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A B S T R A C T   

This paper aimed to investigate the role of lncRNA HCG18 (HCG18) in the progression of diabetic 
cardiomyopathy (DCM) and potential mechanisms. Streptozocin (STZ) was used to induce DCM 
model in rats, which was confirmed by blood glucose concentration, body weight, and HE 
staining. Myocardial apoptosis was detected by TUNEL. H9c2 cardiomyocytes were used to 
construct cell models of DCM through treatment of high glucose. The results showed that HCG18 
was overexpressed in STZ induced DCM rat model and high glucose induced H9c2 car-
diomyocytes. Si-HCG18 significantly increased cell viability, reduced cell apoptosis, attenuated 
activities of myocardial enzymes and enhanced activities of antioxidant enzymes in STZ induced 
DM model and high glucose induced H9c2 cardiomyocytes, while the results of upregulation of 
HCG18, in high glucose induced H9c2 cardiomyocytes, were opposite with that of si-HCG18. MiR- 
9-5p was a target of HCG18, and which was down-regulated in cardiomyocytes of DCM. The 
overexpression of miR-9-5p could neutralize the high glucose induced cardiomyocyte injury, and 
the silence of miR-9-5p could reverse the effect of si-HCG18 on high glucose induced car-
diomyocytes. MiR-9-5p could directly target to IGF2R, and IGF2R was overexpressed in car-
diomyocytes of DCM. Up-regulation of IGF2R can reverse the protective effect of si-HCG18 on 
cardiomyocytes. Taken together, HCG18 is significantly increased in cardiomyocytes of DCM. 
Down-regulation of HCG18 can improve cardiomyocyte injury through miR-9-5p/IGF2R axis in 
DCM.   

1. Introduction 

Diabetic cardiomyopathy (DCM) refers to the specific myocardial lesions in diabetes mellitus (DM), which belongs to the organic 
lesions of microvessels [1]. DCM could cause metabolic disorders, microvascular lesions, extensive myocardial necrosis, arrhythmia, 
and heart failure [2,3]. The pathogenesis of DCM is very complex and has not been fully elucidated. Studies have shown that hy-
perglycemia leads to insulin resistance, increase of oxidative stress, mitochondrial dysfunction and increase of cardiomyocyte 
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apoptosis in DCM [1,4]. Therefore, it is of great significance to explore molecular mechanisms underlying DCM for its diagnosis and 
treatment. 

LncRNA can change gene expression by complementary pairing with DNA or RNA bases, covering splicing points or covering 
miRNA binding sites and promoters. In addition, some studies have shown that lncRNA may act as a "sponge" of endogenous miRNAs, 
and which regulate effect of miRNA on mRNA [5]. More and more studies have shown that lncRNA participated in regulating the 
development of DCM [6]. Li et al. found that overexpression of H19 could significantly increase the levels of glutathione peroxidase 
(GSH PX) and superoxide dismutase (SOD), while significantly decrease the MDA level, myocardial apoptosis index, and expression of 
mitochondrial apoptosis related proteins [7]. In the DCM model of AC16 cells, the cell viability was decreased, the apoptosis rate was 
increased, MEG3 level was up-regulated, and miR-145 level was down-regulated. In addition, MEG3 could inhibit the expression of 
miR-145 act as a ceRNA, thus attenuate the inhibition of PDCD4 expression modulated by miR-145. Knockdown of MEG3 could protect 
human cardiomyocytes from apoptosis induced by high glucose via regulating miR-145/PDCD4 axis [8]. Human leukocyte antigen 
complex 18 (HCG18) is a lncRNA, which is located on chromosome 6p22 1 of the 2430-bp [9]. Abnormal expression of HCG18 causes a 
variety of human diseases, including cancer, vascular disease and diabetes mellitus [10–12]. The lncRNA HCG18 facilitated the 
progression of diabetic peripheral neuropathy by promoting M1 macrophage polarization through regulation of the miR-146a/TRAF6 
axis [12]. It had been demonstrated that HCG18 promoted development of bladder cancer through combining with microRNA-34c-5p 
[13]. HCG18 was closely related to lumbar disc degeneration [14]. However, the role of HCG18 in DCM was yet unclear. 

In this study, we assumed that silencing of HCG18 could attenuate injury of H9c2 cardiomyocytes to improve progression of DCM. 
Through target gene prediction, it was found that HCG18 could target miR-9-5p, and IGF2R was a target of miR-9-5p. We extensively 
investigated the expression of HCG18 in matched DCM tissues and cardiomyocytes induced by high glucose, explored its biological 
activities, and potential molecular mechanisms. Our research aims to offer novel insights into the role of HCG18 and reveals its po-
tential as a prognostic indicator and therapeutic target for DCM. 

