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Abstract
Background: The expression pattern of microRNAs in placenta-derived exosomes
plays a crucial role in the regulation of immune responses and inflammation at the
fetal–maternal interface.
Objective: Considering the immunomodulatory properties of miR-17 and miR29a, we determined their expression levels in placenta-derived exosomes in a
lipopolysaccharide (LPS)-induced abortion mice model.
Materials and Methods: A total of 14 pregnant BALB/c mice, aged 6–8 wk, were
randomly divided into two groups (n = 7/each) on the gestational day 11.5. While the
mice in the experimental group were treated with LPS, those in the control group were
treated with Phosphate buffered saline; 5 hr after the treatment, the placental cells were
isolated and cultured for 48 hr. Then, the cell culture supernatants were collected and
used for isolation of exosomes. The isolated exosomes were confirmed by western blot
and scanning electron microscopy. The miRNAs were then extracted from exosomes,
and cDNA synthesized. The expression levels of miR-17 and miR-29a were evaluated
by quantitative real-time PCR analysis.
Results: Our results showed that the expression levels of miR-29a in placenta-derived
exosomes obtained from the experimental group increased significantly compared
to the control group. Also, the expression levels of miR-17 in the placenta-derived
exosomes obtained from the experimental group were found to decrease; however,
it did not show significant changes compared with the control group (p > 0.05).
Conclusion: Inflammatory reactions at the fetal–maternal interface can alter
miRNAs expression patterns in placenta-derived exosomes, especially miRNAs with
immunomodulatory effects such as miR-29a.
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1. Introduction
Pregnancy is an individual condition of
immunomodulation in which maternal immune
responses adapt to the semi-allogenic fetus and
preserve its efficiency to fight against the external
pathogens (1). This has been achieved by massive
immune cells infiltration into the fetal–maternal
interface and also soluble factors secreted by them
(2, 3). During pregnancy, placenta cells regulate
maternal immune responses by releasing various
soluble factors such as hormones, chemokines,
cytokines, and extracellular vesicles. Exosomes
are a kind of extracellular vesicles secreted
by placenta cells under both physiological and
pathological conditions (4). These are 40–100 nm
in size and have a complex composition of proteins,
lipids, and nucleic acids, including mRNAs, small
fragments of DNA, and non-coding RNAs (most
importantly miRNAs) (5). Exosome-derived miRNAs
have an immunoregulatory effect on the immune
cells through target mRNAs that encode proteins
involved in Toll-like receptor (TLR) signaling,
chemokine/cytokine signaling, and NFκB signaling
pathway (6). It is well-established that changes
due to infection, inflammation, or transformation
can influence and thereby alter exosome-derived
miRNAs (7). Maternal genital tract infections
caused by gram-negative bacteria frequently
occur during pregnancy and associate with a
variety of pregnancy complications, such as fetal
growth restriction, preterm labor, abortion, and
preeclampsia (8, 9). Lipopolysaccharide (LPS) is an
important cell-wall component of gram-negative
bacteria that induces proinflammatory responses
by engagement of TLR-4 (10). Considering that
TLR4 is expressed in placenta cells, exposure
to LPS of gram-negative bacteria can stimulate
signaling pathways in them that activate various
genes involved in inflammatory reactions (11). We
assumed that exposure to LPS during pregnancy
Page 434

could alter the composition of placenta-derived
exosomes, especially patterns of their miRNAs.
Because of the presence of miRNAs encoded by
miR-17-92 and miR-29 clusters in placenta-derived
exosomes and their known immunomodulatory
activities at the fetal–maternal interface (12, 13), we
aimed to evaluate the expression levels of miR-17,
a member of the miR-17-92 cluster, and miR-29a, a
member of the miR-29 cluster, in placenta-derived
exosomes in an LPS-induced abortion mice model.

