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ARTICLE INFO ABSTRACT

In this study, the anti-inflammatory mechanisms of Quercetin (Que) on atopic dermatitis (AD)-like skin lesions
was examined. The left ear of mice was applied with MC903, followed by Que. administration daily on the ear
for 8 days. Then macroscopic and histologic examination was performed to detect the severity of skin lesions. In
the skin section of AD mice, we observed that Que. could reduce the expression of CCL17, CCL22, IL-4, IL-6, IFN-
y and TNF-a. In vitro, the anti-inflammatory effects of Que. were examined on human keratinocytes (HaCaT
cells) treated with IFN-y/TNF-a. To unveil the IncRNAs' regulatory role on Que-activated anti-inflammatory
function, the next-generation high-throughput sequencing was performed in HaCat cells with or without Que.
treatment, which profiled the expression of IncRNAs and mRNAs, the results illustrated that Inc-C70rf30-2, a
IncRNA expressed differentially, was correlated with IL-6 expression. Silencing of Inc-C70rf30-2 by RiboTM
IncRNA Smart Silencer proved its role on IL-6 expression. Therefore, the results here demonstrated that topical
administration of Que. plays a beneficial role in controlling AD symptoms, which may serve as potential can-
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didate for AD treatment.

1. Introduction

As a skin disease, atopic dermatitis (AD) is induced eczematous skin
lesions, with inflammatory characterization. Its prevalence has reached
30% in children and 3% in adults [1]. It has been described that the
skin barrier and immunological properties in the epidermal cells of AD
mouse model are changed [2]. The barrier disruption and dysfunction
of keratinocyte have been observed in patients with AD [3]. The cy-
tokines imbalance of Th2 to Thl may exert a critical role in the de-
velopment of atopic dermatitis, which can alter the immune responses
and promote hypersensitivity mediated by IgE [4]. Importantly upon
exposure to proinflammatory cytokines, the keratinocytes which ac-
counts for 90% cells in the epidermis [5] can secrete types of chemo-
kines and cytokines, including IL-6, CCL22/MDC and CCL17/TARC [6],
which may initiate the inflammatory condition in AD [3].

Topical corticosteroid therapy is the most common and effective
treatment for AD [7], however, it can increase the risk of recurrence
and adverse effects, including skin atrophy and thinning [8]. Therefore,
there has been a rising interest to develop safe and effective agents for
AD treatment, ranges from plants, animals to microorganisms [9,10].

Quercetin (Que) belongs to a subclass known as flavonoids that
exists abundantly in a variety of fruits and vegetables [11], with anti-
inflammatory, anti-cancer and anti-atherosclerotic activities [12,13].

It has been reported that topical application of MC903 can trigger
an AD-like syndrome, which characterized by the increase of thymic
stromal lymphopoietin (TSLP) in mouse keratinocytes [14]. Here, we
used MC903-induced AD mouse models for our study. The results
showed that the dermatitis severity, mast cells infiltration and the
thickness of epidermis were reduced by Que. The expressions of TNF-a,
CCL17, CCL22, IFN-y, IL-4 and IL-6 can also be down-regulated by Que.
in the skin section of AD mice. In vitro study revealed that Inc-
C70rf30-2, a differentially expressed IncRNA induced by Que. in the
IFN-y/TNF-a-treated HaCaT cells, was correlated with IL-6.

2. Materials and methods
2.1. Animals

C57BL/6 mice (female, weighing 16-18 g, 6-8 weeks old) were
housed in a pathogen-free environment with a 12h light-dark cycle

Abbreviations: MDC, macrophage-derived chemokine; TARC, thymus and activation-regulated chemokine; TSLP, thymic stromal lymphopoietin
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Fig. 1. Effects of Que. on MC903-induced AD-like skin lesions of mice. A. Example of the clinical severity of AD-like skin lesions. B. Ear tissues were stained with H&
E, x200. C. Ear tissues were stained with toluidine blue, x 200. D. Effects of Que. on ear thickness in AD mice. E. The dermatitis scores were defined as the sum of
scores based on the various AD symptoms. F. Epidermal thickness was analyzed in H&E-stained tissue. G. The number of mast cells was analyzed in the toluidine blue-
stained sections. a. normal control group; b. AD model group; c. treated with vehicle; d. treated with QUE. Data are the means + SEM (n = 6). ## p < 0.01 vs. the
normal control group; * * p < 0.01 vs. the AD model group. (For interpretation of the references to colour in this figure legend, the reader is referred to the web

version of this article.)

condition. The mice were fed with a laboratory diet and water. All the
mice were purchased from Liaoning Changsheng Biotechnology Co.,
Ltd. (Benxi, China), and their experiments were approved by China
Medical University Ethical Committee (Shenyang, China).

