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Abstract
Introduction: CircRNAs are closely related to many hu-
man diseases; however, their role in acne remains un-
clear. This study aimed to determine the role of hsa_-
circ_0102678 in regulating inflammation of acne.
Methods: First, microarray analysis was performed to
study the expression of circRNAs in acne. Subsequently,
RNase R digestion assay and fluorescence in situ hy-
bridization assay were utilized to confirm the charac-
teristics of hsa_circ_0102678. Finally, qRT-PCR, Western
blotting analysis, immunoprecipitation, luciferase re-
porter assay, circRNA probe pull-down assay, biotin-
labeled miRNA pull-down assay, RNA immunoprecipi-

tation assay, and m6A dot blot assay were utilized to
reveal the functional roles of hsa_circ_0102678 on in-
flammation induced by C. acnes biofilm in human pri-
mary keratinocytes. Results: Our investigations showed
that the expression of hsa_circ_0102678 was signifi-
cantly decreased in acne tissues, and hsa_circ_0102678
was a type of circRNAs, which was mainly localized in the
cytoplasm of primary human keratinocytes. Moreover,
hsa_circ_0102678 remarkably affected the expression of
IL-8, IL-6, and TNF-α, which induced by C. acnes biofilm.
Importantly, mechanistic studies indicated that the
YTHDC1 could bind directly to hsa_circ_0102678 and
promote the export of N6-methyladenosine-modified
hsa_circ_0102678 to the cytoplasm. Besides, hsa_circ_0102678
could bind to miR-146a and sponge miR-146a to promote
the expression of IRAK1 and TRAF6. Conclusion: Our
findings revealed a previously unknown process by which
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Introduction

Acne is a common, persistent, and recurring inflam-
matory skin disease that affects 80–90% of adolescents
and often has negative physical and psychological effects
[1]. The pathophysiology of acne is complex and mul-
tifactor which includes increased production of sebum,
hyperkeratinization of the sebaceous unit, Cutibacterium
acnes (C. acnes) infection, and inflammation [2, 3].
However, there are few reports of the molecular mech-
anisms by which C. acnes causes acne [4]. Therefore, it is
necessary to investigate the pathological mechanism of
acne by establishing a model of acne via C. acnes in vitro.

Eukaryotic genomes, which have diverse transcrip-
tional characteristics, can produce distinct RNA tran-
scripts, with noncoding RNAs (ncRNAs) accounting for
the majority. However, the main reports on the path-
ogenesis of acne were restricted to genes encoding
proteins [5]. Only a few reports suggested that ncRNAs
such as long noncoding RNA (lncRNA) and microRNA
(miRNA) were closely associated with acne [6–8]. Ap-
parently, there was a lack of study on the roles of
ncRNAs in acne.

CircRNAs are a unique type of ncRNA molecule,
which is produced by a covalent bond by back-splicing of
linear RNA in eukaryotes [9]. Importantly, circRNAs
could act as competitive endogenous RNAs (ceRNAs) to
sponge off and regulate miRNAs on their target genes
[10–12]. As reported, circRNAs played a considerable
regulatory role in various diseases and were involved in
the pathogenesis and progression of inflammatory skin
disorders by distinct molecular mechanisms [13–15]. For
example, hsa_circ_0061012 participated in psoriasis in
response to NF-κB nuclear import regulations and T cell
selection, which may be a potential biomarker for pso-
riasis [14]. Additionally, transcriptional profiling of
circRNAs in severe acne and adjacent to the patient’s
normal skin tissues showed that 538 differently expressed
of circRNAs were associated with the occurrence and
development of acne [16]. However, the underlying bi-
ological functions and molecular mechanisms of circR-
NAs in acne remain unexplained.

The RNA modification of N6-methyladenosine (m6A)
was widely present in eukaryotes, which was included de-
methylases (the “eraser”), methyltransferases (the “writer”),

and m6A-binding proteins (the “reader”) [17, 18]. YTH
domain-containing 1 (YTHDC1), an m6A-reader pro-
tein, has been linked to physiological and pathophysi-
ology processes in several diseases by regulating the
nuclear export of mRNA [19, 20]. Nevertheless, recent
reports mainly focused on how m6A modification
regulated tumorigenesis [21–23], and studies of m6A
modification in the pathogenesis and progression of
acne were missing.