2. Material and methods 

2.1. Animals 

All animal experimental operations were performed on the basis of the requirements of the Guide for the Care and Use of Labo-
ratory Animals of Chongqing General Hospital, and approved by the Animal Ethics Committee of Chongqing General Hospital SYXK 
(YU) 2018-0004. 24 healthy SD rats (8 weeks old) were obtained from Shanghai Lab. Animal Research Center. They were fed with 12 h 
light/12 h dark cycle, conventional temperature and humidity for 1 week. The rats were randomly divided into four group (Control, 
DM, DM + sh-NC, and DM + sh-HCG18), 6 rats per group. Rats from DM, DM + sh-NC, and DM + sh-HCG18 groups were intra-
peritoneal injected STZ solution (600 mg/kg) twice a week to constructed type 2 diabetic mellitus rats. Rats from control group were 
injected equivalent amount of physiological saline. One week later, blood samples were collected from tail vein, and blood glucose was 
measured with a glucometer (Accu-Chek, Roche Diagnostics). If the blood glucose was more than 16.7 mmol/L, and the urine volume 
and drinking water volume were significantly increased, it was considered that the type 2 diabetic mellitus rats were successfully 
constructed. According to previous studies, diabetic rats showed onset of cardiac dysfunction after 8 weeks of STZ injection [15,16]. 
After 8 weeks of STZ injection, type 2 diabetic mellitus rats from DM + sh-NC group and DM + sh-HCG18 group were respectively 
transfected with sh-NC and sh-HCG18, which was obtained from GenePharma (GenePharma, China); 50 μL sh-HCG18 or sh-NC was 
injected into the tail vein of type 2 diabetic mellitus rats. After 8 weeks, the rats were weighed, and then all rats were euthanized by 
pentobarbital sodium (120 mg/kg, intraperitoneal injection), and the death of rats was determined by observing the cardiac arrest and 
pupil dilation. The heart was removed and the right ventricle was separated. Some tissues were used to isolated RNAs and proteins 
through Trizol Reagent (Invitrogen) and RIPA lysate (Beyotime) respectively. Some tissues were fixed with 4 % paraformaldehyde for 
the pathological examination. 

2.2. HE staining 

4 μm paraffin sections were prepared after 4 % paraformaldehyde fixation for 24 h. The sections were treated with xylene to remove 
the wax, dehydrated using a gradient of ethanol, rinsed with distilled water, and then stained with a hematoxylin solution for 5 min at 
room temperature. They were differentiated using 1 % hydrochloric acid alcohol for 5 s, and finally stained with a 1 % eosin solution 
for 1 min at room temperature before being sealed with neutral resin. The pathological changes of myocardial tissue were observed and 
analyzed under a light microscope (Nikon, Tokyo). 

2.3. TUNEL assay 

The slices were dewaxed in xylene for 5–10 min, treated with absolute ethanol for 5 min, 90 % ethanol for 2 min, 70 % ethanol for 2 
min, and distilled water for 2 min. The enzyme K without DNase was added by dropping, and then the slices were incubated at 37 ◦C for 
20 min, and washed with PBS for 3 times. The mixture of TUNEL reaction was added, and the slices were incubated at 37 ◦C for 1 h at 
the dark room, and washed with PBS for 3 times. The slices were incubated with DAB solution at room temperature for 5 min, and 
washed with PBS for 3 times. Hematoxylin staining and 1 % hydrochloric acid ethanol differentiation was performed, and the slices 
were treated for 10 min with distilled water, then the slices were sealed using neutral resin. Under the light microscope (Nikon, Tokyo), 
the sections were observed in the light microscope by an investigator who was initially blinded to treatment groups, and five randomly 

Y. Luo et al.                                                                                                                                                                                                             



Heliyon 10 (2024) e24604

3

selected fields of each slide were analyzed. 

2.4. Cardiomyocyte culture 

Rat H9c2 cardiomyocytes were purchased from American Type Culture Collection (ATCC, USA), and cultured using Dulbecco’s 
modified eagle’s medium (DMEM, Gibico, USA) containing 10 % fetal bovine serum (FBS, Gibico, USA) and 1 % streptomycin (Gibico, 
USA). The cells were seeded in 6-well plate or 12-well plate and cultured for 24 h at a concentration of 1 × 105/ml in a carbon dioxide 
incubator (37 ◦C and 5 % CO2). Then H9c2 cardiomyocytes were cultured for 48 h using DMEM containing 5.5 mmol/L glucose 
(control) or 30 mmol/L glucose (HG). 

