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Abstract. Noncoding RNAs (ncRNAs) are involved in the
pathological processes of various diseases. The aim of the
present study was to verify the expression levels and the
diagnostic value of two candidate ncRNAs in the blood leuko-
cytes of patients with gestational diabetes mellitus (GDM)
compared to healthy controls. The long ncRNA paired box 8
antisense 1 (Pax8-AS1) and the microRNA miR-4646 were
selected, which were identified to be associated with GDM by
bioinformatics analysis of a dataset from the Gene Expression
Omnibus GEO database. By using reverse transcription-quan-
titative PCR, the expression levels of Pax8-AS1 and miR-4646
were analysed in leukocytes of patients with GDM (n=35)
and normal pregnant females (n=35). The results indicated a
significant decrease in the expression levels of both Pax§8-AS1
and miR-4646 in patients with GDM as compared with those
in the healthy controls. In the second trimester, a strong
negative correlation between Pax8-AS1/miR-4646 and 2-h
glucose levels was detected in patients with GDM. Receiver
operating characteristic curve analysis indicated that the
levels of Pax8-AS1 and miR-4646 in the second trimester of
pregnancy had a significant diagnostic value with high selec-
tivity and specificity for GDM (area under the curve values,
0.902 and 0.891, respectively; P<0.001). Overall, the present
study suggested that Pax8-AS1 and miR-4646 may serve as
promising diagnostic biomarkers for GDM.
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Introduction

Gestational diabetes mellitus (GDM) is the most common
medical complication of pregnancy and is known as different
degrees of glucose intolerance that are initially identified
during pregnancy (1). Owing to the increase in the rate of
obesity and the increase in maternal age, the morbidity of
gestational diabetes is currently increasing (2). However,
the pathogenesis of GDM remains to be fully elucidated
and early-mid pregnancy diagnostic markers may facilitate
progress in this area. Controversy persists regarding GDM
screening, but current consensus recommendations support
screening for GDM during mid-pregnancy (24-28 weeks of
gestation) (3). In addition to its detrimental effects on maternal
health, GDM has also been demonstrated to impede foetal
health and amplify the offspring's tendency to develop meta-
bolic diseases, such as obesity and type 2 diabetes mellitus
(T2D) later in life (4-6). Therefore, the identification of novel
signatures or biomarkers that enhance the determination of
clinical behaviours is essential for the treatment of GDM.

Several studies have reported that there are multiple genes
associated with diabetes. Over the past decades, several types
of non-coding RNA (ncRNA) species, including microRNAs
(miRNAs/miRs), long ncRNAs (IncRNAs) and circular
RNAs, have emerged as pivotal regulators of multiple cellular
functions, including cell proliferation, apoptosis, cellular
differentiation, tumorigenesis and metastasis (7). LncRNAs
are defined as RNAs with a length of >200 nucleotides and
no protein-coding ability (8,9). Numerous IncRNAs have been
reported to be involved in GDM progression. Among them,
the IncRNA metastasis associated in lung adenocarcinoma
transcript 1 (MALATI) was increased in endothelial cells
after high levels of glucose stimulation. Mechanistic investi-
gations suggested that MALAT1 promotes insulin resistance
by increasing the stability of the nuclear transcription factor
sterol regulatory element-binding protein 1C (10). However, to
the best of our knowledge, only a small number of studies have
been performed on the utility of circulating IncRNAs for the
dynamic monitoring of patients for GDM (11).

miRNAs are known to post-transcriptionally regulate the
expression of their target genes by binding to the 3' untrans-
lated region of the respective mRNA (12). The identification of
stable circulating miRNAs in plasma and serum has provided
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promise for minimally invasive biomarkers for disease predic-
tion, diagnosis and prognosis (13). According to a previous
review, an increasing number of studies have identified that
certain miRNAs are associated with insulin secretion, inflam-
mation and insulin resistance (14). Differences have also been
detected in circulating levels of miRNAs when comparing
T2D cases to controls (15).

In the present study, bioinformatics analysis was used to
explore significantly differentially expressed genes during
GDM progression and the IncRNA paired box 8 anti-
sense 1 (PAX8-AS1) and miR-4646 were identified as the most
downregulated ncRNAs in GDM. Therefore, the study further
endeavoured to investigate PAX8-AS1 and miR-4646 in the
blood leukocytes of patients with GDM compared to those of
healthy pregnant females as biomarkers for the diagnosis and
monitoring of GDM.

