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A B S T R A C T

Several findings suggest that in utero stressor stimuli can alter fetal development by promoting transcriptional
changes, and predisposing the neonate to diseases later in life. This study aimed to investigate whether a hy-
perglycemic environment in pregnant women with gestational diabetes mellitus (GDM) is able to cause fetal
genetic alterations and predispose neonates to obesity. Transcriptional alteration of SIRT1, TP53 and BCL2 genes,
miR-181a (a SIRT1 or BCL2 regulator) and telomere length were evaluated in placental and umbilical-cord blood
cells. Healthy (HP; n= 20) and GDM (n=20) pregnant women and their respective neonates were included in
the study. Additionally, obese (n=20) and eutrophic (n= 20) adults also participated as reference populations.
Gene expression data showed down-regulation of BCL2 in umbilical-cord and peripheral blood cells from GDM
neonates and obese adults, respectively. The miR-181a was down-regulated only in umbilical-cord blood cells of
GDM neonates. Telomere length presented no significant difference. In conclusion, our study demonstrated that
the GDM hyperglycemic intrauterine environment promotes transcriptional alterations in BCL2 and miR-181a in
neonate umbilical-cord blood cells. Furthermore, both GDM neonates and obese subjects share the same tran-
scriptional alteration in BCL2. Considering the relationship between obesity development and the functions
regulated by these two genes, BCL2 and miR-181a could be adopted as potential biomarkers for childhood
obesity. However, further study designs are recommended to confirm this hypothesis.

1. Introduction

Obesity is a multifactorial disease based on both genetic and be-
havioral factors that may impair health, given its association with a
range of cardio-metabolic diseases and cancer [1]. The worldwide
obesity prevalence data show that about 13% of the adult population
were obese in 2014 and approximately 41 million children under 5
years were overweight or obese [2]. Since childhood obesity prevalence
has tripled over the last three decades, studies related to pediatric
obesity have been rapidly increasing [3].

Compelling evidence has suggested that stressor factors, such as
nutritional fluctuations and hyperglycemic environment during gesta-
tion can alter the developing fetus and impact offspring health by
predisposing to type 2 diabetes mellitus, cardiovascular diseases and
obesity in later life [4]. Indeed, a range of studies conducted in humans
and non-human primates suggest that maternal nutrition affects the
placenta and fetal tissues, leading to persistent changes in hepatic
metabolism, mitochondrial function, intestinal microbiota, liver

macrophage activation and susceptibility to nonalcoholic steatohepa-
titis postnatally [5]. However, the molecular mechanisms linking in
utero stressors and increased risk for obesity during childhood and
adulthood are poorly understood. Recent studies have shown that in
utero stressors, such as obesity and/or gestational diabetes mellitus
(GDM), besides promoting mitochondrial dysfunction might alter telo-
mere homeostasis, thus increasing offspring risk for cardio-metabolic
diseases [6–8]. In fact, the hyperglycemic intrauterine environment can
induce persistent deficits in redox signaling that lead to mitochondrial
dysfunction and increased in utero superoxide production, with sub-
sequent activation of pathways involved in the pathogenesis of diabetes
complications, increased formation of AGEs (advanced glycation end
products) and activation of protein kinase C isoforms and proin-
flammatory genes [9,10]. On the other hand, in utero hyperglycemia-
related telomere shortening may induce senescence and, consequently,
early onset of and age-related diseases [8].

SIRT1 is an important determinant of human longevity and a posi-
tive regulator of telomere length through modulation of telomerase
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activity and homologous recombination repair [11]. Decreased ex-
pression was detected in fetal endothelial colony-forming cells from
pregnancies complicated by GDM, and provided potential mechanistic
insights into the pathophysiology of long-term cardiovascular compli-
cations observed in the offspring of GDM pregnancies [12]. Indeed,
some studies have associated (sub)telomere maintenance and also mi-
tochondrial biogenesis with SIRT1 and TP53 [13–16]. Furthermore,
BCL2 and other genes belonging to the BCL2 family may also impact
mitochondrial physiology through the regulation of autophagy, fusion/
fission process, and by exerting a glutathione-dependent antioxidant
activity [17–21].

