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A B S T R A C T

Background: Myocarditis refers to the inflammatory process that affects the muscle tissue of the heart. Persistent
myocardial inflammation promotes myocardial cell damage, which ultimately leads to heart failure or death.
Therefore, we aimed to explore the functional impacts of circANKRD36 on myocarditis.
Methods: H9c2 cells were pre-treated with lipopolysaccharide (LPS). Viability and apoptosis were evaluated
utilizing CCK-8 assay and flow cytometry. Inflammatory cytokines mRNA expression and production were as-
sessed by qRT-PCR and ELISA. Western blot was utilized to distinguish apoptosis and inflammatory related
factors expression. Sequentially, the above mentioned parameters were reassessed when overexpressed miR-138.
Results: LPS declined viability and as well as raised apoptosis and inflammatory injury in H9c2 cells. Silencing
circular RNA ANKRD36 (si-circANKRD36) alleviated apoptosis and inflammatory injury induced by LPS. MiR-
138 expression was suppressed by LPS and elevated by si-circANKRD36. Increase of viability and inflammatory
injury induced by si-circANKRD36 was alleviated by down-regulation of miR-138. Eventually, si-circANKRD36
inhibited p38MAPK/NF-κB pathway which activated by LPS via up-regulating miR-138.
Conclusion: Si-circANKRD36 exerted its anti-apoptosis and anti-inflammatory function under the condition of
LPS in H9c2 cells through p38MAPK/NF-κB pathway and up-regulation of miR-138.

1. Introduction

Myocarditis refers to the inflammatory process that affects the
muscle tissue of the heart (Bracamonte-Baran and Cihakova, 2017).
Moreover, myocarditis is the cause of non-diagnosed cause of acute
heart failure, chronic dilated cardiomyopathy and sudden death (Sagar
et al., 2012). In addition, a number of clinical experiments revealed that
tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6) and other in-
flammatory cytokines participated in the pathogenesis of cardiac injury
in myocarditis (Matsumori et al., 1994). Thus, the regulation of in-
flammatory response is considered to be an underlying treatment
strategy for myocarditis (Zhou et al., 2015).

Circular RNAs (circRNAs) are innovative races of RNAs belong to
non-coding RNA (ncRNA) (Xu et al., 2018). CircRNAs have been widely
informed to play critical roles in multifarious biological processes and
regulate multiple cellular mechanisms. For instance, circBCRC4 raised
apoptosis and reduced viability in bladder cancer (Li et al., 2017).
Another study demonstrated circRNA_010567 facilitated myocardial

fibrosis in vitro experiments (Zhou and Yu, 2017). For the past few
years, circRNAs were investigated to be participated in heart develop-
ment and diseases (Devaux et al., 2017; Werfel et al., 2016). Wang et al.
disclosed that circHRCR could protect the heart against heart failure
and pathological myocardial hypertrophy (Wang et al., 2016). Ad-
ditionally, Pan's study revealed that several circRNAs such as hsa_-
circ_0089378, hsa_circ_0083357 and so forth exerted their function in
coronary artery disease patients (Pan et al., 2017). Moreover, cir-
cANKRD36 was explored and testified to be associated with apoptosis
and regulating inflammatory responses in type 2 diabetes mellitus
(Fang et al., 2018). Thus, we speculated circANKRD36 had the similar
functions in myocarditis.

