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Circ‑ACTR2 aggravates the high 
glucose‑induced cell dysfunction of human 
renal mesangial cells through mediating 
the miR‑205‑5p/HMGA2 axis in diabetic 
nephropathy
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Abstract 

Background:  Circular RNAs (circRNAs) have been considered as pivotal biomarkers in Diabetic nephropathy (DN). 
CircRNA ARP2 actin-related protein 2 homolog (circ-ACTR2) could promote the HG-induced cell injury in DN. How-
ever, how circ-ACTR2 acts in DN is still unclear. This study aimed to explore the molecular mechanism of circ-ACTR2 in 
DN progression, intending to provide support for the diagnostic and therapeutic potentials of circ-ACTR2 in DN.

Methods:  RNA expression analysis was conducted by the quantitative reverse transcription-polymerase chain 
reaction (qRT-PCR). Cell growth was measured via Cell Counting Kit-8 and EdU assays. Inflammatory response was 
assessed by Enzyme-linked immunosorbent assay. The protein detection was performed via western blot. Oxidative 
stress was evaluated by the commercial kits. The molecular interaction was affirmed through dual-luciferase reporter 
and RNA immunoprecipitation assays.

Results:  Circ-ACTR2 level was upregulated in DN samples and high glucose (HG)-treated human renal mesangial 
cells (HRMCs). Silencing the circ-ACTR2 expression partly abolished the HG-induced cell proliferation, inflammation 
and extracellular matrix accumulation and oxidative stress in HRMCs. Circ-ACTR2 was confirmed as a sponge for 
miR-205-5p. Circ-ACTR2 regulated the effects of HG on HRMCs by targeting miR-205-5p. MiR-205-5p directly targeted 
high-mobility group AT-hook 2 (HMGA2), and HMGA2 downregulation also protected against cell injury in HG-treated 
HRMCs. HG-mediated cell dysfunction was repressed by miR-205-5p/HMGA2 axis. Moreover, circ-ACTR2 increased the 
expression of HMGA2 through the sponge effect on miR-205-5p in HG-treated HRMCs.

Conclusion:  All data have manifested that circ-ACTR2 contributed to the HG-induced DN progression in HRMCs by 
the mediation of miR-205-5p/HMGA2 axis.
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Introduction
Diabetic nephropathy (DN) is a serious complication 
resulting from diabetes mellitus (DM) in kidney, and it 
has become the main cause of chronic kidney disease or 
end-stage renal failure [1, 2]. Mesangial cells play impor-
tant roles in the pathogenesis of DN [3, 4]. Mesangial cell 
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proliferation and extracellular matrix (ECM) accumula-
tion are related to the initiation and progression of DN [5, 
6]. To explore the molecular mechanism of mesangial cell 
dysfunction is important for the treatment of DN. Many 
biological molecules have regulatory effects on DM and 
DN. For instance, small dense low-density lipoprotein 
has key function in predicting and monitoring gestational 
DM [7]. Glycated albumin has been considered to act as 
a biomarker to predict the cardiovascular risk of DM [8] 
and evaluate glycemic status in patients with advanced 
chronic kidney disease [9].

CircRNAs are non-coding closed-loop RNAs known 
as microRNA (miRNA) sponges and gene transcriptional 
or post-transcriptional regulators [10]. The specific char-
acteristics of circRNAs such as abundant distribution, 
differential expression and high stability confer them 
the potentials as diagnostic and therapeutic biomark-
ers for human diseases [10]. CircRNA_010383 has been 
reported as a miR-135a sponge to increase the level of 
TRPC1 in regulating the high glucose (HG)-induced 
renal fibrosis in DN [11]. Circ_0000491 has exacerbated 
the accumulation of ECM in mesangial cells by inhibiting 
miR-101b to upregulate the TGFβRI expression [12].

