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Abstract. Placenta‑derived exosomes play an important role in 
cellular communication both in the mother and the fetus. Their 
concentration and composition are altered in several preg-
nancy disorders, such as gestational diabetes mellitus (GDM). 
The isolation and characterization of placental exosomes from 
serum, plasma and tissues from patients with GDM have been 
previously described; however, to the best of our knowledge, 
to date, there is no study available on placental exosomes 
isolated from urine of patients with GDM. In the present study, 
placental exosomes were purified from urine the 1st, 2nd and 

3rd trimester of gestation. Placental exosomes were character-
ized by transmission electron microscopy in cryogenic mode 
and by western blot analysis, confirming the presence of 
exosomal vesicles. The expression profile of five microRNAs 
(miR‑516‑5p, miR‑517‑3p, miR‑518‑5p, miR‑222‑3p and 
miR‑16‑5p) was determined by RT‑qPCR. In healthy pregnant 
women, the expression of the miRNAs increased across gesta-
tion, apart from miR‑516‑5p, which was not expressed at the 
2nd trimester. All the miRNAs examined were downregulated 
in patients with GDM at the 3rd trimester of gestation. The 
downregulated miRNAs affected several metabolic pathways 
closely associated with the pathophysiology of GDM. This 
provides further evidence of the regulatory role of miRNAs in 
the GDM. This also suggests that the of urinary exosomes may 
be an excellent source of biomarkers and therapeutic targets.

Introduction

Gestational diabetes mellitus (GDM) is defined as any degree 
of glucose intolerance identified for the first time during preg-
nancy. This condition begins when the function of pancreatic 
β cells is insufficient to overcome the insulin resistance 
that occurs during pregnancy (1). GDM is associated with 
pro‑inflammatory processes, oxidative stress and endothelial 
cell dysfunction in the microvasculature of the placenta (2).

 Although several studies have been conducted to identify 
biomarkers and to make a timely diagnosis of GDM (3,4), the 
oral glucose tolerance test (OGTT) is still the gold standard 
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for the diagnosis of this condition. However, the cut‑off values 
established by the World Health Organization (WHO) have 
been modified by several international consortiums, gener-
ating multiple criteria for the diagnosis and management 
of GDM (5). Moreover, the OGTT is considered by several 
authors to be invasive and to provide a late diagnosis during 
pregnancy (4,6).

Maternal‑fetal cellular communication depends on factors 
secreted by the placenta. These factors can be markers of 
altered placental functions that are detectable in the maternal 
circulation from the early stages of pregnancy and, therefore, 
could have a predictive value in various pregnancy‑related 
diseases (7). The human placenta expresses >500 microRNAs 
(miRNAs or miRs), almost exclusively expressed in this organ. 
For this reason, the study of placental miRNAs is essential 
for the understanding of the regulatory mechanisms of normal 
and complicated pregnancies (8).

Placental exosomes are released by exocytosis as part of 
mechanisms for communication and molecular regulation in 
normal pregnancy (9); however, their composition and concen-
tration is a reflection of the cellular physiology, and important 
differences in these parameters have been identified in asso-
ciation with pathological states (10).

The chromosome 19 miRNA cluster (C19MC) located on 
chromosome 19q13.41, is the largest group of miRNAs identi-
fied to date. Some of the most important C19MC miRNAs are 
miR‑516b‑5p, miR‑517‑5p and miR‑518a‑3p (11), whose expres-
sion levels are modulated in response to stress, alterations in 
circulating glucose levels and other stimuli characteristic of 
pregnancy and are also contained in placental exosomes. The 
cellular targets of C19MC miRNAs carried as exosomal cargo 
have not been totally identified and may include non‑tropho-
blastic placental cells, maternal organs, maternal blood system 
or fetal cells  (12). The downregulation of several C19MC 
miRNAs has been observed in preeclampsia, gestational 
hypertension and fetal growth restriction (13). Furthermore, 
some miRNAs that are not coded by the C19CM, such as 
miR‑16‑5p and miR‑222‑3p, have also been associated with 
pregnancy complications, such as preeclampsia and GDM (14).

