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Integrated analysis of miRNA/
MRNA network in placenta
‘identifies key factors associated
“remcns With labor onset of Large White
" and Qingping sows

- Huanan Li~*, Bin Wu**, Junnan Geng?, Jiawei Zhou?, Rong Zheng?, Jin Chai*, Fenge L,
. Jian Peng®3 & Siwen Jiang*3

. Labour onset is a very complex physiological process, and its mechanism is poorly understood. Here,

. we obtained the mRNA and miRNA expression profiles from the placentas of four groups of sows:
Qingping sows 112 days after insemination with signs of labour onset (QS), Qingping sows 114 days

: after insemination with signs of labour onset (QL), Large White sows 114 days after insemination

. with signs of labour onset (LL) and Large White sows 112 days after insemination without signs of

* labour onset (LN). A set of differentially expressed genes, including 2164 mRNAs and 39 miRNAs,

. were found. A DAVID analysis of these differentially expressed genes revealed their critical roles

" in response to hormone stimulus, immune response. Cytoscape Network analysis of the functional

. genes found node mRNAs and that the regulatory network between the node mRNAs and miRNAs

. was established. A comparison of the sequencing data from the shorter gestation period (QS) and

. the normal gestation period (QL) indicated that these genes were responsible for the quicker and

. more sensitive reaction to the regulation of labour onset. This research not only detected the key

. factors that were involved in labour onset but also provided useful information for the research of

. gynaecological diseases.

Delivery indicates the end of the gestation period. Within a species, the duration of pregnancy always
remains within a definite narrow range!, but the mechanism of labour onset and regulation remains
: obscure. Many factors are involved in the onset of labour, such as various hormones and inflamma-
- tory mediators during labour, which remain a dominant research topic in this field>=. Progesterone is
. one of the most important hormones for sow pregnancy maintenance’, and the theory of Progesterone
 Withdrawal is the most popular yet proposed. The increase in prostaglandin (PG) reduces progesterone
. before term, followed by the initiation of labour®. Inflammatory cytokines and chemokines in the pla-
© centa have been extensively investigated in the context of normal and abnormal labours. These inflam-
matory cytokines regulate the release of uterotonics, such as prostaglandins®. It is urgent both to identify
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sensitive and specific genes and miRNAs that are associated with labour and to investigate the mecha-
nism underlying labour.

As a compound tissue, the placenta, which consists of amnion, chorion and decidua, performs the
functions of exchange for oxygen, nutrients, antibodies, hormones, and waste products between the
mother and foetus and may carry valuable information about pregnancy'. Pigs have a non-invasive
placenta that is classified as diffuse, and almost the entire surface of the allantochorion is involved in the
formation of the placenta.

MicroRNAs (miRNAs) are a family of approximately 22 nucleotide small RNA molecules that
play important roles in regulating post-transcriptional translation by binding to the target mRNAS
3’-untranslated regions'’. miRNAs are involved in the maintenance of the myometrial quiescence and
the timing of labour among hormonal, inflammatory and physical factors. Recent evidence suggests
that pregnancy and labour in the myometrium, cervix and foetal membranes are influenced by miR-
NAs, including miR-200'>", miR-199a-3p, miR-214', miR-223, miR-34b, miR-34c'®, miR-338'¢ and
miR-223". These studies indicate that miRNAs play key collaborative roles in the hormonal control
of myometrial quiescence and contractility during pregnancy and labour. A comprehensive network of
miRNA/mRNA expression profiles, which compares the quiescent pregnant mouse myometrium with
the contractile one, has been established'>. However, a comprehensive miRNA/mRNA regulatory net-
work associated with pregnancy and labour in the placenta has not been constructed due to a lack of
simultaneously profiled miRNAs and mRNAs across different pig breeds at labour. Pigs are closer to
people in size, anatomy and physiology; therefore, pigs are considered an ideal model for human-related
diseases. An increasing number of miRNAs have been identified from swine tissues, such as muscle and
adipose tissue'8-2!, but fewer have been identified from the porcine placenta. Qingping pig is a Chinese
local pig breed with black fur and has a shorter gestation length, but the mechanism of this trait remains
to be elucidated.

In the present study, we performed mRNA and miRNA profiling using Qingping and Large White
placentas before and at labour onset and then constructed an interaction network of functional genes and
an miRNA/mRNA regulatory network. The Database for the Annotation, Visualisation, and Integrated
Discovery (DAVID) analysis of differentially expressed genes (DEGs) among LL, QL, QS and LN revealed
a set of genes that are related to internal secretion, the extracellular matrix, the inflammatory response,
the immune response and cellular apoptosis. The functional interaction network analysis of the DEGs
indicated that FOS, APOE, MMP1, SMAD3, HSPA8, CXCR4 and PARK2 were the key node genes; then,
the regulatory network between the node mRNAs and miRNAs was established. Moreover, a DAVID
analysis of miRNA target DEG analysis highlighted the critical roles of five overlapping miRNA signa-
tures (ssc-miR-132, ssc-miR-323, ssc-miR-19a, ssc-miR-664-3p and ssc-miR-296-5p) in the extracellu-
lar matrix, response to hormone stimulus, positive regulation of cell adhesion, focal adhesion, positive
regulation of immune system process, and arachidonic acid metabolism. Additionally, a comparison of
the sequencing data from Qingping pigs with a shorter gestation period of 112 days (QS) and a normal
gestation period of 114 days (QL) revealed that the genes that are associated with immunity, signal
peptide, and cell adhesion were up-regulated in QS pigs, which resulted in a quicker and more sensitive
regulation of labour onset. These results have expanded the number of porcine miRNAs and suggest that
pigs can be used as a model for human childbirth initiation to establish the biological basis for studying
the role of miRNAs in regulating labour onset.

