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Abstract 

Background: Circular RNAs (circRNAs) has emerged as vital regulator involved in various diseases. In this study, we 
identified and investigated the potential circRNAs involved in gestational diabetes mellitus (GDM).

Methods: High-throughput sequencing was used to collect the plasma circRNAs expression profiles of GDM 
patients. Quantitative reverse-transcriptase polymerase chain reaction (qRT-PCR) was used to measure the expressions 
of circ_0008285 and circ_0001173 in the plasma specimens. The Pearson’s correlation test was employed to assess the 
correlation between 2 circRNAs expression and the clinicopathologic data. Two circRNAs expression was verified in 
high glucose (HG)-induced HTR-8/SVneo cells. MTS, transwell assay was used to evaluate the effects of circ_0008285 
expression on HG-induced HTR-8/SVneo cells. The network of circ_0008285 was constructed using cytocape.

Results: In GDM patients, the expression of circ_0008285 was significantly upregulated, while that of circ_0001173 
was decreased. Circ_0008285 was significantly correlated with the total cholesterol and LDL-C levels. Circ_0001173 
was significantly correlated with glycated hemoglobin. HG promoted the proliferation, invasion, and migration in 
HTR-8/SVneo cells, while the knockdown of circ_0008285 exerted reverse effects. In addition, network construction 
exhibited that circ_0008285 had 45 miRNA binding sites, which correlated with 444 mRNA.

Conclusions: circ_0008285 plays an important role and provides a clue for the usage of therapeutic targets in the 
development of GDM.
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Introduction
Gestational diabetes mellitus (GDM) is the first diagnosis 
of diabetes in pregnancy that is characterized by glucose 
intolerance and insulin resistance [1]. With the increase 
in the obesity rate and maternal age, the incidence of 
GDM is also increasing. Recent studies have reported 
[2, 3] that GDM can cause severe maternal and neona-
tal complications, such as increased risk of pre-eclamp-
sia, infection, giant infants, miscarriage and premature 

delivery, fetal malformations, stillbirths, and cesarean 
section. Moreover, unfavorable maternal environment 
may increase the risk of fetal metabolic diseases, includ-
ing type 2 diabetes, cardiovascular diseases, and obesity 
[4]. Presently, the diagnosis of GDM mainly depends on 
the diagnostic criteria of the American Diabetes Associa-
tion (ADA), which is performed from 24 to 32 weeks of 
pregnancy [5]. In addition, the sensitivity of plasma pro-
tein profile analysis, capillary blood glucose, and other 
biomarkers detection methods in the second trimester 
of pregnancy is low [6–8]. Therefore, an early and highly 
sensitive biomarker is of significance for the timely diag-
nosis and appropriate therapeutic intervention in order 
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to reduce the risk of adverse pregnancy outcomes among 
GDM patients.

Circular RNA (circRNA) is a novel type of non-coding 
RNA (ncRNA) that is formed through alternative splicing 
of pre-messenger RNA (mRNA) [7, 9]. The 3′ and 5′ ends 
of circRNA are connected to form a unique and complete 
circular covalent closed structure, which are resistant to 
RNA exonuclease and possess higher biological stability 
than that of linear RNA [8, 10]. With the development 
of high-throughput sequencing technology, increasing 
numbers of circRNAs have been discovered and their 
biological characteristics and regulatory functions have 
been revealed [9, 11]. Specific circRNAs can be used as 
miRNA sponges to regulate the transcription and post-
transcription of miRNA-targeted genes, which play the 
role in several physiological and pathological processes, 
including proliferation, migration, and invasion [10, 12]. 
Termed as “microRNA sponges,” these competitive inhib-
itors are transcripts that are expressed from strong pro-
moters and contain multiple, tandem- binding sites to a 
microRNA of interest [13]. circRNAs have close clinical 
relevance to human diseases such as tumors, diabetes, 
and cardiovascular diseases [11, 14–16]. For example, 
hsa_circ_0008285 has been reported to inhibit colo-
rectal cancer cell proliferation and metastasis through 
sponging with miR-382-5p, promote the cervical can-
cer progression through sponging with miR-211-5p, and 
promote breast cancer progress through sponging with 
miR-1275 [17–19]. In addition, the hsa_circ_0001173 
expression was increased in thymoma and was found to 
be positively correlated with immune imbalance [20]. 
Although some reports have indicated that circRNA may 
be involved in GDM [12, 16], and it is unclear whether 
these circRNAs are potential biomarkers. Current evi-
dence has shown that circRNA is closely related to the 
occurrence and progression of GDM, preeclampsia, and 
other pregnancy-related diseases [14, 21, 22]. Yan et  al. 
showed that circRNAs are abnormally expressed in the 
placental tissues of GDM patients, and 255 circRNAs are 
significantly downregulated and 227 circRNAs are sig-
nificantly upregulated [15, 23]. We thus speculated that 
a similar circRNA phenomenon was also obvious in the 
GDM plasma and the peripheral blood circRNA of GDM 
patients may be a potential biomarker for GDM diagnosis 
and disease detection.

