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Abstract
MicroRNAs (miRNAs) have emerged as key regulators of gene expression stability implicated in cell proliferation, apoptosis, and
development, whereas their altered expression has been associated with various pathological disorders. The objective of this
study was to assess the expression profile of miRNAs and their predicted target genes in placentas from patients with
preeclampsia (PC) and preterm (PT) labor as compared to normal term (NT) pregnancies. Using microarray profiling of 820
miRNAs and 18,630 mRNA transcripts, the analysis indicated that 283 of these miRNAs and 9119 mRNAs were expressed in
all placentas, of which the relative expression of 20 miRNAs (P < .05 and �1.5-fold) and 120 mRNAs (P < .05, and 2-fold cutoff)
was differentially expressed in PT and PC as compared to NT. The expression of miR-15b, miR-181a, miR-200C, miR-210,
miR-296–3p, miR-377, miR-483–5p, and miR-493 and a few of their predicted target genes: matrix metalloproteinases (MMP-1,
MMP-9), a disintegrin and metalloproteinase domains (ADAM-17, ADAM-30), tissue inhibitor of metalloproteinase 3 (TIMP-3);
suppressor of cytokine signaling 1 (SOCS1); Stanniocalcin (STC2); corticotropin-releasing hormone (CRH), CRH-binding protein
(CRHBP); and endothelin-2 (EDN2) were validated in these cohorts using real-time polymerase chain reaction (PCR), some dis-
playing an inverse correlation with the expression of their predicted target genes. Functional analysis indicated that the products
of these genes regulate cellular activities considered critical in normal placental functions and those affected by PC and PT labor. In
conclusion, the results provide further evidence that placentas affected by PC and PT labor display an altered expression of a
number of miRNAs with potential regulatory functions on the expression of specific target genes whose altered expression and
function have been associated with these pregnancy complications.
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Introduction

Preeclampsia (PC) and preterm labor (PT) are common

pregnancy complications and leading causes of maternal and

infant morbidity and mortality worldwide. Although the cause

and effect relationship is unclear, familial and epidemiological

studies have implicated a complex interplay between genetics

and environmental factors and the outcome of PT labor compli-

cations.1-7 Infection and inflammation are among the most rig-

orously demonstrated pathologic processes that cause PT4,7-10

Conventional and large-scale gene expression profiling have

identified altered expression of a number of genes, including

several proinflammatory, angiogenic, and tissue turnover-

related genes in placentas from pregnancies complicated by

PT as compared to normal term (NT) deliveries.4,7-11 Other

studies have also associated genetic polymorphisms in proin-

flammatory, angiogenic, and proteases genes in placentas from

pregnancies complicated by PT birth.8

Similar studies have also supported an underlying genetic

basis for PC.1,6,8,12 Preeclampsia is a pregnancy-specific disor-

der characterized by the failure of physiologic transformation

of the spiral arteries in the placental bed and affects up to10%
of all pregnancies1,3,12 As in PT labor, altered placental expres-

sion of a number of proinflammatory, angiogenic, and tissue

turnover-related genes has been associated with pregnancies

affected by PC6,10,11,13-25 In addition, maternally derived media-

tors have been postulated to alter the expression of these genes in

trophoblasts and other maternal�fetal cell types.1,6,12,18-20,26-28
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Accumulated evidence has also implicated a key regulatory

function for microRNAs (miRNAs) in gene expression regula-

tion.29-33 As a member of nonprotein coding short RNAs fam-

ily miRNAs through binding to the 30 untranslated region of

specific target genes regulate their expression through transla-

tional regression.29-33 A large number of miRNAs have been

identified and/or predicted, and in humans it is estimated that

30% of genes are potential target of miRNAs regulatory func-

tions.29-33 Although, the biological significance of many of

these miRNAs remains to be elucidated, functional studies

have implicated their regulatory actions on various develop-

mental processes, whereas their aberrant expression has been

associated with developmental abnormalities, cell-cycle pro-

gression and apoptosis, inflammation and immune regulation,

as well as cellular transformation and cancer.33-38 Recent stud-

ies have also reported the expression of a number of miRNAs in

placentas and fetal membranes with altered expression in these

tissues affected by PC.39-42

To further our understanding of the correlation between the

expression of miRNAs and their target genes in placentas

affected by pregnancy complications as compared to NT preg-

nancies, we profiled the expression of miRNAs and mRNAs in

the same placentas from women with spontaneous PT and PC

and from NT pregnancy undergoing elective cesarean section

without labor. We further confirmed the expression of a few

miRNAs and their predicted target genes in these tissues using

real-time polymerase chain reaction (PCR) and through bioin-

formatic analysis assessed their potential biological functions.