The expression of miRNAs contained in placental 
exosomes purified from serum and plasma of patients with 
GDM has been previously evaluated (15,16). However, to the 
best of our knowledge, there are no studies available to date 
on the characterization of miRNAs from urine exosomes of 
women with GDM. Urine is a biological fluid very useful for 
clinical applications due to its availability in large quantities, 
non‑invasive collection and simple sample treatment. In the 
present study, the expression of miR‑516‑5p, miR‑517‑3p, 
miR‑518‑5p, miR‑222‑3p and miR‑16‑5p was evaluated in 
placental exosomes purified from urine in the 1st, 2nd and 3rd 
trimester of pregnancy with GDM and healthy controls, since 
the participation of these microRNAs in the pathophysiology 
of GDM is not yet fully understood.

Materials and methods

Study design and selection of participants. The present 
longitudinal study included 61 pregnant women who attended 
prenatal control between May, 2018 and April, 2019 at the 
Obstetrics Service of the Hospital Central ‘Dr. Ignacio 

Morones Prieto’, San Luis Potosí, Mexico. Patients with gesta-
tional hypertension, urinary infections, pre‑existing diabetes 
mellitus, and chronic kidney disease were excluded.

The criteria used for the diagnosis of GDM were estab-
lished by the Obstetrics Service of the Hospital Central 
‘Dr.  Ignacio Morones Prieto’ (Table SI) and following the 
WHO criteria (17). All participants were tested for oral glucose 
tolerance between weeks 24 and 28 of gestation (17).

Clinical and demographic data were obtained from 
the medical records of each participant in the first prenatal 
visit. The GDM group (n=27) was formed by patients who 
were diagnosed with GDM during the second trimester of 
pregnancy. The control group (n=34) was constituted by eugly-
cemic women. The present study was approved by the Ethics 
Committee of the Hospital Central ‘Dr. Ignacio Morones 
Prieto’, with registration number 84‑17 (Folio CONBIOET
ICA‑24‑CEI‑001‑201604279). The study was conducted in 
accordance with the Declaration of Helsinki. The informed 
consent signature was obtained from each participant prior to 
the collection of the urine samples.

Sample collection and treatment. Three urine samples were 
collected per participant in a sterile vessel: The first during the 
1st trimester (8‑20 weeks), the second during the 2nd trimester 
(24‑28 weeks) and finally in the 3rd trimester (32‑39 weeks), as 
summarized in Table SII.

After collection, the urine samples were centrifuged 
at 300 x g for 15 min at room temperature to remove cells 
and cell debris. The samples were then centrifuged again 
at  1,200  x  g for 10  min at  4˚C and divided into 10  ml 
aliquots. A cocktail of protease inhibitors (PMSF, NaN3 and 
leupeptin) (18) was added to each aliquot and they were stored 
at ‑80˚C until analysis.

Isolation of urinary exosomes. Composite samples (pools) 
were established prior to the isolation of exosomes and the 
amplification of miRNAs, mixing equivalent amounts of 
individual samples. A total of 5 pools containing 34 individual 
samples and 5 pools containing 27 individual samples were 
established from the healthy controls and GDM groups, 
respectively. Each pool was matched by age and body mass 
index (BMI).

Exosomes were purified from 10 ml of pooled urine samples 
using the Urine Exosome Purification and RNA Isolation Midi 
kit (Norgen Biotek Corp, Product # 58700) following the 
manufacturer's instructions. The Urine Exosome Purification 
kit isolates exosomes based on the isoelectric point of the 
proteins present in the microvesicles that are filtered through 
silicon carbide columns, which makes the method sensitive 
and specific (19). Purified exosomes were stored at ‑80˚C for 
subsequent analysis.