In this study, we explored the expression profiles of 
circRNA from the plasma of GDM women, predicted 
the potential functions of circRNAs in the develop-
ment of GDM, and clarified the potential roles and 
mechanisms of circ_0008285 in GDM. Considering 
the post-transcriptional regulation of circ_0008285, we 
proposed a hypothesis that circ_0008285 may play a 
miRNA sponge role in the proliferation, migration, and 

invasion of the trophoblast cell line HTR-8/SVneo. We 
believe that our work may provide clues for potential 
early biomarkers and a novel insight to the pathological 
mechanism of GDM.

Materials and methods
Clinical specimens
The plasmas in this study were selected from 8 mater-
nal volunteers (4 GDM cases and 4 normal controls) 
for sequencing and screening differentially expressed 
circRNAs; 120 women volunteers (57 GDM cases and 
63 normal controls) were used to study the correlation 
between the clinicopathological data and specific cir-
cRNA expressions at the Department of Obstetrics and 
Gynecology, the First Affiliated Hospital of Sun Yat-Sen 
University, Guangzhou, China, between March and 
December 2019. Exclusion criteria included the deliv-
ery age < 18  years, multiple births, chronic liver and 
kidney diseases, diabetes, thyroid, and other endocrine 
diseases. GDM was diagnosed by a 75  g oral glucose 
tolerance test at 24–28 weeks. The clinical characteris-
tics of the enrolled pregnant women with and without 
GDM are listed in Tables 1 and 2. The plasma samples 
of pregnant women were collected from women on an 
empty stomach in the early morning. After collection, 
the plasma samples were stored at − 80  °C. This study 
was approved and supervised by the Ethics Committee 
of First Affiliated Hospital of the Sun Yat-Sen Univer-
sity and signed informed consent was obtained from all 
volunteers. 

Table 1 Clinical data for the GDM patients and normal controls

Characteristics GDM (n = 4) HC (n = 4) p-value

Gestational age (weeks) 26.96 ± 1.32 25.25 ± 0.43 0.07

Gestational weeks of delivery 38.32 ± 1.71 38.89 ± 0.71 0.6

Pre-pregnancy BMI (kg/m2) 21.10 ± 0.99 23.97 ± 1.60 0.03

Fasting glucose (mmol/L) 4.23 ± 0.58 4.30 ± 0.21 0.84

1 h plasma glucose (mmol/L) 10.55 ± 0.32 7.88 ± 1.05  < 0.01

2 h plasma glucose (mmol/L) 9.33 ± 0.91 7.03 ± 0.96 0.02

GHBA1c (%) 4.90 ± 0.2 5.00 ± 0.07 0.45

Neonatal birth weight(g) 2.94 ± 0.51 3.45 ± 0.22 0.16

Hemoglobin (g/L) 108.00 ± 8.23 116.50 ± 7.5 0.23

ALT(U/L) 25.50 ± 18.68 19.50 ± 4.5 0.61

AST(U/L) 31.00 ± 12.19 19.25 ± 1.92 0.15

Triglycerides (mmol/L) 2.95 ± 1.43 1.58 ± 0.03 0.15

Total cholesterol (mmol/L) 7.08 ± 0.43 4.80 ± 0.52  < 0.01

HDL-C (mmol/L) 2.02 ± 0.14 1.71 ± 0.15 0.03

LDL-C (mmol/L) 3.88 ± 0.48 3.13 ± 0.17 0.04

TBA (μmol/L) 4.15 ± 1.13 2.58 ± 0.70 0.08
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Cell culture and treatment with high glucose
The HTR-8/SVneo cells used in this study were pur-
chased from the Committee of Type Culture Collection 
of Chinese Academy of Sciences. The HTR-8/SVneo cells 
were cultured in PRMI-1640 and supplemented with 10% 
fetal bovine serum (FBS) and 1% penicillin/streptomycin. 
In the experiment of treating HTR-8/SVneo cells with 
high glucose (HG), D-glucose was dissolved in the sup-
plemented medium up to a final glucose concentration 

of 30.0 mmol/L [24], and then the HG medium was pre-
pared and the HTR-8/SVneo cells were cultured in the 
normal medium (glucose concentration 5.0  mmol/L), 
which was used as a control comparison. All HTR-8/
SVneo cells were incubated at 37  °C in a humidified 
atmosphere containing of 5%  CO2 under standard 
conditions.

Cell transfection
The HTR-8/SVneo cells (2 ×  105 cells/mL) were seeded 
into 6-well plates and incubated for 24  h until the cells 
reached 60–70% confluence. The cells were trans-
fected with small-interfering RNAs (siRNAs) target-
ing circ_0008285 with the lipofectamine 3000 reagent 
according to the manufacturer’s instruction. After incu-
bation for 4–6  h, the HTR-8/SVneo cells were further 
recovered with fresh medium and obtained after a period 
of transfection for subsequent experiments. The knock-
down efficiency of siRNAs was determined by qRT-PCR. 
The siRNA sequences are shown in Table 3.