2.5. Cell transfection 

Si-HCG18 (5′-TTGGCTTCAGTCCTGTTCATCAG-3′), si-contorl (si-con, 5′-GGCCAAGCCUUGUGUAAAU-3′), pcDNA-HCG18, pcDNA- 
con, miR-9-5p mimics (miR-9-5p, 5′-UCUUUGGUUAUCUAGCUGUAUGA-3′), mimics control (miR-con, 5′-UUCUCCGAACGUGU-
CACGUTT-3′), miR-9-5p inhibitor (anti-miR-9-5p, 5′-UCAUACAGCUAGAUAACCAAAGA-3′), inhibitor contol (anti-miR-con, 5′- 
CAGUACUUUUGUGUAGUACAA-3′), pcDNA-IGF2R (IGF2R) and were synthesized by GenePharma Co., Ltd. (Shanghai, China). Car-
diomyocytes were cultured in DMEM medium without antibiotics at 37 ◦C for 24 h, then transfected with plasmids (2 μg each hole) or 
miR-9-5p inhibitors, mimics, or nontargeting negative control at a final concentration of 50 nM using Lipofectamine 2000 (Invitrogen) 
at 37 ◦C for 24 h, and then cultured in DMEM medium with 5.5 mmol/l glucose or 30 mmol/L glucose at 37 ◦C for 48 h. 

2.6. Reverse transcription-Polymerase chain reaction (RT-PCR) 

Trizol Reagent (Invitrogen) was used to extract total RNA from myocardial tissues and cells according to the instructions, and 
mirVana RNA isolation kit (Ambion) was used for extraction of miRNA. The cDNA was obtained using prime script reverse tran-
scription reagent kit (Thermo Fisher Scientific). RT-PCR was carried out with SYBR Green qPCR master mixtures (Thermo Fisher 
Scientific), and the mRNA levels were detected by light cycler 480 SYBR green fluorescent quantitative PCR. TaqMan MicroRNA Assays 
were used to quantify miRNA expression (Applied Biosystems). U6 was used as a miRNA internal control, and GAPDH was an mRNA 
internal control. The primer sequence is shown as follow, HCG18: forward 5′- GCTAGGTCCTCTACTTTCTG-3′ and reverse 5′- 
CAGAAAGTAGAGGACCTAGC-3′, miR-9-5p: forward 5′-GTGCAGGGTCCGAGGT-3′ and reverse 5′-GCGCTCTTTGGTTATCTAGC-3′, 
IGF2R: forward 5′-CCGGCGTGCTCTGGA-3′ and reverse 5′-CCAGAGGGTCACAGTGGAAGA-3′, U6: forward 5′-ATTGGAACGATACA-
GAGAAGATT-3′ and reverse 5′-GGAACGCTTCACGAATTTG-3′, GAPDH: forward 5′- CATGAGAAGTATGACAACAGCCT-3′ and reverse 
5′-AGTCCTTCCACGATACCAAAGT-3′. Reaction conditions: pre-denaturation at 95 ◦C for 5min, and then 35 cycles (denaturation at 
94 ◦C for 30s, annealing at 60 ◦C for 30s, extending at 72 ◦C for 30s) were performed, final extension was at 72 ◦C for 5min. The relative 
expression of mRNAs in each group were calculated according to 2− ΔΔCt method. 

2.7. Cell viability assay 

The cells were inoculated into 96 well plates at 1 x 104 per well [17,18]. After 48 h, 10 μL 5 g/L MTT solution was added. After 4 h, 
the supernatant was discarded, and cells were treated with 150 μL DMSO in each well. The results were measured at 570 nm by a 
microplate reader (BioTek, VT, USA). 

2.8. ELISA assay 

The cells were lysed with RIPA (Beyotime) and centrifuged at 12000 rpm/min for 10 min at 4 ◦C. The levels of inflammatory factor 
(IL-1β, IL-6 and TNF-α), myocardial enzymes (LDH, CK-MB, AST) and antioxidant enzymes (SOD, CAT) were detected according to the 
instructions of ELISA kit (Nanjing Jiangcheng Bioengineering Institute). The OD value was detected at 450 nm using a microplate 
reader (BioTek, VT, USA). 

2.9. Flow cytometry 

After washed by PBS for 3 times, the cells were collected and prepared for single cell suspension (1 × 106/ml) in serum-free DMEM 
medium. Cell suspension (5 ml) was mixed with 1.25 μl Annexin V-FITC and incubated for 15 min at room temperature. The cells were 
centrifuged at 1000×g for 5 min, resuspended with 0.5 ml of precooled binding buffer, mixed with 10 μl Propidium Iodide (PI), and 
incubated overnight at 4 ◦C. Cell apoptosis was detected by CytoFLEX S (Beckman Coulter, Inc.). 

2.10. Western blot 

The total protein of myocardial tissue and cardiomyocyte was extracted by RIPA lysate (Beyotime), and BCA protein concentration 
detection kit (Beyotime) was used for the measurement of protein concentration. The same amount of total protein was separated in 
SDS-PAGE (12 %), and then transferred to PVDF membrane by electroporation. After washed for 3 times, the membranes were sealed 
for 1 h at room temperature with 5 % skimmed milk powder. After washed for 3 times, the membranes were incubated overnight at 
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4 ◦C with appropriate primary antibody. After washed for 3 times, the membranes were incubated for 2 h at room temperature with 
corresponding secondary antibody. After washed for 3 times, the bands were detected. Used antibodies were as follow: anti-Bcl-2 
(ab196495, 1:1000), anti-Bax (ab53154, 1:1000), anti-IGF2R (ab124767, 1:1000), anti-β-actin (ab8226, 1:1000) and anti-GAPDH 
(ab8245, 1:1000). All antibodies were acquired from Abcam (Cambridge, USA). GAPDH or β-actin was used as normalizations. 