MicroRNAs (miRNAs) have been implicated in numerous biological
processes, including cell proliferation, cell death, cell differentiation,
tumorigenesis and lipid metabolism [22,23]. It has been suggested that
miR-181a plays a role in the link between adipose tissue dysfunction
and the development of obesity-associated disorders including type 2
diabetes, with significant correlations between its expression and both
adipose tissue morphology and key metabolic parameters, including
visceral fat area, HbA1c, fasting plasma glucose and circulating leptin,
adiponectin and interleukin-6 [24]. Moreover, evidence suggests that
miR-181a can regulate the hepatic insulin sensitivity, lipolysis, senes-
cence and mitochondrial function through modulation of SIRT1 and
BCL2 mRNA levels [25–27].

The aim of the present study was to investigate whether the hy-
perglycemic in utero environment in gestational diabetes mellitus
(GDM) patients promotes telomere shortening, transcriptional mod-
ulation of SIRT1, TP53, BCL2 and miR-181a, and whether such altera-
tions are present in obese adults.

2. Material and methods

2.1. Study population

This study was approved by the Ethics Committee for Human
Research from the UNESP Medical School (Protocol number
14489013.0.0000.5411). All participants signed the terms of informed
consent before being included in the study. GDM patients (Group 1;
n=20) and their respective neonates (Group 2) were recruited at the
Clinical Hospital (Botucatu, SP, Brazil), and healthy pregnant women
(HP) (Group 3, control; n= 20) and their respective neonates (Group
4), at the Unimed Hospital (Botucatu, SP, Brazil). Twenty obese
(BMI≥ 30 kg /m2; Group 5) and 20 eutrophic (BMI ranging from 18 to
24.9 kg/m2; Group 6) male and female adults were recruited as control
groups (Table 1). The adult population was recruited according to the
gender of neonates.

The pre-pregnancy weight before conception was obtained by self-
reports at the time of the first prenatal visit, or during the Informed
Consent application process. GDM was diagnosed according to the
criteria of the American Diabetes Association [28], and the re-
commendation of Rudge et al. [29]. Briefly, glucose tolerance was as-
sessed using a 2 h (75 g) oral glucose tolerance test (OGTT) performed

between the 24th and 28th weeks of pregnancy. Blood samples were
collected during fasting (fasting glucose levels) and at 1 h and 2 h after
standard dextrose. Gestational diabetes mellitus was confirmed when
glucose reached or exceeded the maximum values: ≥ 92mg/dL for
fasting, ≥ 180mg/dL for 1 h-OGTT, and ≥ 153mg/dL for 2 h-OGTT.
The treatment of the GDM pregnant women (insulin administration
when diet and exercise were not effective for glycemic control) started
immediately after diagnosis. Neonates were classified as either appro-
priate for gestational age (AGA), small for gestational age (SGA), or
large for gestational age (LGA), according to the growth curve proposed
by Battaglia and Lubchenco [30]. The Apgar 1min score (how the baby
tolerates the birthing process) was also determined. Volunteers who
had taken regular medication (except women who regularly used con-
traceptives) and/or those with chronic diseases were excluded from the
study. In the eutrophic group, only subjects with no familial (father,
mother or siblings) history of chronic diseases were included. The study
population was also distributed according to smoking habits: smokers
were defined as those who had smoked at least 100 cigarettes in their
whole life or were currently smokers (every day or sporadically); ex-
smokers, those that stopped smoking at least one year before [31].
Alcohol consumption was classified into three categories: non-con-
sumers; social drinkers (consumption up to a ∼3.4 fl. oz. glass of al-
coholic beverage per day or at weekends; and heavy drinkers, those
who consumed more than 1 L of light alcoholic beverage (beer, wine or
cider) or two glasses of hard liquor (Brazilian cachaça, rum, vodka, or
whisky) per day, for at least 6 years. Subjects were defined as being
“exposed to toxic substances” (pesticides, solvents, diesel exhaust, dyes
etc.) if they reported a history of occupational exposure or had been
recently exposed to toxic substances [32] (Table 1).

2.2. Blood and placenta cell sampling

After delivery, the placenta was collected and conditioned in a
cooler containing sterile cold 0.9% saline solution. The chorionic plate
and overlying membranes were removed, and anatomically healthy
fragments of approximately 0.5 cm3 were obtained from maternal
(decidua) and fetal (villous) surfaces. The fragments were placed into
cryogenic vials containing RNAlater (Life Technologies, USA) and kept
at 4 °C overnight. After RNAlater removal, the fragments were stored at
−80 °C for further total RNA extraction. Umbilical-cord and peripheral
blood samples (5 mL) were collected from neonates and obese/eu-
trophic adults, respectively, and placed into PAXgene Blood RNA Tubes
(PreAnalytiX, Switzerland) for total RNA and microRNA extraction.
Blood samples (1 mL) collected in Vacutainer® K2EDTA tubes (BD, USA)
were placed into microtubes and stored at −80 °C for genomic DNA
extraction

2.3. RNA, microRNA and DNA extraction

Total RNA and microRNA were extracted from placental (fetal and
maternal surfaces) and whole blood (peripheral and umbilical-cord)

Table 1
General characteristics of the study population.