Cell viability assay
Cell viability was performed using the CellTiter96 AQ 
Non-Radioactive Cell Proliferation Kit (Promega, Ger-
many). The cells were trypsinized and seeded into 96-well 
cell culture plates at the density of 3 ×  103 cells/well. 
After the cells were incubated for 24, 48, and 72 h, 20 μL 
of the Solution Reagent MTS was added to the medium 
as per the manufacturer’s instructions (incubated at 37℃ 
for 0.5  h under humidified atmosphere with 5%  CO2). 
Thereafter, the absorbance of the samples was measured 
at 490  nm using a microplate reader (Thermo Fisher, 
Waltham, MA, USA). All experiments were repeated 
more than thrice.

Cell migration and invasion assay
For the transwell migration assay, the cells were trypsi-
nized and adjusted to a density of 1 ×  105 cells/mL. The 
cells were added to the upper chambers of transwell 
(Corning, Cambridge, MA, USA) with an 8-μm pore 
size in a 24-well transwell insertion system to which 
serum-free medium was added. Meanwhile, to the 

Table 2 Clinical data for the GDM patients and normal controls 
in the validation cohort

Characteristics GDM(n = 57) HC(n = 63) p-value

Maternal age (year) 33.54 ± 4.62 31.90 ± 3.85 0.04

Gestational weeks of delivery 38.30 ± 8.14 38.84 ± 2.94 0.77

Pre-pregnancy BMI (kg/m2) 26.03 ± 1.98 26.18 ± 1.63 0.11

Fasting glucose (mmol/L) 4.45 ±  0.54 3.99 ± 0.34  < 0.001

1 h plasma glucose (mmol/L) 9.67 ± 1.27 7.40 ± 1.19  < 0.001

2 h plasma glucose (mmol/L) 8.62 ± 1.11 6.04 ± 1.17  < 0.001

GHBA1c (%) 5.40 ± 0.47 5.25 ± 0.47 0.08

Neonatal birth weight (Kg) 2.96 ± 0.58 3.13 ± 0.50 0.08

Hemoglobin (g/L) 118.10 ± 13.88 117.40 ± 12.73 0.79

ALT(U/L) 14.40 ± 6.32 15.22 ± 6.56 0.49

AST(U/L) 21.09 ± 4.69 20.43 ± 4.39 0.43

Triglycerides (mmol/L) 3.65 ± 1.44 3.69 ± 2.39 0.92

Total cholesterol (mmol/L) 6.39 ± 1.17 6.44 ± 1.02 0.81

HDL-C (mmol/L) 1.81 ± 0.32 1.80 ± 0.36 0.94

LDL-C (mmol/L) 3.65 ± 0.78 368.00 ± 0.66 0.85

TBA (umol/L) 3.44 ± 3.69 3.19 ± 1.80 0.63

Abortion history

 Yes 29 (50.88%) 15 (23.81%) 0.02

 No 28 (29.12%) 48 (76.19%)

Gestational hypertension (yes/total)

 Yes 7 (12.28%) 1 (1.59%) 0.02

 No 50 (87.72%) 62 (98.41%)

Mode of delivery

 Eutocous 30 (52.63%) 46 (73.02%) 0.02

 Anesthesia operation 27 (47.37%) 17 (26.98%)

Fetal distress

 Yes 18 (31.58%) 14 (22.22%) 0.25

 No 39 (68.42%) 49 (77.78%)

Shoulder dystocia

 Yes 1 (1.75%) 0 (0.00%) 0.29

 No 56 (98.25%) 63 (100.00%)

Preterm birth

 Yes 4 (7.55%) 7 (11.11%) 0.43

 No 53 (92.45%) 56 (88.89%)

Postpartum bleeding

 Yes 5 (8.77%) 5 (7.94%) 0.87

 No 52 (91.23%) 58 (92.06%)

Table 3 The siRNAs sequence

Name Sense (5′-3′) Antisense (5′-3′)

SiRNA-1 ACG GGA AAG GUU GAA AGG 
AUU 

AAU CCU UUC AAC CUU UCC CGU 

SiRNA-2 GUU AAC GGG AAA GGU UGA A UUC AAC CUU UCC CGU UAA C

SiRNA-3 AAC GGG AAA GGU UGA AAG G CCU UUC AAC CUU UCC CGU U

NC AAA GCG GUU UAU GGA AAA 
GGG 

CCC UUU UCC AUA AAC CGC UUU 
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lower chamber, a medium supplemented with 10% FBS 
was added as a chemotactic attractant. For cell invasion 
assay, the transwell membrane was pre-coated with 50 
μL of 100% Matrigel (Corning) and then dried at 37  °C. 
The cells were then seeded in the upper chambers with 
serum-free medium. Complete medium containing 10% 
FBS in the lower chamber served as a chemoattractant. 
After 24 h of incubation at 37 ℃ with 5%  CO2, the cells 
in the upper chamber were removed with a cotton swab. 
The migrating and invading cells through the transwell 
membrane were fixed in cold ethanol for 20 min and then 
stained with crystal violet (0.1%) for 5 min, followed by 
counting in at least 5 random non-overlapping regions 
under a light microscope (Leica, Buffalo Grove, IL, USA).