MicroRNAs (miRNAs) are small ncRNAs molecules that control gene
expression level after transcription (Lee et al., 1993). Accumulating
evidence shows that miRNAs represent abnormal expression in many
types of diseases, such as lung cancer (Sun et al., 2013), type 2 diabetes
(Ma et al., 2017) and myocarditis (Chen et al., 2017). More than that,
miRNAs are participated in numerous biological, pathological
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proceedings, physiological perturbations and disease conditions
(LaPierre and Stoffel, 2017). For instance, miRNAs showed anti-apop-
tosis effect in T-ALL cells (Fan et al., 2016). Besides, miRNAs could
mediate inflammatory response in vivo and in vitro experiments. Fu's
research reported that miR-30a-5p alleviated spinal cord injury-induced
inflammatory responses via mitogen-activated protein kinases (MAPK)/
ERK pathway (Fu et al., 2018). In addition, abundant studies revealed
that miRNAs played vital roles in myocarditis. For instance, miR-155
inhibition suppressed autoimmune myocarditis and immune response
in CD4+ cells (Yan et al., 2016). More than that, miR-138 was in-
vestigated to play diverse roles in cardiomyocytes. As an illustration,
miR-138 inhibited hypoxia-induced apoptosis in cardiomyocytes (He
et al., 2013). Here, we aimed to investigate circANKRD36 and miR-138
impact and interaction mechanism in lipopolysaccharide (LPS)-induced
H9c2 cells.

2. Materials and methods

2.1. Cell culture

H9c2 cells (ATCC, Manassas, VA, USA) were derived from rat em-
bryonic ventricular cardiomyocytes and hatched in Dulbecco's modified
Eagle medium (DMEM, GIBCO, Grand Island, NY, USA) containing 10%
fatal bovine serum (FBS, GIBCO), 100 U/mL penicillin (Solarbio,
Beijing, China) and 100 μg/mL streptomycin (Wuhan Fortuna Chemical
Co., Ltd., Wuhan, China) in an incubator that contains 95% air and 5%
CO2 at 37 °C.

2.2. Cell treatment

LPS (Solarbio) solution at the concentration of 10 μg/mL was pre-
pared for cell culture. Experimental cells were pre-treated with LPS for
6 h in an atmosphere of 95% air and 5% CO2 at 37 °C.

2.3. Cell counting kit-8 (CCK-8) assay

Cell viability was determined utilizing CCK-8 (Dojindo Laboratories,
Tokyo, Japan). H9c2 cells were inoculated in a 96-well plate at the
density of 5×103 cells/well. When the treatments were completed, the
used cell culture medium was substituted with fresh cell culture media
containing 10 μL CCK-8, and then the cultures were incubated for 1 h.
The absorbance at 450 nm was determined utilizing a Microplate
Reader (Bio-Rad, Hercules, CA, USA).

2.4. Apoptosis assay

H9c2 cells were inoculated in a 6-well plate. After cells had been
subjected to the treatments as described above, cells were rinsed twice
gently with cold phosphate buffered saline (PBS, Thermo Scientific,
Waltham, MA, USA) and re-suspended in binding buffer. The rates of
H9c2 cells apoptosis were analyzed by flow cytometry (Beckman
Coulter, Atlanta, GA, USA) following Annexin V-FITC/PI apoptosis
detection kit (Beijing Biosea Biotechnology, Beijing, China) protocols.

2.5. Enzyme-linked immunosorbent assay (ELISA)

Cells were cultured in 24-well plates and the supernatant was
gathered. The concentrations of inflammatory cytokines measured by
ELISA according to protocols supplied on the basis of user's manual
delivered by the producer (R&D Systems, Abingdon, UK) and normal-
ized to cell protein concentrations.

2.6. Transfection

Small interfering RNA (siRNA) of circANKRD36, miR-138 inhibitor,
miR-138 mimic, negative control (NC) mimic and NC inhibitor were

incorporated (Life Technologies, Carlsbad, MD, USA) and cells were
cultured in 6-well plates. Experimental cells were transfected with
circANKRD36 siRNAs, miR-138 inhibitor and NC inhibitor for 48 h. All
transfections were completed using Lipofectamine 3000 reagent
(Invitrogen) following the manufacturer's protocol. Because the highest
transfection efficiency was occurred at 48 h, thus 48 h was considered
as the harvest time in the subsequent experiments.

