction of Atopic Dermatitis in BALB/C Mice

Symptoms of atopic dermatitis (AD) were induced by using DNFB, as previously described (Kwon et al.,
2010), with minor modifications. Briefly, the upper backs of the mice were shaved with a clipper. After 24
h, 150 μl of 1% DNFB in acetone: olive oil mixture (3:1 vol/vol) was topically applied on days 1 through 8.
Later, the same dose of 0.2% DNFB was applied four times a week. Dermatitis scores of 0 (none), 1 (mild),
2 (moderate), and 3 (severe) were given for each of the four symptoms: dryness, excoriation, erosion, and
erythema and edema. The sum of the individual scores was used as the clinical severity.

Passive Cutaneous Anaphylaxis (PCA)

The BALB/C mice were sensitized with an intradermal injection of 2, 4-dinitrophenol (DNP)-specific IgE (0.5
μg/kg). After 24 h, the mice were challenged with an intravenous injection of DNP-human serum albumin
(HSA) (250 μg/kg) and 2% (v/v) Evans blue solution. After 30 min of DNP-HSA challenge, the mice were
euthanized, and the 2% (v/v) Evans blue dye was extracted from each dissected ear in 700 μl of acetone/water

4
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(7:3) overnight. The absorbance of Evans blue in these extracts was measured with a spectrophotometer
at 620 nm. To determine the effect of miR-183-5p on the PCA, BALB/C mice were given an intradermal
injection of IgE (0.5 μg/kg) and intravenous injection of the indicated inhibitor (each at 100 nM). The next
day, BALB/C mice were given an intravenous injection of PBS or DNP-HSA (250 μg/kg) along with 2%
(v/v) Evans blue solution for determining the extent of vascular permeability accompanied by PCA. Later,
1 h after the injection of Evans blue solution, the dye was eluted from the ear in 700 μl of formamide at
63°C. The absorbance was measured at 620 nm.

Passive Systemic Anaphylaxis (PSA)

To determine effect of miR-183-5p on passive systemic anaphylaxis, BALB/C mice were given an intravenous
injection of control inhibitor (100 nM) or miR-183-5p inhibitor (100 nM). The next day, BALB/C mice were
sensitized by intravenous injection of IgE (0.5 μg/kg). The next day, the sensitized mice were intravenously
injected with DNP-HSA (250 μg/kg). Changes in core body temperature associated with systemic anaphy-
laxis were monitored by measuring changes in rectal temperatures using a rectal probe coupled to a digital
thermometer.

Statistical Analysis

Data were analyzed and graphed using the GraphPad Prism statistics program (GraphPad Prism software).
Results are presented as means ± SE. Statistical analysis was performed using t -tests with differences
between means considered significant when p < 0.05.

Results

HHT inhibits in vitro allergic inflammation

To identify the chemical compounds that inhibit allergic inflammations, we screened chemical library, con-
sisting of 1019 chemicals derived from natural products. We hypothesized that chemicals that inhibit β-
hexosaminidase activity would negatively affect in vitro and in vivo allergic inflammations. We identified
several compounds that prevented antigen (DNP-HSA) from increasing β-hexosaminidase activity in rat ba-
sophilic leukemia cells (RBL2H3). Among these compounds, homoharringtonine (HHT) showed the most
potent effect against β-hexosaminidase activity (data not shown). HHT activates the TGF-β pathway via
phosphorylation of smad3 (Ser423/425 (Chen et al.,2017). TGF-β inhibits allergic inflammation (Noh et al.,
2017). We therefore hypothesized that HHT might affect allergic inflammation. HHT, in a dose-dependent
manner, prevented antigen from increasing levels of hallmarks of allergic inflammation such as HDAC3,
SOCS1 and TGaseII in RBL2H3 cells (Figure 1A). HHT also prevented antigen from increasing expres-
sion levels of HDAC3, SOCS1 and TGaseII in lung mast cells (Figure 1A). HHT prevented antigen from
inducing interactions of FcεRI with Lyn and HDAC3 (Figure 1B) and prevented antigen from increasing
the β-hexosaminidase activity in RBL2H3 cells (Figure 1C). The regulatory role of HHT in in vitro allergic
inflammation has not been reported.

HHT inhibits anaphylaxis

HHT exerted a negative effect on passive cutaneous anaphylaxis (PCA) employing BALB/C mouse (Figure
2A). HHT prevented antigen (DNA-HSA) from increasing β-hexosaminidase activity (Figure 2B). HHT
prevented antigen from increasing levels of hallmarks of allergic inflammations and from inducing interactions
of FcεRI with Lyn, HDAC3, and SOCS1 (Figure 2C).

HHT prevented DNP-HSA from reducing rectal temperature in BALB/C mouse model of passive systemic
anaphylaxis (PSA) (Figure S1A). HHT prevented antigen from increasing β-hexosaminidase activity (Figure
S1B) and levels of hallmarks of allergic inflammations (Figure S1C), and from inducing interactions of FcεRI
with Lyn and SOCS1 (Figure S1C). Immunohistochemical staining showed that HHT alos prevented antigen
from increasing expression of HDAC3 (Figure S1D).