Results

mRNA and miRNA expression profiles in the placenta. To examine the genes that are related to
the onset of labour, we determined the gene expression profiles in the placentas of LL, QL, QS and LN
using Illumina HiSeq 2000. Compared with those in LN, among the 930 differentially expressed genes
(DEGs) in LL (P < 0.01, fold change < 0.5 or fold change > 2), 395 genes were up-regulated and 535 were
down-regulated (Supplementary Table S1); among the 1591 DEGs in QL (P < 0.01; fold change < 0.5 or
fold change > 2), 690 and 901 genes were up- and down-regulated, respectively (Supplementary Table
S2); and among the 1074 DEGs in QS (P<0.01; fold change < 0.5 or fold change > 2), 503 genes were
up-regulated and 571 were down-regulated (Supplementary Table S3). Compared with the LN placenta,
9 up- and 10 down-regulated miRNAs were found in the LL placenta (P<0.01; fold change<0.5 or
fold change >2), 13 up- and 10 down-regulated miRNAs were found in the QL placenta(P < 0.01; fold
change < 0.5 or fold change>2), and 14 up- and 7 down-regulated miRNAs were found in the QS
placenta (P<0.01; fold change <0.5 or fold change >2) (Supplementary Table S4). The unified set of
differentially expressed genes containing a total of 2164 mRNAs and 36 miRNAs was found by the com-
parison of LL, QL and QS with LN. Remarkably, 182 genes were overlapping among the LL, QL and QS,
76 of which were up-regulated and 106 were down-regulated. In addition, 2 (ssc-miR-132, ssc-miR-323)
and 3 (ssc-miR-19a, ssc-miR-664-3p and ssc-miR-296-5p) miRNAs were commonly detected in all of
the regulated groups across the comparisons of LL, QL, and QS with LN. To validate the reliability of the
mRNA and miRNA profiling results, RT-PCR was performed to detect the levels of 13 randomly selected
differential mRNAs and 7 miRNAs from the differential expression data using the primer sequences
listed in Supplementary Table S5. The RT-PCR results showed that most of the miRNAs were consistent
with the miRNAs profiling results, except for miR-22 (Fig. 1). The RT-PCR results also showed that
mRNAs agreed most with the mRNA profiling results (Table 1).
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Figure 1. Quantitative RT-PCR validation of the differential expression of miRNAs. The expression levels
of ssc-miR-127, ssc-miR-190a, ssc-miR-221-3p, ssc-miR-222, ssc-miR-299 and ssc-miR-424-5p in LN, LL, QS
and QL were detected by qRT-PCR. All of the error bars indicate SD. *P < 0.05, **P < 0.01.

GGTA1 -1.95 <0.01 -2.17 | <0.01 2.41 <0.01 1.33 0.08 1.46 <0.01 1.61 <0.01
LIPG 3.84 <0.01 435 | <0.01 -1.96 <0.01 -9.46 | <0.01 -1.42 0.03 =393 | <0.01
CXCL14 -3.59 <0.01 =547 | <0.01 2.97 <0.01 2.83 | <0.01 3.04 <0.01 1.21 <0.01
APOE 3.46 <0.01 1.19 | <0.01 -4.22 <0.01 -1.76 | <0.01 -3.18 <0.01 | -3.94 | <0.01
RERG -2.6 <0.01 =7.76 | <0.01 2.58 <0.01 1.04 | <0.01 1.55 0.11 -1.74 0.37
HSPA4 -1.47 0.01 =229 | <0.01 1.43 0.01 1.65 0.02 1.11 0.31 1.05 0.27
IGFBP2 -1.53 0.02 -2.62 0.03 1.24 0.03 1.06 0.09 -1.84 <0.01 | —-4.33 0.04
TNFRSF12A -2.07 <0.01 -3.52 0.03 2.08 <0.01 -2.14 | <0.01 1.75 <0.01 | -2.51 0.65
RAMP1 -1.08 0.07 —6.32 0.04 -1.46 <0.01 | -31.96 | <0.001 —4.14 <0.01 =7.96 | <0.01
HBB -2.74 <0.01 -1.62 0.05 1.91 0.02 1.67 0.05 -1.4 0.01 -1.95 0.07
HSP70 —-18.97 0.31 -12.06 0.04 12.22 0.01 2.25 0.04 523 <0.01 1.32 0.43
SERPINA3-2 -4.03 0.01 —1.47 0.07 4.06 0.03 2.86 0.04 3.12 0.05 -1.46 0.33
MMP1 -4.3 0.25 -12.25 | <0.01 3.46 <0.01 3.4 <0.001 1.45 0.08 1.56 0.04

Table 1. Quantitative RT-PCR validation of differentially expressed genes. QRT-PCR-based validation of
GGTAL, LIPG, CXCL14, APOE, RERG, HSPA4, IGFBP2, TNFRSF12A, RAMP1, HBB, HSP70, SERPINA3-2,
MMPI, CYP2C36 and PGHS-2 expression levels in LN, LL, QS and QL.

The Venn diagrams of the differentially expressed genes of the subgroups are presented in Fig. 2A
(mRNAs) and 2B (miRNAs). Specifically, overlapping genes among the three groups accounted for 54%,
54% and 66% of the LL, QL, and QS mRNA diff-genes, respectively, which suggests the internal relation-
ships of the subgroups in the number of genes within the unified diff-gene set. Additionally, 58%, 70%
and 68% of LL, QL and QS miRNA diff-genes were overlapping with one another.

The hierarchical clustering results revealed that the subgroups could be well differentiated from our
unified set of differentially expressed mRNAs, except for QS1 (Fig. 3A), which suggests significant differ-
ences among subgroups and the good generality of our diff-genes, though they were identified from rel-
atively small datasets. miRNA diff-genes performed less accurately than did mRNA diff-genes (Fig. 3B).
Because the miRNA and mRNA data shared the same sample set, this difference was likely due to the
complexity of the conversion from miRNA expression to the phenotypic differences among different pig
subgroups, which is mediated and influenced by many factors, such as posttranscriptional regulation and
generally a large number of varieties of miRNA gene targets. Additionally, the difference could also be
attributed to the effects of the small sample size.

Functional analysis of differentially expressed genes. To study the DEmRNA functions, we per-
formed a GO analysis of LL, QL, QS and overlapping DEGs. The top 10 GO terms are shown in Fig. 4.
For DEGs, the GO term with the highest annotation value is involved in hormone stimulus, including

» » <«

“response to organic substance”, “response to endogenous stimulus’, “response to hormone stimulus’,
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Figure 2. Venn diagram of LL, QS, QL compared with LN diff-genes, indicating the numbers of genes in
the different or overlapping groups. (A) mRNA, (B) miRNA.

“response to oestrogen stimulus” and “response to steroid hormone stimulus’, demonstrating the key
roles of various hormones in the onset of labour, which is consistent with the previous theory (8,22).
In addition, some representative functional terms are involved in immune function, such as “immune
response’, “defence response”, and “inflammatory response”, and some enriched terms are connected
with the triglyceride metabolic process, cytokine activity and regulation of cell growth. Cyclooxygenase
2 (COX2), also known as prostaglandin G/H synthase 2 (PGHS-2), is the rate-limiting enzyme in the
biosynthesis of prostaglandins (PGs). According to the RNA-seq data, there is a 4-fold expression in
LL compared with that in LN, and the high expression of COX2 leads to an increase in PGs. The rela-
tive quantitative expression of COX2 is significantly higher in LL than that in LN, even over 8-fold for
amnion (Fig. 5A), which was confirmed by immunohistochemistry (Fig. 5C).