Quantitative reverse transcriptase polymerase chain 
reaction (qRT‑PCR)
Total RNA was isolated from the serum plasma speci-
men and HTR-8/SVneo cells with the TRIzol LS Rea-
gent (Invitrogen, Carlsbad, CA, USA) according to the 
manufacturer’s instruction. Total RNA was separated 
from the supernatant as per the instruction of Cell Cul-
ture Media Exosome Purification and RNA Isolation 
Midi Kit (AmyJet Scientific, Wuhan, China). The purity 
of the extracted RNA was measured by an ultraviolet 
spectrophotometer (Thermo Fisher). Then, RNA was 
reverse-transcribed into cDNA with random primers 
and the SuperScript III reverse transcriptase according to 
the manufacturer’s protocol (Qiagen, Germantown, MD, 
USA). PCR analysis was performed using the LightCycler 
480 SYBR Green I Master Kit (Roche, Pleasanton, CA, 
USA) under the following conditions, 95 °C for 5 min, 45 
cycles of 94 °C for 10 s, and 72 °C for 30 s. Glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) was used as the 
internal control. Primer sequences are listed in Table  4. 
The expression levels of circRNAs in serum plasma spec-
imen were calculated using delta CT, and the relative 
expression of circRNAs in HTR-8/SVneo cells and cells 
supernatant were calculated using the  2−ΔΔCt method 
after normalization with the reference control [25].

RNase R treatment
RNase R was purchased from Geneseed Biotech Co., Ltd. 
(Guangzhou, China). RNase R treatment was performed 
as described in a previous study [26]. In brief, total RNA 
(2 μg) was incubated with RNase R (3 U/μg) for 10 min at 
37 °C. Then, RNA was used for qRT-PCR to evaluate the 
stability of circ_0008285 and circ_0001173.

Sanger sequencing
Divergent and convergent primers were used to verify 
the backsplice junction of circRNA (Table  4). PCR was 
performed according to the manufacturer’s protocol for 

Premix Taq (TaKaRa, Madison, WI, USA). The cDNA 
and gDNA PCR products were visualized by gel electro-
phoresis on 4% ethidium bromide-stained agarose gels. 
The bands were examined by UV irradiation (UVP Inc., 
San Gabriel, CA, USA). The PCR products of divergent 
primers were subjected to Sanger sequencing by Sangon 
(Shanghai, China).

Bioinformatics analysis
Total RNA was isolated from the plasma by using the 
miRNeasy Serum/Plasma Kit (QIAGEN, Duesseldorf, 
Germany). We removed ribosomal RNA with the VAHTS 
Total RNA-seq (H/M/R) Library Prep Kit from Illumina 
(Vazyme Bio-tech Co.; Ltd., Nanjing, China). Next, RNA 
was incubated with RNase R at 37℃ and then RNA-Seq 
libraries were constructed using the KAPA Stranded 
RNA-Seq Library Prep Kit (Roche, Basel, Switzerland), 
which was used for deep sequencing on the platform of 
Illumina HiSeq 2500 (Illumina). We used Tophat2 to map 
the reading segments to the reference genome. TopHat-
fusion were used to assemble the mapped reads from the 
circRNA de novo and recognized the back-splicing reads 
in the unmapped reads. Differentially expressed genes 
(DEGs) were defined as those expressed either log2 (fold 
change) ≥ 0.67 or log2 (fold change) ≤  − 0.67 in the GDM 
group when compared to that in the healthy pregnant 
individuals with a statistical significance (p < 0.01). Vol-
cano map and heat map analysis were used to distinguish 
information between the 2 groups.

Network of hsa_circ_0008285
To obtain the interaction network of hsa_circ_0008285 
with miRNA and target mRNA, we used miRanda 
(http:// www. micro rna. org) to predict the relationships 
between the circRNA and miRNA [27] and Cytoscape 

Table 4 The primer sequence of circRNAs

Primer name Sequence (5′-3′)

GAPDH-divergent-F TCC TCA CAG TTG CCA TGT AGA CCC 

GAPDH-divergent-R TGC GGG CTC AAT TTA TAG AAA CCG GG

GAPDH-convergent-F GAG TCA ACG GAT TTG GTC GT

GAPDH-convergent-R GAC AAG CTT CCC GTT CTC AG

circ_0008285-divergent-F TCA TAG CCT TTC CAC CGA 

circ_0008285-divergent-R ACA GTG GCA CCC GAA GTG 

circ_0008285-convergent-F ACC TCT CCT AAG GCA CTC GT

circ_0008285-convergent-F GGT CCA GTT TCT CAG GGC TC

circ_0001173-divergent-F GCT GGC AAT TCA AAC ACA CA

circ_0001173-divergent-R CTA CGG GAG GAG AAC AAG CA

circ_0001173-convergent-F TGT GTG TTT GAA TTG CCA GC

circ_0001173-convergent-F TGC TTG TTC TCC TCC CGT AG

http://www.microrna.org
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tool (http:// cytos cape. org) to construct a network map of 
hsa_circ_0008285-miRNA-mRNA.