In this study, we attempted to investigate whether
hsa_circ_0102678 could sponge miR-146a to induce
activation of the innate immune response, and positively
regulated of IRAK1 and TRAF6 in human primary
keratinocytes in vitro acne model. Moreover, we hy-
pothesized that hsa_circ_0102678 was exported to the
cytoplasm by binding to YTHDC1 in a methylated m6A-
dependent manner. In summary, our research tried to
reveal the function and mechanism of hsa_circ_0102678
in acne.

Materials and Methods

Microarray Analysis
Clinical tissue samples were obtained from 12 volunteers

(online suppl. Table 1; for all online suppl. material, see https://doi.
org/10.1159/000534704). The samples have been pretreated and
hybridized with Aksomics (Shanghai, China). After digesting
circular RNAs with RNase R (Epicenter Technologies, Madison,
WI, USA) to remove linear RNAs, amplified circular RNAs were
then transcribed into fluorescent circRNA using the Arraystar
Super RNA Labeling Kit (Arraystar). The tagged circRNAs were
hybridized onto the Arraystar Human circRNA Array V2 (8 15 K,
Arraystar), followed by scanning with the Agilent Scanner G2505C
(Jamul, CA, USA). Agilent scanner G2505C was used to detect the
hybrid array. Microarray data were downloaded from Gene Ex-
pression Omnibus (GSE212605).

Cell Cultures and Stimulation
Human primary keratinocytes were obtained from foreskin

tissue of young persons under 12 years of age, and the detailed
experimental procedure was described in [24]. TheC. acnes biofilm
was inactivated at 80°C for 30 min. When the cell density was
above than 90%, C. acnes biofilm was added and incubated for 6 or
24 h. Our previously study had performed specific processes [7].

RNA Extraction, RNase R Treatment, and Quantitative
Reverse Transcriptase-Polymerase Chain Reaction
Total RNA was extracted using TRIzol reagent (Invitrogen,

USA). Besides, 2 μg total RNA was treated with 3 U/μg of RNase R
(Geneseed, China) at 37°C for 15 min, followed by synthesizing
cDNA with First Strand cDNA Synthesis Kit (Thermo Scientific,
USA) and RT-PCR examination using SYBR Green SuperMix
(YEASEN, China). U6 or GAPDH was used as control. The
primers were listed in online supplementary Table 2.
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Plasmids, Short Interfering RNAs, and Cell Transfection
The circRNA overexpression plasmid (pcDNA3.1 CircRNAMini)

was purchased fromMiaolingBio (Wuhan, China). Hsa_circ_0102678
or control short interfering RNA (siRNA) (50 nM, General
Biosystems, China) was transfected into human primary kera-
tinocyte. The hsa_circ_0102678 sequence was cloned into
pcDNA3.1 circRNA vector (Miaoling, China) by EcoRI and NotI
cleavage sites, and then hsa_circ_0102678 overexpression plasmid
was obtained. All siRNAs and plasmids were transfected into
keratinocytes using jetPRIME (Polyplus, France), as instructed by
the manufacturer. The siRNA sequences are shown in online
supplementary Table 3.

Western Blotting Assay
Cell lysates were collected by RIPA lysis buffer (Beyotime,

China) with 1× protease inhibitors and phosphorylase inhibitors
(Thermo Fisher, USA). Western blotting (WB) was performed as
previously described [25]. Immunoreactive results were envisaged
using a stationary enhanced chemiluminescence kit (YEASEN,
Shanghai, China) on a Bio-Rad gel imaging system. The antibodies
used were listed in online supplementary Table 4.

RNA Fluorescence in situ Hybridization Assay
5′-FAM-labeled hsa_circ_0102678 and control probe se-

quence were designed and synthesized from Gene Pharma
(Shanghai, China). The fluorescence in situ hybridization
(FISH) kit (Gene Pharma, Shanghai, China) was used for hy-
bridization analysis. Briefly, tissues or human primary kerati-
nocytes were fixed in 4% paraformaldehyde. The slices were
hybridized with specific probes at 37°C in a dark damp room.
The slices were then sealed with paraffin containing DAPI.
Confocal laser scanning microscope (Olympus FV1000) was
performed to capture the images.

