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Abstract

Background: Gestational diabetes mellitus (GDM), which
has been identified for the first time during pregnancy
and is defined as glucose intolerance of varying degrees,
is one of the prediabetes states that are at risk for
developing type 2 diabetes. MicroRNAs (miRNAs) are
associated with pregnancy complications and are even
necessary for the regulation of pancreatic development
and glucose-induced insulin secretion. This study aims
to investigate miRNAs expressed in maternal plasma to
detect the availability as a biomarker in the diagnosis of
GDM.
Methods: In this study, 30 pregnant women with GDM
diagnosed according to GDM American Diabetes Associa-
tion criteria and 30healthy pregnantwomenwere included
and miRNA expression levels were investigated.

Circulating 39 miRNAs were analyzed by qRT-PCR using
96.96 Dynamic Array IFCs.
Results: The findings showed that the expression level of
miR-7-5p significantly upregulated when compared with
healthy pregnant women with gestational diabetes (fold
change:2.3, p<0.05).
Conclusions: There is controversy about what is the most
appropriate test for GDM screening. Therefore, supported
by further studies, miR-7-5p can be used for the diagnosis
of GDM.
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ÖZ

Amaç: Gebelikte değişen derecelerde glikoz intoleransı
olarak tanımlanan gestasyonel diabetes mellitus (GDM),
tip two diyabet oluşturma riski bulunduran prediyabet
durumlarından biridir. Pankreas gelişimi ve glikoza bağlı
insülin sekresyonunun düzenlenmesinde rol alan mikro-
RNA’lar (miRNA’lar), aynı zamanda gebelik ile ilgili kom-
plikasyonlar ile de ilişkilidirler. Bu çalışmanın amacı,
maternal plazmada ifade edilen miRNA’ların GDM tanı-
sında kullanılabilirliğini tespit etmektir.
Yöntemler: Çalışmaya, Amerikan Diyabet Derneği kri-
terlerine göre GDM tanısı alan 30 gebe ve 30 sağlıklı gebe
dahil edildi ve miRNA ekspresyon düzeyleri araştırıldı.
Dolaşımdaki 39 miRNA’nın analizi, 96.96 Dynamic Array
IFCs kullanılarak qRT-PCR cihazında gerçekleştirildi.
Bulgular: Sağlıklı gebeler ile karşılaştırıldığında, GDM’li
gebelerde miR-7-5p′nin ekspresyon düzeyinin, anlamlı
derecede artmış olduğu bulundu (kat değişimi: 2.3, p<0.05).
Sonuç: GDM taramasında yapılan testlerin uygulanması
konusunda fikir ayrılıklarımevcuttur. Bu testlerin dışında,
ileri çalışmalarla desteklenenmiR-7-5p′nin, GDM tanısında
kullanılabileceğini düşünmekteyiz.

Anahtar kelimeler: biyobelirteç; GDM; gebelik; miRNA.

*Corresponding author: Senay Balci, PhD, Mersin University Medical
Faculty, Department of Medical Biochemistry, Mersin, 33079, Turkey,
Phone:+90 532 3008970,+90 324361 06 84, Fax:+90 324341 2400,
E-mail: sbfidanci@hotmail.com. https://orcid.org/0000-0002-7498-
604X
Aysegul Gorur and Lulufer Tamer, Mersin University Medical Faculty,
Department of Medical Biochemistry, Mersin, Turkey,
E-mail: aysegulgorur82@gmail.com (A. Gorur), lutamer@yahoo.com
(L. Tamer). https://orcid.org/0000-0002-8463-8663 (A. Gorur),
https://orcid.org/0000-0002-0997-0260 (L. Tamer)
Didem Derici Yıldırım,Mersin University Medical Faculty, Department
of Biostatistics and Medical Informatics, Mersin, Turkey,
E-mail: didemderici@hotmail.com. https://orcid.org/0000-0001-
7709-6133
Filiz Cayan, Mersin University Medical Faculty, Department of
Gynecology and Obstetrics, Mersin, Turkey,
E-mail: filizcayan@yahoo.com

Turk J Biochem 2020; 45(6): 825–831

https://doi.org/10.1515/tjb-2019-0157
mailto:sbfidanci@hotmail.com
https://orcid.org/0000-0002-7498-604X
https://orcid.org/0000-0002-7498-604X
mailto:aysegulgorur82@gmail.com
mailto:lutamer@yahoo.com
https://orcid.org/0000-0002-0997-0260
https://orcid.org/0000-0002-0997-0260
mailto:didemderici@hotmail.com
https://orcid.org/0000-0001-7709-6133
https://orcid.org/0000-0001-7709-6133
mailto:filizcayan@yahoo.com