2.7. Quantitative reverse transcription PCR (qRT-PCR)

RNA from transfected cells was separated utilizing Trizol reagent
(Invitrogen, San Diego, CA, USA) as stated in the manufacturer's pro-
tocols. RNA concentration and purity was measured by UV spectro-
photometer at 260 nm and 280 nm. MiRNA reverse transcription was
worked utilizing the MultiscribeRTkit (Biosystems, Barcelona, Spain).
The PCR was utilized of the SYBR® Green Master Mix (TaKaRa, Tokyo,
Japan) following the protocols. The relative expression levels were
calculated utilizing the 2−△△Ct method, all experiments replied thrice.

2.8. Luciferase reporter assay

For luciferase reporter assay, the mutant circANKRD36
(circANKRD36-mut) and wild-type circANKRD36 (circANKRD36-wt)
were constructed into pMIR-Report Luciferase vector (Promega,
Madison, WI, USA). Cells were seeded in 12-well plates, which were
divided NC mimic group and miR-124 mimic group. Each group was
transfected with circANKRD36-wt and circANKRD36-mut vectors by
Lipofectamine 3000 (Invitrogen, San Diego, CA, USA) in antibiotic-free
medium for 48 h. Luciferase activity was measured with the Dual-
Luciferase® Reporter Assay System (Promega). The relative luciferase
activity was normalized.

2.9. Western blot assay

Proteins of experimental cells were separated utilizing RIPA lysis
buffer (Beyotime Biotechnology, Shanghai, China) fortified with pro-
tease-inhibitor (Roche, Basel, Switzerland). An equal amount of ex-
tracted protein was evaluated utilizing the BCA™ Protein Assay Kit
(Pierce, Rockford, IL, USA). Each protein bands were detached by 10%
SDS-PAGE and then transferred onto a nitrocellilose membrane
(Millipore, Boston, MA, USA). Afterwards, the appropriate primary
antibodies were diluted and conducted with the membranes at 4 °C
overnight. Primary antibodies were listed as shown below: cleaved-
Caspase-3 (No.ab2302, Abcam, Cambridge, MA, USA), cleaved-
Caspase-9 (No.ab2324, Abcam), pro-Caspase-3 (No. ab32150, Abcam),
pro-Caspase-9 (No. ab135544, Abcam), iNOS (No. ab3523, Abcam), p-
nuclear factor kappa-B (NF-κB) p65 (No. ab106129, Abcam), t-p65 (No.
ab16502, Abcam), p-p38MAPK (No. AM063, Beyotime, Shanghai,
China), t-p38MAPK (No. SAB4500492, Sigma-Aldrich, St. Louis, MO,
USA) and β-actin (No. sc-47778, Santa Cruz Biotechnology) was uti-
lized as an endogenous protein for normalization. After the treated
membranes were rinsed, they were conjunct with suitable secondary
antibodies marked with horseradish peroxidase for 1 h at room tem-
perature. Ultimately, the membranes with protein bands were removed
into the Bio-Rad ChemiDoc™ XRS system. Finally, each area of protein
band was detected and assessed by Image Lab™ Software (Bio-Rad).
Each test was performed in triplicate experiments.

2.10. Statistical analysis

Each analysis was replied at least triple times. The evidence of
various experiments was performed as the mean+ SD and measured
utilizing SPSS 19.0 statistical software (SPSS, Chicago, IL, USA). The p-
values were determined utilizing a one-way analysis of variance
(ANOVA) or Student t-test. A p-value of< 0.05 was appraised statisti-
cally significant.
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Fig. 1. Apoptosis and viability was raised by LPS exposure. (A) Viability was reduced by LPS. (B) Apoptosis was raised by LPS. (C–D) Cleaved-Caspase-3 and cleaved-
Caspase-9 expression was remarkably elevated when H9c2 cells were induced by LPS. (E–F) iNOS expression was notably improved by LPS. (G) IL-6 and TNF-α
secretion was increased when H9c2 cells were exposed with LPS. ⁎p < .05, ⁎⁎p < .01 or ⁎⁎⁎p < .001 compared with marked group in the graph.
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3. Results