2. Material and Methods
2.1. Mice and mating
This experimental study was performed
between 2017 and 2019 at the Department
of Pathobiology and Laboratory Sciences in
North Khorasan University of Medical Sciences,
Bojnourd, Iran. A total of 14 female BALB/c mice,
aged 6–8 wk were obtained from Razi Institute
(Mashhad, Iran). All mice were maintained under
a 12 hr light/dark cycle, with ad libitum access to
food and water at 22–24°C with 40–60% humidity.
For determining the gestational age, virgin female
BALB/c mice were mated with male BALB/c, and
the presence of a copulatory plug in the vagina
was considered as day 0.5 of pregnancy.

2.2. Animal treatment and sample
collection
On gestation day 11.5, pregnant mice were
randomly divided into two groups (n = 7/each).
The mice in the experimental group were
intraperitoneally injected with 2 µg/g (0.1 ml)
LPS (from Escherichia coli O111: B4, Sigma, St.
Louis, MO) (9), whereas the mice in the control
group were intraperitoneally injected with an
equivalent amount of Phosphate buffered saline
(PBS). Next, 5 hr after the injection, pregnant
https://doi.org/10.18502/ijrm.v19i5.9252
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mice from both groups were sacrificed, and
their uteri were collected. We incised the uterus
and collected placenta tissues as described by
Mahdavi Siuki et al. (9).

2.3. Extraction of exosomes
placenta cell culture

from

The placenta cell supernatant preparation was
conducted as previously explained (14). In addition,
exosomes were extracted from placenta cell
supernatant according to a method described by
Zeringer and coworkers (15).

2.4. Exosome confirmation analysis
Exosome morphology was confirmed by
electron microscopy, and exosome-specific
proteins were analyzed by western blot.

2.5. Electron microscopy
After fixation of a portion of the purified
exosomes using 2.5% glutaraldehyde, we
dehydrated samples with mounting grades of
ethanol. Samples were then vacuum-dried on a
glass surface, and sputter-coated with gold. To
confirm the size and shape of the exosomes,
scanning electron microscopy was used (Hitachi
S-4800, Tokyo, Japan). These methods have
been described in more detail by Yazarlou and
colleagues (16).

2.6. Western blot analysis
To confirm the success of exosome isolation, we
used western blot analysis. For this purpose,
we lysed isolated exosomes in SDS-PAGE
sample buffer (reducing) and boiled it at 95°C
for 10 min. Then, proteins that resolved using
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SDS-polyacrylamide gel electrophoresis were
transferred to nitrocellulose membranes (45
µm, Thermoscience, USA). The membranes
were blocked with 5% skim milk in PBS with
Tween 20 for 1 hr. After incubation, nitrocellulose
membranes with target of the antiproliferative
antibody 1 (TAPA-1) (Abcam, USA) for 1 hr, we
incubated them with secondary HRP-conjugated
antibody (Abcam, USA). Finally, the corresponding
immunoreactive bands were developed using an
electrochemiluminescence (ECL). The molecular
weights of proteins were determined using the
pre-stained protein ladder (SinaClon, Iran). This
method is similar to that used by Lobb et al. (17).

2.7. Exosomal RNA and microRNA
extraction
The miRNA was isolated from exosomes using
the GeneAll Hybrid-RTM miRNA extraction kit
(GeneAll, Republic of Korea) for small RNAs
purification according to the manufacturer’s
instruction.

2.8. RT-PCR
synthesis

reaction

and

cDNA

For
mRNAs
and
microRNAs
reverse
transcription, isolated RNAs were reversetranscribed using specific reverse transcriptase
(RT) stem-loop primers for miR-17, miR-29a, and
U6 small nuclear RNA (RNU6) (Table I) through
HyperScriptTM First-strand Synthesis Kit (GeneAll,
Republic of Korea) according to the manufacturer’s
guidelines.
The cDNA synthesis reactions included 3 µl
RNA, 1 µl stem loop primers, 1 ml deoxynucleotide
triphosphate (dNTPs) (10 mM), 9 µl nuclease-free
water mixed, and incubated at 65°C for 5 min and
kept on ice. Then, 2 µl RT reaction buffer (10x), 2
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µl dithiothreitol (DTT) (0.1M), 1 µl moloney murine
leukemia virus (MMLV) of reverse transcriptase
(200 U/µl), and 1 µl ZymAllTM RNase Inhibitor were
added to the reaction. The total mentioned agents
(20 µl) were incubated for 15 min at 25°C, 15 min
at 37°C, and 45 min at 42°C. The reaction was
terminated by incubating at 85°C for 5 min and kept
at –70°C until use.