Cryogenic transmission electron microscopy (cryo‑TEM). 
The morphology and size of the exosomes were examined 
by cryo‑TEM. A volume of 3 to 5 µl of exosome samples 
suspended in phosphate‑buffered saline was transferred to a 
Lacey carbon‑coated grid. The grid was maintained at 85% 
humidity for 10 sec and then was immersed in liquid ethanol 
prepared without ice crystals at liquid nitrogen temperature 
(‑196˚C). Subsequenlty, the grid was mounted on a cryo‑transfer 
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sample holder at ‑175˚C. The preparation was observed using a 
cryo‑TEM Microscope JEM‑2100 containing a LaB6 filament 
operated at different acceleration voltages (80,100,120,160 and 
200 kV).

Identification of exosomal surface protein markers by western 
blot analysis. The identity of exosomes was assessed by 
western blot analysis, evaluating the presence of the surface 
proteins, CD9, CD63 and CD81. Additionally, the placental 
origin was evaluated by the presence of placental alkaline 
phosphatase (PLAP). Electrophoresis was performed under 
reducing conditions (12.5% SDS‑PAGE), from 20  µg of 
protein, extracted using the Urine Exosome Purification 
and RNA Isolation Midi kit (Norgen Biotek Corp., product 
#58700). The protein concentration was determined using 
the bicinchoninic acid (BCA) method using the Pierce BCA 
Protein Assay kit (Pierce; Thermo Fisher Scientific, Inc.) and 
20 µg of protein was loaded by lane. Western blot analysis 
was performed according to standard procedures using 
polyvinylidene difluoride membranes and an enhanced chemi-
luminescence system Optiblot ECL Substrate kit (ab133406, 
Abcam United Kingdom). The following antibodies were 
used: Anti‑CD9 mouse monoclonal antibody (isotype IgG1; 
host species, mouse; this antibody reacts with human CD9 
antigen, ab2215, Abcam United Kingdom, 1:1,000), anti‑CD81 
mouse monoclonal antibody (isotype IgG1; host species, 
mouse; this antibody reacts with human CD81 antigen, 
ab79559, Abcam United Kingdom, 1:1,000), anti‑CD63 mouse 
monoclonal antibody, (isotype IgG1; host species, mouse; this 
antibody reacts with human CD63 antigen, ab8219, Abcam 
United Kingdom, 1:1,000) and anti‑PLAP rabbit monoclonal 
antibody (isotype IgG; host species, rabbit; ab133602, Abcam 
United Kingdom, 1:500). The primary antibodies were incu-
bated at room temperature for 2 h. The secondary antibodies 
used were as follows: Goat polyclonal secondary antibody to 
mouse IgG‑H&L (HRP) (ab6789) and goat anti‑rabbit IgG 
H&L(HRP) (ab6789), incubated overnight at 4˚C. As a loading 
control, vesicles isolated from HepG2 [HEPG2] cells (ATCC® 
HB‑8065™) were used. The stability of urinary exosomes was 
evaluated after 12 months of storage at ‑80˚C by western blot 
analysis and cryo‑TEM.

miRNA isolation and quantification. Total RNA was isolated 
from 400 µl of purified exosomes using the Urine Exosome 
Purification and RNA Isolation Midi kit (Norgen Biotek 
Corp.; cat. no. 58700) following the manufacturer's instruc-
tions. The RNA concentration was assessed using a NanoDrop 
1000 spectrophotometer (NanoDrop Technologies Inc.). The 
cDNAs for the mature miRNAs (U6, miR‑16‑5p, miR‑222‑3p, 
miR‑516b‑5p, miR‑517‑5p and miR‑518a‑3p ) were synthesized 
from 150 ng of total RNA using the Taq Man® microRNA 
test, (Applied Biosystems); TaqMan probes were used for 
each of the miRNAs to avoid unspecific amplification. The 
5'‑3' sequences of the primers are presented in Table SIII. The 
CFX96 touch thermal cycler was used (Bio‑Rad Laboratories, 
Inc.).