HHT inhibits AD
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AD shares common molecular features with anaphylaxis (Kim et al.,2018a). We examined the effect of HHT
on AD. HHT attenuated clinical symptoms associated with AD induced by 2, 4,-dinitrofluorobenzene (DNFB)
(Figure 3A). HHT prevented AD from increasing levels of hallmarks of allergic inflammations, such as thymic
stromal lymphopoietin protein (TSLP), COX2, MCP1, and CXCL10 (Figure 3D). TSLP is a marker of AD.
AD is closely related with the increased production of Th1 cytokines such as CXCL10 (Brunner et al., 2017).
HHT prevented AD from regulating expression levels of CD163 and iNOS, markers of M1 (classical) and
M2 macrophages (alternative), respectively (Figure 3D), and from inducing interactions of FcεRI with Lyn,
HDAC3, and SOCS1 (Figure 3D). Mast cells were isolated from skin tissues of BALB/C mice under AD
without or with HHT treatment. Immunoblot and immunoprecipitation showed that HHT exerted negative
effects on molecular features associated with AD (Figure 3E). AD increased expression levels of T-bet and
GATA, but decreased expression of FoxP3 (Figure 3F). T-bet and GATA-3 are transcriptional factors of Th1
cells and Th2 cells, respectively. Foxp3 is a specific transcriptional factor of Treg cells. HHT prevented AD
from increasing expression levels of HDAC3 and MCP1 (Figure S2A), regulating expression levels of iNOS
and CD163 (Figure S2A), inducing epidermal hyperplasia (Figure S2B) and increasing number of activated
mast cells (Figure S2B). It also prevented DNFB from increasing β-hexosaminidase activity (Figure 3B) and
the amount of histamine released (Figure 3C). We examined whether DNFB, just like DNP-HSA, would
induce features of allergic inflammation. DNFB increased levels of hallmarks of allergic inflammation and
induced interactions of FcεRI with Lyn and HDAC3 in RBL2H3 cells (Figure S3). HHT prevented DNFB
from inducing features of in vitro allergic inflammation (Figure S3). Thus, HHT attenuates clinical symptoms
associated with AD by regulating molecular features of allergic inflammation.

HHT prevents AD from regulating expression of cytokines

Increased expression levels of TH1 (IFN-γ), TH2 (IL-31), and TH17/TH22 (IL-23p19/IL-8/S100A12) mRNA
expression are closely related with human AD (Guttman-Yassky et al., 2019). AD increased expression
levels of Th1 cytokines such as IL-1β, IFN-γ and TNF-α (Figure S4). AD increased expression levels of Th2
cytokines such as IL-4, IL-5, IL-6, and IL-13 (Figure S4). AD decreased expression levels of FoxP3 and IL-10
(Figure S4). HHT prevented AD from regulating expression levels of these cytokines. Thus, HHT inhibits
AD by regulating expression levels of inflammatory cytokines.

.

MiR-183-5p mediates in vitro allergic inflammation

Various studies have reported the roles of miRNAs in allergic inflammations (Nimpong et al., 2017; Kim
et al., 2019). MiRNA array analysis was performed to identify miRNAs that were regulated by HHT in
RBL2H3 cells (Figure 4A). Among these, miR-183-5p was clearly upregulated by antigen stimulation and
decreased by HHT in RBL2H3 cells (Figure 4A). MiR-183-5p is a biomarker of occupational asthma (OA)
(Lin et al., 2019). QRT-PCR analysis showed that HHT prevented antigen from increasing expression of
miR-183-5p in RBL2H3 cells and lung mast cells (Figure 4B). MiR-183-5p inhibitor prevented antigen from
increasing β-hexosaminidase activity (Figure 4C) and prevented antigen from increasing levels of hallmarks
of allergic inflammation in RBL2H3 cells (Figure 4D). MiR-183-5p inhibitor prevented antigen from inducing
interactions of FcεRI with HDAC3, Lyn, and SOCS1 (Figure 4D). Thus, miR-183-5p is necessary for in vitro
allergic inflammation.

MiR-183-5p mediates anaphylaxis

MiR-183-5p inhibitor exerted a negative effect on PCA (Figure 5A). PCA increased the expression of miR-
183-5p at the transcriptional level (Figure 5B). MiR-183-5p inhibitor prevented PCA from increasing β-
hexosaminidase activity and the amount of histamine released in BALB/C mice (Figure 5B), increasing
levels of hallmarks of allergic inflammation and CD163, however, prevented antigen from decreasing expres-
sion of iNOS (Figure 5C). MiR-183-5p inhibitor also prevented PCA from inducing interactions of FcεRI
with HDAC3, Lyn, and SOCS1 (Figure 5C). MiR-183-5p inhibitor prevented antigen from decreasing rectal
temperatures in BALB/C mouse model of PSA (Figure S5A) and from increasing β-hexosaminidase activity
in BALB/C mice (Figure S5B). PSA increased the expression of miR-183-5p at the transcriptional level

6
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(Figure S5B). MiR-183-5p inhibitor prevented antigen from increasing levels of hallmarks of allergic inflam-
mation and CD163 but prevented antigen from decreasing expression of iNOS (Figure S5C). MiR-183-5p
inhibitor also prevented PSA from inducing interactions of FcεRI with HDAC3, Lyn, and SOCS1 (Figure
S5C). Thus, miR-183-5p mediates anaphylaxis.