CircRNA ARP2 actin-related protein 2 homolog (circ-
ACTR2) was overexpressed in DN patients and it pro-
moted the HG-induced cell injury in renal tubular cells 
[13]. However, it is unclear whether circ-ACTR2 is also 
correlated to the pathogenesis of DN in mesangial cells. 
Chen et al. have clarified that miR-205 protected against 
the HG-induced cell damages via targeting HMGB1 in 
mesangial cells and circLRP6 upregulated the HMGB1 
expression through playing a sponge role of miR-205 [14]. 
In addition, miR-98-5p and let-7a-5p have inhibited the 
development of DN by downregulating the expression of 
high-mobility group AT-hook 2 (HMGA2) [15, 16]. The 
potential of circ-ACTR2 as a regulator of HMGA2 by 
sponging miR-205-5p remains to be investigated.

This study hypothesized that circ-ACTR2 could exert 
a sponge effect on miR-205-5p and HMGA2 could act 
as a miR-205-5p target. The circ-ACTR2/miR-205-5p/
HMGA2 regulatory axis in the DN progression was stud-
ied in HG-treated renal mesangial cells.

Materials and methods
Human specimens
Totally, 54 kidney tissues were collected from First 
Affiliated Hospital, Heilongjiang University of Chinese 
Medicine. After the physiopathologic identification by 
two pathologists, these specimens have been classified 
into DN group (n = 27) and normal group (n = 27). The 
written informed consent has been acquired from each 
participator. Our research was authorized by the Eth-
ics Committee of First Affiliated Hospital, Heilongjiang 

University of Chinese Medicine. 54 kidney tissues were 
frozen in liquid nitrogen for long-term preservation.

Cell culture and treatment
Human renal mesangial cell line HRMC (BioVec-
tor NTCC Inc., Beijing, China) was maintained in cell 
medium produced by Dulbecco’s modified eagle medium 
(DMEM; Hyclone, Logan, UT, USA), 10% fetal bovine 
serum (FBS; Sigma-Aldrich, St. Louis, MO, USA) and 1% 
antibiotics (Sigma-Aldrich). Cell culture was conducted 
in controllable incubator (37 °C, 5% CO2). For the treat-
ment of HG, cells were stimulated with 30 mM glucose 
(Sigma-Aldrich) for 48 h.

Transient transfection
The specific small interfering RNA (siRNA) of circ-
ACTR2 or HMGA2 (si-circ-ACTR2, si-HMGA2), 
miRNA mimic of miR-205-5p (miR-205-5p), and miRNA 
inhibitor of miR-205-5p (anti-miR-205-5p) were obtained 
from RIBOBIO (Guangzhou, China). The oligonucleo-
tides si-NC, miR-NC and anti-miR-NC were applied as 
the corresponding negative controls. In addition, pcD5-
ciR-circ-ACTR2 (circ-ACTR2) and pcDNA-HMGA2 
(HMGA2) were constructed using the expression vectors 
pcD5-ciR (GENESEED, Guangzhou, China) and pcDNA 
(Invitrogen, Carlsbad, CA, USA). The operation of cell 
transfection was in accordance with the instruction book 
of Lipofectamine™ 3000 (Invitrogen) for 6  h, then cell 
medium was replaced with DMEM containing 30  mM 
glucose. After 48 h, the harvested cells were used for the 
subsequent experimental analysis.