3.1. LPS induces apoptosis and inflammatory response in H9c2 cells

To manifest the effectiveness of LPS on H9c2 cells, we detected
viability, apoptosis, apoptosis-related protein expression, iNOS expres-
sion and inflammatory cytokines. As the data demonstrated in Fig. 1A,
viability was remarkably declined when induced by LPS (p < .01).
Whereas apoptotic cells were conspicuously elevated by LPS in H9c2
cells (Fig. 1B, p < .001). Meanwhile, Western blot results indicated
that cleaved-Caspase-3 and cleaved-Caspase-9 expression was notably
raised by LPS (p < .01 or p < .001, Fig. 1C–D). Furthermore, iNOS
expression was remarkably raised in H9c2 cells (p < .001, Fig. 1E–F).
Sequentially, ELISA results implied that secretion of IL-6 and TNF-α was
significantly escalated by LPS in H9c2 cells (p < .05 or p < .001,
Fig. 1G).

3.2. LPS up-regulates circANKRD36 expression

In order to identify the association of circANKRD36 and LPS, qRT-
PCR was utilized to examine circANKRD36 expression in H9c2 cells.
After experimental cells were treated with LPS, circANKRD36 expres-
sion was prominently raised (p < .01, Fig. 2).

3.3. Silencing circANKRD36 alleviates LPS-induced apoptosis and
inflammatory injury

To investigate whether si-circANKRD36 was transfected into the
experimental cells successfully, qRT-PCR was carried out to assess the
expression level of experimental cells. CircANKRD36 expression was
significantly reduced under the condition of knocking down
circANKRD36 in H9c2 cells (p < .01, Fig. 3A).We silenced cir-
cANKRD36 expression to identify the effect of circANKRD36 on apop-
tosis and inflammatory in H9c2 cells. CCK-8 assay was utilized to detect
viability in H9c2 cells. Viability was elevated when silencing cir-
cANKRD36 expression under LPS-pretreated in H9c2 cells (p < .05,
Fig. 3B). On the other hand, apoptosis was declined when silencing
circANKRD36 expression under LPS-pretreated in H9c2 cells (p < .05,
Fig. 3C). Furthermore, cleaved-Caspase-3 and cleaved-Caspase-9 ex-
pression was notably reduced when circANKRD36 was silenced after

experimental cells were treated by LPS (p < .01, Fig. 3D–E). Moreover,
iNOS expression was diminished when circANKRD36 was silenced after
experimental cells were treated utilizing LPS (p < .05, Fig. 3F-G).
What's more, we also assessed inflammatory cytokines secretion in
H9c2 cells. The data demonstrated that secretion of IL-6 and TNF-α was
lessened as well when silenced circANKRD36 expression (p < .05 or
p < .01, Fig. 3H).