To identify the commonly influenced mechanisms of the miRNAs and mRNAs, miRNA putative tar-
gets and DEGs were analysed using DAVID bioinformatics resources according to GO terms. Because
miRNAs tend to downregulate target mRNAs, the expression of a genuine target mRNA is expected to be
anticorrelated with miRNA expression. As a result, a total of 161, 189 and 340 inversely correlated genes
were obtained by a comparison of LL, QS and QL with LN (Supplementary Table S7) and were defined
as DEmiRNA targets. To further understand the miRNA regulatory function of labour onset in different
pig breeds, five overlapping DEmiRNAs (ssc-miR-132, ssc-miR-323, ssc-miR-19a, ssc-miR-664-3p and
ssc-miR-296-5p) were used for the gene ontology and pathway analyses in the DAVID software. For the
overlapping DEmiRNA target genes, the annotation cluster with the highest score was involved in hor-
mone stimulus, including “response to organic substance”, “response to endogenous stimulus”, “response
to steroid hormone stimulus” and cell adhesion. The KEGG pathway analysis showed that most enriched
pathways are associated with the inflammation response and hormone metabolism, such as “MAPK
signalling pathway”, “p53 signalling pathway”, “cytokine-cytokine receptor interaction”, “androgen and
oestrogen metabolism”, and “steroid hormone biosynthesis” In addition, apoptosis and the adherens
junction pathway are enriched. Interestingly, the overlapping DEmiRNA target-enriched GO terms and
KEGG pathways were similar to the results that were obtained from the differentially expressed gene
profile, indicating that the miRNA regulation of gene targets may have a tremendous effect on the overall
gene signature in terms of hormone stimulus and immune response to labour onset.

Network analysis of differentially expressed genes. The Reactome plug-in in the Cytoscape soft-
ware was used to visualise the functional interaction (FI) network of DEGs and to further identify major
functional genes. The FI network of DEGs is shown in Fig. 6. A number of differentially expressed genes,
such as FOS, SMAD3, HSPA8, CXCR4, EGR1, HNPF4, CTNNA2, APOE and PARK2, were found to
be key node genes. Then, the network was constructed using the enriched genes that are involved in
hormone stimulus and the immune response (Supplementary Fig. S1-2), with FOS, SMAD3, HNF4A,
HSPA8 and CXCR4 as the central node genes. The regulatory direction of these node genes was also
checked in QS and QL, where FOS and HNF4A were altered in the same direction in QL, LL and QS
and SMAD3 was altered in the same direction in LL and QS. SMAD3 proteins are signal transducers
and transcriptional modulators that mediate multiple signalling pathways. The HSPA8 gene encodes a
member of the heat shock protein 70 family, which can activate the MAPK signalling pathway. FOS
proteins have been implicated as regulators of cell proliferation, differentiation, and transformation. The
relative quantitative expression of the FOS gene was tested by qPCR and showed a significant difference
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Figure 4. The Top 10 GO (biological process) Term analyses of DEGs of LL, QL, and QS, compared with

LN placenta and overlapping.
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Figure 5. COX-2 and FOS expression in the amnion, chorion and decidua of LL and LN. (A) COX-2
mRNA level in the amnion, chorion and decidua of LL and LN as determined by qRT-PCR. (B) The
expression levels of FOS in the amnion, chorion and decidua of LL and LN were detected by qRT-PCR.
(C) COX-2 immunohistochemical results in the amnion, chorion and decidua of LL and LN. Original
magnification, 400x. (D) FOS immunohistochemical result in the amnion, chorion and decidua of LL and
LN. Original magnification, 400x. All of the error bars indicate SD. *P < 0.05, **P < 0.01.
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Figure 6. Functional interaction network of DEGs (IFs) in LL compared to those in LN. The effect of the
interaction is represented by arrows, bar-headed lines, straight line and imaginary line. “—” for activating/
catalysing, “-|” for inhibition, “-” for FIs that were extracted from complexes or inputs, and “---” for
predicted Fs.

between LN and LL in the chorion and decidua tissue (Fig. 5B). The relatively high expression in LL was
also confirmed by immunohistochemistry (Fig. 5D).

Construction of the miRNA/mRNA network. To further elucidate the interactive relationship
between the node mRNAs and miRNAs, we searched for potential regulating miRNAs. The inversely
correlated miRNAs were identified by comparing the miRNAs from target prediction with those from
miRNA expression profiling, and miRNA/mRNA networks were constructed using the Cytoscape soft-
ware. For further research, each miRNA/mRNA pair was scored to examine the target relationship and
negative correlation of miRNA/mRNA networks (Fig. 7), and we found that miR-345-5p and miR-326
correlate with targets HNF4A, FOS and SMAD3, whereas miR-193a-3p, miR-664-3p and miR-122 cor-
relate with target SMAD3. These results indicate that miRNA/mRNA networks indirectly reflect the
expression patterns of node mRNAs and miRNAs and that understanding the structure of the miRNA/
mRNA networks could provide more insight into labour onset.

Identify the essential factors that are associated with a shorter gestation period. The essen-
tial factors that are associated with a shorter gestation period were identified by a functional classifi-
cation of the 544 DEGs from QS/QL (P <0.01; fold change <0.5 or fold change > 2). Among the 544
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Figure 7. DEmiRNAs and their target node genes.

DEGs, 307 genes were up-regulated, and 237 were down-regulated (Supplementary Table S6). These
DEGs were analysed using DAVID bioinformatics resources according to GO terms. The up-regulated
DEGs derived from QS/QL are enriched in immune-related terms. For example, CRP, CCL21, C5, ESR2,
PENK, REG3G and SCG2 are genes that are involved in the initiation of the inflammatory response and
in the effective stage of the inflammatory response. The level of immunoglobulin (IgG) in Qingping pig
is remarkably higher than that detected in other species?. The expression of selected genes, including
PTPRD, NTRK2 and PTPRS, is enriched in the term “immunoglobulin”.

Discussion

To our knowledge, this is the first comprehensive report about the miRNA and mRNA signatures in the
placenta, and the overall findings in the study will facilitate our understanding of the molecular events
underlying the transition of the placenta from a refractory to a contractile state, the roles of microRNAs,
their targets, and their transcriptional and hormonal regulation.