The quantitative reverse transcription‑polymerase chain 
reaction (qRT‑PCR) assay
Total RNA extraction from kidney tissues and mesangial 
cells was performed using TRI Reagent (Sigma-Aldrich). 
After the reverse transcription by Transcriptor Univer-
sal cDNA Master (Roche, Basle, Switzerland), the quan-
titative detection was performed by FastStart Universal 
SYBR Green Master (Roche) as per the user’s guideline. 
RNA stability was assessed by qRT-PCR after total RNA 
was treated with RNase R (GENESEED) at 37  °C. The 
subcellular localization was also analyzed using qRT-PCR 
after the RNA isolation from the nucleus and cytoplasm 
using PARIS™ Kit (Invitrogen). The 2−∆∆Ct method was 
applied to calculate the relative expression of each mol-
ecule as previously reported  [17]. Glyceraldehyde-phos-
phate dehydrogenase (GAPDH) and U6 were selected 
as the endogenetic references. The specific primers con-
tained circ-ACTR2: 5′-ATC​ACG​GTT​GGA​ACG​AGA​
AC-3′ (forward, F), 5′-TTC​ATG​TCA​TCC​CAA​TTT​
CG-3′ (reverse, R); ACTR2: 5′-GAC​TAC​ACA​TTT​GGA​
CCA​GAGA-3′ (F), 5′-CTT​CTC​TCT​GTT​TTT​GGT​
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TGGG-3′ (R); miR-205-5p: 5′-TCG​GCA​GGT​CCT​TCA​
TTC​CACC-3′ (F), 5′-CTC​AAC​TGG​TGT​CGT​GGA​-3′ 
(R); HMGA2: 5′-CAG​CAG​CAA​GAA​CCA​ACC​G-3′ (F), 
5′-TGT​TGT​GGC​CAT​TTC​CTA​GGT-3′ (R); GAPDH: 
5′-GTC​TCC​TCT​GAC​TTC​AAC​AGCG-3′ (F), 5′-ACC​
ACC​CTG​TTG​CTG​TAG​CCAA-3′ (R); U6: 5′-GCT​TCG​
GCA​GCA​CAT​ATA​CTA​AAA​T-3′ (F), 5′-CGC​TTC​ACG​
AAT​TTG​CGT​GTCAT-3′ (R).

Cell counting kit‑8 (CCK‑8) assay
Cell viability of HRMCs was measured using Cell Count-
ing Kit-8 (Sigma-Aldrich). 10  μL CCK-8 solution was 
added into each well to incubate with cells for 2 h. Then, 
cell viability was analyzed by detecting the optical den-
sity value of 450 nm under a microplate reader (Bio-Rad, 
Hercules, CA, USA).

Enzyme‑linked immunosorbent assay (ELISA)
Cell supernatants were harvested after cell treatment 
and transfection. ELISA kits (RayBiotech, Norcross, GA, 
USA) were used for the determination of interleukin-6 
(IL-6) and tumor necrosis factor-alpha (TNF-α) accord-
ing to the producer’s specification. The concentration 
was expressed as pg/mL.

EdU assay
EdU kit (RIBOBIO) was applied to assess cell prolif-
erative ability. Briefly, cells were incubated with EdU 
solution and fastened with 4% paraformaldehyde (Sigma-
Aldrich). Then cells were stained with 1 × Apollo stain-
ing solution and 4′,6-diamidino-2- phenylindole (DAPI; 
Beyotime, Shanghai, China), followed by the cell obser-
vation on the fluorescence microscope (Olympus, Tokyo, 
Japan). Ultimately, the EdU-positive cells (EdU + DAPI-
stained cells) were counted.

Western blot
The detection of protein expression was conducted refer-
ring to the descriptions of issued studies [18, 19]. The 
primary antibodies against collagen I (ab34710, 1:1000), 
collagen IV (ab7536, 1:1000), HMGA2 (ab207301, 
1:1000) and GAPDH (ab181602, 1:3000) were acquired 
from Abcam (Cambridge, UK). Goat Anti-rabbit IgG 
H&L (HRP) secondary antibody (Abcam, ab205718, 
1:5000) was then incubated with the membranes to con-
jugate with the primary antibody, and then the protein 
blots were examined using Electrochemiluminescence 
Substrate Kit (Abcam). ImageJ software (NIH, Bethesda, 
MD, USA) was exploited for analyzing the protein level 
of each gene.

Oxidative stress assay
Superoxide dismutase (SOD) activity and malondialde-
hyde (MDA) level were detected to evaluate oxidative 
stress in HRMCs. The operating procedures were per-
formed following the guides of SOD and MDA Assay 
Kits (Sigma-Aldrich), followed by the respective detec-
tion of absorbance at 450 nm and 530 nm.