3.4. Regulating miR-138 expression mediated LPS-induced apoptosis and
inflammatory injury

In order to identify the effect of miR-138 on H9c2 cells, miR-138
mimic and miR-138 inhibitor were transfected into H9c2 cells, re-
spectively. To identify whether miR-138 was transfected into experi-
mental cells successfully, qRT-PCR was utilized to evaluate miR-138
expression. MiR-138 expression was strongly up-regulated by miR-138
mimic in Fig. 4A (p < .001). Conversely, miR-138 expression was
notably reduced when miR-138 inhibitor was transfected into H9c2
cells successfully (p < .01, Fig. 4B). As the data represented in Fig. 4C,
viability was raised in a certain degree when up-regulating miR-138
and further reduced (p < .05) when down-regulating miR-138 ex-
pression in experimental cells (p < .05). On the other hand, apoptotic
cells were lessened when up-regulating miR-138 (p < .05) and ob-
viously escalated by down-regulating miR-138 in H9c2 cells (p < .05,
Fig. 4D). Moreover, secretion of IL-6 and TNF-α was partially decreased
by up-regulating miR-138 (p < .05 or p < .01) and remarkably ele-
vated by down-regulating miR-138, respectively (p < .01, Fig. 4E).
Moreover, the expression of apoptosis-associated proteins and iNOS
were examined. Expression of cleaved-Caspase-3 and cleaved-Caspase-9
was dramatically declined by up-regulating miR-138 in H9c2 cells
(p < .01). On the country, the expression was markedly raised by
down-regulating miR-138 (p < .01, Fig. 5A–B). Similarly, iNOS ex-
pression was suppressed by down-regulating miR-138 (p < .05) and
the suppression was reversed by up-regulating miR-138 (p < .05,
Fig. 5C–D). Furthermore, we investigated the effect of miR-138 on
p38MAPK/NF-κB pathway in H9c2 cells. p-NF-κB p65 expression was
repressed by up-regulating miR-138 (p < .01) and escalated by down-
regulating miR-138 (p < .01, Fig. 5E–F). In addition, p-38MAPK ex-
pression showed the same trend as p-NF-κB p65 (p < .05 or p < .01,
Fig. 5G–H).

3.5. Silencing circANKRD36 up-regulates miR-138 expression

To confirm the relationship between circANKRD36 and miR-138,
miR-138 expression was tested by qRT-PCR. As the evidence displayed
in Fig. 6, LPS declined miR-138 expression at first (p < .05). Sequen-
tially, miR-138 expression was remarkably elevated by silencing cir-
cANKRD36 expression (p < .01).

3.6. MiR-138 is a direct target of circANKRD36

To demonstrate whether miR-138 directly targets circANKRD36, we
constructed luciferase reporter assay and predicted the binding sites of
circANKRD36 and miR-138. The binding sites of circANKRD36 and
miR-138 were shown in Fig. 7A. The results of luciferase reporter assay
indicated normalized fluorescence intensity was significantly lower in
H9c2 cells co-transfected with circANKRD36-wt and miR-138 mimic
compared to control group (p < .05). By contrast, no significant dif-
ference was detected between the control group and experimental cells
co-transfected with miR-138 mimic and circANKRD36-mut (Fig. 7B).

3.7. Silencing circANKRD36 alleviates LPS-induced apoptosis and
inflammatory injury via up-regulating miR-138

To analyze the combined action of circANKRD36 and miR-138 on
H9c2 cells, circANKRD36 and miR-138 inhibitor were co-transfected