Transcriptome analysis of sows’ placentas. Generally, the transcriptome includes all of the RNA tran-
scripts in the cell. The transcriptome reflects the genes and sRNAs that are actively expressed at any given
time. The placental RNAs and sRNAs of sows before labour onset and during labour were sequenced in a
novel way. The original sequencing images were converted into raw reads by base calling, and clean reads
were then obtained from the raw reads. In the present study, 12 libraries of miRNAs and mRNAs were
created from high-throughput sequencing data, and the molecular mechanisms and signalling pathways
controlling the onset of labour were investigated by analysing the transcriptome sequencing data of sows’
placentas, which, in theory, could be a powerful tool for explaining the pivotal factors that are involved in
the shorter gestation period of Qingping sows and could be considered the models of choice for research
into human obstetrics. However, why Qingping sows have the unique characteristic of a shorter gestation
period remains to be further elucidated and could provide new clues for preterm delivery.

An alteration in the hormone level is associated with the onset of labour. Hormone metabolism plays
an essential role in the initiation of labour. Because of its relaxation effect, progesterone is considered
one of the primary hormones that are responsible for the maintenance of pregnancy’. It has been widely
accepted that progesterone withdrawal caused by the regression of the corpus luteum through a high
level of prostaglandins is associated with the initiation of labour. The GO and KEGG pathway analy-
ses of the DEGs and DEmiRNAs provided substantial evidence that DEGs and DEmiRNAs can alter
the hormone level associated with the onset of labour. Numerous genes, including CPS1, CA2, CFTR,
LDLR, OXTR and FOS, are enriched in the DAVID term of hormone stimulus. In LL, the expressions
of COX2, IL-13, IL-6 and IL-8 are markedly increased. It is noteworthy that the type-2 cyclo-oxygenase
enzyme is the expression product of COX2, which suggests that the up-regulation of COX2 corresponds
to the increasing concentration of PG. TNF-a and TGF-3, which are both highly expressed in the pla-
centa, regulate the secretion of hormones as related to labour®. Arachidonic acid is the precursor to
assemble PGs and is inextricably intertwined with the initiation of labour. The DEGs of CBR3, CYP2EI,
GPX3 and GPX5 are enriched in the function of arachidonic acid metabolism. As previously reported,
PGF2a induces P450c17 expression in the corpus luteum?!. Because P450c17 stimulates the transfor-
mation from progesterone to androstenedione, increased P450c17 prompts the synthesis of oestrogen
followed by the initiation of labour. Obviously, the transformation from progesterone to androstenedione
leads to a reduction in the progesterone concentration in the serum?, which has an inductive effect on
the initiation of labour. In previous studies, miR-122, miR-132, miR-137 and miR-151-5p have been
shown to affect progesterone production?, and P4 could regulate the expression of DEmiRNAs, such as
miR-345-5p and miR-193a-3p?. miR-19a and miR-19b are influenced by E2%. Our results show that a

SCIENTIFIC REPORTS | 5:13074 | DOI: 10.1038/srep13074 8



www.nature.com/scientificreports/

significant number of DEGs and DEmiRNAs play a vital role in regulating the interaction between the
hormone level and labour onset.

Immunity is involved in the process of labour onset. During pregnancy, the function of maternal
immunity changes within the uterus, where innate, pro-inflammatory immune responses are advanta-
geously regulated to prevent immunological resistance of foetal allograft®. Immunity is related to the ini-
tiation of term and preterm labour®®-32. The destruction of the balance of cytokines by bacteria or other
factors increases the production of pro-inflammatory cytokines at the placenta and activates the process
of delivery®. In the present study, a number of immune-related differentially expressed genes are iden-
tified, and among them, interleukin gene family (IL) and chemokine (CCL, CXCR, CXCL) are differen-
tially expressed. Tissue macrophages synthesise neutrophil chemoattractants CXCL1/CXCL2 in response
to inflammatory stimulation, with CXCL1/CXCL2 neutrophil recruitment as an important early step in
controlling tissue infections or injury**. Inflammatory cytokines may affect the activity of receptors in the
placenta and uterus®*?, which results in prenatal environment revulsion. As a critical factor mediating the
process of immunity and inflammation, TGF-3 induces the combination of FOS and JUN to form the
protein complex and exerts its influence on proliferation, differentiation and apoptosis®>*. Interestingly,
many immune- and inflammatory-related DEGs and DEmiRNAs have a high expression. The enriched
GO term of genes, such as immune response, immune cell activation and immunoglobulin, and KEGG
pathways, such as “MAPK signalling pathway”, “p53 signalling pathway”, and “cytokine-cytokine recep-
tor interaction’, also indicate their immune function in placenta, which strengthens in the early stage of
labour onset.

Cell adhesion molecules (CAMs) are proteins that are located on the cell surface and bind either
with other cells or with the extracellular matrix (ECM) in a process called cell adhesion®’, which is also
related to the onset of labour®®. Several cell adhesion-related genes are up-regulated in both LN and LL,
including cadherins (CDH20, CDHR4, PCDH19, and CDHBI16) and selectins (SELL). In fact, CAMs
are signals in the inflammatory response®. DEmiRNA targets are also enriched in the adheren junction
pathway and cytokine-cytokine receptor interaction. Pro-inflammatory cytokines, such as TNF-a and
IL6, are released by neutrophils and macrophages to induce the expression of adhesion molecules and to
recruit leukocytes*. Simply put, CAMs induce labour onset, through which the inflammatory response
is mediated.

Apoptosis is related to the onset of labour. Apoptosis is the process of programmed cell death and
may occur in multicellular organisms. This process is regulated by conserved genes, such as Bcl-2 family,
caspase family, oncogene C-myc and anti-oncogene P53*!, some of which were detected as DEGs in LN/LL,
with the BCL2-associated athanogene 3 (BAG3) and FOS genes being down-regulated. Moreover, BAG3,
SMAD3, CXCR4, NR4A2 and TNFRSF12A are enriched in the term “regulation of cell death” SMAD3 is
a key molecule that mediates TGF-beta activity, which leads to inflammation and apoptosis*2. Two theo-
ries have been suggested regarding the initiation of the apoptotic mechanism: the TNF-induced (tumour
necrosis factor) model and the Fas-Fas ligand-mediated model*?, both of which involve receptors of the
TNF receptor (TNFRSF12A in the DEGs) family coupled to extrinsic signals. According to previous
studies, the premature rupture of foetal membranes is induced by apoptosis in human placenta*. Overall,
apoptosis should be a prerequisite to the start of delivery.

Essential factors for the shorter gestation period. According to the DEGs and the specific functions
mentioned above, two distinct gene-expressing models have been developed from the two groups of
Qingping sows with different gestation periods. The up-regulated DEGs derived from QS/QL are enriched
in immune-related terms. For example, CRP, CCL21%, C5, ESR2, PENK*¥, REG3G*® and SCG2* are
genes that are involved in the initiation of inflammatory response and the effective stage of the inflamma-
tory response. Functional studies reveal that CRP, one of the marker genes of inflammation, is capable of
activating the NF-xB signalling pathway and stimulating the secretion of interleukin IL-6 and monocyte
chemoattractant protein (MCP-1), which lead to the activation of platelet and induction of apoptosis®.
Given that the oestrogen receptor genes ESR2 and ESR1 are connected to antigen-antibody reaction, it
is widely accepted that ESR2 can also be treated as a marker gene of inflammation®'.