Introduction

Gestational diabetes mellitus (GDM) is glucose intolerance
at various grades that first occurred in pregnancy.
Although GDM is one of the most common perinatal com-
plications, the risk of other pregnancy complications, such
as pregnancy hypertension and diabetic ketoacidosis, are
high in these pregnant women. There is also a high likeli-
hood of having type 2 diabetes after pregnancy. GDM is
characterized by peripheral (adipose tissue, skeletal mus-
cle, and liver) insulin resistance. In pregnancy, deteriora-
tion in glucose tolerance and peripheral resistance to
insulin are in parallel with increasing hormones. Insulin
resistance may be tolerated in most pregnant women,
while a small part does not have adequate adaptation and
GDM occurs. This adaptation is attempted to provide
increased insulin synthesis in the islets of the pancreas,
increased insulin secretion due to glucose, increase in
pancreatic beta-cell mass, glucose metabolism and
increased cAMP metabolism [1–4]. GDM is also associated
with an increased risk of short and long-term complica-
tions in the fetus, as well as risk for the mother. Poly-
hydramnios, urinary tract infections, neonatal
hypoglycemia and postpartum hemorrhage can be seen in
GDM. In addition, in the postnatal period, rapid growth
rate, adolescent obesity, diabetes or impaired glucose
tolerance and nerve damage may occur [5, 6].

Several studies have demonstrated that the abnormal
expression of miRNA is associated with pregnancy com-
plications. This suggested the potential use of miRNAs as a
prognostic indicator of pregnancy-specific diseases, espe-
cially preeclampsia and GDM [7, 8]. In recent decades,
miRNAs have been shown to be stable in circulation and
potential for the diagnosis and prognosis of several dis-
eases. miRNAs regulated gene expression and play critical
roles in many biological processes, such as development,
differentiation, apoptosis, oncogenesis, metabolic ho-
meostasis and DNAmethylation. miRNAs also functions in
glucose homeostasis and insulin production and secretion
[8–10]. miRNAs is one of several factors necessary for the
regulation of glucose-stimulated insulin secretion and
pancreatic development [11].

MicroRNAs are stable in tissue and body fluids, sug-
gesting that they can be used as potentially non-invasive
blood-based biomarkers. Hence, many studies have been
conducted in recent years and many data have been ob-
tained showing that various profiles of circulating free
microRNAs are bound to many pathological processes [12].
The diagnosis of GDM, which can be diagnosed in the later
stages of pregnancy, which may have significant

complications both for the mother and the fetus, is signifi-
cant in the early gestational weeks. Thus, in this study, we
aimed to investigate the role of 39 miRNAs expressed in
maternal plasma and reported to be associated with dia-
betes, glucose metabolism and insulin resistance in the
diagnosis of GDM.

Materials and methods

In this study, 60 pregnant women who were examined at Mersin
University in the Obstetrics and Gynecology Department between
September 2013 and March 2014 were included. During the routine
examinations, the pregnant women underwent a 75 g oral glucose
tolerance test (OGTT) for 2 h. GDM was diagnosed according to
American Diabetes Association criteria [13]. Thirty pregnant women
with GDM were included in the patient group, while 30 healthy
pregnant women who had normal glucose tolerance were included in
the control group in this study.

Pregnant women, who accepted to give blood samples, were at
24–28 gestational week. They had a single pregnancy, non-obesity, no
history of diabetes and not used any drugs other than pregnancy-
related drugs were included in this study. In addition, exclusion
criteria for both groups were determined as follows: hypertension
disorders, smoking and alcohol use, thyroid disorders or fetal
congenital anomalies. The ages of the pregnant women in the patient
and control groupswerematched to show that the difference inmiRNA
expression levels was not related to an age-related cause.