All RT‑qPCR reactions were performed in duplicate; Cq 
values were averaged and the 2-ΔΔCq method (20) was used 
to obtain the relative expression, where ΔΔCq was calculated 
by subtracting the ΔCq value from the mean of the control 

group (healthy pregnant women) with the ΔCq value of GMD 
women. miRNA levels were normalized with the use of the 
average of U6 snRNA Cq value as the housekeeping gene. The 
experimental conditions for reverse transcription and PCR are 
detailed in Tables SIV and SV, respectively.

miRNA target prediction. The evaluation for the interaction 
and target genes networks was performed using the miRTar-
getLink program, which contains experimentally validated 
interactions in the latest version of miRTarBase 1 (version 6.0: 
September 15, 2015). The functional evaluation of the miRNAs 
was performed using DIANA‑miRPath v3.0 (http://www.
microrna.gr/miRPathv3). Additionally, using The Kyoto 
Encyclopedia of Genes and Genomes (KEGG, https://www.
genome.jp/kegg/) bioinformatics tool, signaling pathways 
related to the study of miRNAs were evaluated, considering a 
value of P<0.05 as statistically significant.

Statistical analysis. Statistical analysis was performed with 
GraphPad Prism 5.0 software (GraphPad Software, Inc.). 
The data are expressed as the means ± SD or median ± IQR 
according data distribution, respectively. For the relative 
expression of the miRNAs, a Kruskal‑Wallis ANOVA test and 
a non‑parametric Dunn post‑hoc test were performed. A value 
of P<0.05 was considered to indicate a statistically significant 
difference. The GDM predictive capacity was evaluated 
by means of receiver operating characteristic (ROC) curve 
analysis.

Results

Clinical characteristics of the population studied. The 
anthropometric, clinical and biochemical parameters of the 
pregnant women included in the present study are summa-
rized in Table I. The mean age of the patients with GDM was 
29.9±6.03 and 26.06±5.28 years for the healthy controls. The 
BMI was significantly higher in women that developed GDM 
(28.66±4.02 vs. 25.69±4.03, P=0.006; Table I).

Isolation and characterization of placental exosomes from 
urine. The presence of exosomes was demonstrated by morpho-
logical (cryo‑TEM) and molecular characterization (western 
blot analysis) after 4 and 12 months of storage. The isolated 
exosomes exhibited a spherical shape with a size between 
80 and 140 nm (Fig. 1A). The arrows in Fig. 1A indicate the 
presence of exosomes. The presence of CD63, CD9 and CD81 
proteins associated with the exosome identity was corroborated 
by western blot analysis (Fig. 1B). In addition, the presence of 
PLAP indicates the placental origin of these vesicles (Fig. 1B).

Differential expression of placental exosomal miRNAs in the 
urine of patients with GDM and healthy pregnant women. 
The relative expression of each miRNA was determined by 
RT‑qPCR, using the 2-ΔΔCq method and U6 as a constitutive 
expression gene for normalization. In the 1st trimester of 
pregnancy, non‑significant differences were observed in the 
expression of the five analyzed miRNAs. However, statistically 
significant differences were found between the study groups in 
the 2nd and 3rd trimester of pregnancy, for the miRNAs coded 
by C19MC, as well as for miR‑222‑3p (Figs. 2 and 3).
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The expression of miR‑222‑3p in the placental exosomes 
from healthy women increased significantly as the pregnancy 
progressed, as shown in Fig. 2; however, the expression of 

this miRNA in the pregnant women with GDM significantly 
decreased during the 3rd trimester in comparison to the 
healthy controls (Fig. 2).

Figure 1. Characterization of urinary exosomes of placental origin in women with gestational diabetes mellitus. (A) Transmission electron microscopy in 
cryogenic mode. Arrows indicate the presence of exosomes and the size (B) Identification of exosomal markers by western blot. Loaded samples belong to 
urinary exosomes isolated from GDM patients. Loading control: C+ (vesicles isolated from HepG2 cells). Lanes 1 and 2, CD63 (30 kDa) and CD9 (25 kDa) 
markers; lanes 3 and 4, CD81 (25 kDa) marker; lanes 5 and 6, PLAP (52 kDa) marker.

Table I. General characteristics of pregnant women included in the study.