The level of immunoglobulin (IgG) is remarkably higher in Qingping pigs than in other species?. The
expression of selected genes, including PTPRD, NTRK2 and PTPRS, is enriched in the term of “immu-
noglobulin”. Because the upregulated genes are associated with the immune response and apoptosis, the
shorter gestation period can be partly explained by the stronger immune system, which is well supported
by the fact that Qingping pigs are less vulnerable to various diseases in practice. The stronger immune
system intensifies the immune response that is linked to the initiation of labour and accelerates the initial
process of labour, resulting in a shorter gestation period compared with that of other species. Therefore,
more effective functions in the immune response are crucial factors that are associated with the shorter
gestation period of Qingping sows.

One decade ago, the shorter gestation period of the Qingping sow was considered one of its phys-
iological characteristics; we can now reveal the internal factors at the molecular level. From this point
of view, these factors that are associated with shorter gestation period can serve as hints for the patho-
genesis of preterm labour in humans when the inflammation or immune response play a leading role in
preterm labour®?. Accordingly, a stronger inflammation or immune response can increase susceptibility
to preterm labour.
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Signalling during labour. The observation of the DEGs that are involved in isolated pathways and the
gene functional interaction network indicate that the synergic interaction of these genes plays a vital role
in the efficiency of their functions. When the maternal nutrient provision can hardly meet the foetus’
requirements, which occurs with the development of the foetus during the latter gestation period®, the
stress response is triggered, which in turn leads to the secretion of signalling factors, such as “stress”
hormone and chemotactic factors. Through blood circulation, signalling factors are transported to the
placenta, where some hormone receptors and unspecific receptors are located. The expressions of certain
transcriptional factors and signalling transduction molecules are regulated when receptors are aware
of the alteration in the concentration of signalling factors. The differential expression of FOS, SMAD3,
HNF4A and TNF-« is observed between LN and LL, which is consistent with our RT-PCR results. The
synthesis and release of TNF-a and TGF- by foetal membranes at term gestation are regulated by sev-
eral hormones that are potentially involved either in the maintenance of pregnancy or in the parturition
process™. Therefore, it can be concluded that inadequate maternal nutrient supply is likely to be the
original signal that is responsible for the initiation of labour.

In conclusion, a significant number of commonly dysregulated mRNAs and a subset of commonly
dysregulated miRNAs are obtained by comparing the mRNA and miRNA expression profiles of labour
onset. These dysregulated mRNAs and miRNAs are involved in the response to hormone stimulus,
immune response, and apoptosis and may thus represent good candidate targets for future research. The
overall results of this study facilitate our understanding of the mechanism underlying labour onset by
expanding the number of porcine miRNAs and establishing the biological basis for the study of miRNAs
in regulating labour onset.

Materials and Methods

Animal and tissue collection. Four groups (n=3) of multiparous sows with a parity of three were
selected for this study. Group one consisted of Large White sows 112 days after insemination with no
sign of labour (LN); group two was composed of Large White sows 114 days after insemination with
distinct signs of labour and before the birth of the first cub (LL). In addition, two groups of Qingping
sows 112 (QS) and 114 (QL) days after insemination with the same signs of LL were selected. After the
sows described above were slaughtered, the amnion, chorion and decidua tissues were separated and col-
lected from twelve sows. All of the studies involving animals were conducted according to the regulation
(No. 5 proclamation of the Standing Committee of Hubei People’s Congress) approved by the Standing
Committee of Hubei People’s Congress, P. R. China. The sample collection was approved by the Ethics
Committee of Huazhong Agricultural University with the permit number No. 30700571 for this study.
The animals were allowed access to feed and water ad libitum under the same normal conditions and
were humanely sacrificed as necessary to ameliorate suffering. The methods were carried out in accord-
ance with the approved guidelines.

RNA extraction. The total RNA was extracted from each of the three parts of the placenta using
TRIzol reagent (Invitrogen, USA) according to the manufacturer’s reccommendations. The total RNA was
treated with RQ1 DNase (Promega, USA) to remove DNA. The quality and quantity of the purified RNA
were determined by measuring the absorbance at 260 nm/280nm (A260/A280) using SmartSpec Plus
(Bio-Rad, USA). The RNA integrity was further verified by 1.5% agarose gel electrophoresis. The total
RNA from the amnion, chorion and decidua of the same sow was pooled equally.

mRNA sequencing and statistical analysis. For each of the twelve pooled samples, 10 pg of RNA
was used for RNA-seq library preparation. Polyadenylated mRNAs were purified and concentrated with
oligo(dT)-conjugated magnetic beads (Invitrogen, USA) before being used for directional RNA-seq
library preparation. The purified mRNAs were iron-fragmented at 95°C, followed by end repair and 5’
adaptor ligation. Then, reverse transcription was performed with an RT primer harbouring a 3’ adaptor
sequence and a randomised hexamer. The cDNAs were purified and amplified by PCR, followed by puri-
tying and quantifying the PCR products corresponding to 200-500bp. For high-throughput sequenc-
ing, paired-end 100-bp sequencing of the cDNAs was performed on the Illumina HiSeq 2000 system
(Illumina, USA). The obtained sequence reads (Fastq files) were checked by FastQC software. Clean reads
with a minimum length of 16 nt were obtained by trimming the raw reads and deleting the low-quality
reads, and then the clean reads were mapped to the porcine reference genome sequence (Sscrofal0.2)
with 2-bp mismatch using the TopHat software®. We estimated the gene expression level using RNA-Seq
by the reads per kilobase of genes per million mapped reads (RPKM). EdgeR>® was used to filter differ-
entially expressed genes (DEGs). An integrated analysis of different functional databases was performed
using the “functional annotation clustering” tool of the database for annotation, visualisation, and inte-
grated discovery®. For gene interaction network analysis, the Reactome plug-in® in the Cytoscape soft-
ware* was used to visualise the general relationship between differentially expressed genes.