2.2. Que

Que. (CAS# 117-39-5, purity =98%) was provided by NANJING

GOREN BIO-TECHNOLOGY CO., LTD (Nanjing, China). 1% Que. topical
cream was prepared by diluting Que. with a basal formulation. The
basal formulation included olive oil (10%), cetyl alcohol (3%), tween-
80 (4%), glyceryl monostearate (5%), Silicone oil (3%), lanolin (1.5%),
glycerin (5%), and water (up to 100.0%). The mixture was heated to
75 °C, the solution was homogenized for 40 min using a magnetic stirrer
at 1000 rpm at 75 °C. Que. was also freshly prepared by dissolving in
dimethylsulfoxide (DMSO), for in vitro experiment.
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Fig. 2. The effect of Que. on cytokine expressions (CCL17, CCL22, IL-4, IL-6, IFN-y,TNF-a and TSLP) in ear lesions in MC903-induced AD mice. Cytokine expressions
in the sections of ear from mice were detected by immunohistochemistry. Magnification, X 200. The values are shown as mean = SEM for 6 mice. ## p < 0.01 vs.

the normal control group; * * p < 0.01 vs. the AD model group.

2.3. Atopic dermatitis mouse models and treatment

A total of 24 mice were assigned into 4 groups randomly: normal
group, AD model group, vehicle treatment group and Que. treatment
group. The MC903 (a low-calcemic analogue calcipotriol of vitamin D3,
from Sigma, USA) was applied topically to establish AD mouse model,

according to a published protocol [15]. Briefly, 2 nmol MC903 (20 pL,
dissolved in ethanol) was topically applied to dorsal side of left ear in
AD model group, vehicle treatment group and Que. treatment group
once a day for 14 days, while normal control group received 20 uL
ethanol on the dorsal side of left ear as solvent control.

AD models were successfully induced by MC903 on 7th day. After
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Table 1
Map of antibodies against chemokines on the RayBiotech Human Chemokine Antibody Array G7.
1 2 3 4 5 6 7 8 9 10 11 12 13 14

A POS 1 POS 2 POS 3 NEG NEG Angiogenin BDNF BLC BMP-4 BMP-6 CKb8-1 CNTF EGF CCL11
B POS1 POS 2 POS 3 NEG NEG Angiogenin BDNF BLC BMP-4 BMP-6 CKb8-1 CNTF EGF CCL11
C CCL24 CCL26 FGF-6 FGF-7 Flt-3 Ligand CX3CL1 GCP-2 GDNF CSF2 1-309 IFN-y IGFBP-1 IGFBP-2 IGFBP-4
D CCL24 CCL26 FGF-6 FGF-7 Flt-3 Ligand CX3CL1 GCP-2 GDNF CSF2 1-309 IFN-y IGFBP-1 IGFBP-2 IGFBP-4
E IGF-1 IL-10 IL-13 IL-15 IL-16 IL-1a IL-1B IL-1ra IL-2 IL-3 IL-4 IL-5 IL-6 IL-7
F IGF-I IL-10 IL-13 IL-15 IL-16 IL-1a IL-1B IL-1ra IL-2 IL-3 IL-4 IL-5 IL-6 IL-7
G Leptin LIGHT MCP-1  MCP-2  MCP-3 MCP-4 M-CSF MDC MIG MIP-1A  MIP-3a  NAP-2 NT-3 PARC
H Leptin LIGHT MCP-1 MCP-2 MCP-3 MCP-4 M-CSF MDC MIG MIP-1A MIP-3a NAP-2 NT-3 PARC
I PDGF-BB RANTES SCF SDF-1 TARC TGF-f1 TGF-f 3 TNF-a TNF-B NEG NEG NEG NEG NEG
K PDGF-BB RANTES SCF SDF-1 TARC TGF-f1 TGF-B 3 TNF-a TNF-3 NEG NEG NEG NEG NEG

that, MC903 was still applied to mice of AD model group, vehicle
treatment group and Que. treatment group in the morning. In the
afternoon, each group received respective agents for the following
8 days.