Dual‑luciferase reporter assay
The prediction of the targets for circ-ACTR2 and miR-
205-5p was carried out by starbase v2.0 (http://​starb​
ase.​sysu.​edu.​cn). The wild-type (WT) and mutant-type 
(MUT) sequences of circ-ACTR2 were respectively 
used to construct the WT-circ-ACTR2 and MUT-
circ-ACTR2 luciferase plasmids using the pEZX-FR03 
plasmid (GeneCopoeia, Rockville, MA, USA). Also, 
the WT-HMGA2 3′UTR and MUT-HMGA2 3′UTR 
plasmids were generated. Plasmid transfection was 
performed in HRMCs together with miR-NC or miR-
205-5p. After 48  h, the luciferase signal of each group 
was determined via the Luc-Pair™ Duo-Luciferase HS 
Assay Kit (GeneCopoeia).

RNA immunoprecipitation (RIP) assay
The target binding was also analyzed using RNA Immu-
noprecipitation Kit (Sigma-Aldrich). In brief, the 
magnetic beads coated with antibody of Argonaute-2 
(Ago2) or immunoglobulin G (IgG) were respectively 
incubated to the harvested cells. Subsequently, the 
RNA complexes binding to the magnetic beads were 
isolated and the qRT-PCR was conducted to quantify 
the molecular expression (circ-ACTR2, miR-205-5p 
and HMGA2).

Statistical analysis
Statistical analysis in the current study was completed 
using SPSS 22.0 (SPSS Inc., Chicago, IL, USA). After 
three independent assays, data have been expressed 
as the mean ± standard deviation (SD). For the linear 
analysis in human samples, Pearson’s correlation coef-
ficient was applied to analyze the expression levels 
between two targets. Student’s t-test for two groups 
and one-way analysis of variance (ANOVA) followed by 
Tukey’s test for multiple groups were adopted to assess 
the statistical difference. P < 0.05 indicated that the dif-
ference was conspicuous.

Results
The high expression of circ‑ACTR2 was detected in DN 
samples and HG‑treated HRMCs
The expression pattern of circ-ACTR2 was examined 
by qRT-PCR in tissue samples and cells. Relative to the 
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27 normal samples, circ-ACTR2 was highly expressed 
in 27 DN samples (Fig. 1A). HG treatment also induced 
the upregulation of circ-ACTR2 in HRMCs contrasted 
with the control group (Fig.  1B). The stability analysis 
revealed that circ-ACTR2 have higher resistance to 
RNase R than linear ACTR2 (Fig.  1C). The qRT-PCR 
detection in cytoplasm and nucleus demonstrated that 
circ-ACTR2 was mainly localized in the cytoplasm 
of HRMCs (Fig.  1D). It has been identified that circ-
ACTR2 was differentially expressed in DN.

HG‑induced cell damages in HRMCs were partly reversed 
by the silence of circ‑ACTR2
The silence of circ-ACTR2 was achieved by the trans-
fection of siRNA targeting circ-ACTR2. As shown in 
Fig.  2A, si-circ-ACTR2 transfection inhibited the HG-
mediated upregulation of circ-ACTR2 expression. The 
treatment of HG was displayed to enhance cell viability, 
which was then abated by si-circ-ACTR2 (Fig. 2B). ELISA 
manifested that the promoting effects of HG on IL-6 and 
TNF-α were attenuated following the downregulation 
of circ-ACTR2 level (Fig.  2C). According to the data of 
EdU assay, cell proliferation was also restored to a normal 

level after the si-circ-ACTR2 transfection in HG-treated 
HRMCs (Fig.  2D). Western blot results indicated that 
collagen I and collagen IV protein levels were lower in 
HG + si-circ-ACTR2 group than these in HG + si-NC 
group, suggesting that knockdown of circ-ACTR2 alle-
viated the HG-induced ECM deposition (Fig.  2E). SOD 
activity was inhibited (Fig.  2F) and MDA level was 
increased (Fig. 2G) in HG-treated HRMCs, while the oxi-
dative stress mediated by HG was counteracted with the 
expression inhibition of circ-ACTR2. All in all, silencing 
the expression of circ-ACTR2 partly abolished the HG-
induced cell damages in HRMCs.