Immunofluorescence Assay
Human primary keratinocytes grew on the confocal dish

(Corning, USA) and were fixed with 4% paraformaldehyde for
20 min. Subsequently, the cells were permeabilized in 0.1%
TritonX-100 and washed thrice with PBS. After blocking with 5%
normal goat serum for 1 h at 37°C, the cells incubated with primary
antibody overnight at 4°C and then incubated with secondary
antibodies for 1 h at 37°C. DAPI was utilized to stain nuclear.
Fluorescent micrograph images were captured by a confocal laser
scanning microscope (Olympus FV1000). The antibodies used
were listed in online supplementary Table 4.

Luciferase Reporter Assay
The pGL3 Basic luciferase reporter vector was purchased from

Tsingke (Nanjing, China). The wild-type and mutant sequences of
hsa_circ_0102678 encoding the expected miR-146a binding site
were cloned into pGL3 vector. These recombinant luciferase re-
porter plasmids were co-transfected into human primary kerati-

nocytes with miR-146a mimics, inhibitors, or controls. Luciferase
activity levels inside transfected cells were determined by a dual-
luciferase assay system (Promega, E2920, USA).

RNA Immunoprecipitation Assay
The EZ Magna RNA immunoprecipitation Kit (Millipore,

USA) was used for RNA immunoprecipitation (RIP) analysis.
Briefly, human primary keratinocytes were lysed in RIP lysis buffer
after miR-146a mimics transfection for 48 h. Magnetic beads were
pre-incubated with Ago2 antibody overnight at 4°C. IgG was used
as a negative control. The cell lysates were immunoprecipitated
with beads at 4°C for 6 h. The coprecipitated RNAs were then
purified and detected by quantitative reverse transcriptase-
polymerase chain reaction (qRT-PCR). The input fraction Ct
value was used to normalize the RNA sample preparation dif-
ferences in each group, and the negative controls (IgG) Ct were
used to adjust background fraction.

CircRNA Probe Pull-Down Assay
First, the 3′-end biotinylated hsa_circ_0102678 or control

probe was incubated with C-1 magnetic beads (Life Technologies,
USA) for 3 h at room temperature. Then, C-1 magnetic beads were
incubated with cell lysates at 4°C for 12 h. Finally, the results
were analyzed by WB assay and qRT-PCR assay. Biotinylated
hsa_circ_0102678 probes and control probes were listed in online
supplementary Table 5.

Biotin-Labeled miRNA Pull-Down Assay
The 3′-end biotinylated miR-146a mimics or the miRNA

control (50 nM, General Biosystems, Anhui, China) was
transfected into human primary keratinocytes for 48 h. Next,
the cell lysates were harvested. Then Dynabeads MyOne
Streptavidin C1 kit (Invitrogen, USA) was applied to enrich the
biotin-coupled RNA combination. To remove unbound ma-
terials, the beads were pelleted and washed. The TRIzol reagent
was used to extract RNA that was bound to beads. qRT-PCR
was used to test the abundance of hsa_circ_0102678 in the
isolated fractions. All sequences were listed in online sup-
plementary Table 5.

m6A Dot Blot Assay
RNA was extracted from human primary keratinocytes

using TRIzol and then degenerated at 95°C for 3 min. Ni-
trocellulose membrane (Amersham, GE Healthcare, USA) was
used to spot RNAs, following by under ultraviolet light for
30 min. After dyeing with 0.02% methylene blue (Sangon
Biotech, China), the membranes were blocked with 5% bovine
serum albumin for 1 h at 25°C and incubated with m6A an-
tibody (Proteintech, China) overnight at 4°C. The next day, the
membranes were with secondary antibodies for 1 h at room
temperature. The results were tested by ECL chem-
iluminescence (Bio-Rad, USA).