2.9. Quantitative
analysis

real-time

PCR

We evaluated the expression levels of target
microRNAs using quantitative real-time PCR. Each
25 µl PCR mixture contained 12.5 µl of PCR master

mix (Ampliqon, Denmark), approximately 2 μL of
synthesized cDNA (20 ng), 0.5 μL each of primer
(0.1 μM), and 9.5 µl RNase-free water.
All experiments were run at least in triplicates.
The amplification and detection of specific
products were performed on the Rotor-Gene
6000 real-time PCR system (QIAGEN, USA).
After an initial denaturation step at 95°C for 15
min, we used a denaturation step at for 30 sec,
an annealing step at 60°C for 30 sec, and an
elongation step at 72°C for 30 sec, for a total of 50
cycles. The relative expression of each miRNA was
normalized using the cycle threshold (Ct) obtained
from RNU6 as a housekeeping control gene and
measured using the ΔΔCT method. The primer
sequences are listed in Table I.

Table I. The sequences of primers of miRNAs
miRNA

Reaction

Primer sequence (5’-3’)

miR-17

RT

GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCTACCT

miR-29a

RT

GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTAACCG

RNU6

RT

CGAATTTGCGTGTCATCCTTGCG

miR-17

qPCR

Forward: CCGCCAAAGTGCTTACAGTGC
Reverse: TATCCAGTGCAGGGTCCGAG

miR-29a

qPCR

Forward: CGCCTAGCACCATCTGAAATCG
Reverse: TATCCAGTGCAGGGTCCGAG

RNU6

qPCR

Forward: CGGCAGCACATATACTAAAATTGGAACG
Reverse: CGAATTTGCGTGTCATCCTTGCG

RNU6: U6 small nuclear RNA, RT: Reverse transcriptase, qPCR: Quantitative polymerase chain reaction

2.10. Ethical considerations
All experimental protocols used in this research
were approved by the Ethics Committee of North
Khorasan University of Medical Sciences, Bojnord,
Iran (IR.nkums.REC.1395.100).

representative of two independent experiments
and presented as means ± SEM. The differences
between the two groups were examined using
the student t test. P < 0.05 was considered as
statistically significant.

3. Results
2.11. Statistical analysis
Data were analyzed using IBM SPSS software,
version 20 (SPSS, Armonk, NY, USA). Data were
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After the extraction of exosomes from placenta
cells supernatant, their size and shape were
confirmed through scanning electron microscopy
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and the expression of TAPA-1 as exosome-specific
surface marker through western blot (Figure 1).
The expression levels of miR-29a and miR-17
in placenta-derived exosomes were determined
by quantitative real-time PCR. Our results showed
that LPS significantly increase the expression of
miRNA-29a (4.16-fold) in placenta cells isolated
from LPS-treated pregnant mice in experimental

Placental miRNAs in abortion

group compared with the control group. We
also found that the expression levels of miR17 decrease in placenta-derived exosomes
obtained from LPS-treated pregnant mice in
experimental group, but we did not observe a
significant difference compared with the PBStreated pregnant mice in control group (Figure
2).

Figure 1. Confirmation of exosome isolation through scanning electron microscopy and western blot analyses. (A) The purified
exosomes were fixed, dehydrated, and dried on a glass surface and sputter-coated with gold. The size and shape of purified
exosomes were evaluated using SEM at (at scale = 500 nm, magnification = 70000×). (B) The presence of TAPA-1 as exosomespecific surface marker was analyzed through western blot.