Determination of the HbA1c in whole blood was performed using
Cobas Integra 800 automated analyzer by the turbidimetric inhibition
immunoassay method of hemolyzed whole blood samples.

miRNA expression analyses were performed according to the
method used in our previous study [14]. Patients and control groups’
peripheral blood was collected to tubes with EDTA. Samples were
centrifuged at 2700 g for 15 min; plasma was taken to a sterile micro-
centrifuge tube then centrifuged again at 13000 g for 10 min. Plasma
samples stored at−80 °Cuntil RNA isolation (about threemonths). Total
RNA was isolated using the High Pure miRNA Isolation Kit (Roche). In
this study, the optimum rate accepted for pure RNA was ∼2.0 and the
quality of the RNA was measured using the NanoDrop Spectropho-
tometer (Thermo Scientific, USA) according to the manufacturer’s pro-
tocols. Then, RNA was converted into cDNA using Reverse
Transcriptase according to the manufacturer’s instructions. Reverse
transcription and then pre-amplification (TaqMan, PreAmpMaster Mix
29), in the analysis of real-time PCR system (LightCycler 480; Roche)
were used, and 39 miRNAs were analyzed with high-throughput real-
time quantitative PCR (RT-qPCR) device (Fluidigm; Biomark) using
96.96 Dynamic Array Integrated Fluidic Circuits (IFCs).

The distribution hypothesis was tested by the Shapiro Wilk test.
Normally distributed, continuous variables were presented as
mean ± standard deviation, but without assumption, the data were
summarized inmedian [25–75%]. In the comparison of the two groups,
the Independent Sample t-test was used for normal distribution and
theMann–Whitney U-test was used for the distribution is non-normal.
p<0.05 was accepted as the level of statistical significance. The anal-
ysis was performed in Statistica v.13.3.1.

miRNA expression statistical analyses were performed using the
Biogazelle’s qbase PLUS2.4 software. Since there were no validated
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housekeeping genes that could be used for normalization, the global
mean normalization method was used in the analysis of circulating
miRNA expression [15]. The fold changes were calculated to investi-
gate the difference in miRNA expression value between the two
groups. Fold-Change 2−ΔΔCT is the normalizedmiRNAexpression (2−ΔCT)
in the patient group divided the normalized miRNA expression (2−ΔCT)
in the control group. Fold-Regulation represents fold-change results in
a biologically meaningful way. p<0.05 was considered statistically
significant.

The study protocol was approved by the local Ethical Committee
(22.08.2013, 2013/261), and written informed consent was obtained
from all participants before data collection.

Results

Participant characteristics

In this study, blood samples from 30womenwith GDM and
30 healthy pregnant women were assessed. The charac-
teristics of the participant are given in Table 1. The findings
showed that there was no significant difference in age be-
tween the control group and pregnant women with GDM.
As expected, compared with healthy pregnant women,
pregnant women with GDM had higher fasting glucose, 1h-
glucose, 2h-glucose and HbA1c.

MicroRNA profiling

In this study, the expression levels of 39 different miRNAs
were analyzed. We searched articles indexed in PubMed
(MEDLINE) database using Title/Abstract words (‘‘micro-
RNA’’ or ‘‘miRNA’’ and ‘‘diabetes”) and mirbase.

In this study, 26 miRNAs were downregulated and 13
miRNAs were upregulated in GDM pregnant women when
compared with healthy pregnant women. However, there
was no statistically significant increase or decrease in any
of the 38miRNAs in GDMpregnantwomen compared to the
control group. Table 2 is given with these miRNAs and
associated tissues.

Among the 39 miRNAs analyzed, only miR-7-5p was
significantly upregulated in pregnant with GDM when
compared to healthy pregnant (fold change: 2.3, fold

regulation: 2.3, p=0.02) (Figure 1). The expression of all
miRNAs in pregnant with GDM compared to controls is
shown in Table 3.

Discussion

GDM is a serious worldwide problem that needs to be
addressed urgently, considering severe complications for

Table : Characteristics of the study population.

Characteristic No GDM (n=) GDM (n=) p-Value

Age, years . . .
Gestation, weeks . . .
Fasting glucose, mg/dL . . .
-h Glucose, mg/dL . . .
-h Glucose, mg/dL . . .
HbAc, % . . .

Table : Analyzed microRNAs in related tissues.

Tissue Downregulated Upregulated

Pancreas miR--p miR-
miR-b-p miR--p
miR- miR--p
miR--p miR-c-p
miR- miR--p
miR- –
miR--p –
miR- –
miR--p –
miR--p –
miR---p –
miR-b-p –