Fig. 1. Hsa_circ_0102678 was downregulated in acne patients.
aHierarchically clustered heat map was used to visualize differential
circRNAs between acne and control skin tissues from the control
cohort (n = 6) and acne patients (n = 6). The red color indicated
upregulated circRNAs and green color indicated downregulated
circRNAs. b Classification of differential circRNAs. c qRT-PCR

analysis of hsa_circ_0102678 expression in acne and matched
adjacent normal tissue patients. d RNA-FISH analysis of
hsa_circ_0102678 expression in acne and matched adjacent
normal tissue patients. Hsa_circ_0102678 (red); DAPI stained
to the nucleus (blue). Scale bars: 10 μm. Student’s t test:
**p < 0.01.
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Fig. 2. Characteristics of hsa_circ_0102678 in human primary
keratinocytes. a Schematic diagram of hsa_circ_0102678 genome
locus in CRIM1 exon region. b Relative levels of hsa_circ_0102678
in cDNA and genomic DNA (gDNA). GAPDH was used as
negative control. c mRNA levels of CRIM1 and hsa_circ_0102678

with or without RNase R. d qRT-PCR analysis of the subcellular
distribution of hsa_circ_0102678 in human primary keratinocytes.
e FISH analysis of the subcellular distribution of hsa_circ_0102678
in human primary keratinocytes. Scale bars: 50 μm. Student’s
t-test: ***p < 0.001.
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Statistical Analysis
All data were derived from three separate experiments. Sta-

tistical analyses were presented as mean ± standard deviation.
Student’s two-tailed t test was used to calculate statistical signif-
icance. The statistical significance limit was set at p < 0.05. All
calculations were done using GraphPad Prism (version 6.0)
software.

Results

Hsa_circ_0102678 Was Downregulated in Acne
Patients
To assess the abnormal expression of circRNAs in

acne, we first showed by microarray test analyses that
605 circRNAs were highly elevated, and 989 were
significantly downregulated in acne tissues (n = 6)
compared with normal tissues (n = 6) (fold change≥ 2
and p < 0.05) (Fig. 1a). Alternatively, most of the
circRNAs included in these test data were composed
of exons (Fig. 1b). Our previous study demonstrated
that miR-146a was overexpressed and regulated in-
flammatory response in acne lesions [7]. To clarify
whether circRNAs regulated the expression of miR-
146a, we performed Cytoscape software (version 3.4.0)
to evaluate the potential circRNAs. Hsa_circ_0102678
attracted our attention as it was the most down-
regulated circRNA among three predicted circRNAs
(hsa_circ_0102678, hsa_circ_0102680, hsa_circ_0105040).
Indeed, we showed by qRT-PCR analyses that
hsa_circ_0102678 expression levels were lower in acne
tissues compared to that in adjacent normal samples
(Fig. 1c). Subsequent histological analysis confirmed a
clear decrease in acne tissues compared with the
matched adjacent normal tissues (Fig. 1d). These
findings revealed that hsa_circ_0102678 might have a
potential function in pathological of acne and should be
explored further.

Characteristics of hsa_circ_0102678 inHuman Primary
Keratinocytes
Hsa_circ_0102678was derived fromhead-to-tail splicing

of exon 1/2 (538 bp) of cysteine-rich transmembrane BMP
regulator 1 (CRIM1) (Fig. 2a). To characterize themolecular

features of hsa_circ_0102678, we first performed divergent
and convergent primers to produce the CRIM1mRNA and
hsa_circ_0102678 by qRT-PCR. Electrophoresis on an
Agarose gel analysis confirmed that hsa_circ_0102678 was
only found in cDNA and not in gDNA (Fig. 2b). Subse-
quently, the RNase R degradation assay confirmed that
hsa_circ_0102678 did not degrade, whereas the CRIM1
mRNA level decreased sharply (Fig. 2c). Furthermore,
nuclear and cytoplasmic fractionation and FISH assay
suggested that hsa_circ_0102678 was predominantly in
the cytoplasm (Fig. 2d, e). Overall, our data indicated
that hsa_circ_0102678 was a stable circRNA expressed
in the cytoplasm of keratinocytes.