Kyoto Encyclopedia of Genes and Genomes (KEGG) 
biological pathway analysis
Predicted mRNAs in the network of hsa_circ_0008285 
were further analyzed based on the function by DAVID, 
bioinformatics resources V6.8 tool with its KEGG bio-
logical pathway analyses [28]. Enrichment gene count ≥ 2 
and hypergeometric test significance threshold P < 0.05 
were considered to be a significant correlation.

Statistical analysis
Statistical analysis of the data was performed with the 
SPSS version 21.0 (SPSS Inc, Chicago, IL, USA) and 
GraphPad Prism 5.0 (GraphPad Software Inc, San Diego, 
CA, USA). Data was described as mean ± standard 

deviation. Student’s t-test or χ2 test was used to assess 
the differences between the experimental groups. The 
correlation between 2 variables was analyzed by using 
the Pearson correlation analysis. Differences with p < 0.05 
were considered to be statistically significant.

Results
Overview of plasma circRNAs in GDM patients
In order to determine which circRNA can be used as 
potential early biomarkers and to obtain a novel insight 
into the pathological mechanisms of GDM, a preliminary 
analysis of all the sequencing results were performed. 
Hierarchical cluster analysis and Volcano map revealed 
the circRNA expression levels in the plasma from the 
GDM and normal controls (Fig. 1a, b). In total, 147 circR-
NAs were screened as differentially expressed circRNAs. 

Fig. 1 Differentially expressed circular RNAs (circRNAs) in the plasma. a Hierarchical cluster analysis of differential circRNAs. The color scale of the 
strips runs from green (low relative expression) to red (high relative expression). b Volcano map visualizing the differentially expressed circRNAs 
in the plasma. The red and green plots represent the significantly differentially expressed upregulated and downregulated circRNAs, respectively 
(log2 [fold change] ≥ 0.67, P < 0.05). c The chromosome distributions of differentially expressed circRNAs. The red and green bands indicate the 
distribution of upregulated and downregulated circRNAs in the chromosomes, respectively. d Length enrichment distribution map of differentially 
expressed circRNAs. The length of the significantly differentially expressed circRNA is mainly within 500 bp. e The KEGG pathway enrichment 
analysis of parent gene with significantly differentially expressed circRNAs

http://cytoscape.org


Page 6 of 12Chen et al. Biol Res           (2021) 54:14 

Among these, 76 circRNAs were upregulated and 71 
circRNAs were downregulated between the 2 groups 
(Fig. 1a, b). These data indicated that circRNAs in GDM 
were different from those in the HC group. In addition, 
Fig.  1c revealed the chromosome distributions of these 
differential circRNAs. The upregulated circRNAs were 
mainly distributed on chromosomes 1, 2, and 10, while 
the downregulated circRNAs were mainly distributed 
on chromosomes 6. Furthermore, Fig.  1d depicted that 
the length of most differential circRNAs were mainly 
within 500 bp. In order to study the biological functions 
of these significantly differentially expressed cricRNAs, 
the KEGG pathway enrichment analysis was preformed, 
which indicated that the pathways related to protein 
transport were significantly enriched (Fig. 1e).

Validation of circRNA expression
In the differential circRNAs, we further analyzed the 
DEGs with expressed log2 (fold change) > 2 and p < 0.01, 
and we selected 2 circRNAs, which have been recorded 
in circbase (http:// www. circb ase. org/) for further study. 
First, we validated the circularity of circ_0008285 and 
circ_0001173 in the HTR-8/SVneo cells, and the results 
are shown in Fig.  2a and b. We also tested the stability 
of circ_0008285 and circ_0001173 via RNase R treatment 
experiment, and the results revealed that the relative 

circ_0008285 and circ_0001173 expressions showed 
no obvious change after RNase R treatment, whereas 
their response parent gene CDYL and VAPB expres-
sions decreased significantly (Fig. 2c). Then, the relative 
expression levels of the circ_0008285 and circ_0001173 
were measured by RT-qPCR in the sequencing sam-
ples, and their expression patterns were similar to those 
observed in the sequencing results (Fig. 2d). These results 
indicated that the expression of circ_0008285 was sig-
nificantly upregulated, while that of circ_0001173 was 
significantly reduced in GDM, which confirmed the 
head-to-tail splicing in circ_0008285 and circ_0001173.