2.4. Scoring of dermatitis, ear thickness, and scratching behavior

On the day 7, 10, 12 and 15, the severity of AD, including scoring of
dermatitis and ear thickness was measured. Dermatitis severity was
scored from O to 3, which were named as none, mild, moderate and
severe according to the severity of (1) hemorrhage/erythema, (2)
itching/crusting, (3) edema, (4) excoriation/erosion [16]. Three in-
vestigators performed scoring evaluations throughout the study, then
calculate the average. The ear thickness (mm) was evaluated in the
same region of the ear using a vernier caliper (Mitutoyo, Kanagawa,
Japan).

2.5. Studies of histopathology

The left ear of mice was collected on 15th day of the Que. treatment,
followed by fixing with 4% paraformaldehyde. To count the in-
flammatory cell numbers, H&E staining was performed for the paraffin
embeded skin sections (5pm). Toluidine blue stained sections were
used to count mast cells. The number of mast cells was counted in five
randomly selected fields of view under a light microscope (magnifica-
tion, % 200).

2.6. Immunohistochemistry

Tissues embedded in paraffin (5um) were placed on frosted mi-
croscope slides, followed by incubating in 3% HyO, for 5min and
blocking in normal serum. Then the sections were incubated with IFN-y,
CCL17, CCL22, TNF-a, IL-4 and IL-6 monoclonal antibody (1:100 di-
lution, Bioss, Beijing, China) at 4 °C for 18 h, followed by incubating
with biotinylated IgG. Then the sections were incubated with strepta-
vidin coupled horseradish peroxidase for 15min (Zhongshan
Goldenbridge Biotechnology, Beijing, China), followed by staining with
diaminobenzidine (Zhongshan Goldenbridge Biotechnology, Beijing,
China) and capturing the pictures for digital quantitative analysis with
a digital camera DM6000 (Leica, Germany). Images were collected in
three fields at X 200 magnification under the microscope. Image-Pro
Plus 6.0 software was used to calculate the ratio of the integral optical
density to its area, and the average value was obtained.

2.7. Cell culture

Human keratinocyte HaCaT cells, purchased from ATCC, were cul-
tured in high glucose DMEM (Hyclone) with 10% FBS (Hyclone) in a
5% CO, incubator at 37 °C.

2.8. Cytokine antibody arrays

HaCaT at 1.0 X 10° cells/well, cultured in 6-well plates, were
treated with Que. (30 or 90 uM) or DMSO for 24 h in 1 mL serum-free
media with IFN-y/TNF-a (10 ng/mL IFN-y and 10 ng/mL TNF-a, R&D
Systems, USA), followed by the supernatants collection, the cytokines
were further detected with the RayBiotech Cytokine Antibody Arrays
(AAH-CYT-G1000-8). Briefly, blocking buffer was used for treating
antibody coated array membranes for 30 min. Then the supernatant
(100 uL) was added and incubated overnight at 4 °C. After three wash
steps, biotin-conjugated antibodies (70 puL) added to the membranes for
2 h, followed by HRP-coupled streptavidin incubation for 2 h. Detection
of spots using chemiluminescence was acquired with semiquantitative
analysis of signal intensities from Quantity One software (Bio-Rad
Laboratories). Intensities were normalized as a percentage of positive
controls on each membrane.

2.9. Enzyme-linked immunosorbent assay

ELISAs Kkits for IL-6, CCL17, and CCL22 were obtained from
CUSABIO (Wuhan, China). Briefly, capture antibody were coated in the
96-well plates, followed by 100 uL supernatants from samples and
standards, then incubated with biotinylated antibody (100 uL) for 1 h
and subsequently replacing with streptavidin solution (100 pL). After
washing steps, 100 pL substrate reagent was added for 30 min, followed
by incubating with stop solution (50 uL). optical density at 450 nm was
used to detect the signals.

2.10. Apoptosis assay

HaCaT at 1.0 x 10° cells/well, seeded in 12-well plates, were
treated with Que. (30 or 90 uM/L) or DMSO. After 24 h, Hoechst 33342
staining assay and Flow cytometry were performed respectively. (1)
Hoechst 33342 staining: the cells were stained with Hoechst 33342
(Beyotime Biotechnology, Shanghai, China) for 10 min and detection
with the fluorescence microscopy (Olympus, Tokyo, Japan). (2) Flow
cytometry analysis of apoptosis: the cells were stained for 15min at
room temperature in the dark with Annexin V-FITC/PI apoptosis kit
(BD Biosciences), followed by the signals detection with flow cytometer
(BD Biosciences).