Hsa_circ_0102678 Promoted Inflammatory Response
Induced by C. acnes Biofilm in Human Primary
Keratinocytes
It was well acknowledged that the inflammatory

response induced by C. acnes was related to the process
of acne [26, 27]. To explore whether hsa_circ_0102678
was involved in acne via regulating inflammatory re-
sponse, we first constructed a feasible model of C. acnes
biofilm in vitro. The optical density of C. acnes biofilm
formation was the highest on the 8th day, suggesting
that 8 days might be the most suitable stimulation time
for the establishment acne model (online suppl. Fig. 1a,
b). Subsequently, hsa_circ_0102678 siRNA (si-
circ_0102678) and the control siRNA (siNC) or
overexpression hsa_circ_0102678 plasmid (pcDNA-
circ_102678) and the empty control plasmid (pcDNA-
circ-NC) (online suppl. Fig. 2a, b) were effectively
transfected into keratinocytes, respectively. The qRT-
PCR and enzyme-linked immunosorbent assay analysis
prompted that knockdown of hsa_circ_0102678 signifi-
cantly reduced the expression of TNF-α, IL-6, and IL-8
(Fig. 3a, b), while overexpression of hsa_circ_0102678
increased these inflammatory gene expression (online
suppl. Fig. 3a, b). Meanwhile, si-circ_0102678 trans-
fection obviously alleviated the positive impact of C.
acnes biofilm on p-P38, p-IκBα, and p-ERK1/2 ex-
pression (Fig. 3c). Consistently, the expression of these
inflammatory genes was dramatically upregulated
with pcDNA-circ_102678 transfection (online suppl.

Fig. 3. Silencing hsa_circ_0102678 inhibited inflammatory re-
sponse induced by C. acnes biofilm in human primary kerati-
nocytes. Relative mRNA levels (a) and protein levels (b) of IL-6,
IL-8, and TNF-α in human primary keratinocytes transfected with
hsa_circ_0102678 or control siRNA upon ×2 × 108 CFU/mL heat-
inactivated C. acnes biofilm. c Relative p-IκBα, IκBα, p-P38, P38,
and p-ERK1/2 protein expression in human primary keratinocytes

transfected with hsa_circ_0102678 or control siRNA upon ×2 ×
108 CFU/mL heat-inactivated C. acnes biofilm. d Representative
images of NF-κB P65 in human primary keratinocytes transfected
with hsa_circ_0102678 or control siRNA upon ×2 × 108 CFU/mL
heat-inactivated C. acnes biofilm. Scale bars: 5 μm. Bio-C. acnes, C.
acnes biofilm; si-NC, scrambled control; si-circ_102678, hsa_-
circ_0102678 siRNA. Student’s t test: *p < 0.05, **p < 0.01.
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Fig. 3c). Moreover, immunofluorescence analysis
showed that hsa_circ_0102678 affected C. acnes
biofilm-induced NF-κB-p65 nuclear translocation
(Fig. 3d; online suppl. Fig. 3d). In brief, these findings
indicated that hsa_circ_0102678 facilitated inflam-
matory response in human primary keratinocytes
through MAPK and NF-κB pathways.

Hsa_circ_0102678 Acted as a ceRNA to Competitively
Sponge miR-146a in Human Primary Keratinocytes
As reported, cytoplasmic circRNAs functioned as

ceRNAs to sponge microRNAs that specifically inhibited
the expression of target mRNAs [28, 29]. Therefore, we
investigated whether hsa_circ_0102678 exhibited similar
effects in keratinocytes. Our previous study reported that
miR-146a downregulated the expression of IL-6, IL-8,
and TNF-α in acne [7]. Consequently, we attempted to
further clarify the interaction between hsa_circ_0102678
and miR-146a. Indeed, bioinformatics instruments pre-
dicted that hsa_circ_0102678 might bind to miR-146a
(Fig. 4a). Furthermore, luciferase experiment demon-
strated that hsa_circ_0102678 could bind directly to miR-
146a (Fig. 4b). Meanwhile, RIP assay evidenced that
hsa_circ_0102678 existed in Ago2-containing miRNA
ribonucleoprotein complexes via interacting with miR-
146a (Fig. 4c). More than that, biotin-labeled miRNA
pull-down assays demonstrated a significant increase of
hsa_circ_0102678 expression transfected with biotin-
labeled miR-146a compared to Bio-NC control (Fig. 4d).
Furtherly, knockdown of hsa_circ_0102678 markedly in-
creased the expression of miR-146a, while overexpression
of hsa_circ_0102678 decreased the expression of miR-146a
(Fig. 4e, f). Additionally, hsa_circ_0102678 expression was
decreased with miR-146a transfection but elevated with
anti-miR-146a transfection (Fig. 4g, h), manifesting that
hsa_circ_0102678 might be directly bound to miR-146a.
Together, these findings suggested that hsa_circ_0102678
functioned as a ceRNA for miR-146a in human primary
keratinocyte cells.