2.11. Detection of double luciferase 

The target sequence and mutation sequence (the sequence based on the 3′-UTR of HCG18 or IGF2R combined with miR-9-5p) was 
constructed by Genepharma Co. Ltd. (Shanghai, China), and inserted into pmirGLO plasma (Promega, Madison, WI, USA) to obtain the 
luciferase reporter vectors, HCG18-WT, HCG18-Mut, IGF2R-WT and IGF2R-Mut, respectively. The vectors and miR-9-5p were 
transfected into H9c2 cardiomyocytes using Lipofectamine 2000 (Invitrogen). After transfected for 48 h, the fluorescence intensity of 
double luciferase was detected by the Dual Luciferase Reporter Assay System (Promega). 

2.12. Bioinformatic analysis 

Online prediction of downstream target genes of miR-9-5p was performed through Targetscan 7.2 (https://www.targetscan.org/ 
cgi-bin/targetscan/vert_72/view_gene.cgi?rs=ENST00000356956.1&taxid=9606&members=miR-9- 
5p&showcnc=0&shownc=0&shownc_nc=&showncf1=&showncf2=&subset=1). 

2.13. Statistical analysis 

In this study, statistical analysis was performed using SPSS statistics 17.0. All data were expressed as mean ± standard deviation 
(SD). The data in this article followed a normal distribution, a parametric one-way ANOVA was conducted followed by Tukey post hoc 
test, for comparisons between more than two groups. The comparison between the two groups was performed by Student’s t-test. P <
0.05 was represented to be significant difference. 

3. Results 

3.1. HCG18 was overexpressed in DCM 

After STZ injected for a week, the blood glucose concentration of DM model group was significantly more than 16.7 mmol/L 
compared with control (Fig. 1A). After 8 weeks, all rats were weighed, the weight of DM group was significantly lower than that of 
control group (Fig. 1B). Our gene silencing treatment occurred after 8 weeks of STZ injection. After another 8 weeks, the results of HE 
staining showed that cardiomyocytes were hypertrophic, and myofibers were disordered in DM group (Fig. 1C), which were typical 

Fig. 1. Expression of HCG18 was overexpression in myocardium of DM rat induced by STZ and H9c2 cardiomyocytes induced by HG. (A) Blood 
glucose was detect using a glucometer (Accu-Chek, Roche Diagnostics) once a week, the results of eighth weeks are presented. (B) The weight of the 
rats was measured once a week, the results of eighth weeks are presented. (C) The pathological changes of myocardium in diabetic rats were 
measured by HE staining. (D) Cardiomyocyte apoptosis in myocardium of diabetic rats was detected by TUNEL. (E) Expression of HCG18 was 
detected in myocardium of DM rat induced by STZ through RT-PCR. (F) Expression of HCG18 was detected in H9c2 cardiomyocytes induced by HG 
through RT-PCR. *P < 0.05. 
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pathological changes of DM. Cardiomyocyte apoptosis was detected by TUNEL. The results showed that the cell apoptotic in DM group 
was more than that in control group (Fig. 1D). We then detected the expression of HCG18 in myocardium by RT-PCR. The data showed 
that HCG18 was overexpressed in DM group (Fig. 1E). In order to determine whether abnormal expression of HCG18 regulates car-
diomyocyte function, we treated cardiomyocytes with HG medium (DMEM medium containing 30 mmol/L glucose) and detected the 
expression of HCG18 by RT-PCR (Fig. 1F). The results indicated that HCG18 was up-regulated in cardiomyocytes treated with HG. 

3.2. Down-regulation of HCG18 improved H9c2 cardiomyocyte injury induced by HG 

In order to clarify the role of HCG18 in the injury of cardiomyocytes in DM, HG induced H9c2 cardiomyocytes were transfected 
with si-HCG18 or si-con. si-HCG18 exerted the significant inhibition effect on HCG18 expression in H9c2 cardiomyocytes. (Fig. 2A). 
The results of MTT assay indicated that the down-regulation of HCG18 could inhibit the effect of HG on cardiomyocyte activity 