Clinical data	 GDM (n=27)	 Healthy (n=34)	 P‑value

Age (years)	 29.93±6.03	 26.06±5.28	 0.01
BMI (kg/m2)	 28.66±4.02	 25.69±4.03	 0.006
Glucose (mg/dl)	 89.60±14.15	 78.00±8.48	 0.0002
Systolic blood pressure (mmHg)	 110.4±9.29	 105.7±9.80	 0.06
Diastolic blood pressure (mmHg)	 69.44±8.59	 68.74±9.96	 0.77
Urea (mg/dl)	 14.18±3.62	 17.84±5.99	 0.007
Creatinine (mg/dl)	 0.55±0.08	 0.57±0.12	 0.35
Hemoglobin (g/dl)	 13.45±1.23	 12.68±1.28	 0.021
Leukocytes (x103/µl)	 8.64±2.06	 8.40±1.77	 0.64

GDM, gestational diabetes mellitus.



INTERNATIONAL JOURNAL OF MOlecular medicine  46:  546-560,  2020550

Regarding the expression of ‘trophomiRs’ (miR‑516‑5p, 
miR‑517‑3p and miR‑518‑5p), the expression profile observed 
in samples from healthy pregnant women exhibited an 
increase in their expression as the pregnancy progressed, from 
the 1st to the 3rd trimester. In the case of the GDM group, the 
expression of these trophomiRs increased from the 1st to the 
2nd trimester, with miR‑517‑3p and miR‑518‑5p exhibiting 
statistically significant differences (upregulated) compared to 
the healthy pregnant women. In the GDM group, a marked 
decrease was observed in the 3rd trimester and the expression 

levels of the three miRNAs were significantly downregulated 
compared to the healthy pregnant group (Fig. 3).

Since the expression levels of miR‑16‑5p, miR‑517‑3p and 
miR‑518‑5p in patients with GDM were differed markedly 
from those of the healthy controls in the 2nd trimester, the 
diagnostic potential of these miRNAs was further investi-
gated. A ROC curve constructed based on exosomal miRNAs 
levels in the early 2nd trimester, revealed that the area under 
the curve (AUC) was 1 (CI 1‑1) for miR‑16‑5p, miR‑517‑3p and 
miR‑518‑5p, indicating the high diagnostic accuracy of these 

Figure 3. Expression of (A) miR‑516‑5p, (B) miR‑517‑3p and (C) miR‑518‑5p in urinary exosomes of placental origin of healthy pregnant women and gesta-
tional diabetics during the three trimesters of gestation. A non‑parametric Kruskall‑Wallis statistical test was used with a Dunn's post hoc test was performed. 

*P<0.05, **P<0.01.

Figure 2. Expression of (A) miR‑16‑5p and (B) miR‑222‑3p in exosomes of healthy pregnant women and with GDM through pregnancy. A non‑parametric 
Kruskall‑Wallis statistical test was used with a Dunn's post hoc test was performed. *P<0.05, **P<0.01.
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miRNAs for the differentiation between patients with GDM 
and healthy women. The performance of these miRNAs to 
predict GDM is shown in Table II.

Evaluation of interaction networks of common target genes 
between the studied miRNAs. To identify genes regulated by 
the five miRNAs analyzed in the present study, a bioinfor-
matics analysis was performed. Based on the bioinformatic 
analysis, it was demonstrated that these miRNAs are predicted 
to regulate different target genes. In total, 102 genes were 
shared among the five miRNAs evaluated in the present study 
(Fig. 4). An in-depth analysis of the potential functions of the 
five miRNAs under study (https://ccb‑web.cs.unisaarland.
de/mirtargetlink/), revealed that some of the target genes 
predicted by the bioinformatics analysis have been previously 
experimentally validated or predicted (Table III).

The 102 genes identified were related to 62 pathways 
predicted to be involved in different metabolic, molecular and 
cell regulation processes. In total, 32 routes presented a value 
of P<0.05, indicating that these particular pathways are regu-
lated by at least one of the studied miRNAs. Some of the most 
significative pathways are the biosynthesis of fatty acids, the 
signaling pathway of PI3K‑Akt and the signaling of insulin, as 
shown in Fig. 5 and in further detail in Table SVI.