Materials and methods

Retrieval of RNA sequencing data and analysis. RNA
sequencing datasets from the gene expression omnibus (GEO)
database were used to analyse the expression profiles of
IncRNAs and miRNAs in GDM (www.ncbi.nlm.nih.gov/geo).
The dataset no. GSE92772 was used, containing the expres-
sion data of 8 subjects with normal glucose tolerance (NGT)
and 8 patients with GDM who were matched in terms of body
mass index (BMI) and age (16). The RNA sequencing of the
leukocytes of these samples was performed on an Illumina
HiSeq 2500 platform (Illumina, Inc.).

Participants and maternal blood collection. To validate the
expression levels of IncRNAs and miRNAs in patients with
GDM and normal controls, a group of 35 pregnant females with
NGT (age, 32+3 years; BMI, 27.2+3.8 kg/m?) and 35 patients
with GDM (age, 344 years; BMI, 28.5+4.1 kg/m?) were
selected from a pregnancy cohort. Maternal blood samples
were from the second trimester (24-28 weeks). Patients with
other pregnancy-associated diseases, including chronic hyper-
tension, multiple pregnancies or any other diseases, including
liver or kidney disease, cancer and gynaecological diseases,
were excluded from the present study. Serum and blood samples
of the pregnant females in the second trimester (24-28 weeks of
gestation) were collected at the Yiwu Women's and Children's
Hospital (Jinhua, China) between June and November 2019.
Patients who had other pregnancy-associated diseases, such as
gynaecological diseases, or carcinomas, chronic hypertension
or liver diseases, were excluded from the present study.

Oral glucose tolerance test and clinical chemical analyses.
The participants underwent a 5-point 75-g oral glucose toler-
ance test after overnight fasting. Venous blood samples were
obtained at 0, 60 and 120 min for the determination of plasma
glucose and insulin levels. Blood glucose was determined
using a bedside glucose analyser (Roche Diagnostics). NGT
was defined as fasting glucose <5.11 mmol/l, 1-h glucose
<10.00 mmol/l and 2-h glucose <8.50 mmol/l. GDM patients
were diagnosed according to the recommendations of the
International Association of the Diabetes and Pregnancy Study
Groups for the diagnosis and classification of hyperglycaemia
during pregnancy, published in 2010 (3).

Total RNA extraction and reverse transcription-quantitative
(RT-q)PCR. Firstly, to separate leukocytes from the blood
samples, 200 ul fresh blood was taken, where 600 ul red
blood cell lysate buffer (cat. no. R1010; Beijing Solarbio
Science & Technology Co., Ltd.) was added and mixed at room
temperature for 10 min, which were then and centrifuged for
7300 x g for 1 min at room temperature. Leukocytes were
obtained after supernatant was discarded. Total RNA from
maternal blood leukocytes was then extracted using TRIzol®
reagent according to manufacturer's protocol (Invitrogen;
Thermo Fisher Scientific, Inc.). Complementary (c)DNA was
synthesized with PrimeScript™ IV 1st strand cDNA Synthesis
Mix (Takara Biotechnology, Co.,Ltd.) using a LightCycler 480 11
(Roche Diagnostics). The reverse transcription was performed
under the following conditions: 30°C for 10 min, followed by
42°C for 15 min. Real-time PCR analyses were quantified using
TB Green® Fast qPCR Mix (Takara Biotechnology, Co., Ltd.)
on a LightCycler 480 II (Roche Diagnostics). The PCR reac-
tion system is as follows: 4 ul qPCR mix, 1 ul Taq enzyme, 4 ul
primers, 2 ug cDNA and 10 ul water. The following candidate
ncRNAs were selected: miR-4646, Pax8-AS1, miR-5196,
interleukin 21 receptor-AS1 (IL21R-AS1), signal recognition
particle 14-AS1 (SRP14-AS1), MORC family CW-type zinc
finger 2-AS1 (MORC2-ASI), miR-8061, LIM homeobox 4-AS1
(LHX4-AS1), Sjogren syndrome/scleroderma autoantigen 1-AS1
(SSSCA1-AS1) and miR-3679. The sequences of the primers
used are listed inTable I. The amplification was performed
under the following conditions: 95°C for 10 min for initial dena-
turation; followed by 35 cycles of 94°C for 15 sec, annealing
at 56°C for 25 sec and 72°C for 30 sec. The expression levels
of a gene were determined by the following formula: ACq=Cq
(target gene)-ACq (internal reference gene) (17). The levels of
the ncRNAs were normalized to the levels of U6 (18).