Fig. 2. Down-regulation of HCG18 ameliorated H9c2 cardiomyocytes injury induced by HG. (A) After si-HCG18 transfected, the expression of 
HCG18 was detected by RT-PCR in H9c2 cardiomyocytes. (B) After si-HCG18 transfected, cell viability was measured by MTT assay in H9c2 
cardiomyocytes induced by HG. (C and D) After si-HCG18 transfected, the expression of Bax and Bcl-2 was detected by western blot in H9c2 
cardiomyocytes induced by HG. (E and F) After si-HCG18 transfected, cell apoptosis was measured by flow cytometry in H9c2 cardiomyocytes 
induced by HG. (G and H) After si-HCG18 transfected, myocardial enzyme (LDH, CK-MB, AST) and antioxidant enzyme (SOD, CAT) levels were 
detected by ELISA in H9c2 cardiomyocytes induced by HG. (I) Inflammatory factor (IL-1β, IL-6 and TNF-α) were measured by ELISA in H9c2 
cardiomyocytes induced by HG. *P < 0.05. 
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(Fig. 2B). it was found that the down-regulation of HCG18 could reverse the HG induced decrease of Bcl-2 expression and increase of 
Bax expression in H9c2 cardiomyocytes (Fig. 2C and D). Furthermore, the results of flow cytometry showed that the down-regulation 
of HCG18 attenuated the increase of cardiomyocyte apoptosis induced by HG (Fig. 2E and F). Besides, we detected the activities of 
myocardial enzymes (LDH, CK-MB, AST) and antioxidant enzymes (SOD, CAT) by ELISA. The results demonstrated that HG signifi-
cantly increased the activities of myocardial enzymes (LDH, CK-MB, AST) and decreased the activities of antioxidant enzymes (SOD, 
CAT) in H9c2 cardiomyocytes, whereas down-regulation of HCG18 could reverse the effect (Fig. 2G and H). In addition, knockdown of 
HCG18 recovered HG-induced increase of inflammatory factor (IL-1β, IL-6 and TNF-α) (Fig. 2I). Those data indicated that silencing of 
HCG18 attenuated H9c2 cardiomyocyte injury induced by HG. 

3.3. HCG18 could band to miR-9-5p directly 

Through the analysis of Starbase database, HCG18 and miR-9-5p had potential binding sites. The binding sites were shown in 
Fig. 3A. MiR-9-5p or anti-miR-9-5p, as well as pcDNA-HCG18 or si-HCG18, was transfected into H9c2 cardiomyocytes. The results 
showed that miR-9-5p/pcDNA-HCG18 upregulated expression of miR-9-5p/HCG18 and anti-miR-9-5p/si-HCG18 downregulated 
expression of miR-9-5p/HCG18 (Fig. 3B and C). In order to demonstrate our prediction, 3′-UTR of HCG18 was cloned into pmirGLO 
plasma, and double luciferase reporter gene detection was performed. The results illustrated that up-regulation of miR-9-5p could 
obviously inhibit luciferase activity in WT-HCG18 group, but the effect was dissolved in MUT-HCG18 (Fig. 3D). Moreover, over-
expression of HCG18 could inhibit the expression of miR-9-5p, while down-regulation of HCG18 could increase the expression of miR- 
9-5p in H9c2 cardiomyocytes (Fig. 3E). Furthermore, miR-9-5p was down-regulated in STZ induced myocardial tissue and HG induced 
H9c2 cardiomyocytes compared with control group (Fig. 3F and G). These results showed that HCG18 negatively regulated the 

Fig. 3. HCG18 had targeted binding sites with miR-9-5p. (A) The target binding sites of HCG18 and miR-9-5p were presented. (B) The transfection 
effects of miR-9-5p and anti-miR-9-5p were detected by RT-PCR. (C) The transfection effects of pcDNA-HCG18 and si-HCG18 were detected by RT- 
PCR. (D) Double luciferase assay was used to verify the targeted binding of HCG18 with miR-9-5p. (E) The effect of overexpression or knockdown of 
HCG18 on miR-9-5p expression was detected by RT-PCR. (F) The expression of miR-9-5p in myocardium of STZ induced diabetic rats was detected 
by RT-PCR. (G) The expression of miR-9-5p in H9c2 cardiomyocytes induced by HG was detected by RT-PCR. *P < 0.05. 
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expression of miR-9-5p in H9c2 cardiomyocytes. 

3.4. MiR-9-5p could target to IGF2R 

Through the analysis of Targetscan software, the results showed that miR-9-5p and IGF2R have potential binding sites (Fig. 4A). It 
was predicted that miR-9-5p could bind to the promoter of IGF2R mRNA through the binding site, thus inhibiting the transcription and 
expression of IGF2R. The results of double luciferase reporter gene assay indicated that miR-9-5p could inhibit luciferase activity in 
IGF2R-WT group, while not effect in IGF2R-mut group (Fig. 4B). IGF2R mRNA and protein expression in STZ induced myocardial 
tissue and HG induced H9c2 cardiomyocytes were significantly higher than those in control group (Fig. 4C–F). Furthermore, the results 
indicated that down-regulation of HCG18 could inhibit IGF2R expression, and down-regulation of miR-9-5p could reverse this effect in 
H9c2 cardiomyocytes (Fig. 4G). These results indicated that miR-9-5p bound to IGF2R, and reduced the expression IGF2R in H9c2 
cardiomyocytes. 