Discussion

To date, there are several methods wich can be used to examine 
miRNA profiling, such as RT‑qPCR, microarrays and direct 
sequencing. Each method has its advantages and limitations; 
however, RT‑qPCR seems to have better sensitivity and is the 
only platform capable of generating absolute quantification. In 

Figure 4. Common targets between the five studied microRNAs. The evaluation for the interaction and target genes networks was performed using the 
miRTargetLink program. Validated (red) and predicted (green) target genes are highlighted.

Table II. ROC analysis of the microRNAs.

MicroRNA	 AUC	 IC 95%	 Standard error	 P‑value

miR‑16‑5p	 1.00	 1.00‑1.00	 0	 0.009
miR‑222‑3p	 0.688	 0.2893‑1.086	 0.203	 0.387
miR‑516b‑5p	 0.938	 0.7615‑1.113	 0.090	 0.043
miR‑517‑5p	 1.00	 1.00‑1.00	 0	 0.034
miR‑518‑3p	 1.00	 1.00‑1.00	 0	 0.021
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Figure 5. Heatmap showing the signaling pathways involved in regulation by the five studied microRNAs. Using the bioinformatics tool, The Kyoto Encyclopedia 
of Genes and Genomes (KEGG, https://www.genome.jp/kegg/), signaling pathways related to the study of microRNAs were evaluated, considering a value of 
P<0.05 to indicate statistically significant differences (the color scale represents statistical significance).
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the present study, as well as in several studies (65), RT‑qPCR 
techniques were used to validate candidate biomarkers 
identified through a literature search or based on previous 
findings (66‑69).

The relative expression of miR‑516‑5p, miR‑517‑3p, 
miR‑518‑5p, miR‑222‑3p and miR‑16‑5p in urinary placental 
exosomes from patients with GDM were evaluated in the 
present study, at different stages of pregnancy. To the best 
of our knowledge, there is no previous study available in the 
literature to date characterizing these miRNAs expressed in 
urinary placental exosomes.

It was found that the miRNAs expression levels differed 
across pregnancy. Accordingly, it has been reported that in the 
maternal plasma, a substantial amount of placental‑associated 
miRNAs are differently expressed during the 1st, 2nd and 3rd 
trimester of gestation, probably to meet the different regula-
tory demands of pregnancy (70).

In the present study, women with GDM exhibited addi-
tional risk factors, such as being older and overweight, 
compared to healthy pregnant women; both conditions are 
related to high adiposity, which favors a pro‑inflammatory 
response by producing adipokines. Both the production 
of adipokines and the high levels of glucose in circulation 
are considered factors that induce the overexpression of 
miR‑16‑5p (14). In the case of miR‑16‑5p, it was found that 
in the 2nd trimester, its expression was only detectable in 
exosomes purified from patients with GDM, while in healthy 
controls, it was undetectable. miR‑16‑5p is a modulator of the 
PI3K/Akt signaling pathway, through the regulation of genes, 
such as Pi3Kr1 and Pi3kr3, mTOR and Mapk3, among others. 
In the present study, bioinformatics analysis revealed that the 
signaling pathways of PI3K/Akt (P<0.0001), Wnt (P<0.0001), 
insulin (P=0.004) and mTOR (P=0.016) were significantly 
regulated by miR‑16‑5p (Table SVI). The overexpression 
of these cell signaling pathways has been associated with 
diabetes mellitus and GDM (21). In addition, genes encoding 
for proteins 1 and 2 of the insulin receptor substrate 
(IRS1/IRS2) are targets of miR‑16‑5p (21,71). Therefore, the 
upregulation of miR‑16‑5p in patients with GDM at the 2nd 
trimester, will result in a negative regulation of IRS1 and 
IRS2, which could lead to abnormal Wnt/β‑catenin signaling 
and, eventually, in diabetes (72). However, following the diag-
nosis of GDM, patients were subjected to pharmacological 
treatment (metformin, insulin, or a combination of both), diet 
and exercise. It is suggested that treatment with metformin 
may influence the pattern of expression observed in the 
3rd trimester of pregnancy. Ortega et al identified that the 
circulating expression of miR‑140‑5p (‑16%, P=0.004) and 
miR‑222 (‑47%, P=0.03) decreased significantly following 
metformin treatment in patients with type  2 diabetes 
(T2D) (73). Furthermore, Demirsoy et al demonstrated that a 
total of 13 miRNAs were found significantly downregulated 
following the treatment of patients with T2D with metformin 
(P<0.05) (74). The effect of the treatment, together with the 
complex and dynamic expression of miRNAs, which vary 
according to the requirements in the regulation of specific 
stages of development, may explain the differential expres-
sion of miRNAs across gestation.