Hsa_circ_0102678 Sponged miR-146a to Alleviate
Targeted IRAK1 and TRAF6
As reported, IRAK1 and TRAF6 exerted function as the

downstream target for miR-146a in the inflammatory re-
sponse induced by C. acnes biofilm [7]. Similarly, our data
showed that knockdown of hsa_circ_0102678 restricted the
expression of IRAK1 and TRAF6 (Fig. 5a, b). Consistently,
anti-miR-146a transfection increased IRAK1 and TRAF6,
while silencing hsa_circ_0102678 could effectively alleviate
positive effects of anti-miR-146a on IRAK1 and TRAF6
(Fig. 5c). Besides, the expression of TNF-α, IL-8, and IL-6
induced by C. acnes biofilm was increased with anti-miR-
146a but decreased with si-circ_102678 (Fig. 5d, e). Taken
together, these results confirmed that hsa_circ_0102678
decoyed miR-146a to upregulate IRAK1 and TRAF6 and
promoted inflammation induced by C. acnes biofilm in
human primary keratinocytes.

YTHDC1 Enhanced Cytoplasmic Transport of m6A
Methylated hsa_circ_0102678
It was reported that m6A modification was involved in

maintaining the stability and expression of eukaryotic
mRNAs and noncoding RNAs [30]. Here, we first identified
two highly reliable m6A sites in hsa_circ_0102678 by online
bioinformatic tools (http://www.cuilab.cn/sramp/) (online
suppl. Fig. 4a). Then, we identified 12 RNA-binding po-
tential proteins that could bind to hsa_circ_0102678 via
online bioinformatic tools (http://rbpdb.ccbr.utoronto.ca/).
Among them, YTHDC1 protein attracted our specific at-
tention since it was the only m6A-related RNA-binding
protein [31]. These results demonstrated that hsa_-
circ_0102678 might have m6A modifications.

Furtherly, qRT-PCR analysis showed that YTHDC1was
dramatically decreased in acne compared to adjacent
normal tissues (online suppl. Fig. 4b). Correspondingly,
the expression of YTHDC1 was suppressed with C. acnes
biofilm in a temporal manner in human primary kerati-
nocytes (Fig. 6a). Surprisingly, hsa_circ_0102678 was sub-
stantially enriched with YTHDC1 than the control probe

Fig. 4. Hsa_circ_0102678 acted as a ceRNA and competitively
sponged miR-146a in human primary keratinocytes. a Prediction
of miR-146a binding sequence at hsa_circ_0102678. The mutated
sequence showed red nucleotides. b Luciferase assay analysis of
hsa_circ_0102678 or mutant luciferase activity in human primary
keratinocytes transfected with miR-146a or control mimics. c RIP
analysis of hsa_circ_0102678 relative fold enrichment in human
primary keratinocytes. Ago2 protein was used to detect RIP re-
liability by WB analysis. IgG was used as a negative control.
d Enrichment of hsa_circ_0102678 in human primary keratino-
cytes transfected with biotin-miR-146a or miR-NC by miR-146a