Materials and Methods

Study Design

Placental tissues were obtained from patients (N ¼ 21) in the

following 3 groups: (1) PC (N¼ 7); 2) spontaneous PT delivery

at � 35 weeks gestation (N ¼ 7); and (3) control group (NT

elective cesarean section without labor; N ¼ 7). The study was

approved by the Institutional Review Board at the University

of Florida, and all patients who participated provided written

informed consent. The tissues were collected at Shands Hospital

at the University of Florida.

Preeclampsia was defined as hypertension—systolic blood

pressure, �140 mm Hg, or diastolic blood pressure, � 90 mm

Hg, on at least 2 occasions, at least 4 hours apart, and

proteinuria of �300 mg in a 24-hour urine collection or urine

dipstick measurement of�2þ. Severe PC was defined as hyper-

tension with systolic blood pressure �160 mm Hg, or diastolic

blood pressure �110 mm Hg, plus mild proteinuria or mild

hypertension plus severe proteinuria—a 24-hour urine collection

with at least 5 g of protein or urine dipstick measurement of

greater than or equal to 3þ. Spontaneous PT delivery was

defined as the presence of PT—regular uterine contractions of

at least 3 contractions in 10 minutes that were associated with

cervical changes—that resulted in delivery at �35 completed

weeks of gestation. Control patients delivered normal infants

at term without labor via elective cesarean section. Patients with

diabetes mellitus, PT premature ruptured membranes without

labor, multiple gestations, and fetal demise in utero or fetal

anomalies were excluded (Table 1).

Tissue Collection and miRNA and mRNA
Expression Profiling

Immediately after delivery, the overlaying fetal membranes

were removed and several small pieces of placental villous tis-

sues were randomly collected from different areas, blotted on

clean tissue paper to remove excess blood and placed in cryo-

tubes containing RNAlater (Qiagen Inc, Valencia, California),

at 4 to 1 volume of tissue. After several hours at room tempera-

ture, the tubes were stored in liquid nitrogen for further analy-

sis. Total RNA was extracted from 2 to 3 small portions of each

placenta using Trizol (Invitrogen, Carlsbad, California) and

their quality and quantity were assessed using ND-1000 Spec-

trophotometer (NanoDrop Technologies, Wilmington, Dela-

ware) and Agilent 2100 Bio-analyzer (Agilent Technologies,

Foster City, California).

Total RNA isolated from 16 placentas (NT, N ¼ 6; PC,

N ¼ 7; and PT, N ¼ 3) was used for miRNA expression profil-

ing. The low molecular weight RNAs were isolated and 30-end

labeled with Alexa-647 fluorescent dye using Rapid Labeling

Kit (Invitrogen) and profiled using custom-developed microar-

ray by Ocean Ridge Biosciences (Jupiter, Florida). The array

contained 1213 human probes (35- to 44-mer oligonucleo-

tides), including 820 mature miRNAs (Sanger Institute mir-

BASE v11, Ncod3) and 393 Invitrogen ‘‘Novel’’ probes

Table 1. Demographic Characteristic of the Study Population

Demographic Preeclampsia (N ¼ 7) Preterm Labor (N ¼ 7) Control (N ¼ 7)

Age, yearsa 23.8 (20-26) 28.3 (22-35) 30 (21-38)
Nulliparity, n 2 (29%) 1 (14%) 1 (14%)
Smoking, n 0 (0%) 2 (29%) 4 (57%)
Weight, kga 98.4 (81.2-133.8) 76.6 (58.1-102.1) 96.7 (68.5-147.9)
Body mass index,a kg/m2 38.2 (32.3-54) 30.8 (23-43.9) 37.5 (27.6-59.6)
White race, n 7 (100%) 2 (29%) 6 (86%)
Black race, n 0 (0%) 2 (29%) 0 (0%)
Gestational age at delivery,a wk 35 (31-39) 28 (24-33) 38.1 (37-39)
Birth weight,a g 2687.5 (1193-4073) 1203.8 (600-1901) 3450.3 (2952-3934)

a Values expressed as median (range).
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(Invitrogen), as well as negative controls (38 mismatch and

shuffled controls and 87 nonconserved Caenorhabditis elegans

probes) all spotted in triplicates. After hybridization, the arrays

were scanned using a GenePix 4000A scanner (Axon Instru-

ments, Union City, California) to obtain the spots intensities.

The mean triplicate spot intensity values for each probe was

determined, subtracted from the median background values,

normalized relative to control miRNA (Ambion) added to each

sample, and threshold and 95th percentile of negative controls

were calculated based on negative controls. The above analysis

resulted in the identification of a total of 570 miRNAs whose

expression values were subjected to further statistical analysis.