Groups N Gender Age (years) Fasting glucose2 (mg/dL) 2 h-OGTT2 (mg/dL) Hb1Ac (%) Smoking habits Alcohol consumption

M F NS ExS S NC SD HD

HP 20 101 101 31.19 ± 6.46 79.56 ± 6.45 a 5.02 ± 0.61 17 3 – 14 6 –
GDM 20 111 91 32.43 ± 5.19 99.83 ± 7.73* 136.2 ± 24.9b 5.83 ± 1.06 19 1 – 19 1 –
Eutrophic 20 12 8 28.52 ± 3.92 – – – 17 3 – 5 14 1
Obese 20 11 9 28.52 ± 9.92 – – – 17 3 – 2 15 3

HP: healthy pregnant women; GDM: women with gestational diabetes mellitus; M: male; F: female; OGTT: oral glucose tolerance test (75 g); 1neonate;2 measurements
at 24 to 28th gestational week; a it was not quantified; bthe maximum reference value for GDM is 153mg/dL;Hb1Ac: glycated hemoglobin; NS: non-smoker; ExS: ex-
smoker; S: smoker; NC: non-consumer; SD: social drinker; HD: heavy drinker. *p < 0.05 compared to the healthy pregnant women. Data are expressed mean ±
standard deviation.
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cells using the PAXgene Blood RNA and PAXgene Blood microRNA kits
(PreAnalytiX, Switzerland), respectively. Genomic DNA was extracted
using the Illustra blood genomic Prep Mini Spin kit (GE Healthcare,
UK). RNA samples were quantified in a NanoDrop One spectro-
photometer (Thermo Scientific, USA), and quality/integrity was
checked in a 2100 Bioanalyzer (Agilent, USA). Genomic DNA samples
were quantified by the Pico-Green method using a 96-well spectro-
photometer (Molecular Devices, USA); integrity was checked using
1.5% agarose gel.

2.4. SIRT1, TP53, BCL2 and miR-181a relative expression

The mRNAs and microRNAs were reverse-transcribed to cDNA using
the High Capacity cDNA Reverse Transcription kit and TaqMan®
MicroRNA reverse transcription kit (Applied Biosystems, USA), re-
spectively, according manufacturer’s instructions. The cDNA was used
as a template for quantitative real-time PCR (qPCR), with specific
human primers (Taqman® system - Applied Biosystems, Foster City, CA,
USA) for SIRT1 (Hs01009005_m1), TP53 (Hs99999147_m1),
BCL2(Hs00608023_m1) and hsa-miR-181a (000480). For gene expres-
sion, each tube contained 2 μL of cDNA template, 5 μL of TaqMan® Fast
Universal PCR Master Mix (2x) (Applied Biosystems), 0.5 μL of
TaqMan® Gene Expression assay (20X) (Applied Biosystems) and 2.5 μL
of nuclease-free water. For microRNA expression, each tube contained
1.33 μL of cDNA template, 10 μL of TaqMan® Universal PCR Master Mix
II with UNG (2X), 1 μL of TaqMan® Small RNA Assay (20✕) and 7.67 μL
of nuclease-free water. The reaction was performed using the following
thermal cycling conditions: 94 °C for 10min, followed by 40 cycles of
94 °C for 30 s and 60 °C for 1min (gene expression); and 50 °C for 2min
and 95 °C for 10min, followed by 40 cycles of 95 °C for 15 s and 60 °C
for 1min (microRNA expression). Fluorescence data were collected
during each annealing/extension step. Gene and microRNA data were
normalized to ACTB gene (Hs99999903_m1) and snoRNA RNU6B
(001093), respectively. The real-time PCR assays were performed in
triplicate and analysis was performed using the comparative delta-delta
Ct method (ΔΔCt) [33].