miRNA profiling and statistical analysis. A total of 3 g of total RNA was used for small RNA cDNA
library preparation with the Balancer NGS Library Preparation Kit for small/microRNA (GnomeGen) by
following the manufacturer’s instructions. Briefly, RNAs were ligated to 3’ and 5’ adaptors sequentially,
reverse transcribed to cDNA and then PCR amplified. The entire library was tested by 10% native PAGE
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gel electrophoresis, and bands corresponding to microRNA insertion were cut and eluted. After ethanol
precipitation and washing, the purified small RNA libraries were quantified with Qubit Fluorometer
(Invitrogen) and used for cluster generation and 36 nt single end sequencing analysis using the Illumina
GAlIx (Illumina, San Diego, CA, USA) according to the manufacturers instructions. The resulting
images were analysed to generate raw digital-quality data. After masking adaptor sequences and remov-
ing the contaminated reads, the clean reads were selected and aligned with the pig reference genome
(ftp://ftp.ncbi.nlm.nih.gov/genomes/Sus_scrofa), followed by calculating the reads in different regions of
the genome distribution. The clean reads were compared with the Rfam database (ftp://selab.janelia.org/
pub/Rfam) to match the known IncRNA, miRNA, rRNA, snRNA, snRNA and tRNA sequences and were
then compared with the pig mature miRNAs database in miRBase to identify mature miRNAs and count
their reads. The clean reads that were not mapped to the mature miRNA database were further compared
with the pre-miRNA database of pigs. The numbers of miRNA reads were normalised by transcripts per
million (TPM) values (TPM=(miRNA total reads/total clean reads) x 10°). The differentially expressed
miRNAs (DEmiRNAs) between samples were identified by the EdgeR program® at P<0.01 and fold
change >2 or <0.5.

miRNA target predictions and DAVID analysis. Because the online target gene prediction soft-
ware contains no pig genes and cannot predict miRNA potential target genes, we used the miRanda
software to find the DEmiRNA potential target genes in all of the pigs (+ CDS to the back of the exon
were observed as 3’UTR; - to the CDS front of exon were observed as 3'UTR). KEGG pathway and GO
Term analyses of these target genes were performed using DAVID bioinformatics resources.

mRNA and miRNA analysis by synthesis. To identify the functional regulations from miRNAs to
mRNAs, we combined the computational target predictions at the sequence level and the inverse expres-
sion relationships between miRNAs and mRNAs in context. Specifically, functional regulations were
detected using a subset of miRNAs and genes that was characterised by (i) both miRNAs and genes being
associated with labour onset, (ii) a regulatory relationship according to computational predictions, and
(iii) expression profiles were strongly negatively correlated. Then, the miRNA/mRNA regulatory network
was constructed using the popular Cytoscape software, and KEGG pathway and GO Term analyses of the
target genes in the miRNA/mRNA network were performed to explore the functional roles of miRNAs
using the DAVID*’ bioinformatics resources.

gRT-PCR analysis of miRNAs and mRNAs. RNAs were first reverse transcribed to cDNAs with
the Thermo Scientific Maxima First Strand cDNA Synthesis Kit K1622 (Thermo, USA). Quantitative
real-time PCR (qPCR) reactions were performed by Bio-RAD CFX Connect (Bio-RAD, USA) with
twelve biological replicates, and each reaction was performed in triplicate. U6 RNA and (3-actin were
used as endogenous internal controls, and the relative expression levels were calculated with the 27AACT
method.

Immunohistochemistry. The three parts of the placenta were stored in 4% paraformaldehyde, dehy-
drated and embedded in paraffin. Then, 5-pum sections were cut on the microtome and placed onto clean,
positively charged microscope slides, followed by heating the slides in a tissue-drying oven for 45 minutes
at 60°C, washing them with xylene 3 times for 5minutes and hydrating them separately in 95%, 70%,
50%, and 30% ethanol for 2 minutes. Incubation with the primary antibodies (Santa Cruz Biotechnology,
FOS: sc-253, COX2: sc-1746) was performed at room temperature for 2h. DAB was used for visualisation
after incubation with the secondary antibody (IgG), and the sections were then counterstained with
hematoxylin and mounted for microscopic examination.

References
1. Capellini, I. The evolutionary significance of placental interdigitation in mammalian reproduction: contributions from
comparative studies. Placenta 33, 763-768 (2012).
2. Csapo, A. I. & Pinto-Dantas, C. A. The effect of progesterone on the human uterus. Proc Natl Acad Sci 54, 1069-1076 (1965).
3. Fuchs, A. R, Fuchs, E, Husslein, P. & Soloff, M. S. Oxytocin receptors in the human uterus during pregnancy and parturition.
Am ] Obstet Gynecol 150, 734-741 (1984).
4. Gotsch, E et al. The anti-inflammatory limb of the immune response in preterm labor, intra-amniotic infection/inflammation,
and spontaneous parturition at term: a role for interleukin-10. ] Matern Fetal Neonatal Med 21, 529-547 (2008).
5. Lee, Y. et al. The effects of labour and of interleukin 1 beta upon the expression of nuclear factor kappa B related proteins in
human amnion. Mol Hum Reprod 9, 213-218 (2003).
6. Schroder, K. & Tschopp, J. The inflammasomes. Cell 140, 821-832 (2010).
7. Haluska, G. J., Cook, M. J. & Novy, M. J. Inhibition and augmentation of progesterone production during pregnancy: effects on
parturition in rhesus monkeys. Am J Obstet Gynecol 176, 682-691 (1997).
8. Kamel, R. M. The onset of human parturition. Arch Gynecol Obstet 281, 975-982 (2010).
9. Gustafsson, C. et al. Cytokine secretion in decidual mononuclear cells from term human pregnancy with or without labour:
ELISPOT detection of IFN-gamma, IL-4, IL-10, TGF-beta and TNF-alpha. Am J Reprod Immunol 71, 41-56 (2006).
10. Sood, R., Zehnder, J. L., Druzin, M. L. & Brown, P. O. Gene expression patterns in human placenta. P Natl Acad Sci USA 103,
5478-5483 (2006).
11. Bartel, D. P. MicroRNAs: genomics, biogenesis, mechanism, and function. Cell 116, 281-297 (2004).
12. Renthal, N. E. et al. miR-200 family and targets, ZEB1 and ZEB2, modulate uterine quiescence and contractility during pregnancy
and labor. P Natl Acad Sci USA 107, 20828-20833 (2010).

SCIENTIFIC REPORTS | 5:13074 | DOI: 10.1038/srep13074 11


http://ftp://ftp.ncbi.nlm.nih.gov /genomes/Sus_scrofa
http://ftp://selab.janelia.org/pub/Rfam
http://ftp://selab.janelia.org/pub/Rfam

www.nature.com/scientificreports/

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

23.
24.

25.
26.
27.
28.
29.
30.
31.
32.
33.
34,
35.

36.

37.
. Steinborn, A. et al. Labour-associated expression of intercellular adhesion molecule-1 (ICAM-1) in placental endothelial cells

39.