MiR-183-5p mediates AD

MiR-183-5p inhibitor attenuated clinical symptoms associated with AD (Figure 6A). MiR-183-5p inhibitor
prevented DNFB from increasing β-hexosaminidase activity (Figure 6B), increasing levels of hallmarks of
allergic inflammation and CD163, and from decreasing expression of iNOS (Figure 6C). MiR-183-5p inhibitor
prevented DNFB from inducing interactions of FcεRI with HDAC3, Lyn, and SOCS1 (Figure 6C). AD
increased expression levels of IL-1β, IL-2, IL-5, IL-6, IL-8, IL-17, and IFN-γ in BALB/C mouse in miR-183-
5p-dependent manner (Figure 6D). miR-183-5p inhibitor prevented DNFB from increasing expression levels
of HDAC3, MCP1, and CD163, and decreasing expression of iNOS (Figure S6A). Toluidine blue staining
showed that miR-183-5p inhibitor prevented DNFB from increasing number of activated mast cells (Figure
S6B). H&E staining showed that miR-183-5p inhibitor prevented DNFB from inducing skin hyperplasia
(Figure S6B). Thus, miR-183-5p mediates AD by regulating molecular and cellular features associated with
AD.

NF-kB regulates expression of miR-183-5p

HHT binds to NF-kB repressing factor (Chen et al., 2019b). AD induces activation of NF-kB signaling in
Nc/Nga mouse model (Sunget al., 2018). PCA activates of NF-κB signaling (Kang et al., 2019). MAPK,
PI3K/AKT, and NF-kB function as downstream signaling pathways of FcεRI (Ye et al., 2017). We therefore
examined whether NF-kB would be involved in the expression regulation of miR-183-5p. HHT and miR-
183-5p inhibitor prevented DNFB from increasing the expression of NF-kB in BALB/C mouse model of AD
(Figure S7A). HHT also prevented DNFB from increasing expression of NF-kB in RBL2H3 cells (Figure
S7A). TLR2 activates mast cells and mediates AD (Tsurusakiet al., 2016). NF-kB signaling is necessary
for TLR2 ligand–mediated skin inflammation (Jiao et al., 2016). DNFB increased the expression of TLR2
in BALB/C mouse and RBL2H3 cells (Figure S7A). HHT and miR-183-5p inhibitor prevented DNFB from
increasing expression of TLR2 in BALB/C mouse (Figure S7A). HHT also prevented DNFB from increasing
expression of TLR2 in RBL2H3 cells (Figure S7A). BAY11-7082, an inhibitor of NF-kB, prevented DNFB
from inducing nuclear translocation of NF-kB in RBL2H3 cells (Figure S7B). ChIP assay showed binding
of NF-kB to the promoter sequences of miR-183-5p (Figure S7C). Thus, NF-kB and miR-183-5p form a
positive feedback loop to mediate AD.

BTG1 acts as negative regulator of allergic inflammation

TargetScan analysis predicted BTG1 as a target of miR-183-5p. Luciferase activity assays showed that miR-
183-5p directly regulated the expression of BTG1 (Figure S8A). HHT and miR-183-5p inhibitor prevented
DNFB from decreasing the expression of BTG1 in BALB/C mouse model of AD (Figure S8B). HHT pre-
vented antigen from decreasing the expression of BTG1 in RBL2H3 cells (Figure S8C). Overexpression of
BTG1 prevented antigen from increasing levels of hallmarks of allergic inflammation (Figure 7A), prevented
antigen from inducing interactions of FcεRI with HDAC3, Lyn, and SOCS1 (Figure 7A), and prevented
antigen from increasing β-hexosaminidase activity and the expression of miR-183-5p in RBL2H3 cells (Fig-
ure 7B). DNFB decreased the expression of BTG1 in HaCaT cells (Figure 7C). Overexpression of BTG1
prevented DNFB from increasing levels of hallmarks of allergic inflammation and miR-183-5p in HaCaT
cells (Figure 7C). Thus, BTG1, a target of miR-183-5p, acts as a negative regulator of in vitro allergic
inflammation.

NF-kB mediates in vitro and in vivo allergic inflammation

TLR4-NF-kB signaling is necessary for maintaining epithelial barrier in allergic inflammation (Tao et al.,
2017). BAY11-7082, an inhibitor of NF-κB, prevented antigen from increasing expression levels of NF-
kB, pIkBSer32, TLR2, and TLR4 (Figure 8A), decreasing the expression level of BTG1 in RBL2H3 cells
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(Figure 8A). BAY11-07082 also prevented antigen from inducing interactions of FcεRI with Lyn, HDAC3,
and SOCS1 (Figure 8A). BAY11-7082 prevented antigen from increasing the expression level of miR-183-5p
and β-hexosaminidase activity (Figure 8B). BAY11-7082 rather increased the expression level of BTG1 at the
transcriptional level in unstimulated RBL2H3 cells and prevented antigen from significantly decreasing the
expression of BTG1 at the transcriptional level (Figure 8B). BAY11-7082 prevented antigen from inducing
nuclear translocation of NF-kB (Figure 8C). BAY11-7082 prevented DNFB from increasing expression levels
of pIkBSer32, hallmarks of allergic inflammation, and miR-183-5p (Figure 8D). BAY11-07082 prevented
DNFB from decreasing the expression level of BTG1 in HaCaT cells (Figure 8D). BAY11-7082 exerted a
negative effect on PCA (Figure S9A) and prevented PCA from increasing β-hexosaminidase activity and the
expression levels of BTG1 and miR-183-5p at the transcriptional level (Figure S9B), increasing the expression
levels of BTG1, NF-kB, and pIkBαSer32(Figure S9C) and decreasing the expression level of BTG1 (Figure
S9C). BAY11-7082 prevented DNFB from inducing nuclear translocation of NF-kB in HaCaT cells (Figure
S9D).