Circ‑ACTR2 exhibited the sponge function of miR‑205‑5p
The online prediction by starbase v2.0 identified that 
circ-ACTR2 had the target binding sites of miR-205-5p 
(Fig. 3A). In comparison to the miR-NC group, the miR-
205-5p expression was elevated by fourfold changes in 
the miR-205-5p group (Fig. 3B). Then, the overexpression 
of miR-205-5p was found to decrease the relative lucif-
erase activity of WT-circ-ACTR2 group instead of MUT-
circ-ACTR2 group (Fig. 3C). Meanwhile, miR-205-5p and 
circ-ACTR2 levels were higher in Ago2 group than these 

Fig. 1  The high expression of circ-ACTR2 was detected in DN samples and HG-treated HRMCs. A, B The qRT-PCR was performed to detect the 
circ-ACTR2 level in normal and DN samples (A) or control and HG-treated HRMCs (B). C The determination of circ-ACTR2 and linear ACTR2 was 
conducted by qRT-PCR after treatment of RNase R in total RNA. D The circ-ACTR2, U6 and GAPDH levels were assayed by qRT-PCR in cytoplasm and 
nucleus. **P < 0.01, ****P < 0.0001
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in IgG group of RIP assay (Fig. 3D). The expression analy-
sis for miR-205-5p displayed that it was downregulated 
in DN samples by contrast to normal samples (Fig. 3E). 
Interestingly, a negative correlation (r = − 0.6416, 
p < 0.001) was noticed between the expression levels of 

miR-205-5p and circ-ACTR2 in DN samples (Fig. 3F). In 
addition, the level of miR-205-5p was signally declined 
in HG group compared to the control group in HRMCs 
(Fig.  3G). The transfection of circ-ACTR2 further 
enhanced the upregulation of circ-ACTR2 caused by HG, 

Fig. 2  HG-induced cell damages in HRMCs were partly reversed by the silence of circ-ACTR2. A The expression of circ-ACTR2 was quantified 
using qRT-PCR in four groups of control, HG, HG + si-NC, HG + si-ACTR2 in HRMCs. B Cell viability detection was performed by CCK-8 assay. 
C Inflammatory cytokines IL-6 and TNF-α were determined by ELISA. D Cell proliferation analysis was performed by EdU assay. E The protein 
examination of collagen I and collagen IV was conducted by western blot. F, G SOD activity (F) and MDA level (G) were respectively measured using 
the corresponding kits. **P < 0.01, ***P < 0.001, ****P < 0.0001
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indicating that the transfection efficiency of circ-ACTR2 
was excellent (Fig. 3H). HG-mediated inhibitory effect on 
the miR-205-5p expression was promoted by the knock-
down of circ-ACTR2 but this effect was repressed by the 
overexpression of circ-ACTR2 (Fig. 3I). These data testi-
fied that circ-ACTR2 served as a miR-205-5p sponge.

Circ‑ACTR2/miR‑205‑5p axis affected the regulation of HG 
in HRMCs
The inhibitory efficiency of anti-miR-205-5p was sig-
nificant in HRMCs relative to anti-miR-NC group 

(Fig. 4A). In addition, anti-miR-205-5p also eliminated 
the si-circ-ACTR2-induced overexpression of miR-
205-5p in HG-treated HRMCs (Fig.  4B). Furthermore, 
the suppressive effects of circ-ACTR2 knockdown on 
cell viability (Fig. 4C), inflammatory response (Fig. 4D) 
and cell proliferation (Fig.  4E) in HG-treated HRMCs 
were mitigated by anti-miR-205-5p. The downregula-
tion of miR-205-5p also abrogated the si-circ-ACTR2-
mediated inhibition of ECM accumulation (Fig.  4F, G) 
and oxidative stress (Fig.  4H, I). The above evidence 
showed that circ-ACTR2 regulated cell injury in HG-
treated HRMCs by targeting miR-205-5p.