Pancreas, liver miR--p miR--p
miR-a-p miR-b-p

Liver miR- miR-
miR--p –

Pancreas, adipose miR--p –
miR--p –

Adipose miR--p –
miR- –

Liver, adipose miR- miR--p
Skeletal muscle miR-b miR-
Pancreas, circulating miR-b-p miR-b

miR--p –
miR--p –

Circulating miR--p miR--p
– miR--p

Figure 1: miR-7-5p which is upregulated in pregnant women with
gestational diabetes compared to healthy pregnant women.
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both mother and fetus [16]. Although there is no stan-
dardized method for GDM screening and diagnosis, OGTT
is widely used in clinical practice [17]. Recent studies have
shown that miRNA expression, downregulated or upregu-
lated, is associated with pregnancy complications and
suggests the potential use of prognostic markers of
pregnancy-specific diseases, such as GDM [6, 7]. Previous
studies have reported that serum or plasma miRNAs are
differentially expressed between GDM patients and con-
trols. A study has reported that miRNA profiles of

peripheral blood mononuclear cells isolated GDM patients
have identified 10 miRNA (miR-26a, miR-101, miR-181a,
miR-181d, miR-1268, miR-29a, miR-29c, miR-30b,
miR-1180, and miR-595) that seemed to be specific for GDM
[18]. Another study has found that plasma miRNAs are
differentially expressed in GDM. Differential expression of
five upregulated miRNAs (hsa-miR-16-5p, hsa-miR-17-5p,
hsa-miR-19a-3p, hsa-miR-19b-3p, hsa-miR-20a-5p) have
been aberrantly expressed before serum glucose abnor-
mality [6]. However, Cao et al., in their study, have
analyzed the same miRNAs in a larger number of patient
populations and have not found the same results at the end
of the analysis. Some studies have reported that miR-17-5p
and miR-16-5p are associated with type 2 diabetes mellitus
and other metabolic diseases. However, the role of these
up-regulated microRNAs in the pathogenesis of GDM is not
yet fully understood [19]. Tagoma et al. have reported that
miR-195-5p has shown the highest fold upregulation in
GDM and targeted the highest number of genes important
in fatty acid metabolism [20]. In another study of South
African women with GDM, researchers have investigated
whether the circulating miRNAs with non-invasive
biomarker potential for GDM have changed in serum. Ac-
cording to the researchers, miR-20a-5p and miR-222-3p
have been significantly down-regulated in women with
GDM compared to controls [21].

In this study, according to the study data, miR-7-5p
expression in pregnant and GDM patients was determined
to be upregulated by age-matched pregnant women.
Recent data have suggested that during human pancreatic
development, miR-7, which is a pancreatic islet, specific
miRNA expressed at high levels [22, 23].

In humans, β-cell differentiation or phenotype loss in
the pathogenesis of diabetes has been noted as a new
mechanism of action of cell dysfunction [24]. As in vitro
studies, researchers have reported that natural pancreatic
islets from donors with non-diabetic lead to the formation
of an undifferentiated cell population. The role of miRNAs
in this mechanism is considered another important issue.
Sebastiani et al. in their in vitro studies have investigated
miRNA expression levels in dissociated islet cells
compared to mature pancreatic islets and have found that
13 miRNA up-regulated and 110 miRNA down-regulated.
Researchers argue that these down-regulated miRNAs,
particularly expressed in islets and β-cells, the target gene
is disallowed that are responsible for the maintenance of
the endocrine-pancreatic phenotype, and therefore have
cell responses or phenotypic changes. On the other hand,
upregulated 13 miRNAs have been reported to be bio-
markers of new islet cells and to target genes that eliminate
differentiation or participate in pancreatic cell functions.

Table : MicroRNA expression in maternal plasma in pregnant
women with gestational diabetes mellitus compared to healthy
pregnant women.

miRNA Fold change Fold regulation p-Value

miR- . . .
miR- . −. .
miR--p . −. .
miR-b-p . −. .
miR- . . .
miR--p . . .
miR--p . −. .
miR-b . −. .
miR- . −. .
miR--p . −. .
miR--p . . .
miR- . −. .
miR--p . . .
miR--p . −. .
miR--p . . .
miR--p . −. .
miR- . −. .
miR- . −. .
miR--p . −. .
miR--p . −. .
miR--p . −. .
miR-a-p . −. .
miR-b-p . . .
miR-b . . .
miR-b-p . −. .
miR- . −. .
miR--p . . .
miR-c-p . . .
miR- . −. .
miR- . . .
miR--p . −. .
miR--p . −. .
miR--p . −. .
miR--p . . .
miR---p . −. .
miR--p . −. .
miR--p . −. .
miR-b-p . −. .
miR--p . . .
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In particular, the importance of these target genes, which is
thought to play a role in cell-cell signalling or adhesion, is
also emphasized [25]. However, in other studies, miR-7,
miR-9, miR-375 have been shown to be important in con-
trolling β-cell function [26, 27].