40.

41
42

43.
44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Williams, K. C. et al. MicroRNA-200a serves a key role in the decline of progesterone receptor function leading to term and
preterm labor. P Natl Acad Sci USA 109, 7529-7534 (2012).

Williams, K. C., Renthal, N. E., Gerard, R. D. & Mendelson, C. R. The microRNA (miR)-199a/214 cluster mediates opposing
effects of progesterone and estrogen on uterine contractility during pregnancy and labor. Mol Endocrinol 26, 1857-1867 (2012).
Hassan, S. S. et al. MicroRNA expression profiling of the human uterine cervix after term labor and delivery. American journal
of obstetrics and gynecology. 202, 80, e81-88 (2010).

Montenegro, D. et al. Differential expression of microRNAs with progression of gestation and inflammation in the human
chorioamniotic membranes. Am ] Obstet Gynecol 197, 289, €281-286 (2007).

Montenegro, D. et al. Expression patterns of microRNAs in the chorioamniotic membranes: a role for microRNAs in human
pregnancy and parturition. J Pathol 217, 113-121 (2009).

Cho, 1. S. et al. Cloning and characterization of microRNAs from porcine skeletal muscle and adipose tissue. Mol Biol Rep 37,
3567-3574 (2010).

Huang, T. H., Zhu, M. ], Li, X. Y. & Zhao, S. H. Discovery of porcine microRNAs and profiling from skeletal muscle tissues
during development. PloS one 3, €3225 (2008).

Li, G. et al. MicroRNA identity and abundance in developing swine adipose tissue as determined by Solexa sequencing. J Cell
Biochem 112, 1318-1328 (2011).

Nielsen, M. et al. MicroRNA identity and abundance in porcine skeletal muscles determined by deep sequencing. Anim Genet
41, 159-168 (2010).

Guo, C. M. & Sun, G. The three mechanisms underlying progesterone withdrawal in late pregnancy in mammals. Sheng li xue
bao: [Acta physiologica Sinica], 62, 171-178 (2010).

Y, Z. The study on partial idioplasm characteristics of Qingping pig. 39-40 (Wuhan: Huazhong Agriculture University 2008).
Diaz, E J. & Wiltbank, M. C. Acquisition of luteolytic capacity: changes in prostaglandin F2alpha regulation of steroid hormone
receptors and estradiol biosynthesis in pig corpora lutea. Biol Reprod 70, 1333-1339 (2004).

Payne, A. H. & Hales, D. B. Overview of steroidogenic enzymes in the pathway from cholesterol to active steroid hormones.
Endocr Rev 25, 947-970 (2004).

Sirotkin, A. V. et al. Identification of microRNAs controlling human ovarian cell steroidogenesis via a genome-scale screen. J Cell
Physiol 219, 415-420 (2009).

Kuokkanen, S. et al. Genomic profiling of microRNAs and messenger RNAs reveals hormonal regulation in microRNA expression
in human endometrium. Biol Reprod 82, 791-801 (2010).

Castellano, L. et al. The estrogen receptor-alpha-induced microRNA signature regulates itself and its transcriptional response. P
Natl Acad Sci USA 106, 15732-15737 (2009).

Li, X. P. et al. Expression pattern of genes involved in maternal immune regulation during the peri-implantation and midgestation
in Meishan pigs. Genes Genom 35, 327-334 (2013).

Allport, V. C. et al. Human labour is associated with nuclear factor-kappaB activity which mediates cyclo-oxygenase-2 expression
and is involved with the functional progesterone withdrawal. Mol Hum Reprod 7, 581-586 (2001).

Patni, S. et al. An introduction to Toll-like receptors and their possible role in the initiation of labour. Bjog-Int ] Obstet Gy 114,
1326-1334 (2007).

Romero, R. et al. The role of inflammation and infection in preterm birth. Semin Reprod Med 25, 21-39 (2007).

Peltier, M. R. Immunology of term and preterm labor. Reprod Biol Endocrin 1, 122 (2003).

De Filippo, K. et al. Mast cell and macrophage chemokines CXCL1/CXCL2 control the early stage of neutrophil recruitment
during tissue inflammation. Blood 121, 4930-4937 (2013).

Catar, R. et al. The proto-oncogene c-Fos transcriptionally regulates VEGF production during peritoneal inflammation. Kidney
Int 84, 1119-1128 (2013).

He, Y. et al. ALK5-dependent TGF-beta signaling is a major determinant of late-stage adult neurogenesis. Nat Neurosci 17,
943-952 (2014).

Li, J. Alterations in cell adhesion proteins and cardiomyopathy. World journal of cardiology, 6, 304-313 (2014).

indicates participation of immunological processes in parturition. Placenta, 20, 567-573 (1999).

Oktem, G. et al. Cancer stem cell differentiation: TGFbetal and versican may trigger molecules for the organization of tumor
spheroids. Oncol Rep 32, 641-649 (2014).

Zhang, . et al. Regulation of endothelial cell adhesion molecule expression by mast cells, macrophages, and neutrophils. PloS
one 6, 14525 (2011).

. Hengartner, M. O. The biochemistry of apoptosis. Nature, 407, 770-776 (2000).
. Inazaki, K. et al. Smad3 deficiency attenuates renal fibrosis, inflammation,and apoptosis after unilateral ureteral obstruction.

Kidney Int 66, 597-604 (2004).

Wajant, H. The Fas signaling pathway: more than a paradigm. Science 296, 1635-1636 (2002).

Saglam, A. et al. The role of apoptosis in preterm premature rupture of the human fetal membranes. Arch Gynecol Obstet 288,
501-505 (2013).

Choi, B. et al. CCL21 attenuates HSV-induced inflammation through up-regulation of CD8+ memory cells. Immunobiology 218,
579-590 (2013).

Hoth, J. J. et al. Complement mediates a primed inflammatory response after traumatic lung injury. J Trauma Acute Care 76,
601-608; discussion 608-609 (2014).

Milwid, J. M. et al. Enriched protein screening of human bone marrow mesenchymal stromal cell secretions reveals MFAP5 and
PENK as novel IL-10 modulators. Mol Ther 22, 999-1007 (2014).

Wu, E & Chakravarti, S. Differential expression of inflammatory and fibrogenic genes and their regulation by NF-kappaB
inhibition in a mouse model of chronic colitis. J Immunol 179, 6988-7000 (2007).

Leung, Y. E et al. The dual role of dexamethasone on anti-inflammation and outflow resistance demonstrated in cultured human
trabecular meshwork cells. Mol vis 9, 425-439 (2003).