Fig. 3  Circ-ACTR2 exhibited the sponge function of miR-205-5p. A Starbase v2.0 predicted the binding sites between circ-ACTR2 and miR-205-5p. 
B The miR-205-5p level was examined by qRT-PCR after transfection of miR-NC or miR-205-5p. C, D Dual-luciferase reporter assay (C) and RIP assay 
(D) were used to confirm whether circ-ACTR2 combined with miR-205-5p. E The quantification of miR-205-5p was carried out using qRT-PCR 
in normal and DN tissues. F The linear analysis between circ-ACTR2 and miR-205-5p was performed using the Pearson’s correlation coefficient. 
G The effect of HG on the miR-205-5p expression was analyzed via qRT-PCR. H The level of circ-ACTR2 was detected by qRT-PCR in control, HG, 
HG + pcD5-ciR or HG + circ-ACTR2 group. I The regulation of circ-ACTR2 inhibition or overexpression on the miR-205-5p expression was performed 
by qRT-PCR in HG-treated HRMCs. **P < 0.01, ***P < 0.001, ****P < 0.0001
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HMGA2 was found as a downstream target of miR‑205‑5p
The binding sites between the 3′UTR sequence of 
HMGA2 and miR-205-5p sequence were also shown in 
starbase v2.0 (Fig.  5A). Dual-luciferase reporter assay 
(Fig.  5B) and RIP assay (Fig.  5C) further affirmed the 
interaction between miR-205-5p and HMGA2. HMGA2 
mRNA expression was higher in DN tissues than that 
in normal tissues (Fig.  5D) and HMGA2 was negatively 
related to the miR-205-5p expression (r = − 0.7048, 
p < 0.001) in DN tissues (Fig.  5E). The protein level of 
HMGA2 was increased after the treatment of HG in 
HRMCs (Fig. 5F). Moreover, miR-205-5p overexpression 

inhibited the stimulative effect of HG on the HMGA2 
protein expression but miR-205-5p downregulation 
aggravated this effect (Fig.  5G). Altogether, miR-205-5p 
could directly target HMGA2.

HMGA2 downregulation protected against the HG‑induced 
cell dysfunction in HRMCs
The function of HMGA2 in DN was also explored using 
the loss-of-function method. Western blot showed that 
HMGA2 protein level was inhibited in HG + si-HMGA2 
group contrasted to HG + si-NC group (Fig.  6A). Sub-
sequent assays demonstrated that cell viability (Fig.  6B), 

Fig. 4  Circ-ACTR2/miR-205-5p axis affected the regulation of HG in HRMCs. A The transfection efficiency of anti-miR-205-5p was assessed by 
qRT-PCR. B The qRT-PCR was applied for the expression detection of miR-205-5p after transfection of si-NC, si-ACTR2, si-ACTR2 + anti-miR-NC or 
si-ACTR2 + anti-miR-205-5p in HG-treated HRMCs. C Cell viability was examined via CCK-8 assay. D The concentrations of IL-6 and TNF-α were tested 
via ELSIA. E Cell proliferation was assessed via EdU assay. F, G The levels of collagen I and collagen IV were assayed via western blot. H, I Oxidative 
stress was evaluated by SOD activity (H) and MDA level (I) using the kits. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001
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inflammatory IL-6/TNF-α levels (Fig. 6C) and cell prolifer-
ation (Fig. 6D) in HG-treated HRMCs were all suppressed 
by the introduction of si-HMGA2. The protein levels of 
collagen I and collagen IV were also suppressed by si-
HMGA2 under the treatment of HG (Fig. 6E, F). Addition-
ally, the HG-triggered repression of SOD activity (Fig. 6G) 
and promotion of MDA level (Fig. 6H) were reverted after 
the HMGA2 expression was downregulated. The knock-
down of HMGA2 weakened the HG-induced cell growth, 
inflammation, ECM deposition and oxidative stress.