2.5. Telomere length assay

Relative telomere length was measured using the genomic DNA
extracted from peripheral and umbilical-cord blood cells. The qPCR was
run on the 7900 H T Sequence Detection System (Applied Biosystems,
USA). The ratio of the telomere repeat copy number to a single gene
(36B4) copy number (T:S) was determined as previously described by
Cawthon et al. [34]. The assays were performed in triplicate, and re-
lative telomere length was the exponential ratio of telomere copy
number to 36B4 copy number corrected for a reference sample. The
coefficients of variation (CVs) for the telomere assay and 36B4 assay
were in the range from 0.84 to 0.92% and 0.36 to 0.54%, respectively.
The average of CVs for the exponential T:S of quality control samples
was 12.78%.

2.6. Statistical analysis

Shapiro-Wilk and Chi-square tests were used for analyzing data and
gender distribution, respectively. Gene/micro-RNA expression and re-
lative telomere length were analyzed using the one-way ANOVA fol-
lowed by the post-hoc Tukey test. qPCR analysis was adjusted for
possible confounding factors such as age, sex, alcohol consumption, and
cigarette smoking. The Pearson correlation was performed to detect
possible effects of glycemic (mother) and insulin levels (neonate) on
telomere length. All analyses were performed using the software SAS
for Windows (v.9.2), and any p value< 0.05 was considered sig-
nificant.

3. Results

Despite rigorous glycemic control, the fasting glucose levels were
significantly higher in GDM patients than in healthy pregnant women
(Table 1). BMI differed significantly between GDM and HP women
(31.9 ± 6.9 vs 23.2 ± 1.3, p < 0.01) just before delivery, and also
between obese and eutrophic adult subjects (34.7 ± 5.8 vs.
21.7 ± 1.8; p < 0.01). No differences were detected in the neonate
weights and for maternal weight gain during pregnancy (Table 2). In
relation to gene expression, BCL2 downregulation was detected in
umbilical-cord blood cells from GDM neonates and in peripheral blood
cells from adult obese subjects (Fig. 1). No modulation was detected in
villous and decidua from diabetic patients. The miR-181a was down-
regulated in umbilical-cord blood cells of newborns from GDM women
in relation to newborns from HP women (Fig. 2). No change was de-
tected in placenta cells (villous and decidua) from GDM patients and in
obese peripheral blood cells in relation to HP women and normal
weight adults, respectively (Fig. 2). Similarly, no changes occurred in
SIRT1 or TP53 or in telomere length in all tissues investigated (Figs. 1
and 3). A slight (but not statistically significant; p= 0.2791) telomere
shortening was observed in umbilical-cord blood cells from GDM neo-
nates in relation to HP neonates. No significant correlation (Pearson’s
test) was detected between telomere length and fasting glucose levels
(R = -0.09555; p=0.768), % HbA1C (R=0.2425; p=0.348), or
umbilical-cord blood insulin levels (R=0.2251; p=0.4819) (Fig. 4).

4. Discussion

Adverse events during gestation have been described as inducing
fetal programming, which can result in chronic diseases [35]. GDM has
been associated with cardiovascular disease, metabolic syndrome, and
obesity during later life in the offspring [36,37]. However, the patho-
physiological mechanisms responsible for these late complications re-
main unknown. Herein, we evaluated whether intrauterine hypergly-
cemic environment was able to promote genetic alterations in placental
and blood cells, and if those changes could be putative biomarkers for
developing obesity in adulthood. The literature has reported that hy-
perglycemia may promote placental morphofunctional changes that can
be associated with fetal macrosomia [38,39]. Furthermore, alterations

Table 2
Anthropometric and delivery characteristics of the study population.

Groups N Gender Initial BMI2 (kg/m2) Final BMI3 (kg/
m2)

Weight gain in
pregnancy

Delivery Neonateweight (kg) Apgar1’ score4 Neonate classification

M F V C LGA AGA SGA

HP 20 101 101 23.2 ± 1.3 28.8 ± 2.5 13.2 ± 6.3 – 20 3.3 ± 0.4 9.0 ± 0.7 1 19 –
GDM 20 111 91 31.9 ± 6.9* 35.5 ± 4.8* 9.2 ± 6.8 2 18 3.4 ± 0.6 8.3 ± 0.7 4 16 –
Eutrophic 20 12 8 21.7 ± 1.8 – – – – – – – – –
Obese 20 11 9 34.7 ± 5.8** – – – – – – – – –