Correlation analyses of differentially expressed circRNAs 
and clinical indicators
To further study the expressions of circ_0008285 and 
circ_0001173 in the plasma of GDM patients, qRT-
PCR was performed. Among the included patients, 
the blood glucose levels (Fasting glucose, 1  h and 2  h 
plasma glucose) of the GDM group were higher than 
those of the HC group (P < 0.05). Abortion history, ges-
tational hypertension, and the mode of delivery were 
significantly different between the GDM group and 
the HC group (Table 2). When compared with the HC 
group, the expression levels of circ_0008285 were sig-
nificantly increased, while those of circ_0001173 were 

Fig. 2 Validation of circ_0008285 and circ_0001173 in sequencing samples. a The circularity of circ_0008285 and circ_0001173 verified in the 
HTR-8/SVneo cells by RT-PCR. circ_0008285 and circ_0001173 were amplified by divergent primers in cDNA and not in gDNA. b Sanger sequence 
analysis was used to confirm the splicing site. c The stability of circ_0008285 and circ_0001173 were evaluated via the RNase R treatment 
experiment. d The expression levels of the circ_0008285 and circ_0001173 were validated by qRT-PCR. GDM, gestational diabetes mellitus; HC, 
healthy pregnant controls. **P < 0.01, ****P < 0.0001

http://www.circbase.org/
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significantly decreased in the GDM group (Fig.  3). 
These results are consistent with those of Fig.  2d. 
Next, we analyzed the correlation between the levels 
of candidate circRNAs and clinical indicators in GDM 
maternal. The level of circ_0008285 was significantly 
correlated with the total cholesterol and LDL-C values, 
and the correlation coefficients were 0.370 and 0.368, 
respectively (P < 0.05). circ_0001173 was expressed 
during the second trimester and its level in the plasma 
was correlated with that of the glycated hemoglobin 
(GHBA1c) (Table 5). These results indicated that these 
2 circRNAs may play an important role in GDM.

Circ_0008285 is upregulated in high glucose‑treated 
HTR‑8/SVneo cells
In order to study the role of circRNAs in GDM, the 
HTR-8/SVneo cells were treated with a HG medium 
for 24 h under in vitro conditions. The results (Fig. 4a, 
b) revealed that the proliferation, migration, and inva-
sion of the HTR-8/SVneo cells were promoted by HG 
treatment when compared with those of cells under 
the normal condition. Accordingly, qRT-PCR analysis 
was performed to determine the expression levels of 
circ_0008285 and circ_0001173. The results as shown 
in Fig. 4c, which indicate that treatment with HG sig-
nificantly upregulated the level of circ_0008285 and 
decreased the level of circ_0001173 in the HTR-8/
SVneo cells (P < 0.05). Furthermore, circ_0008285 and 
circ_0001173 expressions were also detected in the 
supernatant, and the expression trend was found to be 
consistent with those of the HTR-8/SVneo cells after 
HG treatment (Fig. 4d). circ_0008285 was selected for 
further research as its expression was more significant 
between the HG group and under the normal condi-
tion relative to circ_0001173.

Fig. 3 Validation of circ_0008285 and circ_0001173 in 120 
women volunteers. The expression levels of the circ_0008285 and 
circ_0001173 were validated by qRT-PCR. GDM, gestational diabetes 
mellitus; HC, healthy pregnant controls. **P < 0.01, ***P < 0.001

Table 5 Correlation among the clinicopathologic status and the 
expressions of has_circ_0008285 and has_cric_0001173 in GDM 
patients

Characteristics Numbers has_
cric_0008285

has_
circ_0001173

R value p value R value p value

Maternal age (year) 57 − 0.02 0.87 − 0.03 0.85

Gestational weeks of 
delivery

57 − 0.08 0.56 − 0.02 0.87

Pre-pregnancy BMI 
(kg/m2)

57 − 0.23 0.09 − 0.05 0.70

Fasting glucose 
(mmol/L)

57 − 0.01 0.92 0.12 0.34

1 h plasma glucose 
(mmol/L)

57 − 0.08 0.55 0.11 0.43

2 h plasma glucose 
(mmol/L)

57 0.02 0.89 − 0.18 0.19

GHBA1c (%) 57 0.22 0.10 0.32* 0.02

Neonatal birth weight 
(Kg)

57 − 0.17 0.20 − 0.85 0.53

Hemoglobin (g/L) 57 0.20 0.14 0.18 0.19

ALT (U/L) 57 0.01 0.97 0.11 0.43

AST (U/L) 57 − 0.03 0.84 − 0.06 0.64

Triglycerides (mmol/L) 57 0.16 0.24 0.00 1.00

Total cholesterol 
(mmol/L)