Curcumin inhibits in vitro allergic inflammation by regulating expression levels of miR-183-5p
and BTG1

Curcumin suppresses intestinal anaphylaxis by inhibiting NF-kB activation in ovalbumin-challenged allergic
mice (Kinney et al.,2015). Curcumin inhibits PCA by regulating syk activity (Lee et al., 2008). Curcumin
prevented antigen from increasing levels of hallmarks of allergic inflammation, decreasing expression level
of BTG1 in RBL2H3 cells (Figure S10A) and from increasing expression of miR-183-5p (Figure S10A).
Curcumin prevented DNFB from increasing expression levels of NF-kB and hallmarks of allergic inflammation
(Figure S10B), inducing interactions of FcεRI with HDAC3, Lyn, and SOCS1 in RBL2H3 cells (Figure S10B),
and from decreasing the expression level of BTG1 in RBL2H3 cells (Figure S10B). Curcumin inhibited
nuclear translocation of NF-κB by DNP-HSA (Figure S10C) and by DNFB (Figure S10D). Curcumin also
prevented DNFB from decreasing the expression level of BTG1 (Figure S10E) and increasing the expression
of miR-183-5p at the transcriptional level in HaCaT cells (Figure S10E).

Curcumin inhibits AD

The effect of curcumin on AD was examined. BALB/C mice were given an intraperitoneal injection of
curcumin on days of the time line (Figure 9A). Curcumin attenuated clinical symptoms associated with AD
(Figure 9A). Curcumin prevented DNFB from increasing β-hexosaminidase activity and the expression level
of miR-183-5p (Figure 9B), decreasing expression of BTG1 at the transcriptional level (Figure 9B) and from
increasing levels of hallmarks of allergic inflammation (Figure 9C). Curcumin also prevented DNFB from
inducing interactions of FcεRI with Lyn and HDAC3 (Figure 9C). Immunoblot of skin mast cells isolated
from BALB/C mouse under AD showed that curcumin prevented DNFB from decreasing expression level of
BTG1 and increasing levels of hallmarks of allergic inflammation (Figure 9D). Curcumin prevented DNFB
from decreasing expression level of BTG1, increasing expression levels of MCP1 and TSLP (Figure S11A),
from increasing number of activated mast cells and from inducing skin hyperplasia (Figure S11B).

HHT and miR-183-5p regulate cellular interactions in AD

We examined whether cellular interactions would be necessary for AD. Culture medium of skin mast cells
isolated from AD-induced BALB/C mouse increased expression levels of CD163 and hallmarks of allergic
inflammation, but decreased the expression of iNOS in macrophages (Figure 10, A and B). HHT inhibited
activation of macrophages by culture medium of mast cells from AD-induced BALB/C mouse (Figure 10,
A and B). Culture medium of mast cells from AD-induced BALB/C mouse increased expression levels of
CD163, but decreased expression levels of BTG1 and iNOS in macrophages (Figure S12, A and C). Culture
medium of mast cells from AD-induced BALB/C mouse injected with miR-183-5p inhibitor had no significant
effect on expression level of BTG1, CD163 or iNOS in macrophages (Figure S12, A and C). Culture medium
of mast cells from AD-induced BALB/C mouse injected with curcumin had no significant effect on expression
level of BTG1, CD163 or iNOS in macrophages (Figure S12, B and D). Thus, HHT and miR-183-5p inhibitor
exert anti-atopic effect by inhibiting cellular interactions involving mast cells and macrophages.
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Discussion

In this study, we showed that HHT prevented antigen from increasing expression of HDAC3 and inducing
the interaction between FcεRI and HDAC3 in RBL2H3 cells. HDAC3 mediates allergic skin inflammation
by increasing expression level of MCP1 and binds to FcεRI (Kim et al., 2012). HDAC3 is necessary for
enhanced tumorigenic and metastatic potential by allergic inflammation (Eom et al., 2014b). HDAC3 exerts
negative effect on the expression of HDAC2 in antigen-stimulated RBL2H3 cells (Kim et al., 2012). For
future studies, it would be necessary to examine effect of HHT on the expression levels of HDAC2 and other
HDACs.

HHT prevented AD and anaphylaxis from increasing expression of SOCS1. SOCS1, decreased by TGFβ,
mediates in vitro and in vivo allergic inflammation and binds to FcεRI (Noh et al., 2017). SOCS1 forms a
negative feedback loop with miR-122a-5p and mediates AD (Kim et al., 2018a). It is reasonable that HHT
may increase expression level of TGFβ and miR-122a-5p.