Apart from its importance in differentiation and pro-
liferation in the pancreatic β-cell, miR-7 modulates the
release of insulin granules, while miR-7 does not affect the
total number of insulin granules per cell [28].

The insulin receptor substrate 1 (IRS-1) acts as a key
molecule by transmitting signals from the INSR to down-
stream enzymes in the insulin signal pathway in the pe-
ripheral tissues. Low levels of IRS-1 expression in human
skeletal muscles indicate that down-regulation of IRS-1 is
associated with IR and T2DM [29]. Similarly, in another
cellular IR model study, overexpression of miR-7 down-
regulates IRS-1 expression by binding to 3′-UTR has been
demonstrated [30]. In other studies, overexpression of
miR-7 was responsible for downregulated IRS1 expression,
as well as inhibiting insulin-induced Akt phosphorylation
and glucose uptake [29].

When the differentiation process of human pluripotent
stem cells (hPSCs) into insulin-producing cells (IPCs) was
examined, it was reported that in vitro differentiation of
hPSCs was four stages. These stages were as follows:
endoderm formation (0–4 days), induction of pancreatic
progenitor cells (PPCs) (5–9 days), expansion of PPCs (10–
15 days) and formation of IPCs (16–25 days). Based on this
model, the expression level of miRNAs thought to modu-
late the process of directing hPSC differentiation into islet-
like cell clusters was investigated. In this process, four
islet-specific miRNAs (miR-7, miR-375, miR-34a and
miR-146a) exhibit different expression patterns. miR-375
and miR-7 increase from day 4, peak at day 8, and then
decrease to the end of differentiation. In contrast,miR-146a
decreases during the differentiation process, and miR-34a
expression initially decreases, followed by restoration on
day 21. Further, it has been demonstrated that miR-375
directly targets HNF1β and overexpression of miR-375
lowers the protein level of HNF1β [31]. However, in another
study with MiR-375-null mice, it was found that increased
total pancreatic α cell numbers and plasma glucagon
levels, and accordingly increased gluconeogenesis and
hepatic glucose output. As a result, lacking miR-375 mice
were reported to be hyperglycemic [9].WhilemiR-7 directly
targets PAX6, overexpression of miR-7 has also been re-
ported to reduce the level of expression of PAX6 [31].

A study has shown that between 8 and 12 weeks of the
gestational week (wga), the level of miR-7 expression is very
lowand the expressionofmiR-7 is increasingby the 13thwga.
In addition, their findings showed that miR-7 expression

levels have remained high up to 18 wga and started to
decrease in the following weeks [22]. Recently, researchers
reported that this miRNA plays a critical role in the allocation
of islet cell fate and is also significant in β-cell function.
Indeed, recent overexpression or deletion of miR-7 by trans-
genic or knockout routes leads to respective suppression or
promotion of differentiation of α and β-cells. This is appar-
ently Ngn3 induces endocrine cell differentiation by affecting
the expression of Pax6, a key transcription factor gene [32].

In summary, many studies have produced evidence
that the abnormal expression of circulating miRNA is
associated with pregnancy complications. However, peo-
ple from different countries appear to have different
miRNA profiles in the same metabolic condition. We
should note that there is a lack of data on the expression of
circulating serum/plasma microRNAs in GDM. In recent
studies, different miRNAs for GDM have been reported to
be a candidate biomarker [33, 34], which is the cause of the
discordant in the data, possibly analyzing different sam-
ples and the different processing protocols used [19, 35].

Conclusion

Studies showed that GDM caused a reduction of pancreatic
β-cell expansion in pregnancy and the serum-based
screening for GDM typically begins at 24–28 weeks of
gestation and the testing process may not be completed
until 32 weeks [36]. The findings obtained in this study
showed that miR-7, which was expressed in pancreatic
adult and fetal endocrine cells was upregulated in GDM
patients when compared to healthy pregnant women.
Based on our findings, specific miRNAs can be used as a
potential biomarker for early diagnosis of the GDMbecause
of the limited time for intervention and management of
GDM. However, despite their stability and ease of analysis,
there are many analytical and pre-analytical challenges
that need to be addressed before the clinical use of circu-
lating miRNAs. Standardization of pre-analytical and
analytical methods may increase reproducibility between
studies [35]. In addition, large prospective cohort studies
should be performed to investigate factors affectingmiRNA
expression and identify whether they may be diagnostic or
prognostic candidates.
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