HP: healthy pregnant women; GDM: women with gestational diabetes mellitus; M: male; F: female; BMI: body mass index; V: vaginal; C: cesarean; 1neonate; 2before
conception; 3at delivery (34th gestational age); 4normal score>7–10; LGA: large for the gestational age; AGA: appropriate for the gestational age; SGA: small for the
gestational age. * p < 0.05 compared to healthy pregnant women; ** p < 0.05 compared to the eutrophic subjects. Data are expressed mean ± standard deviation.
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in early growth phenotypes resulting from an adverse in utero en-
vironment in association with a genetic background that increased the
risk for adult cardiometabolic diseases have been also reported [40].
Although our data showed no difference in the weights of neonates
from GDM, the prevalence of macrosomia or high prenatal growth rate
(LGA) was similar to that reported in the literature (20–30%) [41].
Macrosomia and LGA are considered markers of altered fetal pro-
gramming that may increase the risk for future chronic complications of
potentially greater relevance, such as childhood obesity, diabetes, me-
tabolic syndrome, hypertension and cardiovascular morbidity [42]. In
2012, a prospective population-based cohort study (21,315 subjects)
showed that at the age of 7 years, macrosomic infants had 1.52-fold and
1.50-fold greater risks of developing overweight or obesity, respectively
[43].

Recently, Landon et al. [44], in a follow-up study of 500 children,
observed that GDM treatment improved neonatal health, but the fre-
quency of obesity or metabolic dysfunction at ages 5–10 years was not

reduced. A meta-analysis study corroborated these findings showing no
association between intensive gestational glycemic management and
reduction of childhood obesity in offspring [45]. We observed that al-
though fasting glucose levels was above the ADA´s recommended levels
[28], it was not sufficient to increase the percentage of Hb1Ac, de-
monstrating an efficient glycemic control. Moreover, the glycemic le-
vels after 2 h of OGTT were below the ADA´s recommendation.

Gestational diabetes mellitus is associated with alterations in telo-
mere and mitochondrial homeostasis that can impair fetal develop-
ment, predisposing the offspring to cardiometabolic diseases and obe-
sity in later life [6–8,10]. It is well known that telomere length can be
modulated by a variety of intrinsic and environmental factors
throughout life. Beyond that, it has been reported that telomere
shortening is associated with a series of metabolic abnormalities in-
cluding impaired glucose tolerance, dyslipidemia, obesity, diabetes and
cardiovascular diseases [6,46]. In contrast, our study did not show any
significant telomere changes between eutrophic and obese adults or

Fig. 1. Relative expression of BCL2 (a), SIRT1 (b) and TP53 (c) genes in placental (villous and decidua) and umbilical-cord blood cells from gestational diabetes
mellitus (GDM) and healthy pregnant (HP) women, and in their respective neonates, and in peripheral blood cells from eutrophic and obese adults. Data are
expressed as mean ± standard deviation.

Fig. 2. Relative expression of miR-181a in umbilical-cord blood cells from neonates of gestational diabetes mellitus (GDM) and healthy pregnant women, and in
peripheral blood cells from eutrophic and obese adults. Data are expressed as mean ± standard deviation.
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between the neonates of GDM and health pregnant women.
Data in literature are inconclusive about the effect of GDM and

obesity on telomere shortening. Xu et al. [6] observed telomere short-
ening in neonates from GDM women. Contrarily, Gilfillan et al. [47]
detected no effect of GDM or pre-gestational diabetes on telomere
length, but found that the maternal and fetal glucose levels were ne-
gatively correlated with telomere length, possibly due to oxidative
stress. Similarly, no effect from GDM and types 1 and 2 diabetes mel-
litus on telomere length in neonate umbilical-cord blood cells was re-
ported by Cross et al. [48]. However, this latter study found higher
telomerase activity in the cord blood cells from type 1 and gestational
diabetes mellitus neonates, compared to the non-diabetic patients, in
response to in utero oxidative DNA and telomere damage. In relation to
obesity, a recent meta-analysis study found a tendency toward negative
correlation (weak to moderate) between obesity and telomere length,
with an important heterogeneity among the studies [49]. Furthermore,

no association was detected between biomarkers of obesity/diabetes
and short lymphocyte telomere length [50]. However, an increase in
relative telomere length was observed 10 years after bariatric surgery,
presumably due to the improvement of metabolic traits [46].