3.5. Si-HCG18 attenuates HG induced H9c2 cardiomyocyte injury via miR-9-5p/IGF2R axis 

The role of miR-9-5p/IGF2R axis was investigated in HG induced H9c2 cardiomyocytes. Si-HCG18, si-HCG18 + anti-miR-9-5p, or 
si-HCG18 + IGF2R was transfected in H9c2 cardiomyocytes induced by HG. Anti-miR-9-5p and IGF2R could reverse the down- 
regulation of IGF2R induced by si-HCG18 in HG induced H9c2 cardiomyocytes (Fig. 5A). Moreover, anti-miR-9-5p and IGF2R 
inhibited cell viability in H9c2 cardiomyocytes co-treated by HG and si-HCG18 (Fig. 5B). In H9c2 cardiomyocytes co-treated with HG 
and si-HCG18, decreased expression of Bax and increased expression of Bcl-2 were attenuated by anti-miR-9-5p or IGF2 (Fig. 5C and 
D). Inhibition of apoptosis induced by si-HCG18 was reversed by anti-miR-9-5p and IGF2R (Fig. 5E and F). In addition, the effects of si- 
HCG18 on myocardial enzymes (LDH, CK-MB, AST) and antioxidant enzymes (SOD, CAT) were reversed by anti-miR-9-5p or IGF2R in 
H9c2 cardiomyocytes induced by HG (Fig. 5G and H). Besides, anti-miR-9-5p and IGF2R could block si-HCG18-induced the decrease of 
inflammatory factor (IL-1β, IL-6 and TNF-α) (Fig. 5I). Those results suggested that HCG18 prevented HG induced H9c2 cardiomyocyte 
injury through modulating miR-9-5p/IGF2R axis. 

3.6. HCG18 regulates miR-9-5p/IGF2R axis in STZ induced diabetic rats 

DM model was constructed by intraperitoneal injection of STZ. After 8 weeks, DM rats were injected sh-HCG18 via tail vein (twice a 

Fig. 4. MiR-9-5p directly targeted to IGF2R. (A) The target binding sites of miR-9-5p and IGF2R were presented. (B) Double luciferase assay was 
used to demonstrated the targeted binding of miR-9-5p with IGF2R. (C and D) mRNA and protein expression of IGF2R in myocardium of diabetic 
rats induced by STZ through RT-PCR and western blot, respectively. (E and F) mRNA and protein expression of IGF2R in H9c2 cardiomyocytes 
induced by HG through RT-PCR and western blot, respectively. (G) The effect of knockdown of HCG18 and miR-9-5p on IGF2R expression was 
detected by RT-PCR. *P < 0.05. 
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week). After 8 weeks, HE staining were carried out to estimate the histopathological changes. Si-HCG18 restrained the cardiomyocyte 
hypertrophy and inflammation induced by STZ (Fig. 6A). Blood glucose, cTnl and BNP in diabetic mice were significantly amplified, 
but ameliorated in the DM + sh-HCG18 groups (Fig. 6B, C and 6D). Compared with control group, HCG18 and IGF2R were significantly 
overexpressed in DM group, while miR-9-5p was reduced. However, sh-HCG18 could attenuate STZ induced increase of HCG18 and 
IGF2R expression and decrease of miR-9-5p (Fig. 6E, F, 6G, and 6H). Compared with the control group, the apoptosis was enhanced in 
DM group, and sh-HCG18 reversed the effect of STZ on apoptosis (Fig. 6I). We also found that the increase of myocardial enzyme (LDH, 
CK-MB, AST) and the decrease of antioxidant enzymes (SOD, CAT) in DM group could be restored by sh-HCG18 (Fig. 6J and K). 
Furthermore, the results showed that sh-HCG18 could inhibit the increase of IL-1β, IL-6 and TNF-α expression induced by STZ (Fig. 6L). 
These results indicated that downregulation of HCG18 improved myocardial damage of DM rats through miR-9-5p/IGF2R axis in vivo. 