Fig. 2. CircANKRD36 expression was elevated by LPS. After H9c2 cells were
induced by LPS, circANKRD36 expression was strongly enhanced. ⁎⁎p < .01
compared with marked group in the graph.
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Fig. 3. LPS-induced apoptosis and inflammatory injury was alleviated when silenced circANKRD36. (A) When si-circANKRD36 was transfected into H9c2 cells successfully,
circANKRD36 was silenced in H9c2 cells. (B) Viability was promoted when circANKRD36 was silenced. (C) Apoptosis was assuaged when circANKRD36 was silenced in H9c2
cells. (D–E) Cleaved-Caspase-3 and cleaved-Caspase-9 expression was reduced when circANKRD36 was silenced. (F–G) iNOS expression was declined when circANKRD36 was
silenced. (H) IL-6 and TNF-α secretion was strongly decreased when circANKRD36 was silenced in H9c2 cells. ⁎p < .05, ⁎⁎p < .01 or ⁎⁎⁎p < .001 compared with marked
group in the graph.
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Fig. 4. LPS-induced apoptosis and inflammatory injury was regulated by miR-138. (A) MiR-138 expression was up-regulated by miR-138 mimic. (B) MiR-138
expression was down-regulated by miR-138 inhibitor. (C) Viability was elevated when up-regulating miR-138 and reduced when down-regulating miR-138. (D)
Apoptotic cells were decreased by up-regulating miR-138 and escalated by down-regulating miR-138. (E) Secretion of IL-6 and TNF-α were alleviated by up-
regulating miR-138 and raised by down-regulating miR-138. *p < .05, **p < .01 or ***p < .001 compared with marked group in the graph.
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Fig. 5. MiR-138 mediated the expression of apoptosis-related proteins and p38MAPK/NF-κB pathway. (A-B) Expression of cleaved-Caspase-3 and cleaved-Caspase-9
was decreased by up-regulating miR-138 and increased by down-regulating miR-138. (C-D) iNOS expression was reduced by up-regulating miR-138 and raised by
down-regulating miR-138. (E-H) Expression of p-NF-κB p65 and p-p38MAPK were decreased by up-regulating miR-138 and elevated by down-regulating miR-138.
*p < .05, **p < .01 or ***p < .001 compared with marked group in the graph.
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into cells. Viability of H9c2 cells strongly reduced when cells were
transfected with miR-138 inhibitor (p < .05 or p < .01). In addition,
viability was reduced when down-regulating miR-138 expression and
silencing circANKRD36 in the meantime (p < .05, Fig. 8A). What's
more, apoptosis was remarkably increased by miR-138 inhibitor
(p < .01 or p < .001) and escalated when down-regulating miR-138
expression and silencing circANKRD36 (p < .05, Fig. 8B). Ad-
ditionally, IL-6 and TNF-α secretion was markedly promoted (p < .01)
and then enhanced when knocking down miR-138 expression and si-
lencing circANKRD36 (p < .05, Fig. 8C). Furthermore, expression of
cleaved-Caspase-3, cleaved-Caspase-9 and iNOS was firstly elevated by
miR-138 inhibitor (p < .05) and improved when knocking down miR-
138 expression and silencing circANKRD36 (p < .05, Fig. 9A–D).

3.8. Silencing circANKRD36 suppresses p38MAPK/NF-κB pathway via up-
regulating miR-138

In order to identify the underlying mechanism of which

circANKRD36 and miR138 effected in H9c2 cells. The expression of p-
NF-κB p65, t-NF-κB p65, p-p38MAPK and t-p38MAPK was assessed. The
rates of p/t-NF-κB p65 and p/t-p38MAPK were remarkably raised by
miR-138 inhibitor and LPS, respectively (p < .01 or p < .001). More
than that, the rates of above-mentioned proteins were also elevated
when silencing circANKRD36 expression after pretreated utilizing LPS
(p < .05 or p < .01). The data implied that LPS activated p38MAPK/
NF-κB pathway and the activation was suppressed by silencing
circANKRD36. On the other hand, when silencing circANKRD36 and
knocking down miR-138, the rates were raised in H9c2 cells (p < .05,
Fig. 10A–D). The results suggested that the suppression of cir-
cANKRD36 attenuated mobilization of p38MAPK/NF-κB pathway by
down-regulating miR-138 expression. All these consequences mani-
fested that silencing circANKRD36 inhibited p38MAPK/NF-κB pathway
when up-regulating miR-138 expression.

4. Discussion

In the current study, we explored a circRNA, circANKRD36, which
showed that silencing circANKRD36 alleviated LPS-induced apoptosis
and inflammatory responses by regulating miR-138 in H9c2 cells.
Furthermore, the relation of circANKRD36 and miR-138 was revealed.