SIRT1, TP53 and BCL2 are genes involved in telomere-mitochon-
drial axis and apoptosis. In our present study, only BCL2 was down-
regulated in blood cells of GDM neonates and in obese adults. This
finding suggests that hyperglycemia might be responsible for a dysre-
gulation of the apoptotic process in umbilical blood, which is comprised
mainly of immunological (lymphocytes and monocytes) and hemato-
poietic stem/progenitor cells [51]. In fact, maternal obesity has been
associated with fetal immune system alterations [52,53]. High-fat diet
administration during gestation and postnatally, alters the fetus lipid
profile leading to an increased adipose tissue mass and TNF-α pro-
duction, which, in turn, stimulates the synthesis of proinflammatory
cytokines. In addition, decreased CD4 T cells and increased plasmacy-
toid dendritic cells, besides overproduction of IL-4, IL-6 and INFα-2,
were observed in umbilical-cord blood cells of neonates of obese
women [53]. This decrease in circulating CD4 T-cells may be indicative
of dysregulated thymic output or increased peripheral CD4 T-cell death.
However, the exactly mechanism is not fully understood [53]. In-
creased apoptosis rates of regulatory T cells (Tregs) induced by oxida-
tive stress through changes in BAX, caspase 3 and BCL2 gene expression
were also recently described [54]. Additionally, a decreased percentage
of Tregs was also correlated with increased adiposity, inflammation and
insulin resistance in peripheral blood from obese subjects [55], whereas
decreased BCL2 protein expression and a high apoptosis index have
been detected in placentas of diabetic women, and were related to
newborn weight deviations [56].

As mentioned previously, our results showed that no change in TP53
or SIRT1 expression was caused by the hyperglycemic intrauterine en-
vironment or obesity. These findings are consistent with those on the
telomere length, considering the association between telomere dys-
function and p53 activation and the regulatory role of SIRT1 on p53
[57,58]. Sirt1 is an NAD+-dependent histone deacetylase that performs
several biological functions in different tissues, including control of

Fig. 3. Relative telomere length in umbilical-cord blood cells of gestational
diabetes mellitus (GDM) and healthy pregnant (HP) women neonates and in
peripheral blood cells of eutrophic and obese adults. Data are expressed as
mean ± standard deviation.

Fig. 4. Pearson’s correlation between relative telomere length (umbilical-cord blood cells) and glycemic/insulin levels in pregnancies complicated by gestational
diabetes mellitus. %HbA1C: percentage of glycated hemoglobin. Fasting glucose and %HbA1C were assessed in peripheral blood from GDM women. Data are
expressed as mean ± standard deviation.
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fasting organ-energy metabolism and stress responses by regulating the
acetylation of many intra-nuclear transcription factors [59]. It was
demonstrated that SIRT1 overexpression can improve glucose metabo-
lism and insulin signaling [60]. On the other hand, oxidative stress and
hyperglycemia can decrease SIRT1 protein and gene expression in
diabetic patients [12,61]. Nevertheless, our data showed no alteration
in SIRT1 expression in placental or umbilical-cord blood cells. Perhaps
the effective glycemic control demonstrated by the low percentage of
glycated hemoglobin may have modulated SIRT1 mRNA levels, coun-
teracting the downregulation promoted by the diabetic milieu. There
are few data in the literature on TP53and GDM pregnancies, but a re-
cent study demonstrated that GDM is able to dysregulate genes be-
longing to the p53 signaling pathway in omental visceral adipose tissue,
thus leading to insulin resistance [62].

Our data also showed a downregulation of miR-181a in umbilical-
cord blood cells from neonates of GDM women, which was not corre-
lated with SIRT1 or BCL2 modulation.

Moreover, it has been suggested that miR-181a expression is in-
creased as a feedback mechanism to attenuate the ox-LDL-stimulated
immune inflammatory response by targeting c-Fos in dendritic cells,
accompanied by increased expression of IL-10 and production of Tregs
cells [63]. Since Tregs suppress inflammatory response promoted by
effector T cells, their reduction may contribute to the pathogenesis of
obesity-related inflammation [54]. Thus, downregulation of BCL2 and
mir-181a in umbilical-cord blood cells from GDM neonates may be re-
lated to alterations in immune system cellularity and increased in-
flammatory processes. Since miRNAs can target multiple genes, and
therefore the biological function of a single miRNA may be diverse,
further studies are required to identify the target genes of miR-181a in
umbilical-cord blood cells.

In conclusion, our study demonstrated that the GDM hyperglycemic
intrauterine environment can promote transcriptional alterations in
BCL2 and miR-181a in umbilical-cord blood cells of neonates.
Furthermore, both GDM neonates and obese subjects share the same
transcriptional alteration in BCL2. Considering the relationship be-
tween obesity and the functions regulated by these two genes, BCL2 and
miR-181a could be adopted as potential biomarkers for childhood
obesity. However, further studies are recommended to confirm this
hypothesis.
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