57 0.37** 0.01 0.02 0.91

HDL-C (mmol/L) 57 0.13 0.35 − 0.20 0.14

LDL-C (mmol/L) 57 0.368** 0.05 − 0.05 0.74

 TBA (μmol/L) 57 − 0.09 0.50 0.02 0.91

Abortion history

 Yes 29 − 0.12 0.38 0.01 0.93

 No 28

Gestational hypertension

 Yes 7 − 0.16 0.23 − 0.13 0.35

 No 50

Mode of delivery

 Eutocous 30 − 0.21 0.13 − 0.07 0.59

 Anesthesia operation 27

Fetal distress

 Yes 18 0.07 0.63 0.11 0.42

 No 39

Shoulder dystocia

 Yes 1 0.10 0.46 − 0.26 0.05

 No 56

Preterm birth

 Yes 4 − 0.08 0.56 − 0.02 0.86

 No 53

Postpartum bleeding

 Yes 5 0.10 0.46 − 0.26 0.05

 No 52
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Downregulation of circ_0008285 suppresses trophoblast 
proliferation, migration, and invasion
To further explore the functions of circ_0008285 in 
trophoblast cells, siRNA-1, siRNA-2, and siRNA-3 tar-
geting circ_0008285 were transfected into the human 
trophoblast cell line HTR-8/SVneo, and siRNA-1 
was shown to significantly reduce the expression of 
circ_0008285, whereas the expression of circ_0008285 
showed no obvious expression change after transfec-
tion with siRNA-2 and siRNA-3 (Fig. 5a). These expres-
sion changes were also observed in the supernatant 
(Fig.  5b). Then, the cytological functions were deter-
mined in the HTR-8/SVneo cells (siRNA-1 and si-NC 
groups) cultivated in the HG medium. The prolifera-
tion ability of HTR-8/SVneo cells that interfered with 
siRNA-1 was significantly inhibited (Fig.  5c, d). The 
results of transwell assays (Fig.  5e) revealed that the 
migration and invasion capabilities of HTR-8/SVneo 
cells was reduced in the si-circRNA-1 group when com-
pared to that in the si-NC control group. These results 
indicate that the downregulation of circ_0008285 sup-
pressed the proliferation, migration, and invasion of the 
HTR-8/SVneo cells.

Prediction of potential mechanisms of hsa_circ_0008285
In order to further study the potential mechanism of hsa_
circ_0008285, we used miRanda to predict the interac-
tion among circ_0008285, miRNA, and its target mRNA 
(Fig. 6a). We found that 45 miRNAs and 444 mRNAs may 
be regulated by circ_0008285 (Fig. 6a). Furthermore, we 
performed pathway enrichment analysis of these mRNAs 
based on the KEGG database (Fig.  6b), the top of 20 
KEGG enrichment pathway indicated that most of the 
mRNAs were mainly enriched in cancer pathways, the 
PI3K/AKT pathway, and miroRNAs in cancer. This result 
revealed the potential mechanism of hsa_circ_0008285, 
which warrants further validation.

Discussion
GDM is characterized by different degrees of abnormal 
glucose metabolism during pregnancy, which causes 
a variety of serious complications including dystocia, 
giant infants, and neonatal hypoglycemia [29, 30]. Simi-
lar to other studies, we also found that the GDM group 
had higher blood glucose level and a higher incidence of 
abortion and gestational hypertension when compared to 
those in the healthy pregnant control. New diagnoses and 

Fig. 4 High glucose treatment enhances the cytological functions and affects the expression levels of circ_0008285 and circ_0001173. a High 
glucose promotes the HTR-8/SVneo cells proliferation. b The migration and invasion of HTR-8/SVneo cells were promoted by high glucose 
treatment. c High glucose significantly upregulated the level of circ_0008285 and decreased the level of circ_0001173 in the HTR-8/SVneo cells. d 
The expression of circ_0008285 was increased and the expression of circ_0001173 was decreased in the supernatant after HTR-8/SVneo cells were 
treated with HG. HG, high glucose. Mean ± SEM (n = 3), *P < 0.05, **P < 0.01
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treatment method is of great importance to avoid poor 
pregnancy outcomes. In our study, the aberrant expres-
sion of circRNAs in GDM patient’s plasma was recorded 
and significant association was observed between altered 
circRNAs and GDM-related pathological contexts.

CircRNA is a type of non-coding RNA molecule with 
a closed circular structure [9]. With the increase in high-
throughput sequencing technology, the number of cir-
cRNAs reported in the recent years has dramatically 
increased, revealing its important regulatory functions 
and its potential value as a target for the diagnosis and 
treatment of various diseases. From the perspective of 
mechanism, circRNAs are considered to participate in 
gene regulation by acting as a sponge of miRNAs, which 
limits their inhibition of target genes [31]. Wang et  al. 
[21] examined the differential expression of circRNAs in 
the placentas of GDM women through RNA sequencing 
analysis and found that the expressions of circ_0005824, 
circ_0003636, and circ_0000395 in the GDM group were 
significantly lower than those in the control group. Our 

study was the first to screen differential expression pro-
files of circRNAs in the plasma between GDM and nor-
mal pregnant women in order to explore the relationship 
between circRNAs and GDM development. The results 
revealed 147 differentially expressed circRNAs in the 
GDM group when compared with that in the healthy 
pregnant controls, indicating that the expression patterns 
of circRNAs in GDM were different from those in healthy 
pregnant women.