pull-down assay. e qRT-PCR analysis of miR-146a expression in
human primary keratinocytes transfected with hsa_circ_0102678
or control siRNA. f qRT-PCR analysis of miR-146a expression in
human primary keratinocytes transfected with hsa_circ_0102678
plasmid or empty control plasmid. g qRT-PCR analysis of miR-
146a (left) and hsa_circ_0102678 (right) in human primary
keratinocytes transfected with miR-146a or miR-NC mimics.
h qRT-PCR analysis of miR-146a (left) and hsa_circ_0102678
(right) in human primary keratinocytes transfected with anti-miR-
NC or anti-miR-146a. Student’s t test: *p < 0.05, **p < 0.01, ***p <
0.001.
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Fig. 5. Hsa_circ_0102678
sponged miR-146a to alleviate
targeted IRAK1 and TRAF6.
Relative TRAF6 and IRAK1
mRNA (a) and protein ex-
pression (b) in human pri-
mary keratinocytes trans-
fected with hsa_circ_0102678
or control siRNA. c WB
analysis of TRAF6 and IRAK1
expression in human primary
keratinocytes under the
specified circumstances. Rel-
ative IL-6, IL-8, and TNF-α
mRNA (d) and protein
expression (e) in human
primary keratinocytes under
the specified circumstances.
Student’s t test: *p < 0.05,
**p < 0.01.
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immunoprecipitants, indicating that hsa_circ_0102678 may
have a relationship with YTHDC1 (Fig. 6b). In addition,
complex precipitation of YTHDC1 antibodies signifi-
cantly enriched hsa_circ_0102678 compared with im-
munoprecipitant control IgG (Fig. 6c). These findings
suggested that YTHDC1 had potential for interaction with
hsa_circ_0102678.

To probe whether YTHDC1 regulated hsa_circ_0102678
through m6A modification, we first performed dot blot
assays to assess m6A levels. As shown in Figure 6d, over-
expression of hsa_circ_0102678 increased the level of m6A
in human primary keratinocytes. As reported, YTHDC1
could promote the nuclear export of m6A-modified
circRNAs [32]. Here, we utilized siRNAs to interfere with
YTHDC1 expression in human primary keratinocytes at the
mRNA and protein expression levels (Fig. 6e). Subsequently,
FISH and nuclear and cytoplasmic fractionation analysis
confirmed that knockdown of YTHDC1 dramatically in-
creased the level of hsa_circ_0102678 in the nucleus (Fig. 6f,
g). Together, these results indicated that YTHDC1 could
directly bind to hsa_circ_0102678 and promote the export of
hsa_circ_0102678 from the nucleus to the cytoplasm by
m6A modification.

Discussion

It was well acknowledged that cellular inflammation was
responsible for the occurrence and development of acne [26,
33, 34]. Meanwhile, circRNAs have appeared as a critical
moderator regulating cell inflammation in many human
diseases [15, 16, 35, 36]. However, there was a lack of
circRNA research in the pathological process of acne. Here,
we have surprisingly identified abundant circRNAs in acne
and normal skin tissues. Moreover, we found that hsa_-
circ_0102678 promoted inflammatory reaction upon C.
acnes biofilm in humanprimary keratinocytes.Mechanically,
we first demonstrated that, in the process of acne pathology,
YTHDC1 mediated the hsa_circ_0102678 nucleus to the

cytoplasm by m6A modification. Hsa_circ_0102678 in-
hibited miR-146 expression and alleviated the miR-146a
negative effect of TRAF6 and IRAK1, which enhanced
cellular inflammation through C. acnes (Fig. 6h). These
findings showed that hsa_circ_0102678 was an essential
inflammatory gene that regulated the progression of acne.

CircRNAs were single-stranded covalent RNA mole-
cules, which involved in occurrence, progression, and
prognosis of different diseases [37–40]. Besides, it was
supposed that dysregulation of circRNAs might contribute
to inflammatory skin diseases [14, 15, 41]. Clinically, C.
acnes infection caused skin inflammation [42–44], while
whether circRNAs exerted biological functions in the
process was unclear. The only accessible hint was RNA
sequencing analysis of circRNA expression profile in severe
acne, indicating that circRNAs might be related to immune
responses and inflammation [16]. Here, we confirmed by
circRNA microarray that hsa_circ_0102678 regulated in-
flammation in acne, which could support this study and
facilitate a deeper understanding of the novel functional
connections between circRNAs and acne pathogenesis.