Figure 2. The effect of LPS treatment on the expression levels of miR-29a and miR-17 in BALB/c pregnant mice. Data are presented
as Mean ± SEM (n = 7). Results are representative of three independent times for each experiments. **P < 0.01 was considered
as statistically significant.

https://doi.org/10.18502/ijrm.v19i5.9252
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4. Discussion
The results of this study showed that treating
pregnant BALB/c mice with LPS decreased the
expression levels of miR-17 in placenta-derived
exosomes, but this difference was not statistically
significant. We also found that this treatment
significantly increases the expression levels of
miRNA-29a in placenta-derived exosomes. These
findings are somewhat consistent with previous
study which found changes in miRNAs expression
following an LPS engagement of TLR4 in different
cell types. They demonstrated that these miRNAs
regulate TLR-signaling pathways involved in
inflammation through transcriptional regulation,
including NF-κB and AP-1 (18). Of note, these
findings are limited to the profile of vesicle-free
miRNAs and did not identify exosomal microRNAs.
However, limited studies have investigated the
effect of LPS on the expression levels of exosomal
microRNAs. One of these studies showed that LPS
could change the exosomal miRNA expression
patterns in cells such as macrophages, which is
consistent with our data (19).
Although previous studies demonstrated that
LPS could alter exosomal miRNA expression
patterns in various cells, the effect of LPS on
miRNAs expression in placenta-derived exosomes
is still unclear. To the best of our knowledge,
this study for the first time shows that LPS
can change the exosomal miRNA expression
pattern, especially the levels of miRNAs with
immunomodulatory functions such as miRNA29a in placenta cells. It seems possible that
the production of inflammatory mediators and
cytokines from immune cells at the fetal–maternal
interface after exposure to LPS (14, 20) is related
to the regulation of the expression of exosomal
miRNA in placenta cells.
Our findings showed that the expression
levels of miR-17 decrease in placenta-derived
Page 438
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exosomes isolated from LPS-induced abortion
mice, but this difference was not statistically
significant. This data must be interpreted
cautiously because the immunomodulatory effects
of miR-17 on the regulation of inflammatory
reactions are controversial. Philippe and coauthors
showed that bacterial lipoprotein downregulates
the expression of the miR-17 in rheumatoid
fibroblast-like synoviocytes (21). They claimed
that miR-17 can act as negative regulators
of inflammation by downregulating IL-6 and
matrix metalloproteinase 3. In another study,
it was revealed that miR-17 can control Th1
responses through protecting cells from apoptosis,
supporting
IFN-γ
production,
suppressing
inducible regulatory T-cell differentiation, etc.
(22). Another study also showed that “miR-17
and miR-19b are the two miRNAs, responsible
for promoting T𝐻 17 responses” (23). Because
of the previous studies reporting a contrary
function for miR-17 (21, 23), it is difficult to
explain our result based on them. In the
present study, we evaluated the expression
levels of exosomal miR-17 in contrast to the
earlier findings that evaluated vesicle-free miR17. Considering the difference in stability and
efficiency between vesicle-free miRNAs and
exosomal microRNAs (24, 25), it is possible,
therefore, that decreasing the expression of
exosomal miR-17 in placenta cells after exposure
to LPS upregulates genes involved in inflammatory
responses.
Prior studies have noted the importance
of miR-29a in pregnancy outcomes. In one
of these studies, it was showed that villus
miR-29a significantly upregulate in recurrent
abortion women compared to normal pregnant
women. They suggested that miR-29 might be
involved in recurrent abortion pathogenesis
(26). Considering the importance of miR29 in pregnancy, we evaluated the levels
https://doi.org/10.18502/ijrm.v19i5.9252
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of miR-29 in placenta-derived exosomes
isolated from LPS-treated pregnant mice. Our
findings showed that the levels of miRNA29a significantly increase in them. This finding
agrees with Tang and colleagues. They
demonstrated that miR-29 regulate inflammatory
responses to LPS in macrophages through
the Akt1/NF-κB pathway. They also found
the overexpression of miR-29 is associated
with increased expression of proinflammatory
cytokines (27). LPS may increase levels of
proinflammatory cytokine expression at the
fetal–maternal interface through the upregulation
of exosomal miR-29 derived from placenta
cells.