Most myocarditis is caused by drug infections, bacterial infections,
viral infections and autoimmune diseases (Hekimian and Combes,
2017). Persistent myocardial inflammation promotes myocardial cell
damage, which ultimately leads to heart failure or death. Therefore,
finding effective anti-inflammatory drugs is of great significance in the
treatment of myocarditis. In our research, LPS was utilized to stimulate
inflammatory injury and establish in vitro stimulation of myocarditis. In
line with previous results (Ren et al., 2018), our study confirmed that
LPS remarkably suppressed viability and raised apoptosis, expression
level and production of inflammatory factors like IL-6 and TNF-α in
H9c2 cells. CircRNAs have been found>40 years. However, the func-
tions of circRNAs are recognized in recent years. Accumulating re-
searches illustrated that circRNAs played vital roles in various biolo-
gical processes. For instance, hsa_circ_0020397 regulated viability,
apoptosis and invasion by up-regulating miR138 expression (Zhang
et al., 2017). Another report discovered that silencing hsa_circ_0007534
repressed proliferation and activated apoptosis in colorectal cancer cells
(Zhang et al., 2018). Contrary to these findings, our study indicated that
when circANKRD36 was muted, viability was raised and apoptosis was
reduced. Furthermore, circRNAs are associated with inflammatory

Fig. 6. MiR-138 expression was notably enhanced by silencing circANKRD36.
MiR-138 was declined by LPS and increased when circANKRD36 was silenced.
*p< .05 or **p< .01 compared with marked group in the graph.

Fig. 7. MiR-138 was a direct target of circANKRD36. (A) The binding sites of miR-138 and circANKRD36 were predicted. (B) Relative luciferase activity was
determined by Luciferase reporter assay. ⁎p < .05 compared with marked group in the graph.
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response. Peng's investigations indicated that circ-Sirt1 regulated in-
flammatory responses in vascular smooth muscle cells via NF-κB
pathway (Kong et al., 2019). Furthermore, a similar investigation of
circANRKD36 explored that circANKRD36 was associated with in-
flammatory responses and inflammation-associated pathways in type 2
diabetes mellitus (Fang et al., 2018). However, the relationship be-
tween circANKRD36 and myocarditis remains widely unknown. We
examined the effect of circANKRD36 on H9c2 cells for the first time in
the current investigation. Consistent with Yuan's research (Fang et al.,
2018), we investigated the IL-6 and TNF-α secretion changes. The
conclusion can be implied according to the data that circANKRD36
raised IL-6 and TNF-α production in H9c2 cells. Moreover, apoptosis
was raised by LPS and promoted by circANKRD36 in H9c2 cells.
MiRNAs are participated in numerous biological and pathological
proceedings, such as proliferation, apoptosis, inflammatory responses
and so on (Wang et al., 2017). Besides, miR-138 has also been dis-
criminated extensively and it played vital part in a variety of cells and
diseases. And the function of miR-138 in apoptosis has been widely

reported. Manafi et al. proved that up-regulation of miR-138 prohibited
cell growth and advocated apoptosis mediated by Caspase family
(Manafi Shabestari et al., 2018). According to Requenez-Contreras's
research, miR-138 inhibited IL-6 and TNF-α mRNA expression and se-
cretion. Meanwhile, miR-138 constrained NF-κB/p65 expression
(Requenez-Contreras et al., 2017). Nevertheless, there is no research on
the function of miR-138 in myocarditis at present. In our study, we
confirmed that silencing circANKRD36 suppressed apoptosis and LPS-
treated inflammatory response via up-regulating miR-138. Combined
with previous studies (Fang et al., 2018; Manafi Shabestari et al., 2018),
we identified the role of circANKRD36 and miR-138 in H9c2 cells and
confirmed the relationship between circANKRD36 and miR-138.

p38MAPK is a common pathway for intracellular signal transduc-
tion and is closely related to a variety of cellular processes such as cell
growth, development, proliferation and apoptosis (Jian et al., 2017).
Liu's investigation explored that inhibition of renin receptor–mediated
p38MAPK signaling reduced hypoxia/reoxygenation-induced apoptosis
in H9c2 cells (Liu et al., 2015). Similar with his results, after H9c2 cells

Fig. 8. CircANKRD36 exerted its function on LPS-induced cells via regulating miR-138 expression. (A) Viability was reduced by down-regulating miR-138. Moreover,
viability was lessened by silencing circANKRD36 and down-regulating miR138 in the meantime.(B) Apoptosis was escalated when down-regulating miR-138.
Furthermore, apoptosis was improved by silencing circANKRD36. (C) Secretion of IL-6 and TNF-α was raised by down-regulating miR-138 and promoted by silencing
circANKRD36. ⁎p < .05, ⁎⁎p < .01 or ⁎⁎⁎p < .001 compared with marked group in the graph.