The biological functions and the potential pathways of 
the parental genes of circRNAs that were significantly 
differentially expressed were preliminarily predicted by 
the KEGG pathway analysis, and the pathway related to 
protein transport was found to be closely related [32]. In 
this study, we found that the expression of circ_0008285 
was significantly increased and positively correlated with 
the total cholesterol and low-density lipoprotein levels, 
while the expression of circ_0001173 was significantly 
downregulated and positively correlated with the glyco-
sylated hemoglobin level in GDM patients. Furthermore, 

Fig. 5 Downregulation of circ_0008285 suppresses proliferation, migration, and invasion of HTR-8/SVneo cells under high glucose condition. a 
Confirmed inhibition effect of siRNAs on the circ_0008285 expression in HTR-8/SVneo cells. b Confirmation of the expression of circ_0008285 in the 
supernatant after HTR-8/SVneo cells transfection with siRNAs. c Silencing of circ_0008285 inhibits the proliferation of HTR-8/SVneo cells cultivated 
in high glucose medium. d EdU staining confirms the inhibition effects of HTR-8/SVneo cell proliferation by silencing circ_0008285 under high 
glucose treatment. e Silencing of circ_0008285 inhibits the migration and invasion of HTR-8/SVneo cells in high glucose. NC, siNC. Mean ± SEM 
(n = 3), *P < 0.05, **P < 0.01, ****P < 0.0001
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circ_0008285 was selected for further studies because 
the upregulation of circ_0008285 was more obvious than 
the downregulation of circ_0001173. circ_0008285 may 
participate in the development of GDM by affecting cell 
metabolisms and cell cycles during pregnancy. Past stud-
ies have indicated that has_circ_0008285 can competi-
tively bind to miR-211-5p as a miRNA sponge, release 
SOX4, and promote the self-renewal and proliferation 
of cervical cancer cells [18]. It is known that the prolif-
eration of trophoblast cells is increased during hyper-
glycemia and that maternal diabetic women have higher 
placenta weight [33]. However, the biological functions 
of circ_0008285 on HTR-8/SVneo trophoblast cells in 
GDM has not yet been reported. We found that the pro-
liferation, migration, and invasion abilities of HTR-8/
SVneo cells treated with HG in vitro were inhibited after 
the circ_0008285 knockdown, and circ_0008285 har-
bored one or more binding sites for GDM-related miR-
NAs, such as hsa-miR-145-5p, hsa-miR-240-5p, and 
hsa-miR-211-5p. Thus, we speculated that the roles of 
circ_0008285 in GDM may be related to miRNA-medi-
ated effects. The underlying mechanisms of the circRNA-
miRNA interaction needs further analyses.

In order to explore the underlying mechanisms of 
circ_0008285 activities, we constructed a network of cir-
cRNA-miRNA-mRNA and then analyzed these mRNAs 
in terms of the pathways involved. The results suggested 
that circ_0008285 plays a role through several pathways, 

including the PI3K/Akt signaling pathway. It has been 
confirmed that the PI3K/Akt pathway activation plays an 
important role in promoting placental development, fetal 
growth, and GDM in humans and rodents [34, 35]. More-
over, the PI3K/Akt signaling pathway is important for cell 
proliferation, migration, invasion, and gluconeogenesis 
[36]. Past studies have demonstrated that the inhibition 
of the PI3K/Akt signaling pathway can reduce oxidative 
stress, affect the function of trophoblast cells, and reduce 
the blood glucose level in a GDM rat model [37]. Based 
on these abovementioned results and predictions, we 
speculated that circ_0008285 may play an important role 
in maintaining the HTR-8/SVneo trophoblast cell func-
tion and promoting the development of GDM through 
the PI3K/Akt signaling pathway. Further studies are war-
ranted to gain a deeper understanding of this regulatory 
mechanism. Moreover, the expression of circ_0008285 
also requires further validation for the placental tissues.

Conclusions
Taken together, the results of this study showed, for the 
first time, that the expression of circRNAs in the plasma 
of GDM patients was significantly different from those 
in normal pregnant women, while the expression of 
circ_0008285 was significantly upregulated in GDM 
patients. In vitro experiments confirmed that the down-
regulation of circ_0008285 inhibited the proliferation, 
migration, and invasion of trophoblast HTR-8/SVneo 

Fig. 6 MiRanda and KEGG biological pathway analyses were conducted to preliminarily explore the possible mechanisms. a circ_0008285-miRNA-mRNA 
network predicted by miRanda. b A scatter plot for the top 20 of the KEGG pathway for mRNAs in the network
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cells. According to the analysis of circRNA-miRNA-
mRNA network and KEGG analysis of mRNAs in this 
network, we assumed that circ_0008285 may participate 
in GDM regulation by activating the PI3K/Akt pathway. 
Although circ_0008285 may provide a clue for a new 
potentially sensitive serum biomarker for GDM, owing 
to the complexity of its regulatory mechanism, it is rec-
ommended to conduct more in-depth in vivo and in vitro 
studies.
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