5. Conclusion
The results of the present study suggest that
maternal exposure to LPS derived from the cell
walls of gram-negative bacteria during pregnancy
can alter miRNAs expression pattern into placentaderived exosomes, especially miRNAs with
immunomodulatory effects such as miR-29a and
miR-17. However, we need to develop a full picture
of the effect of LPS on the patterns of expression
of exosome-derived miRNAs during pregnancy.
Further studies are required to determine their
expression levels in exosome isolated from
decidual cells and plasma.

Acknowledgements
The authors thank the members of the
Department of Pathobiology and Medical
Laboratory Sciences, North Khorasan University of
Medical Sciences, Bojnurd, Iran for their technical
assistance. This work was supported by North
Khorasan University of Medical Sciences, Bojnurd,
Iran [Grant No. 95/P/967].

https://doi.org/10.18502/ijrm.v19i5.9252

Placental miRNAs in abortion

Conflict of Interest
The authors declare that they have no
competing or conflicting interests.

References
[1] Morelli SS, Mandal M, Goldsmith LT, Kashani BN, Ponzio
NM. The maternal immune system during pregnancy and
its influence on fetal development. Res Rep Biol 2015; 6:
171–189.
[2] Namdar Ahmadabad H, Salehnia M, Saito S, Moazzeni SM.
Decidual soluble factors, through modulation of dendritic
cells functions, determine the immune response patterns
at the feto-maternal interface. J Reprod Immunol 2016; 114:
10–17.
[3] Erkers T, Stikvoort A, Uhlin M. Lymphocytes in placental
tissues: Immune regulation and translational possibilities
for immunotherapy. Stem Cells Int 2017; 2017: 1–17.
[4] Mitchell MD, Peiris HN, Kobayashi M, Koh YQ, Duncombe
G, Illanes SE, et al. Placental exosomes in normal and
complicated pregnancy. Am J Obstet Gynecol 2015; 213:
S173–S181.
[5] Hessvik NP, Llorente A. Current knowledge on exosome
biogenesis and release. Cell Mol Life Sci 2018; 75: 193–
208.
[6] Tsitsiou E, Lindsay MA. MicroRNAs and the immune
response. Curr Opin Pharmacol 2009; 9: 514–520.
[7] Alexander M, Hu R, Runtsch MC, Kagele DA, Mosbruger
TL, Tolmachova T, et al. Exosome-delivered microRNAs
modulate the inflammatory response to endotoxin. Nat
Commun 2015; 6: 1–6.
[8] Larsson PG, Bergstrom M, Forsum U, Jacobsson B, Strand
A, Wolner-Hanssen P. Bacterial vaginosis: Transmission,
role in genital tract infection and pregnancy outcome: an
enigma. APMIS 2005; 113: 233–245.
[9] Mahdavi Siuki M, Fazel Nasab N, Barati E, Nezafat Firizi M,
Jalilvand T, Namdar Ahmadabad H. The protective effect
of berberine against lipopolysaccharide-induced abortion
by modulation of inflammatory/immune responses.
Immunopharmacol Immunotoxicol 2018; 40: 333–337.
[10] Bogunovic D, Manches O, Godefroy E, Yewdall A,
Gallois A, Salazar AM, et al. TLR4 engagement during
TLR3-induced proinflammatory signaling in dendritic
cells promotes IL-10-mediated suppression of antitumor
immunity. Cancer Res 2011; 71: 5467–5476.
[11] Pudney J, He X, Masheeb Z, Kindelberger DW, Kuohung
W, Ingalls RR. Differential expression of toll-like receptors
in the human placenta across early gestation. Placenta
2016; 46: 1–10.
[12] Jairajpuri DS, Almawi WY. MicroRNA expression pattern
in pre-eclampsia (Review). Mol Med Rep 2016; 13: 2351–
2358.
[13] Ouyang Y, Mouillet JF, Coyne CB, Sadovsky Y. Review:
Placenta-specific microRNAs in exosomes - good things
come in nano-packages. Placenta 2014; 35: S69–S73.
[14] Namdar Ahmadabad H, Kayvan Jafari S, Nezafat Firizi
M, Abbaspour AR, Ghafoori Gharib F, Ghobadi Y, et al.