MiR‑205‑5p/HMGA2 axis was involved in the regulation 
of HG‑induced DN progression
HMGA2 protein expression was increased by trans-
fection of HMGA2 with more than threefold changes 

(Fig.  7A). The repressive regulation of miR-205-5p on 
the HMGA2 protein level was offset after the HMGA2 
transfection (Fig.  7B). The overexpression of miR-
205-5p returned the HG-aroused promotion of cell 
viability (Fig. 7C), inflammatory response (Fig. 7D) and 
cell proliferation (Fig. 7E), whereas the upregulation of 
HMGA2 restrained the reversal of miR-205-5p. As the 
results of HMGA2 overexpression, the inhibitory influ-
ences of miR-205-5p on ECM aggregation (Fig.  7F, G) 
and oxidative stress (Fig.  7H, I) were counterbalanced 
in HG-treated HRMCs. Overall, miR-205-5p targeted 
HMGA2 to impede the HG-induced DN progression.

Fig. 5  HMGA2 was found as a downstream target of miR-205-5p. A The binding sites of miR-205-5p in HMGA2 3′UTR was predicted by starbase 
v2.0. B, C The binding between miR-205-5p and HMGA2 was explored using dual-luciferase reporter assay (B) and RIP assay (C). D HMGA2 mRNA 
expression was assayed by qRT-PCR in normal and DN samples. E The linear relation between the expression of miR-205-5p and HMGA2 was 
analyzed by Pearson’s correlation coefficient. F The protein detection of HMGA2 was performed by western blot in control and HG groups. G 
Western blot was used to assess the effect of miR-205-5p on the HMGA2 protein level. ***P < 0.001, ****P < 0.0001
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Circ‑ACTR2 regulated the HMGA2 level by acting 
as a sponge of miR‑205‑5p
The effect of circ-ACTR2 on the expression of HMGA2 
was investigated. As depicted in Fig. 8A, B, the mRNA 
and protein levels of HMGA2 in HG-treated HRMCs 
were downregulated by si-circ-ACTR2 while this down-
regulation was countervailed by miR-205-5p inhibitor. 
Thus, circ-ACTR2 could increase the expression level 
of HMGA2 by targeting miR-205-5p.

Discussion
Circ-ACTR2 has been identified to participate in the 
HG-induced mesangial cell dysfunction by modulating 
the miR-205-5p and HMGA2 levels, which confirmed 
that circ-ACTR2/miR-205-5p/HMGA2 axis was present 
in the DN progression.

A large amount of evidence has shown that circR-
NAs regulated the pathological processes of renal dis-
eases [20]. For example, circSDHC contributed to cell 

Fig. 6  HMGA2 downregulation protected against the HG-induced cell dysfunction in HRMCs. A The protein expression of HMGA2 in control, HG, 
HG + si-NC or HG + si-HMGA2 group was evaluated by western blot. B CCK-8 was performed to analyze cell viability. C ELISA was performed to 
measure the concentrations of IL-6 and TNF-α. D EdU assay was conducted to determine cell proliferation. E, F Western blot was conducted to 
detect the protein levels of collagen I and collagen IV. G, H SOD activity (G) and MDA level (H) by the detection kits were exploited to examine the 
oxidative stress. **P < 0.01, ***P < 0.001, ****P < 0.0001
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invasion and proliferation in renal cell carcinoma [21]; 
circ-Ttc3 promoted the inflammatory response and oxi-
dative stress in sepsis-induced acute kidney injury [22]; 
hsa_circ_0123190 was significantly downregulated in 
lupus nephritis and it might impede the progression of 
lupus nephritis [23]. Circ-ACTR2 has been upregulated 
in DN patients and HG-treated renal tubular cells [13]. 
Consistently, the high expression of circ-ACTR2 was also 
confirmed in our DN samples and HG-stimulated renal 
mesangial cells. Our assays further demonstrated that 
the downregulation of circ-ACTR2 antagonized the HG-
induced cell proliferation, ECM accumulation, inflam-
matory and oxidative damages. These results implied 