Fig. 9. CircANKRD36 mediated the expression of Caspase-3, Caspase-9 and iNOS by down-regulating miR-138. (A–B) Cleaved-Caspase-3 and cleaved-Caspase-9
expression was raised when down-regulated miR-138 and promoted by silencing circANKRD36. (C-D) iNOS expression was also raised when down-regulated miR-
138 and improved by silencing circANKRD36. ⁎p < .05, ⁎⁎p < .01 or ⁎⁎⁎p < .001 compared with marked group in the graph.
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were pretreated utilizing LPS, cleaved-Caspase-3, cleaved-Caspase-9
and p-p38MAPK expression was remarkably escalated. And this esca-
lation was suppressed by si-circANKRD36 via up-regulating miR-138. In
addition, p38MAPK is a principle intracellular signaling molecules as-
sociated with secretion of various inflammatory cytokines, such as TNF-
α and IL-16 (Bode et al., 2012). Thus, we investigated IL-6 and TNF-α
secretion changes in current experiments. The secretion of these two
inflammatory factors was stimulated utilizing LPS and prohibited when
silencing circANKRD36 via up-regulating miR-138. NF-κB is another
signaling molecule that participates in LPS-induced injury. In addition,
NF-κB is a centrally acting transcription factor that is participated in the
expression of a number of genes related to immune and inflammatory
responses (Komatsu et al., 2017). Activated NF-κB is transferred to the
nucleus where it regulated transcription of its target genes, containing
TNF-α, IL-6 and iNOS. Furthermore, NF-κB is activated by p38MAPK (a
member of the MAPK family) in cardiomyocytes (Guo et al., 2013).
Moreover, recent reports have confirmed that p38MAPK was taken part
in the secretion of pro-inflammatory factors (Chen et al., 2016). Thus,

inhibition of NF-κB mobilization and signal cascade controlled by
MAPKs may work on anti-inflammatory activity. To identify the func-
tion mechanism of circANKRD36 in H9c2 cells, we evaluated NF-κB p65
and p38MAPK expression. The data suggested that si-circANKRD36
suppressed p38MAPK/NF-κB pathway. Moreover, the rates of p/t-NF-κB
p65 and p/t-p38MAPK were partially reversed by down-regulating miR-
138, which indicated that circANKRD36 suppressed p38MAPK/NF-κB
pathway via up-regulating miR-138. On the whole, the present study is
the first to indicate that circANKRD36 and miR-138 could affect LPS-
treated apoptosis and inflammatory response on myocarditis. Firstly, si-
circANKRD36 suppressed apoptosis and inflammatory in LPS-treated
H9c2 cells. Moreover, si-circANKRD36 exerted its anti-apoptosis and
anti-inflammatory function by regulating miR-138. These findings un-
covered a novel molecular mechanism of circANKRD36 and miR-138
effect on myocarditis, and provided an innovative target for clinical
treatment. Additionally, further in vivo experiments still need to be
conducted to prove the effect of circANKRD36. Furthermore, molecular
mechanism of myocarditis involved in circANKRD36 and miR-138 will

Fig. 10. Silencing circANKRD36 inhibited p38MAPK/NF-κB pathway via regulating miR-138. (A–D) The rates of p/t-NF-κB p65 and p/t-p38MAPK were noteworthy
raised by LPS and were declined by silencing circ-ANKRD36. Finally, the decline was reversed when down-regulating miR-138. ⁎p < .05, ⁎⁎p < .01 or ⁎⁎⁎p < .001
compared with marked group in the graph.
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be verified in a 3D in vitro model in the future.
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