2.11. RNA preparation, cDNA library establishment and RNAseq

Following extraction of RNAs using TRIzol reagent (Invitrogen,
USA), RNA integrity number (RIN) value above 7.5 (evaluated by
Agilent Bio-analyzer 2100) was identified as qualified for RNAseq. After
removing the rRNAs, the mRNAs were fragmented for cDNAs amplifi-
cation with random primers, followed by RNAseq using high-seq 4000
[lumina platform with a model of 2*150 bp.
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Fig. 3. Effects of quercetin (Que) on IFN-y/TNF-a-induced chemokine expression profiling in HaCaT cells. Serum-free culture supernatants from HaCat cells of
control, TNF-a + IFN-y and TNF-a + IFN-y + Que. group were analyzed by antibody arrays. A. The differentially expressed cytokines IL-6, MDC and TARC were
marked in the microarray. B. The differentially expressed cytokines were all listed. Data are the means = SEM (n = 3). C. Results of antibody arrays were verified by
ELISA. Data are the means + SEM (n = 5).*p < 0.05, * * p < 0.01 vs. the control group; # p < 0.05, ## p < 0.01 vs. the TNF-o/IFN-y-treated group.
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Table 2
Primers used for qRT-PCR.

IncRNA or mRNA Primers

CXCL-5-forward
CXCL-5-reverse
IL-6-forward
IL-6-reverse
MCP-1-forward
MCP-1-reverse
RELA-forward
RELA-reverse
TLR-2-forward
TLR-2-reverse
TLR-6-forward
TLR-6-reverse
TNF-a-forward
TNF-a-reverse
IL-1A-forward
IL-1A-reverse
IL-1B-forward
IL-1B-reverse
HSPB1-forward
HSPB1-reverse
MAP3K8-forward
MAP3KS8-reverse
MAPKAPK-5-forward
MAPKAPK-5-reverse
Inc-C70rf30-2-forward
Inc-C70rf30-2-reverse
Inc-C7orf30-3-forward
Inc-C70rf30-3-reverse
Inc-B3GNT3-1-forward
Inc-B3GNT3-1-reverse
Inc-C9orf68-3-forward
Inc-C9orf68-3-reverse
Inc-CCL2-8-forward
Inc-CCL2-8-reverse
GAPDH-forward
GAPDH-reverse

5-TGCTFCTTTGCCTACATTGCC -3
5-GGAGCACTTGCCACTGGTGT —3
5-ACCTAGAGTACCTCCAGAACAGAT-3
5-GCAGGAACTGGATCAGGACTTT -3

5- CTAACCCAGAAACATCCAATTCTCA-3
5- AGCAGCAGGCACAGAAGG-3

5- GAAGAAGAGTCCTTTCAGCG —3

5- GGGAGGACGTAAAGGGATAG -3

5- CCCTTTTGCTTACTTCCTAGTCCCG-3
5- GAGGGAGGCATCTGGTAG-3
5-AGTGGTGCCATTCGAACTCT -3
5-AGCCTTCAGCTTGTGGTACT -3
5-CCTGCTGCACTTTGGAGTGA-3
5-GAGGGTTTGCTACAACATGGG-3
5-AGATGCCTGAGATACCCAAAACC -3
5-CCAAGCACACCCAGTAGTCT-3

5- TATTACAGTGGCAATGAGG —3

5- ATGAAGGGAAAGAAGGTG-3

5- CAAGGATGGCGTGGTGGA-3

5- TCTCGTTGGACTGCGTGGC-3

5- AGCGCCAGGGCAGTGCTGGTCTGGG-3
5- CCCAGACCAGCACTGCCCTGGCGCT-3
5-GTCCCGGCGATGTGTGGCGCTGAGG-3
5-CCTCAGCGCCACACATCGCCGGGAC-3
5- ATGGTGAATACCAAACTGGCC -3

5- CATGCAAGAAATGTGCCTGCT -3

5- GATTGCCACTTGATGCCGC -3

5- TCCATGAGCCGAAAGCAAAG -3

5- CAGGGGTGAGGCGTGGGAGGGGTGC -3
5- GCACCCCTCCCACGCCTCACCCCTG —3
5- CCACAAGTGAATAAAGCTG -3

5- GGCTTCTTACATCATGGTTG —3

5- CCATCCAAGCAGACGTGGTA -3

5- GGAGTAACTGCGCTGAGTGT —3
5-AAGAGCACAAGAGGAAGAGAGAGAC-3
5-GTCTACATGGCAACTGTGAGGAG-3

Table 3
Target sequence of Smart Silencer.