As reported, circRNAs could exert as ceRNA to bind
miRNAs, leading to an inhibition of their activity [10].
Additionally, more and more studies have shown that the
circRNA-miRNA-mRNA interaction network plays an
important role in a variety of diseases [45]. For example,
Qiao et al. [46] revealed that circRNA_0048211 could bind
to miRNA-93-5p and was negatively correlated with
miRNA-93-5p and positively correlated with BMP2 (BMP2
was a direct target of miRNA-93-5p), thus alleviating the
progression of postmenopausal osteoporosis. Moreover,
similar findings have been reported in breast cancer [47],
diabetic nephropathy [48], osteoarthritis [49], cutaneous
squamous cell carcinoma [50], and arthritis [51]. In parallel
with these reports, our studies showed that hsa_-
circ_0102678 expression was inversely correlated with miR-
146a expression in acne, but this correlation was positive
with IRAK1 and TRAF6, indicating that hsa_circ_0102678
might sponge miR-146a to regulate inflammation in acne.

Fig. 6. YTHDC1 enhanced cytoplasmic transport of m6A meth-
ylated hsa_circ_0102678. a WB analysis of YTHDC1 in human
primary keratinocytes upon heat-inactivated C. acnes biofilm at
the indicated time points. b Enrichment of YTHDC1 in human
primary keratinocytes by miR-146a pull-down assay. c RIP
analysis of YTHDC1 relative fold enrichment in human primary
keratinocytes. Top, YTHDC1 protein was used to detect RIP
reliability by WB analysis. IgG was used as a negative control.
Bottom, relative expression of hsa_circ_0102678 was analyzed by
qRT-PCR. d m6A dot blot assay analysis of m6A expression in
human primary keratinocytes transfected with hsa_circ_102678

overexpression or control plasmid. e Relative YTHDC1 mRNA
(left) and YTHDC1 protein (right) levels in human primary
keratinocytes transfected with YTHDC1 or control siRNA. f RNA-
FISH assay analysis of hsa_circ_0102678 in human primary
keratinocytes transfected with YTHDC1 or control siRNA. Scale
bars: 50 μm. g qRT-PCR analysis of the subcellular distribution of
hsa_circ_0102678 in human primary keratinocytes transfected
with YTHDC1 or control siRNA. h A proposed model for
hsa_circ_0102678/miR-146a/TRAF6/IRAK1 axis in regulating
inflammatory response in human primary keratinocytes. Student’s
t test: **p < 0.01, ***p < 0.001.
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Previous studies had shown that m6A modification was
related to transcription, processing, splicing, degradation,
and translation of RNA. Recently, a study had investigated
that YTHDC1 could bind to circNSUN2 and facilitate the
transport of circNSUN2 from the nucleus to the cytoplasm
in an m6A-dependent manner [21]. Coincident with this
report, our study also confirmed that YTHDC1 could in-
teract with hsa_circ_0102678, which promoted the trans-
port of hsa_circ_0102678 from the nucleus to the cytoplasm
in human primary keratinocytes. Additionally, we evi-
denced that the line expression profile of YTHDC1 as
that of hsa_circ_0102678 in acne compared to normal
skin tissue, furtherly suggesting that YTHDC1 possibly
functioned as a significant upstream regulator on
hsa_circ_0102678/miR-146a/TRAF6/IRAK1 axis.

In our study, we confirmed the significant low ex-
pression of hsa_circ_0102678 in acne tissues, which
provided a biomarker for auxiliary diagnosis of acne and
offered a potential target for the development of new
drugs for acne. We have reported for the first time that
hsa_circ_0102678 was involved in acne disease, providing
a reference for a better understanding of the pathological
mechanism of acne. In the future, we will attempt to
explore whether hsa_circ_0102678 is involved in other
inflammatory skin diseases similar to acne. Of course, our
research also has some limitations. In this study, we
recruited 12 volunteers, including 6 healthy volunteers
and 6 acne patients. Therefore, the number of clinical
samples we collected was not large enough, and there was
a lack of samples from female. In the future, we will collect
enough clinical samples from both male and female to
continue scientific research in acne diseases.

Collectively, our work uncovered a novel mechanism
by which hsa_circ_0102678 exported to the cytoplasm
through YTHDC1 and exerted the inhibition of miR-
146a on TRAF6 and IRAK1, resulting in elevated levels of
inflammation. Our study might provide new insights into
the mysteries of occurrence and pathogenesis in acne,
which highlighted the underlying clinical value of
hsa_circ_0102678/miR-146a/TRAF6/IRAK1 axis in the
diagnosis and treatment of acne.
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