Fig. 5. HCG18 regulated the cell biological behavior of H9c2 cardiomyocytes induced by HG via miR-9-5p/IGF2R axis. (A) After transfection of si- 
HCG18 or/and anti-miR-9-5p (IGF2R), IGF2R expression was measured by RT-PCR. (B) Transfection of si-HCG18 or/and anti-miR-9-5p (IGF2R), cell 
viability was measured by MTT assay in H9c2 cardiomyocytes induced by HG. (C and D) After transfection of si-HCG18 or/and anti-miR-9-5p 
(IGF2R), the expression of Bax and Bcl-2 was detected by western blot in H9c2 cardiomyocytes induced by HG. (E and F) After transfection of 
si-HCG18 or/and anti-miR-9-5p (IGF2R), cell apoptosis was measured by flow cytometry in H9c2 cardiomyocytes induced by HG. (G and H) 
Transfection of si-HCG18 or/and anti-miR-9-5p (IGF2R), myocardial enzyme (LDH, CK-MB, AST) and antioxidant enzyme (SOD, CAT) levels were 
detected by ELISA in H9c2 cardiomyocytes induced by HG. (I) Inflammatory factor (IL-1β, IL-6 and TNF-α) were measured by ELISA in H9c2 
cardiomyocytes induced by HG. *P < 0.05. 
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4. Discussion 

DCM is an independent heart disease, the pathogenesis of which may include metabolism disorders, myocardial interstitial fibrosis, 
cardiac parasympathetic regulation impairment and cardiac microvascular disease [1]. There is still no effective prevention and 
treatment method for DCM. The main treatment principle is to control blood glucose, blood pressure, blood lipid and improve cardiac 
function [19]. It is very important to study and clarify the molecular mechanism of DCM. 

In recent years, the abnormal expression of lncRNA has been confirmed to regulate the pathological development of DCM at the 
molecular level [20,21]. Zhang et al. found that the expression of MHRT was significantly increased in H2O2 induced oxidative stress 
injury model in cardiomyocytes. When MHRT was down-regulated by siRNA, the cell apoptosis was reduced in oxidative stress model, 
which indicated that down-regulation of MHRT could protect cardiomyocytes from oxidative stress [22]. NONRAT007560.2 was 
significantly up-regulated in HG induced cardiomyocyte. When NONRATT007560.2 was down-regulated, cardiomyocyte apoptosis 
was inhibited and ROS level was decreased [23]. HCG18 is an immune-related gene, which is involved in regulating a variety of 
biological functions in a variety of diseases [24–26]. HCG18 had protective impacts on blood glucose and fat deposition by regulating 

Fig. 6. Down-regulation of HCG18 improved the myocardium injury of diabetic rats induced by STZ. (A) HE staining were performed for each 
group. (B, C and D) Blood glucose, cTnl and BNP levels were evaluated by ELISA (E, F G and H) The expressions of HCG18, miR-9-5p and IGF2R 
were detected by RT-PCR and western blot in myocardium of diabetic rats induced by STZ. (I) The apoptosis was measured by TUNEL in 
myocardium of diabetic rats induced by STZ. (J and K) myocardial enzyme (LDH, CK-MB, AST) and antioxidant enzyme (SOD, CAT) levels were 
detected by ELISA in myocardium of diabetic rats induced by STZ. (L) The expressions of IL-1β, IL-6 and TNF-α were assessed by western blot. *P 
< 0.05. 
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miR-197-3p in non-alcoholic fatty liver disease [27]. HCG18 promoted M1 macrophage polarization and further enlarged the 
development of diabetic peripheral neuropathy by regulating miR-146a/TRAF6 axis [12]. In this study, compared with control, blood 
glucose, apoptosis of cardiomyocytes, and myocardial pathology injury were enhanced, and body weight was decreased in DM rats. 
Further, we found that HCG18 was overexpressed in the myocardium of DM rats and H9c2 cardiomyocytes treated with HG. Moreover, 
previous studies had shown that silencing HCG18 could increase cell viability and reduce apoptosis of papillary thyroid cancer cell via 
miR-106a-5p/PPP2R2A axis [28]. knockdown of HCG18 prevented the progression of myasthenia gravis through suppressing Jurkat 
cell apoptosis and promoted cell proliferation by sponging miR-145-5p/CD28 [29]. In this study, downregulation of HCG18 attenuated 
HG induced the decrease of cell activity and the increase of apoptosis in H9c2 cardiomyocytes. SOD and CAT were often used as 
biomarkers of reactive oxygen species [30]. At present, the increase of AST, CK and LDH is the early diagnosis basis of myocardial 
ischemia or infarction [31]. Our data showed that silencing of HCG18 enhanced antioxidant enzyme (SOD, CAT) levels and reduced 
myocardial enzyme (LDH, CK-MB, AST) levels in H9c2 cardiomyocytes. Inflammatory response plays an important role in the 
development of DCM [32]. Nonspecific inflammatory factors such as IL-6, TNF-α and IL-1β are closely related to cardiovascular 
dysfunction in diabetic patients [33,34]. Interestingly, our results indicated that and inflammatory factor (IL-1β, IL-6 and TNF-α) were 
upregulated in H9c2 cardiomyocytes induced by HG, which was recovered by diminished HCG18. The results demonstrated that 
HCG18 could affect the progression of DCM. 