Product ID Target sequence of Smart Silencer
5iG170823044825 ATACCAAACTGGCCTGTTA
5iG170823044834 GCTACCAGATCTCAGTAAC
5iG170823044840 GCATGAACAAGAGTAAATA
Inc6170823044910 AATGGTGAATACCAAACTGG
Inc6170823044925 CTAAAAGATGCTACCAGATC
Inc6170823044938 CCAGATCTCAGTAACTTTAC

2.12. Bioinformatics analysis

Differentially expressed genes obtained from RNAseq were per-
formed GO terms and KEGG pathway analyses. For GO terms analysis,
GO Seq R package was used and the GO terms showing p < 0.05 was
seen as statistical significance. The website: http://www.genome.jp/
kegg/ was used for KEGG analyasis, followed by the statistical enrich-
ment in KEGG pathways using the KOBAS software. Random Gene Set
Enrichment Analysis (RGSEA) was performed for pathways enrichment
assesee using random set of IncRNA in the genome.

2.13. Construction of differentially expressed IncRNAs/mRNAs co-
expression network

For drawing network, we used critieria of |COR| > 0.85 and
P < 0.05 to select the co-expressed IncRNAs and mRNAs. To map the
network graphs interactd with IncRNAs' target genes, specific IncRNAs
of the altered IncRNAs were selected, which could help the IncRNAs'
holistic analysis in the samples.

International Immunopharmacology 74 (2019) 105676

2.14. qRT-PCR

For validation of the expression of significantly altered IncRNA and
mRNA, qRT-PCR was performed. QIAzol (Qiagen, Valencia, CA, USA)
was used for extracting the total RNA from each groups of the HaCat
cells, followed by cDNA systenesis with (Promega). Then a 7300 Real-
Time PCR System (Thermo, USA) was used to perform Real-time PCR.
For relative quantification, 22t was calculated and used as an in-
dication of gene relative expression. The PCR primers for amplifying the
genes were listed in Table 2. The GAPDH gene was used as an internal
control.

2.15. Inhibition of LncRNA

LncRNA Smart Silencer, is a mixture of three antisense oligonu-
cleotides and three siRNAs (RiboBio, Guangzhou, China), was used for
inhibiting the IncRNAs. The negative control Smart Silencer does not
contain domains homologous to humans, mice and rats. The cultured
HaCat cells supplemented with IFN-y/TNF-a were divided into a Inc-
C70rf30-2 (Table 3) Smart Silencer group, a negative control group,
and a culture without IFN-y/TNF-a termed as blank control group. For
the transfection, Lipofectamine 2000 was used.

2.16. Statistical analysis

All data were processed using the SPSS 20.0 software (SPSS Inc.,
Chicago, IL, USA), which were expressed as mean * SD. One-way
ANOVA analysis was performed and P < 0.05 was defined as statistical
significance. All the experiments were performed three times.

3. Results
3.1. Que suppressed MC903-induced AD skin lesions

We observed that in the MC903 group (Fig. 1A), left ears of the mice
developed erythema and edema gradually, the average thickness in-
creased significantly with dry and crusted phenotypes. After Que. ap-
plication for 8days, Que. obviously attenuated MC903-induced AD
severity and the ear thickness. Compared to the AD model group, ve-
hicle had no protective effect against AD-like skin lesions in mice
(Fig. 1D and E).

Repetitive MC903 treatments induced epidermal thickness and hy-
perplasia, which was reversed by the application of Que. (Fig. 1B and
F). Furthermore, Toluidine blue staining identified that MC903-in-
creased mast cell numbers can be inhibited by Que. treatment (Fig. 1C
and G).

3.2. Que suppressed inflammatory cytokines expressions in ear lesions of
MC903-induced AD-like mice

As shown in Fig. 2, there were elevated IFN-y, CCL17, CCL22, TNF-
a, IL-4 and IL-6 levels in ear lesions of the AD model group compared
with the normal control group. However, Que. application suppressed
all of these inflammatory cytokines expressions.