that circ-ACTR2 improved the developing process of DN 
in vitro, in accordance with the previous findings [13].

CircRNAs played the regulatory roles by functioning 
as the natural sponges of miRNAs [24]. MiR-205-5p was 
considered as a candidate miRNA target of circ-ACTR2 
using starbase v2.0. The issued studies have manifested 
the sponge effects of some circRNAs on miR-205-5p. 
Circ_NOTCH3 served as a proto-oncogene in basal-
like breast carcinoma by sponging miR-205-5p [25], 
and circPVT1 improved the malignant development of 
osteosarcoma through the sponge mechanism of miR-
205-5p [26]. Cao et al. declared that circ0001429 accel-
erated cell propagation and invasiveness in bladder 

Fig. 7  MiR-205-5p/HMGA2 axis was involved in the regulation of HG-induced DN progression. A The overexpression effect of HMGA2 transfection 
on the HMGA2 protein expression was analyzed using western blot. B HMGA2 protein detection was performed by western blot in control, HG, 
HG + miR-NC, HG + miR-205-5p, HG + miR-205-5p + pcDNA or HG + miR-205-5p + HMGA2 group. C CCK-8 was used for the examination of cell 
viability. D ELISA was used for the determination of IL-6 and TNF-α. E EdU assay was used for the analysis of cell proliferation. F, G Western blot was 
applied for the protein measurement of collagen I and collagen IV. H, I SOD activity (G) and MDA level (H) by the respective kits were applied for the 
assessment of oxidative stress. **P < 0.01, ***P < 0.001, ****P < 0.0001
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cancer by interacting with miR-205-5p [27]. This study 
verified that circ-ACTR2 could sponge miR-205-5p in 
HG-treated HRMCs and its function in the DN pro-
gression was associated with the regulation of miR-
205-5p expression.

MiRNAs also affect the developing processes of dis-
eases via silencing the downstream targets. We have 
validated that miR-205-5p targeted HMGA2 in the cur-
rent research. HMGA2 has been revealed to increase 
the risk of developing nephropathy in those patients 
with type 2 diabetes [28]. Also, our functional analysis 
suggested that HMGA2 could enhance the HG-medi-
ated cell injury in HRMCs. Furthermore, the protective 
role of miR-205-5p in HG-induced DN was achieved by 
reducing the level of HMGA2.

CircRNAs are implicated in the development of 
various diseases by targeting miRNAs to generate the 
expression changes of genes. CircZFR exerted the 
oncogenic function in hepatocellular carcinoma by 
affecting the miR-375-mediated HMGA2 expression 
[29]. CircRNA_000203 promoted cardiac hypertrophy 
by inhibiting miR-26b-5p and miR-140-3p to enhance 
the Gata4 level [30]. Increasing circRNA/miRNA/
mRNA axes have been discovered in the regulation of 
various diabetic complications [31–33]. In this report, 
we found that circ-ACTR2 evoked the overexpression 
of HMGA2 by targeting miR-205-5p in HG-induced 
DN.

Conclusion
In conclusion, circ-ACTR2 was affirmed to facilitate 
the HG-mediated DN progression in mesangial cells by 
the miR-205-5p/HMGA2 axis. This signal mechanism 
enhanced the pathogenic understanding of mesangial 
cells in DN. Circ-ACTR2 is promising to be a molecular 
target to improve the diagnosis and treatment of DN.
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