AD is accompanied by an increased expression levels of Th2 cytokines such as IL-4, IL-5, and IL-13 (Wang et
al., 2018). In mouse model of allergic lung disease, inhibition of pulmonary Th2 responses leads to increased
production IL-10 (Nunes et al., 2019). TSA, an inhibitor of HDACs, suppresses DNFB-induced AD by
decreasing production of Th2 cytokines such as IL-4 (Kim et al., 2010). We showed that AD increased
expression levels of TH1/TH2 cytokines but decreased the expression of IL-10. It would be interesting to
examine whether IL-10 would negatively regulate AD and anaphylaxis. HHT prevented AD from increasing
expression level of IL-17. IL-17 is closely associated with asthma and AD development (Silva et al., 2019).
IL-17 allows F-actin to interact with myosin and is critical for the contraction of airway smooth muscle cells
(Bulek et al., 2019). Decreased expression of IL-17 leads to resolution of psoriasis (Krueger et al., 2019).
IL-17 is necessary for the pathogenesis of asthma including airway hyperresponsiveness (Bulek et al., 2019).
It would be necessary to examine whether IL-17 would regulate AD and anaphylaxis.

We examined the miRNAs that were regulated by HHT. MiR-183-5p was one of those miRNAs that were
increased by antigen stimulation and downregulated by HHT in RBL2H3 cells. MiR-183-5p targets hemeoxy-
genase 1(HO-1) (Davis et al, 2017). HO-1 suppresses Th2 responses in a mouse model of ovalbumin-induced
eosinophilic asthma and reduces apoptosis of primary airway epithelial cells (pAECs) (Lv et al.,2018a). Ac-
tivation of the signaling pathway of Nrf2/HO-1 inhibits the degranulation of mast cells (Ye et al., 2017). It
is probable that HO-1 may inhibit AD and anaphylaxis. Based on these reports, we investigated the role of
miR-183-5p on AD and anaphylaxis. In this study, miR-183-5p mediated AD and anaphylaxis. It would be
necessary to identify cytokines and miRNAs that are regulated by miR-183-5p inhibitor.

TargetScan analysis predicted BTG-1 as a target of miR-183-5p. Downregulation of miR-183-5p inhibits
growth and tube formation in vascular endothelial cells via the PI3K/Akt/VEGF signaling pathway by
upregulating BTG1 (Zhang et al., 2019). BTG1 acts as a negative regulator of intestinal inflammation (He
et al., 2017). In this study, we showed that overexpression of BTG1 inhibited in vitro allergic inflammation.
The roles of BTG1 in allergic inflammations have not been reported. It would be necessary to examine
whether BTG1 would affect anaphylaxis, and to identify molecules that are regulated by BTG1.

In this study, we found that miR-19a-3p was also regulated by HHT in antigen-stimulated RBL2H3 cells.
MiR-19a-3p targets BTG1 and regulates apoptosis of castration-resistant prostate cancer cells (Lu et al.,
2015). MiR-10a-5p was also regulated by HHT in antigen-stimulated RBL2H3 cells. MiR-10a-5p acts as a
negative regulator of metastatic potential of colorectal cancer cells (Liu et al., 2017). It will be necessary to
examine effects of miRNAs on allergic inflammations.

Curcumin could be a potential therapeutic agent for skin disorders (Vollono et al., 2019). In this study, we
showed that curcumin inhibited AD by regulating miR-183-5p-BTG1 axis. It also decreases the expression
of thymic stromal lymphopoietin (TSLP), a cytokine implicated in the pathogenesis of asthma, AD, and
anaphylaxis (Moon et al.,2013; Han et al., 2014). EGF suppresses AD by regulating the expression of
TSLP (Kim et al., 2018b). TLR2 signaling increases the expression of TSLP via NF-κB and JNK signaling
pathways in allergic airway inflammation (Lv et al., 2018b). We found that TLR and TLR4 were necessary
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for in vitro allergic inflammation (data not shown). It would be necessary to examine whether HHT and
miR-183-5p-BTG1 axis would regulate the expression of TSLP.

Allergic inflammation is accompanied by an increased autophagic flux (Kim et al., 2019). Autophagy is
necessary for degranulation of mast cells (Nakano et al., 2011). Mast cell degranulation during anaphylaxis
requires ATG-7, a marker of autophagy (Ushio et al.,2011). It would be necessary to examine whether
miR-183-5p-BTG1 axis would regulate autophagic flux during allergic inflammation.

Anaphylaxis involves cellular interactions among mast cells, macrophages, and endothelial cells (Kim et al.,
2019; Eomet al., 2014b). In this study, we showed that AD increased the expression of CD163, but decreased
the expression of iNOS. It is thus rational that AD involves interaction between mast cells and macrophages.
In this study, we showed that culture medium of activated skin mast cells increased expression of CD163 and
hallmarks of allergic inflammation, but decreased expression of iNOS in macrophages. This suggests that
soluble factor(s) may mediate interactions between mast cells and macrophages. Exosomes mediate cellular
interactions during anaphylaxis (Kim et al., 2019). Exosomes of BALB/C mouse under AD might induce
molecular features of AD in BALB/C mouse. Bone marrow-derived exosomes contain miR-183-5p (Davis et
al, 2017). It would be necessary to examine the presence miR-183-5p in the exosomes of BALB/C mouse
under AD and also examine exosomal miRNAs that could regulate molecular features of AD in BALB/C
mouse. It is probable that HHT may prevent cellular interactions mediated by exosomes during allergic
inflammations.