A similar profile was observed for miR‑222‑3p, with the 
only difference that this microRNA was also expressed in 

the second trimester of healthy pregnancy. On the other hand, 
the role of miR‑222‑3p in the development of T2D has been 
previously reported and has been associated with the patho-
genesis of GDM (75). Zhao et al reported that miR‑222‑3p 
expression was significantly decreased in women with GDM 
compared to controls at  17  weeks of gestation in serum 
samples (76). Similarly, Pheiffer et al reported a decrease in 
the expression of this miRNA in the serum of women with 
GDM compared to the controls at 26 weeks of gestation (77). 
Furthermore, the expresion of this miRNA increases in the 
adipose tissue of women with GDM, and negatively corre-
lates with the levels of glucose transporter 4 (GLUT4) and 
estrogen receptor (ER) (78). It is important to consider that, 
since expression miR‑222‑3p is dependent on tissue and 
insulin sensibility, the expression between adipose tissue and 
placenta could be differential. Recently, the authors reported 
that in the urine metabolome profile of women with GDM in 
the 3rd trimester of pregnancy, 14 metabolites related with 
the steroid hormone biosynthesis and tryptophan metabolism 
were significantly elevated [i.e., L‑tryptophan, urobilinogen, 
ceramide (d18:0/23:0), 21‑deoxycortisol]. The upregulation 
of these pathways could trigger insulin resistance and may 
respond to oxidative stress and inflammation during GDM (79). 
The majority of the genes involved in the insulin resistance 
pathway are targets of miR‑16‑5p and miR‑222‑3p  (8,80). 
These miRNAs, contained in exosomes, can reach different 
tissues and organs, thereby affecting metabolic processes in 
patients with GDM.

In the present study, the amplification of miRNAs coded by 
the C19MC (miR‑516b‑5p, miR‑517‑5p and miR‑518a‑3p) is an 
indirect evidence of the placental origin of the exosomes that 
were purified, which agrees with the detection of the exosomal 
marker, PLAP, by western blot analysis. The expression profile 
of this particular set of miRNAs was characterized by an 
increase across gestation in healthy pregnant and no statisti-
cally significant differences were found between both study 
groups in the 1st trimester. However, in women with GDM 
the expression was differential, and it was characterized by an 
increase in the 2nd trimester followed by a reduction in the 3rd 
trimester of pregnancy.

To date, there are only a few studies available on the 
altered expression of C19MC miRNAs in pregnancy disor-
ders (13,81,82). None of these studies however, have evaluated 
the expression of these miRNAs in urinary exosomes derived 
from the placenta and, for this reason, the results of the 
expression levels obtained in the present study cannot bed 
compared directly with those of other reports in the literature. 
Hromadnikova et al reported that 1st trimester circulating 
plasma exosomes possess the identical C19MC miRNA 
expression profile as placental tissues derived from patients 
with gestational hypertension, preeclampsia and fetal growth 
restriction following labor (83). Further studies are required to 
elucidate whether the downregulation of C19MC miRNAs in 
placental exosomes is associated with the pathophysiology of 
GDM or if it is a compensatory mechanism.