Page 439

International Journal of Reproductive BioMedicine

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Pregnancy outcomes following the administration of high
doses of dexamethasone in early pregnancy. Clin Exp
Reprod Med 2016; 43: 15–25.
Zeringer E, Li M, Barta T, Schageman J, Pedersen KW,
Neurauter A, et al. Methods for the extraction and RNA
profiling of exosomes. World J Methodol 2013; 3: 11–18.
Yazarlou F, Mowla SJ, Oskooei VK, Motevaseli E, Tooli LF,
Afsharpad M, et al. Urine exosome gene expression of
cancer-testis antigens for prediction of bladder carcinoma.
Cancer Manag Res 2018; 10: 5373–5381.
Lobb RJ, Becker M, Wen Wen S, Wong CSF, Wiegmans AP,
Leimgruber A, et al. Optimized exosome isolation protocol
for cell culture supernatant and human plasma. J Extracell
Vesicles 2015; 4: 27031–27042.
Nahid MA, Satoh M, Chan EK. MicroRNA in TLR signaling
and endotoxin tolerance. Cell Mol Immunol 2011; 8: 388–
403.
De Silva N, Samblas M, Martinez JA, Milagro FI. Effects of
exosomes from LPS-activated macrophages on adipocyte
gene expression, differentiation, and insulin-dependent
glucose uptake. J Physiol Biochem 2018; 74: 559–568.
Boles JL, Ross MG, Beloosesky GR, Desai M, Belkacemi
L. Placental-mediated increased cytokine response to
lipopolysaccharides: a potential mechanism for enhanced
inflammation susceptibility of the preterm fetus. J Inflamm
Res 2012; 5: 67–75.
Philippe L, Alsaleh Gh, Suffert G, Meyer A, Georgel Ph,
Sibilia J, et al. TLR2 expression is regulated by microRNA
miR-19 in rheumatoid fibroblast-like synoviocytes. J
Immunol 2012; 188: 454–461.

Page 440

Jalilvand et al.

[22] Jiang S, Li C, Olive V, Lykken E, Feng F, Sevilla J, et al.
Molecular dissection of the miR-17-92 cluster’s critical dual
roles in promoting Th1 responses and preventing inducible
Treg differentiation. Blood 2011; 118: 5487–5497.
[23] Liu SQ, Jiang S, Li C, Zhang B, Li QJ. miR-17-92
cluster targets phosphatase and tensin homology and
Ikaros Family Zinc Finger 4 to promote TH17-mediated
inflammation. J Biol Chem 2014; 289: 12446–12456.
[24] Endzelins E, Berger A, Melne V, Bajo-Santos C,
Sobolevska K, Abols A, et al. Detection of circulating
miRNAs: Comparative analysis of extracellular vesicleincorporated miRNAs and cell-free miRNAs in whole
plasma of prostate cancer patients. BMC Cancer 2017; 17:
730–743.
[25] Zhang D, Lee H, Zhu Z, Minhas JK, Jin Y. Enrichment of
selective miRNAs in exosomes and delivery of exosomal
miRNAs in vitro and in vivo. Am J Physiol Lung Cell Mol
Physiol 2017; 312: L110–L121.
[26] Yang Q, Gu WW, Gu Y, Yan NN, Mao YY, Zhen XX,
et al. Association of the peripheral blood levels of
circulating microRNAs with both recurrent miscarriage and
the outcomes of embryo transfer in an in vitro fertilization
process. J Transl Med 2018; 16: 186.
[27] Tang B, Li X, Ren Y, Wang J, Xu D, Hang Y, et al.
MicroRNA-29a regulates lipopolysaccharide (LPS)induced inflammatory responses in murine macrophages
through the Akt1/ NF-kappaB pathway. Exp Cell Res 2017;
360: 74–80.

https://doi.org/10.18502/ijrm.v19i5.9252