In this study, we showed potential of HHT as an anti-allergic drug. We also presented evidence that NF-κB-
miR-183-5p-BTG1 axis can be employed as a target for the development of anti-allergic drugs.
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Figure Legends

Figure 1. HHT inhibits in vitro allergic inflammation. (A) The IgE (DNP-specific)-sensitized
RBL2H3 cells were treated without or with various concentrations of HHT for 1 h, followed by DNP-HSA
(100 ng/ml) stimulation for 1 h. Immunoblot was performed (upper). The IgE-sensitized lung mast cells
were treated without or with HHT (1 μM) for 1 h, followed by DNP-HSA stimulation for 1 h. Immunoblot
was performed (lower). (B) The IgE-sensitized RBL2H3 cells were treated without or with HHT (1 μM)
for 1 h, followed by DNP-HSA stimulation for 1 h. Immunoblot and immunoprecipitation were performed
(right). Immunoprecipitation employing isotype-matched anti-IgG antibody was also performed. (C) The
IgE-sensitized RBL2H3 cells were treated without or with HHT at the indicated concentration for 1 h,
followed by DNP-HSA stimulation for 1 h. β-hexosaminidase activity assays were performed. ***, p<0.0005.

Figure 2. HHT inhibits PCA. (A) BALB/C mice were given an intradermal injection of DNP-specific
IgE (0.5 μg/kg). The next day, BALB/C mice were given an intravenous injection of HHT (28 μg/kg) for
1 h, followed by an intravenous injection of PBS or DNP-HSA (250 μg/kg) along with 2% (v/v) Evans
blue solution for determining the extent of vascular permeability accompanied by PCA. Representative
images of each BALB/C mouse of each experimental group are shown. Each experimental group consisted
of four BALB/C mice. Means ± S.E. of three independent experiments are depicted. **, p<0.005; ***,
p<0.0005. (B) Ear tissue lysates from each mouse of each experimental group of mice were subjected to
β-hexosaminidase activity assays. **, p<0.005; ***, p<0.0005. (C) Same as (B) except that immunoblot
and immunoprecipitation were performed.

Figure S1. HHT inhibits PSA. (A) BALB/C mice were given an intravenous injection of DNP-specific
IgE (0.5 μg/kg). The next day, BALB/C mice were given an intravenous injection of HHT (28 μg/kg)
for 1 h, followed by an intravenous injection of DNP-HSA (250 μg/kg). At each time point after injection
with DNP-HSA, rectal temperatures were measured. Each experimental group consisted of five mice. *,
p<0.05; **, p<0.005; ***, p<0.0005, compared with IgE/PBS; #, p<0.05; ##, p<0.005, compared with
IgE/PBS/DNP-HSA. (B) β-hexosaminidase activity assays were performed . ***, p<0.0005. (C) Same as
(B) except that immunoblot and immunoprecipitation were performed. (D) Immunohistochemical staining
employing lung tissue was performed. Quantification was performed by calculating the percentage of the
staining intensities using Image J (NIH). **, p<0.005.

Figure 3. HHT attenuates clinical symptoms associated with AD.(A) 2, 4-dinitro fluorobenzene
(DNFB) induced AD. HHT (28 μg/kg) was intravenously injected at the indicated days of the time line.
Clinical scores of BALB/C mice of each experimental group were determined as described. *, P<0.05; ***,
p<0.0005. (B) Tissue lysates from each mouse of each experimental group of mice were subjected to β-
hexosaminidase activity assays. ***, p<0.0005. (C) Sera of BALB/C mice of each experimental group were
employed for the determination of the amount of histamine released. *p < 0.05; **, p < 0.005. (D) Same
as (B) except that immunoblot and immunoprecipitation were performed. (E) Same as (D) except that
lysates of skin mast cells isolated from skin tissue were employed. (F) Skin tissue lysates were subjected to
qRT-PCR analysis.

Figure S2. HHT inhibits molecular and cellular features of AD.(A) Immunohistochemical staining
was performed as described. Quantification was performed by calculating the percentage of the staining
intensities using Image J (NIH). *, P<0.05; **, p<0.005; ***, p<0.0005. (B) H&E staining was performed
to examine the extent of epithelial hyperplasia (upper). Toluidine blue staining was performed to examine
the number of activated mast cells (lower). Red arrows denote activated mast cells. Red rectangle is an
enlarged version of activated mast cells (red circle). Black rectangle is an enlarged version of mast cells
(black circle).

Figure S3. DNFB induces features of allergic inflammation . RBL2H3 cells were pretreated without
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or with HHT (1 μM) for 1 h, followed by DNFB (100 nM) treatment for 1 h. Immunoblot and immunopre-
cipitation were performed.

Figure S4. HHT prevents antigen from regulating expression levels of TH1/TH2 cytokines and
FoxP3 in AD . Tissue lysates from each mouse of each experimental group were subjected to qRT-PCR
analysis. *p < 0.05; **, p < 0.005; ***, p<0.0005.