Statistical analysis. SPSS 18.0 software (SPSS, Inc.) was used to
statistically analyse the data. Receiver operating characteristic
(ROC) curve analysis was applied to determine the best cut-off
values of Pax8-Asl and miR-4646 for diagnosing patients with
GDM. The Youden index is used to determine the best cut-off
value (19). Correlation between two variables was analyzed using
the Pearson's correlation test. Independent-samples unpaired
t-tests were used when a normal distribution and homogeneity of
variance were both satisfied. P<0.05 was considered to indicate
statistical significance.

Results

Different expression patterns in blood leukocytes of patients
with GDM. To identify essential ncRNAs in GDM, raw
microarray data were downloaded from GEO (dataset
no. GSE92772). To obtain differentially expressed genes,
the signal data were normalized and z-score-transformed
(unpaired t-test according to the experimental design was
used to validate statistical significance; Fig. 1A). It was deter-
mined that numerous IncRNAs and miRNAs were decreased
in patients with GDM compared to normal controls. Among
them, miR-4646 and Pax8-AS1 were the most downregulated
and conserved ncRNAs in the GSE92772 dataset (Fig. 1B).
To explore the difference between the GDM and normal
gravidas, a comprehensive metabolic panel in the maternal serum
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Table I. Primer sequences used for PCR.

Gene Forward primer (5'-3") Reverse primer (5'-3")
miR-4646 ACTGGGAAGAGGAGCT TGTCGTGGAGTCGGC
Pax8-AS1 CCCCAAAGCCTAACTCCCTG CACTTGGGTTTTGCTGCCTC
miR-5196 TCTGAGGAGACCTGGGCTGT TGTCGTGGAGTCGGC
IL21R-AS1 TGCTGGTTCTTGTAGCTCCG CTATGGGGCCACCAGTTGTC
SRP14-AS1 CTAACTCTGCCACACACGGT GCTCAGACCTGCAACCTCTT
MORC2-AS1 GTTCATAACCGTTGGCTGGT GGGTCCACTTTTGTCCCCAA
miR-8061 GAGAGGATGCCTTAGATTA TGTCGTGGAGTCGGC
LHX4-AS1 GCATCTCACCTGTACGACCC TGCTGCAGATAGGCCGAAG
SSSCA1-AS1 CCATCGCCACCCCAGTAATC CATGCAGAAGGGGAGTGGTC
miR-3679 CGTGGTGAGGATATGGCAGG TGTCGTGGAGTCGGC

U6 CCCTTCGGGGACATCCGATA TTTGTGCGTGTCATCCTTGC

miR, microRNA; Pax8-AS1, paired box 8 antisense 1; IL21R, interleukin 21 receptor; SRP14, signal recognition particle 14; MORC2, MORC

family CW-type zinc finger 2; LHX4, LIM homeobox 4; SSSCAL1, Sjogren syndrome/scleroderma autoantigen 1.
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Figure 1. Identification of differentially expressed genes in GDM.
(A) Differentially expressed genes were detected by analysing the gene
expression omnibus dataset GSE92772. The heatmap of all differentially
expressed genes is presented. (B) Top 10 downregulated ncRNAs in GDM.
GDMI-6, cases; normall-8, controls. GDM, gestational diabetes mellitus;
miR, microRNA; Pax8-AS1, paired box 8 antisense 1; IL21R, inter-
leukin 21 receptor; SRP14, signal recognition particle 14; MORC2, MORC
family CW-type zinc finger 2; LHX4, LIM homeobox 4; SSSCAL, Sjogren
syndrome/scleroderma autoantigen 1.

samples was tested. The results of the oral glucose tolerance test
were significantly higher in the GDM group than in the control
group (P<0.05). However, there was no significant difference in
other laboratory indicators, including uric acid (UA), total bile
acid (TBA), globulin (GLOB), alanine aminotransferase or aspar-
tate aminotransferase, between the cases and controls (Table II).