Eisenhardt, S. U. et al. C-reactive protein: how conformational changes influence inflammatory properties. Cell cycle 8, 3885-3892
(2009).

Jones, R. E., Kaler, L., Murphy, S. & Offner, H. Tissue-Dependent Expression of Estrogen Receptor beta in 17beta-Estradiol-
Mediated Attenuation of Autoimmune CNS Inflammation. Open Autoimmun J. 2, 197-204 (2010).

Bisits, A. M. et al. Inflammatory aetiology of human myometrial activation tested using directed graphs. Plos Comput Biol 1,
132-136 (2005).

Grieger, J. A., Grzeskowiak, L. E. & Clifton, V. L. Preconception dietary patterns in human pregnancies are associated with
preterm delivery. J Nutr 144, 1075-1080 (2014).

Zicari, A. et al. Hormonal regulation of cytokine release by human fetal membranes at term gestation: effects of oxytocin,
hydrocortisone and progesterone on tumour necrosis factor-alpha and transforming growth factor-beta 1 output. J Reprod
Immunol 56, 123-136 (2002).

SCIENTIFIC REPORTS | 5:13074 | DOI: 10.1038/srep13074 12



www.nature.com/scientificreports/

55. Kim, D. et al. TopHat2: accurate alignment of transcriptomes in the presence of insertions, deletions and gene fusions. Genome
Biol 14, R36 (2013).

56. Robinson, M. D., McCarthy, D. J. & Smyth, G. K. edgeR: a Bioconductor package for differential expression analysis of digital
gene expression data. Bioinformatics 26, 139-140 (2010).

57. Dennis, G. et al. DAVID: Database for Annotation, Visualization, and Integrated Discovery. Genome Biol 4, P3 (2003).

58. Croft, D. et al. The Reactome pathway knowledgebase. Nucleic Acids Res 42, D472-477 (2014).

59. Shannon, P. et al. Cytoscape: a software environment for integrated models of biomolecular interaction networks. Genome Res
13, 2498-2504 (2003).

Acknowledgments

We are grateful to Dr. Hong Xiang and Yan Li for paper suggestion and edition, Professor Hanchang
Zhu for help in language editing. The authors also acknowledge all the members of the laboratory for
their help in sampling. This work was supported by the National Key Technology Support Program of
530 China (Grant number 2011BAD28B01 and 2013BAD20B06), Hi-Tech Research and Development
Program of China (2013AA102502), Hubei Province Technology Support Program of China (Grant
number 2013BBB14), Hubei Province Major Technology Innovation Program of China (Grant number
2014ABA025), Natural Science Foundation of Hubei Province of China (2015CFB267).

Author Contributions

Conceived and designed the experiments: R.Z., J.C., EL., J.P. and S.J. Performed the experiments: H.L.
and B.W. Analysed the data: H.L., B.W. and S.J. Contributed reagents/materials/analysis tools: H.L., B.W.,
J.G. and J.Z. Wrote the paper: H.L.

Additional Information
Supplementary information accompanies this paper at http://www.nature.com/srep

Competing financial interests: The authors declare no competing financial interests.

How to cite this article: Li, H. et al. Integrated analysis of miRNA/mRNA network in placenta
identifies key factors associated with labor onset of Large White and Qingping sows. Sci. Rep. 5, 13074;
doi: 10.1038/srep13074 (2015).

This work is licensed under a Creative Commons Attribution 4.0 International License. The

M jmages or other third party material in this article are included in the article’s Creative Com-
mons license, unless indicated otherwise in the credit line; if the material is not included under the
Creative Commons license, users will need to obtain permission from the license holder to reproduce
the material. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/

SCIENTIFIC REPORTS | 5:13074 | DOI: 10.1038/srep13074 13


http://www.nature.com/srep
http://creativecommons.org/licenses/by/4.0/

	Integrated analysis of miRNA/mRNA network in placenta identifies key factors associated with labor onset of Large White and ...
	Results

	mRNA and miRNA expression profiles in the placenta. 
	Functional analysis of differentially expressed genes. 
	Network analysis of differentially expressed genes. 
	Construction of the miRNA/mRNA network. 
	Identify the essential factors that are associated with a shorter gestation period. 

	Discussion

	Materials and Methods

	Animal and tissue collection. 
	RNA extraction. 
	mRNA sequencing and statistical analysis. 
	miRNA profiling and statistical analysis. 
	miRNA target predictions and DAVID analysis. 
	mRNA and miRNA analysis by synthesis. 
	qRT-PCR analysis of miRNAs and mRNAs. 
	Immunohistochemistry. 

	Acknowledgments

	Author Contributions
	﻿Figure 1﻿﻿.﻿﻿ ﻿ Quantitative RT-PCR validation of the differential expression of miRNAs.
	﻿Figure 2﻿﻿.﻿﻿ ﻿ Venn diagram of LL, QS, QL compared with LN diff-genes, indicating the numbers of genes in the different or overlapping groups.
	﻿Figure 3﻿﻿.﻿﻿ ﻿ The mRNA and miRNA expression patterns of a unified set of differentially expressed genes and miRNAs.
	﻿Figure 4﻿﻿.﻿﻿ ﻿ The Top 10 GO (biological process) Term analyses of DEGs of LL, QL, and QS, compared with LN placenta and overlapping.
	﻿Figure 5﻿﻿.﻿﻿ ﻿ COX-2 and FOS expression in the amnion, chorion and decidua of LL and LN.
	﻿Figure 6﻿﻿.﻿﻿ ﻿ Functional interaction network of DEGs (IFs) in LL compared to those in LN.
	﻿Figure 7﻿﻿.﻿﻿ ﻿ DEmiRNAs and their target node genes.
	﻿Table 1﻿﻿. ﻿  Quantitative RT-PCR validation of differentially expressed genes.



 
    
       
          application/pdf
          
             
                Integrated analysis of miRNA/mRNA network in placenta identifies key factors associated with labor onset of Large White and Qingping sows
            
         
          
             
                srep ,  (2015). doi:10.1038/srep13074
            
         
          
             
                Huanan Li
                Bin Wu
                Junnan Geng
                Jiawei Zhou
                Rong Zheng
                Jin Chai
                Fenge Li
                Jian Peng
                Siwen Jiang
            
         
          doi:10.1038/srep13074
          
             
                Nature Publishing Group
            
         
          
             
                © 2015 Nature Publishing Group
            
         
      
       
          
      
       
          © 2015 Macmillan Publishers Limited
          10.1038/srep13074
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep13074
            
         
      
       
          
          
          
             
                doi:10.1038/srep13074
            
         
          
             
                srep ,  (2015). doi:10.1038/srep13074
            
         
          
          
      
       
       
          True
      
   