MiR-9-5p is located on chromosome 15 [35]. Current studies have shown that miR-9-5p could regulate insulin secretion, promote 
insulin resistance, and participate in regulating myocardial biological function [36,37]. Kai et al. found that miR-9-5p might partic-
ipate in the occurrence and development of DCM by affecting myocardial fibrosis [38]. Therefore, we investigated whether the effect of 
HCG18 on cardiomyocytes was mediated by miR-9-5p. In this study, HCG18 could directly target miR-9-5p in H9c2 cardiomyocytes. 
pcDNA-HCG18 decreased miR-9-5p expression, but si–HCG18 increased miR-9-5p expression. In addition, we found that the 
expression of miR-9-5p was significantly reduced in STZ induced DM rats and HG induced H9c2 cardiomyocytes. Up-regulation of 
miR-9-5p could increase cell viability, inhibit apoptosis, decrease myocardial enzyme activities and increase antioxidant enzyme 
activities in H9c2 cardiomyocytes induced by HG. Although we analyzed that HCG18 could target and regulate miR-9-5p in HG 
induced cardiomyocytes, but whether other miRNAs are regulated by HCG18 needs further investigation. This is a limitation of our 
research. 

IGF2R protein is a single strand penetrating receptor, which is expressed in all tissues and cells. IGF2R, as an antagonist of IGF2, is a 
regulatory polypeptide. When combined with IGF2, IGF2R causes the degradation of IGF2 in lysosomes and inhibits the activation of 
tyrosine kinase mediated by IGF, thus playing a cell growth inhibition role [39]. Studies had shown that IGF2R signaling pathway is 
abnormally activated in H9c2 cells as well as in STZ induced diabetic rat hearts, and leads to cardiomyocyte apoptosis [40]. 
MiR-193-5p can inhibit angiogenesis through targeting IGF2 gene in type 2 diabetic goto Kakizaki (GK) rats’ myocardial microvascular 
endothelial cells [41]. It was predicted that miR-9-5p could target IGF2R to affect cardiomyocytes. The results indicated that miR-9-5p 
could bind to 3′-UTR region of IGF2R. Our finding showed that si-HCG18 could down-regulate the expression of IGF2R, and miR-9-5p 
could attenuate this effect. 

HCG18, as a ceRNA could sponging miRNAs to regulate multiple signaling Pathway [42–44]. Previous studies had shown that 
HCG18 can target miR-9 as ceRNA in vitro model of cerebral ischemia-reperfusion injury and gastric cancer cells [45,46]. Our studies 
indicated that HCG18 regulated high glucose induced cardiomyocyte injury by targeting miR-9-5p. In addition, IGF2R is one of the 
predictive targets of miR-9-5p. Many studies have shown that IGF2R is involved in the regulation of cardiomyocyte injury [40,47,48]. 
Therefore, we speculate that the miR-9-5p/IGF2R axis might be related to the effect of HCG18 on cardiomyocyte injury. 
Down-regulation of miR-9-5p could counteract the protective effect of si-HCG18 on H9c2 cardiomyocytes induced by HG. Moreover, 
up-regulation of IGF2R could neutralize the protective effect of si-HCG18 in H9c2 cardiomyocytes induced by HG. The results revealed 
that si-HCG18 protected H9c2 cardiomyocytes induced by HG through modulating miR-9-5p/IGF2R axis. However, whether other 
targets of miR-9-5p are also involved in the effect of HCG18 on cardiomyocyte injury still needs further study. 

GAS5 attenuated the histological abnormalities and reversed the decreased LC3B II and increased p62 expression levels of DM 
model rats via the miR-221-3p/p27 axis [49]. Similarly, in vivo, our studies showed that the expression of HCG18 and IGF2R was 
decreased and the expression of miR-9-5p was increased in DCM rats treated with sh-HCG18, compared with that in DM rats treated 
with sh-NC. Sh-HCG18 significantly reduced the expression of IL-1β, IL-6 and TNF-α in DM rats. Myocardial enzyme activities were 
down-regulated and antioxidant enzyme activities were up-regulated by silencing HCG18 in DM rats. The results further confirmed the 
effect of HCG18 on cardiomyopathy in DM, and its association with miR-9-5p/IGF2R axis. 

5. Conclusions 

Taken together, this study revealed the HCG18 was significantly up-regulated in H9c2 cardiomyocytes induced by HG and 
myocardial tissue of STZ induced DM rats. Besides, silencing of HCG18 promoted the expression of miR-9-5p, and enhanced the 
negative regulation of miR-9-5p on IGF2R, which increased cell viability, inhibited cell apoptosis, down-regulated myocardial enzyme 
activities and up-regulated antioxidant enzyme activities in H9c2 cardiomyocytes induced by HG and myocardial tissue of STZ induced 
DM rats. Whether HCG18 had other mechanisms on the occurrence and development of DCM needs further study. This study might 
provide a new potential target for the treatment of DCM. The study on the clinical application of HCG18 as a therapeutic target for 
DCM is upcoming. 
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