3.3. Que altered the secretion of cytokines in IFN-y/TNF-a-induced HaCat
cells

We performed Cytokine Antibody Array assay which contained 120
cytokine proteins (Table 1), the results showed that Que. suppressed the
level of IL-1a, IL-1p, IL-6, IL-15, MCP-1, MCP-3, CCL17 and CCL22 in
the supernatants of the IFN-y/TNF-a-treated HaCat cells (Fig. 3).

To corroborate the results of antibody arrays, IL-6, CCL17 and
CCL22 was further detected using the ELISAs assay, the results showed
that IL-6, CCL17 and CCL22 were decreased by Que. application in the
IFN-y/TNF-a-treated HaCat cells (Fig. 3C), which were consistent with
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Fig. 4. Effects of Que. on apoptosis of HaCat cells. A. Hoechst 33342 staining showed that the apoptotic cells were round or oval-shaped, with bright-blue irregular
nuclei ; B. Flow cytometry of Annexin V/Pl-stained cells was used to quantify the apoptotic rate of the HaCat cells. **:P < 0.01, vs. the control group. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

antibody array assay results, confirming the reliability of Cytokine
Antibody Array assay. We detected the effects of Que. on HaCat cells
without IFN-y/TNF-a stimulation, results showed that 30 pM Que. had
no significant effects on production of IL-6, MDC and TARC, 90 uM Que.
could inhibit the production of both MDC and TARC (P < 0.01).

3.4. Effects of Que on apoptosis of HaCat cells

To examine whether Que. can affect the apoptosis of HaCat cells, we
performed Annexin V-FITC/PI and hoechst 33342 staining assays, the
results of two assays are consistent and showed that the 90 pM Que.
treated HaCat cells had higher apoptotic rate compared with the control
group (P < 0.01) (Fig. 4), while the 30 uM Que. had no obvious effect
(P > 0.05).

3.5. LncRNAs and mRNAs expression profile in Que-treated HaCaT cells
induced by IFN-y/TNF-a

To profile the expressions of IncRNA and mRNA, high-throughput
sequencing was performed, followed by screening by volcano plot using
the criteria log2 (fold change) > 1;q < 0.05, and the coding and non-
coding genes with expression differentially were screened (Fig. 5A and
C). We observed that a total of 1141 IncRNAs were upregulated, while
825 were downregulated. For mRNA transcripts, 969 exhibited upre-
gulation and 784 exhibited downregulation in IFN-y/TNF-a-induced
HaCat cells and control cells. In Que. treated and non-treated HaCat
cells induced by IFN-y/TNF-q, a total of 278 IncRNAs upregulation and
254 downregulation, and a total of 144 mRNA transcripts upregulation
and 147 downregulation were observed (Fig. 5B and D).

We further performed GO terms and KEGG pathway analysis to
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Fig. 5. Differentially expressed IncRNAs and mRNAs. A. The volcano plot illustrates the differentially expressed mRNAs. B. The hierarchical cluster analysis gen-
erated heat maps of the top 100 significant differential expressed mRNAs. C. The volcano plot illustrates the differentially expressed IncRNAs. D. The hierarchical
cluster analysis generated heat maps of the top 100 significant differential expressed IncRNAs. E. The top 20 KEGG pathways of significantly differentially expressed
mRNAs. F. The top 20 KEGG pathways of significantly differentially expressed IncRNAs. G. qRT-PCR validation of differential expressions of mRNAs involved in Toll-
like receptor signaling pathway and MAPK signaling pathway. H. gqRT-PCR validation of differential expression levels of IncRNAs. a. TNF-a + IFN-y Vs Control b.
TNF-a + IFN-y + Que. Vs TNF-a + IFN-y. **P < 0.01, TNF-a + IFN-y Vs Control. ## P < 0.01, TNF-a + IFN-y + Que. Vs TNF-a + IFN-y, # P < 0.05, TNF-
a + IFN-y + Que. Vs TNF-a + IFN-y.
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Fig. 6. LncRNA/mRNA transcripts co-expression network in quercetin-treated HaCaT cells induced by IFN-y/TNF-a. (A) The network represents the co-expression
correlations between the significantly differentially expressed mRNA and IncRNA transcripts (JCOR| > 0.95, P < 0.05). Circles indicate IncRNA transcripts and
triangles indicate mRNA transcripts. Solid lines indicate positive correlations, and dashed lines indicate negative correlations. Red represents upregulated, and green
represents downregulated. (B) KEGG analysis suggested that IncRNA-coexpressed mRNAs were mainly targeted to the Toll-like receptor signaling pathway. C, D and
E. Effect of Inc-C70rf30-2 RiboTM IncRNA Smart Silencer on expression of IL-6 in TNF-a/IFN-y induced HaCaT cells. C. Inc-C70rf30-2 ; D. IL-6 mRNA; E.IL-6. **
p < 0.01, vs. the control group ; ## p < 0.01, vs. TNF-a/IFN-y induced HaCaT cells. (For interpretation of the references to colour in this figure legend, the reader
is referred to the web version of this article.)