ncRNA expression patterns in blood leukocytes associ-
ated with GDM. To explore the expression of 10 candidate
GDM-associated ncRNAs in blood leukocytes, the total

RNA from whole blood cells was extracted from 35 subjects
with NGT and 35 patients with GDM. As indicated in Fig. 2,
the levels of miR-4646, Pax8-AS1, miR-5196, IL21R-AS1,
SRP14-AS1, LHX4-AS1, SSSCAI1-ASI and miR-3679 in
patients with GDM were significantly lower than those in
the controls. However, there were no significant differences
in the levels of MORC2-AS1 and miR-8061 between the
two groups. Furthermore, miR-4646 and Pax8-AS1 were the
most downregulated ncRNAs among them. Subsequently, the
correlations between the expression levels of the eight candi-
date genes (miR-4646, Pax8-AS1, miR-5196, IL21R-ASI,
SRP14-AS1, LHX4-AS1, SSSCA1-ASI and miR-3679) and
2-h glucose in the leukocytes of patients with GDM were
detected. As presented in Fig. 3, a significant negative correla-
tion was observed between miR-4646, Pax8-AS1, miR-5196
and SRP14-ASI levels and 2-h glucose in the GDM group
(r=0.83, r=0.73, r=0.54 and r=0.64, respectively; P<0.001).

ROC analysis. To determine the diagnostic accuracy of
miR-4646, Pax8-AS1, miR-5196 and SRP14-AS1 in maternal
blood leukocytes as biomarkers for GDM, ROC curves were
drawn (Fig. 4). The area under the ROC curve (AUC) was used
to assess the diagnostic value of ncRNAs for GDM. In the
ROC analysis, miR-4646 and Pax8-ASI achieved an obvious
separation between the GDM and control groups. The AUC
of miR-4646 during the second trimester was 0.891 (95% CI:
0.811-0.972, P<0.001); its highest sensitivity and specificity
were 88.6 and 82.9%, respectively (cut-off, 1.95). The AUC
of Pax8-AS1 for GDM was 0.902 (95% CI: 0.824-0.979,
P<0.001), with a sensitivity and specificity of 85.7 and 88.6%,
respectively (cut-off, 2.165).

Discussion

GDM is common and frequently has serious consequences
for mothers and their children. The roles of several ncRNAs
in the occurrence of GDM have recently attracted our atten-
tion, namely miRNAs and IncRNAs. To determine the role
of ncRNAs in GDM, circulating miRNAs and IncRNAs from
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Table II. Variables of the comprehensive metabolic panel associated with GDM.

Variable Normal range Normal glucose tolerance GDM
ALT (U/) 7-45 16.83+£3.78 14.75+2.34
AST (U/) 13-40 15.83+4.26 17.16+5.09
DBIL (zmol/l) 0.0-8.0 1.95+0.59 1.75+0.38
TBIL (zmol/l) 0.0-21.0 4.65+1.18 4.67+0.94
CREA (zmol/l) 41-73 46.33+5.74 48.45+6.15
UA (#mol/l) 142-339 260.08+67.11 247.55+69.14
TBA (mol/l) 0.0-12.0 2.29+1.07 2.50+1.32
GLOB (g/l) 20.0-40.0 2591+1.79 259+2.47
ALB (g/l) 40.0-55.0 38.64+1.96 37.58+2.64
ALP (U/) 35-100 88.75+35.59 108.25+46.41
LDH (U/1) 120-250 175.1£33.99 174.41£20.147
ADA (U/) 0.0-15.0 8+1.89 7.36x1.51
2-h glucose (mmol/l) <85 5.40+0.75 9.69+0.96*
1-h glucose (mmol/l) <10.0 6.47+1.02 10.23+1.69*
Fasting glucose (mmol/l) <5.1 4.73+0.82 4.81+0.82