Figure 4. MiR-183-5p mediates in vitro allergic inflammation.(A) The IgE-sensitized RBL2H3 cells
were treated without or with HHT (1 μM) for 1h, followed by DNP-HSA stimulation for 1 h. MiRNA array
analysis was performed. (+) represents increase in expression level of the indicated miRNA in RBL2H3 cells.
(-) represents decrease in expression level of the indicated miRNA in RBL2H3 cells. (B) The IgE-sensitized
RBL2H3 cells or lung mast cells were treated without or with HHT (1 μM) for 1h, followed by DNP-HSA
stimulation for 1 h. QRT-PCR analysis was performed. *p < 0.05; **, p < 0.005. (C) RBL2H3 cells were
transfected with the indicated inhibitor (each at 10 nM). The next day, cells were sensitized with IgE for
24 h, followed by DNP-HSA stimulation for 1 h. β-hexosaminidase activity assays and qRT-PCR analysis
were performed. *p < 0.05; **, p < 0.005; ***, p<0.0005. (D) Same as (C) except that immunoblot and
immunoprecipitation were performed.

Figure 5. MiR-183-5p mediates PCA. (A) BALB/C mice were given an intradermal injection of DNP-
specific IgE antibody (0.5 μg/kg) or IgG (0.5 μg/kg) along with the indicated inhibitor (each at 100 nM).
The next day, BALB/C mice were given an intravenous injection of PBS or DNP-HSA (250 μg/kg) along
with 2% (v/v) Evans blue solution. Each experimental group consisted of four BALB/C mice. Means ±
S.E. of three independent experiments are depicted. (B) qRT-PCR and β-hexosaminidase activity assays
were performed. *p < 0.05; ***, p<0.0005. (C) Immunoblot and immunoprecipitation were performed.

Figure S5. MiR-183-5p mediates PSA. (A) BALB/C mice were given an intradermal injection of DNP-
specific IgE antibody (0.5 μg/kg) or IgG (0.5 μg/kg) along with the indicated inhibitor (each at 100 nM).
The next day, BALB/C mice were given an intravenous injection of PBS or DNP-HSA (250 μg/kg). Each
experimental group consisted of four BALB/C mice. ***, p<0.0005, compared with IgE/Ctrl. Inh./PBS;
#, p<0.05; ##, p<0.005, compared with IgE/Ctrl. Inh./DNP-HSA. (B) β-hexosaminidase activity assays
and qRT-PCR analysis were performed. Serum of each BALB/C mouse of each experimental group was
employed to determine the amount of histamine released. **p < 0.005; ***, p<0.0005. (C) Immunoblot and
immunoprecipitation were performed.

Figure 6. MiR-183-5p mediates AD. (A) AD was induced. The indicated inhibitor (each at 100 nM)
was intravenously injected at the indicated days. (B) At the indicated day (day 20) after the induction
of AD, clinical scores of BALB/C mice of each experimental group were determined (upper panel). β-
hexosaminidase activity assays were performed (lower panel). *p < 0.05; **, p < 0.005; ***, p<0.0005. (C)
Immunoblot and immunoprecipitation were performed. (D) QRT-PCR analyses were performed. *p < 0.05;
**, p < 0.005; ***, p<0.0005.

Figure S6. MiR-183-5p inhibitor negatively regulates features of AD. (A) Immunohistochemical
staining of skin tissue of each mouse of each experimental group was performed. Quantification was performed
by calculating the percentage of the staining intensities using Image J (NIH). **, p < 0.005; ***, p<0.0005.
(B) H&E staining (upper panel) and toluidine blue staining (lower panel) were performed. Red arrows
denote activated mast cells. Red rectangle is an enlarged version of activated mast cells (red circle). Black
rectangle is an enlarged version of mast cells (black circle).

Figure S7. MiR-183-5p and NF-kB form positive feedback loop to mediate allergic inflam-
mation. (A) Skin tissue lysates from BALB/C mouse under AD without or with HHT (left) or BALB/C
mouse under AD with the injection of the indicated inhibitor (middle) were subjected to immunoblot (mid-
dle). RBL2H3 cells were treated without or with HHT (1 μM) for 1 h, followed by DNFB (100 μM) treatment
for 1 h (right). (B) RBL2H3 cells were treated without or with HHT for 1 h, followed by DNFB treatment
for 1 h. Immunofluorescence staining was performed. (C) The IgE-sensitized RBL2H3 cells were stimulated
with DNP-HSA for 1 h, followed by ChIP assays. Numbers in parentheses denote PCR-amplified regions.
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Figure S8. MiR-183-5p directly targets BTG1. (A) Potential binding of miR-183-5p to the 3’-UTR of
BTG1 was shown. Wild type Luc-BTG1-3’-UTR or mutant Luc-BTG1-3’-UTR was transfected along with
the indicated inhibitor (each at 10 nM) into the indicated cell line. At 48 h after transfection, luciferase
activity assays were performed. *p < 0.05; **p < 0.005. (B) Skin tissue lysates from BALB/C mice under
AD were subjected to immunoblot. (C) The IgE-sensitized RBL2H3 cells were pretreated without or with
HHT at the indicated concentration for 1 h, followed by stimulation with DNP-HSA for 1 h.