construct mRNA and IncRNAs regulation pathways, which indicated IncRNAs with qRT-PCR, which verified the accuracy of high-throughput
their relationship with inflammation, including signaling pathways of sequencing analysis (Fig. 5G and H).

cytokine-cytokine receptor interaction, toll-like receptor and MAPK

(Fig. 5E and F). We then validated differentially expressed mRNAs and
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3.6. Co-expression networks of IncRNA/mRNA transcripts

To reveal the potential mechanisms of Que. mediated anti-in-
flammatory effects, we constructed a co-expression network of IncRNA/
mRNA, which showed that the correlation of Inc-C7orf30-2 and IL-6
mRNA transcripts had the highest COR-value (COR: 0.999, P < 0.05)
in the regulation of the toll-like receptor signaling pathway (Fig. 6A and
B).

We further studied the effect of Inc-C70rf30-2 knockdown on the
expression of IL-6. Lnc-C70rf30-2 Smart Silencer were transfected into
IFN-y/TNF-a-induced HaCaT cells, which showed that the level of Inc-
C70rf30-2 was markedly reduced by > 50% (P < 0.01) (Fig. 6C),
while the IL-6 mRNA and protein expressions were both sharply in-
creased (P < 0.01) (Fig. 6D and E).

4. Discussion

In the present study, we identified the regulatory mechanisms of
Que.'s inhibitory effects on MC903-induced AD mouse model. Results
showed that Que. markedly suppressed the AD severity, and the ear
epidermis thickness. These data demonstrated that Que. exhibited
protective function of MC903-induced AD mouse model.

AD symptoms is characterized by mast cells infiltration, leading to
the release of allergic mediators [17]. Mast cells are widely recognized
as crucial factor responsible for allergic inflammatory reactions. Studies
demonstrated that high IgE levels activate mast cells. The IgE receptor
FceRI sits on the cell surface of mast cells, as effector cells, release
histamines and other biologically active products that trigger allergic
inflammatory symptoms [18]. Therefore, methods that reduce the
number of mast cells and inhibit their activation may ameliorate the
symptoms of AD [19]. Histologically, our results confirmed the ear skin
tissue of MC903-sensitized mice had high level infiltration of in-
flammatory cells, while Que. application can reduce the inflammatory
cells and mast cells infiltration.

Keratinocytes, the major cell types of epidermis, mediated the pa-
thogenesis of inflammatory skin diseases [20]. They can secret proin-
flammatory cytokines and chemokines in external environment altera-
tions, such as UV light, microbiological agents and allergens [21,22].
The treatment of keratinocytes with TNF-a and IFN-y can result al-
terations of cytokines and chemokines, while downregulation of which
can exert an protective effect for the inflammatory skin diseases
[23,24]. Here, we investigated the anti-inflammatory effects of Que.
both in vivo and in vitro. Results showed that MC903 induced up-reg-
ulation of CCL17, CCL22, IL-4, IL-6, IFN-y and TNF-a expression in skin
lesions of AD-like mouse model, while Que. application suppressed all
of these inflammatory cytokines expressions.