The bioinformatics prediction carried out in the present 
study through KEGG revealed that miR‑16‑5p, miR‑222‑3p, 
miR‑516b‑5p, miR‑517‑5p and miR‑518a‑3p shared common 
target genes. The fact that redundant regulation through several 
miRNAs is required to modulate a physiological process 
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constitutes a security molecular process. Some of the target 
genes shared by the 5 miRNAs selected in the present study 
(irs4, galnt, reck, alg3, akt3, timp3, kit, l2hgdh, ki2fc, rap1, 
fb12, hoxc8 and pd‑l1) are expressed in a variety of tissues, 
including placenta and adipose tissue. Exosomes potentially 
reach these tissues, reflecting placental regulation as part of 
maternal‑fetal communication. Future functional studies are 
needed to elucidate the effects of microRNAs expression on 
maternal and fetal tissues and also to follow offspring during 
extrauterine life.

The present study supports the use of placenta‑derived 
exosomes as part of biomarker screening strategies to iden-
tify women at risk of later development of pregnancy‑related 
complications. The placental exosomes released to the 
systemic circulation and collected in the urine represent 
a non‑invasive source of signaling molecules, including 
miRNAs, whose abnormal expression profile due to defec-
tive placental functions, reflects the expression profile of the 
trophoblast cells and, consequently, provides more precise 
information about pregnancy disorders. In the 1st trimester 
of gestation, at least for the selected set of miRNAs under 
study, we were not able to find significant differences in the 
levels of expression in GDM or healthy patients. At the 2nd 
trimester, 3 miRNAs (mir‑16‑5p, miR‑517‑3p and miR‑518‑5p, 
exhibited a good diagnostic value. However, since the sample 
size in the present study was small, these results need to 
be interpreted with caution and further studies, including 
an external validation cohort with a larger size number are 
required.

The scenery for validating exosomal miRNAs for their 
intended use in clinical applications is still complex. To 
date, the most promising markers of gestational diabetes 
are: miR‑29a, miR‑222, miR‑16‑5p, miR‑17‑5p and 
miR‑20a‑5p  (14,71,76,78,84). In future miRNAs expres-
sion studies during pregnancy, several aspects should be 
taken into account: Gestational age (since the expression of 
miRNAs changes through pregnancy), the type of sample 
studied, the sex of the offspring and the route of delivery. 
Therefore, these variables must be established between study 
groups. Further analyses need to be conducted to explore a 
larger population to validate these findings and to evaluate 
their diagnostic predictive value at the 1st trimester of 
gestation. Despite this limitation, the results revealed herein 
demonstrate alterations in the expression of miRNAs across 
gestation and a differential expression profile within urinary 
exosomes as a result of pathophysiological alterations in 
women with GDM. In general, miRNAs that regulate the 
innate and specific immune system are expressed throughout 
pregnancy. By contrast, miRNAs that promote cell differ-
entiation and control cell cycle progression are mainly 
expressed in advanced gestation.

In conclusion, the expression profile of miRNAs carried 
as the molecular cargo of placental urinary exosomes is 
different between healthy and women with GDM; the differ-
ences are evident and quantifiable from the 2nd trimester, 
being even more evident towards the 3rd trimester. The 
alteration of miRNA expression modulates pathways related 
to the development of insulin resistance, pro‑inflammatory 
response and metabolic homeostasis, which are implicated in 
the physiopathology of GDM. The expression of miR‑16‑5p 

in the 2nd trimester may be an important molecular mecha-
nism involved in insulin resistance in women who develop 
GDM, although validation studies are required. C19MC 
miRNAs also exhibit a differential profile in patients with 
GDM in comparison to healthy controls, being upregulated 
in the second trimester in the former group followed by a 
reduction in the third trimester of pregnancy. The differ-
ential expression of miRNAs in various development steps 
is probably to meet the different regulatory demands of 
pregnancy. To the best of our knowledge, the present study 
is the first to report the expression of miRNAs in placental 
urinary exosomes, suggesting that urine is a potential 
biological fluid for the research of pathological conditions 
during pregnancy.
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