*P<0.05; values are expressed as the mean + standard deviation. GDM, gestational diabetes mellitus; NGT, normal glucose tolerance;
ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; DBIL, Direct Bilirubin; TBIL, total bilirubin;
CREA, creatinine; UA, uric acid; GLOB, globulin; ALB, albumin; ALP, alkaline phosphatase; LDH, lactate dehydrogenase; ADA, Adenosine

deaminase; LDH, lactate dehydrogenase; TBA, total bile acid.
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Figure 2. Expression levels of 10 candidate non-coding RNAs in healthy pregnant females (control; n=35) and patients with gestational diabetes (GDM;
n=35) during the second trimester were detected by reverse transcription-quantitative PCR. GDM, gestational diabetes mellitus; miR, microRNA; Pax8-AS1,
paired box 8 antisense 1; IL21R, interleukin 21 receptor; SRP14, signal recognition particle 14; MORC2, MORC family CW-type zinc finger 2; LHX4, LIM

homeobox 4; SSSCALI, Sjogren syndrome/scleroderma autoantigen 1.

maternal blood leukocytes were examined. The present study
demonstrated that the levels of Pax8-AS1 and miR-4646 in
the blood leukocytes of patients with GDM were significantly
downregulated compared with those in pregnant females
without GDM. Pax8-AS1 and miR-4646 had the highest
diagnostic value for GDM among the differentially expressed
ncRNAs identified.

The aberrant expression of IncRNAs is closely associated
with the development of multiple complex diseases, including
cancer, cardiovascular diseases, nervous system diseases and
diabetes (20-22). However, the clinical significance and biolog-
ical mechanisms of IncRNAs in the progression of GDM have
remained largely elusive. In the present study, six IncRNAs were

selected as candidate biomarkers and their diagnostic value for
GDM was assessed. It was indicated that Pax8-AS1 had the
highest diagnostic value for GDM. The IncRNA Pax8-AS1
has been previously reported to participate in the develop-
ment and progression of diseases, including childhood acute
lymphoblastic leukaemia, cervical cancer and papillary thyroid
carcinoma (23-25). Howeyver, the association between Pax8-AS1
and GDM has remained elusive. The present results indicated
that Pax8-AS1 was expressed at low levels in blood leukocytes
in the second trimester and was negatively correlated with post-
prandial blood glucose. ROC curve analysis of ncRNAs from
maternal blood leukocytes suggested that the diagnostic value of
Pax8-AS1 for GDM was the highest among all IncRNAs tested,
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with a sensitivity and specificity of 85.7 and 88.6%, respectively.
Compared with known biomarkers, such as plasma protein
profiling in the second trimester, Pax8-AS1 is more conserved
and highly sensitive. The present analysis provided insight for
the development of novel biomarkers for GDM.

miRNAs have been indicated to have functional rele-
vance in the development of obesity and different types of
diabetes (26-28). Numerous studies have also reported that
miRNAs have a key role during GDM progression. For instance,
miR-517b, which was associated with GDM among pregnan-
cies with male foetuses only, regulates the expression of TNF
superfamily member 15, a pro-inflammatory, anti-angiogenic
cytokine, which may reflect a sex-specific placental response to
the maternal immune system (29). Wander et al (30) observed
associations between plasma levels of miR-21-3p and GDM
in overweight/obese but not in healthy maternal individuals.
In the present study, four miRNAs were selected as candi-
date biomarkers for GDM in a patient cohort. Significantly
decreased miR-4646 was detected in the leukocytes of patients
with GDM. Further analysis demonstrated that there was a
strong correlation between miR-4646 levels and 2-h plasma
glucose levels in patients with GDM in the second trimester.
To assess the diagnostic value of miR-4646 in GDM, ROC
curve analysis was performed. The results suggested that the
diagnostic value of miR-4646 for GDM was the highest among
all miRNAs tested, with a sensitivity and specificity of 88.6 and
82.9%, respectively. To the best of our knowledge, the present
study was the first to report that miR-4646 may function as a
potential diagnostic biomarker for GDM.

In conclusion, Pax8-AS1 and miR-4646 were decreased
in GDM in the second trimester of pregnancy and are closely
associated with glycosylation markers. Although the sample
size of the present study was limited, the results enhance the
current knowledge on the relationship between GDM and
miRNAs/IncRNAs. The present results open up possibilities
for the diagnosis of GDM or its treatment by regulating the
expression of Pax8-AS1 and miR-4646. In the future, identifi-
cation of further ncRNAs will undoubtedly enhance the current
knowledge of new ncRNA functions, allowing us to better
understand the pathogenesis and development of GDM and
ultimately facilitate the development of ncRNA-directed diag-
nostics and therapeutics against this potentially fatal disease.
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