Alterations of Th2/Thl cytokines secretion were considered as a
pathological factor of AD [25]. It has been confirmed that in the pa-
tients with atopic dermatitis, the levels of CCL17 and CCL22 in the
serum were markedly increased [26]. CCR4, the receptor of CCL17 and
CCL22, is predominantly expressed on Th2 lymphocytes and regulates
the migration of Th2 lymphocytes into the site of inflammation [27].
Therefore, CCL17 and CCL22 are considered pivotal in the development
of Th2-dominant inflammatory skin diseases, including AD [28]. IL-4
cound induce B-cell class switch to IgE, and serve as a diffenetiation
factor for Th2 cells [29]. IL-4 elevation in AD skin lesion can lead to
allergic inflammation, resulting in intraepidermal and pruritus edema
[29,30]. IFN-y, a key Th1 effector cytokine, was also up-regulated in
chronic AD-like skin lesions of mice [31]. Up-regulation of IFN-y can
decrease the ceramides with long chain fatty acids, contributing to the
abnormality of the permeability barrier function [32]. In this study,
Que. suppressed the levels of CCL17, CCL22, IL-4, IFN-y in AD like skin,
demonstrating that the anti-inflammatory function of Que.

To profile the effect of Que. on cytokines released from HaCat cells
treated with IFN-y/TNF-a, Cytokine Antibody Arrays were used and the
results showed that 30 uM and 90 uM Que. could both inhibit the level
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of proinflammatory cytokines IL-1a, IL-1f3, IL-6, IL-15, as well as MCP-
1, MCP-3, CCL17 and CCL22 [33-36]. IL-6, a cytokine secreted by
keratinocytes, is involved in many inflammatory skin diseases, in-
cluding psoriasis and AD [34]. A large number of inflammatory stimuli
can induce the expression of IL-6 [33,37]. Both IL-1a and IL-1f can
stimulate cytokine production [37,38]. IL-15 can induce TNF-a and IL-
17 production, neutrophil and macrophage recruitment [39,40]. MCP-1
and MCP-3 are chemokines, which can attract several types of leuko-
cytes [41]. The results of Cytokine Antibody Arrays were validated by
ELISA. Results of validation confirmed the reliability and validity of
Cytokine Antibody Arrays. We detected the effects of Que. on HaCat
cells without IFN-y/TNF-a stimulation, results showed that 30 uM Que.
had no significant effects on production of IL-6, MDC and TARC, 90 uyM
Que. could inhibit the production of both MDC and TARC. The in-
hibition of the production of MDC and TARC of 90 uM may be relation
to the effects of promoting apoptosis. We selected 30 uM as the con-
centration used in subsequent experiments.

Dysregulated IncRNA and mRNAs, identified using RNA sequencing
in HaCat cells treated with IFN-y/TNF-a before and after treated by
Que., were then analyzed by KEGG and GO terms, which showed the
significant differential expressed mRNAs and IncRNA were associated
with inflammation related pathways including signaling pathways of
JAK-STAT, toll-like receptor, MAPK and chemokine.

Toll-like Receptors (TLRs) signaling pathway can trigger innate
immune response, leading the inflammation in higher animals [42]. In
human skin, TLRs are expressed in keratinocytes [43,44]. Study have
suggested that TLR2 is associated with the pathogenesis of AD [45]. The
expression of TLR2 is correlated with the levels of IL-6 [46,47]. In our
study, the results showed that cells treated with IFN-y/TNF-a could up-
regulate the mRNA expressions of TLR2, TLR6, CCL5, IL-6, MCP-1,
RELA and TNF-a in HaCat cells, Que. could down-regulate all these
mRNAs expressions in HaCat cells treated with IFN-y/TNF-a, sug-
gesting that Que. may inhibit the level of CCL5, IL-6, MCP-1, RELA and
TNF-a through the TLR2 and TLR6 signaling pathway.

In particular, the co-expression network was performed to explore
the potential mechanism of IncRNAs, which indicated that Inc-
C70rf30-2 was highly correlated with IL-6. In vitro study suggested that
Lnc-C70rf30-2 knockdown can decrease the IL-6 mRNA and protein
expressions.

In summary, the data here showed that topical application of Que.
can exert beneficial effects in MC903-induced AD like lesions. Results of
in vitro demonstrates that Que. could inhibit proinflammatory che-
mokines and cytokines in IFN-y/TNF-o-treated HaCat cells.
Furthermore, high-throughput sequencing showed that the mRNAs and
LncRNAs were significantly differentially expressed after Que. treat-
ment. The co-expression network indicated that Inc-C7orf30-2 and IL-6
were highly correlated. Knockdown of Inc-C70rf30-2 reduced IL-6
mRNA and protein expression. These data demonstrated that Inc-
C70rf30-2 may mediate the anti-inflammatory effect of Que., which
might be a useful target for the AD treatment.
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