Figure 7. BTG1 inhibits in vitro allergic inflammation. (A) RBL2H3 cells were transfected with
control vector (1 μg) or Flag-BTG1 (1 μg). The next day, cells were then sensitized with anti-IgE antibody
(100 ng/ml) for 24 h, followed by stimulation with DNP-HSA for 1 h. Immunoblot and immunoprecipitation
were performed. (B) β-hexosaminidase activity assays and qRT-PCR analysis were performed. **, p<0.005;
***, p<0.0005. (C) HaCaT cells were transfected with the indicated construct (each at 1 μg). The next
day, cells were treated without or with DNFB for 1 h, followed by immunoblot and qRT-PCR analysis. *,
p<0.05; ***, p<0.0005.

Φιγυρε 8. ΝΦ-κΒ ις νεςεσσαρψ φορ ιν vιτρο αλλεργις ινφλαμματιον. (A) The IgE-sensitized
RBL2H3 cells were pretreated without or with BAY 11-0782 (20 μM) for 1h, followed by stimulation with
DNP-HSA for 1 h. (B) Same as (A) except that qRT-PCR analysis and β-hexosaminidase activity assays
were performed. **, p<0.005; ***, p<0.0005. (C) immunofluorescence staining was performed. (D) HaCaT
cells were pretreated without or with BAY 11-0782 (1 μM) for 1h, followed by stimulation with DNFB for 1
h. Immunoblot and qRT-PCR analysis were performed. *, p<0.05; **, p<0.005; ***, p<0.0005.

Figure S9. NF-kB mediates PCA. (A) BALB/C mice were given an intradermal injection of DNP-
specific IgE antibody (0.5 μg/kg) or IgG (0.5 μg/kg). The next day, BALB/C mice were given an intravenous
injection of PBS or DNP-HSA (250 μg/kg) along with BAY 11-0782 (1 mg/kg) along with 2% (v/v) Evans
blue solution. Each experimental group consisted of four BALB/C mice. Means ± S.E. of three independent
experiments are depicted. (B) β-hexosaminidase activity assays and qRT-PCR analysis were performed. *,
p<0.05; **p < 0.005; ***, p<0.0005. (C) Immunoblot and immunoprecipitation were performed. (D) HaCaT
cells were pretreated without or with BAY 11-0782 (1 μM) for 1 h, followed by stimulation with DNFB for
1 h.

Figure S10. Curcumin inhibits in vitro allergic inflammation.(A) The IgE-sensitized RBL2H3 cells
were pretreated without or with curcumin (10 μM) for 1 h, followed by stimulation with DNP-HSA for 1h.
Immunoblot and qRT-PCR were performed. *, p<0.05; ***, p<0.0005. (B) RBL2H3 cells were treated with
DNFB for 1 h, followed by treatment with various concentration of curcumin for 1 h, followed by immunoblot
and immunoprecipitation. (C) Same as (A) except that immunofluorescence staining was performed. (D)
RBL2H3 cells were treated with DNFB for 1 h, followed by treatment with curcumin (10 μM) for 1 h. (D)
HaCaT cells were treated without or with DNFB (100 μM) for 1 h, followed by treatment with curcumin
(10 μM) for 1 h. Immunoblot and qRT-PCR analysis were performed. ***, p<0.0005.

Figure 9. Curcumin inhibits AD. (A) AD was induced. BALB/C mice were given an intraperitoneal
injection of curcumin (50mg/kg) at the indicated days of the time line (upper panel). Clinical scores of
BALB/C mice of each experimental group were determined. *, P<0.05; **, p<0.005. (B) β-hexosaminidase
activity assays and qRT-PCR analysis were performed. **p < 0.005; ***, p < 0.0005. (C) Same as (B)
except that immunoblot and immunoprecipitation were performed.

Figure S11. Curcumin inhibits features of AD. (A) Immunohistochemical staining of skin tissue of
each mouse of each experimental group of mice was performed. Quantification was performed by calculating
the percentage of the staining intensities using Image J (NIH). *, p < 0.05; **, p<0.005. (B) H&E staining
(upper panel) and toluidine blue staining (lower panel) were performed.

Red arrows denote activated mast cells. Red rectangle is an enlarged version of mast cells (red circle). Black
rectangle is an enlarged version of mast cells (black circle).

Figure 10. HHT regulates cellular interactions in atopic dermatitis. ( A) The culture medium of
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skin mast cells isolated from BALB/C mouse of each experimental group was added to lung macrophages
for 8 h. C.M. denotes culture medium. (B) Same as (A) except that immunofluorescence staining was
performed.

Figure S12. Curcumin and miR-183-5p inhibitor inhibit cellular interactions during AD. (A)
The culture medium of skin mast cells isolated from BALB/C mouse of each experimental group was added
to lung macrophages for 8 h. (B) The culture medium of skin mast cells isolated from BALB/C mouse of
each experimental group was added to lung macrophages for 8 h, followed by immunoblot. (C) Same as (A)
except that immunofluorescence staining was performed. (D) Same as (B) except that immunofluorescence
staining was performed.
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