Prior to analysis the expression value of all the Invitrogen

‘‘Novel’’ probes were removed from the data set due to their

exceedingly high level of expression and lack of any informa-

tion about their biological significance. In addition, the mean

expression values of the remaining 325 human mature miRNAs

were subject to supervised assessment resulting in omitting the

expression values of 42 miRNAs from the data set due to rela-

tively low expression values. The expression value of remain-

ing 283 miRNAs was subject to ‘‘R’’ analysis and analysis of

variance (ANOVA) with Tukey test and 1.5-fold change cutoff.

Total RNA isolated from the above placentas (N ¼ 12) was

also subjected to gene expression profiling at the Interdisciplin-

ary Center for Biotechnology Research (ICBR) at the Univer-

sity of Florida. Following amplification and complementary

DNA (cDNA) synthesis, 5 mg of cDNA was reverse, the prod-

uct was purified, and 20mg of complementary RNA ([cRNA];

0.5 mg/ml) was fragmented, mixed with 300 mL of hybridization

mixture and 200 ml of the mixture was hybridized to

HumanRef-12 v3 Expression BeadChip (Illumina, Inc, San

Diego, California) consisting of 24,526 oligonucleotide probe

sets representing 18,630 transcripts. The beads were processed

after meeting recommended criteria according to manufactur-

er’s protocol. The expression values were background sub-

tracted and globally normalized using BeadStudio version

1.5.1.3 (Illumina) and probes with differential score of �13

were independently removed from each cohort. Prior to further

analysis the expression values of 2 placentas, 1 from PC and 1

from PT group, were omitted from the data set due to the unu-

sually low expression values. The mean gene expression values

of the remaining tissues were then subject to supervised assess-

ment which resulted in the selection of 9119 gene expression

values that were subjected to ‘‘R’’ analysis as previously pre-

scribed.43-45 Expression values having a statistical significance

of P � .05 (ANOVA, Tukey test) were selected and subjected

to 2-fold change cutoff. These values were subjected to cluster

and tree-view analysis.

MicroRNA Predicted Target Genes, Functional and
Bioinformatic Analysis

Computational algorithms TargetScan (http://www.targetscan.

org/), PicTar (http://pictar.bio.nyu.edu/), and miRanda (http://

microrna.sanger.ac.uk/targets) were used for the selection of

genes predicted as the targets miRNAs differentially expressed

among these cohorts. The search results were downloaded to a

local database and sorted based on their presence in all the

algorithms. In addition, genes experimentally validated as tar-

get of these miRNAs were also identified through Pub-Med

search and included in the list. The gene list (Supplement

Table 2B) was used for data mining and bioinformatic

analysis (Table 2). In each case, the predicted target genes for

each miRNA was identified from the list of gene expression

Table 2. Functional Network Categories of Differentially Expressed Genes

Associated network functions
1. Inflammatory response, cardiovascular disease
2. Cell cycle, connective tissue development and function, cell-to-cell signaling and interaction
3. Cell-to-cell signaling/interaction, cellular assembly/organization, cellular function/maintenance
4. Embryonic development, tissue morphology
5. Lipid metabolism, molecular transport, and small molecule biochemistry
Subgroup name P Value (range)* # Molecules
Diseases and disorders

Cardiovascular disease 2.70E-05-3.04E-02 13
Genetic disorder 2.70E-05-3.00E-02 21
Neurological disease 2.70E-05-2.44E-02 17
Skeletal and muscular disorders 2.70E-05-2.44E-02 9

Molecular and cellular functions
Lipid metabolism 2.23E-04-3.04E-02 10
Small molecule biochemistry 2.23E-04-3.04E-02 13
Cellular compromise 3.71E-04-3.04E-02 6
Cellular development 4.13E-04-3.04E-02 24
Vitamin and mineral metabolism 1.64E-03-2.44E-02 4

Physiological system development and function
Organismal functions 3.71E-04-2.44E-02 6
Skeletal and muscular system development/function 4.13E-04-3.04E-02 9
Nervous system development and function 1.51E-03-3.04E-02 9

* P values indicate enrichment of functional subgroups within indicated categories with their associated number of molecules.
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values obtained by microarray for the above cohorts using

Microsoft Access.

The differentially expressed genes and genes predicted as

target of specific miRNAs were subjected to cluster and

tree-view analysis as well as functional annotation and visua-

lization using Database for Annotation, Visualization, and

Integrated Discovery (http://www.david.niaid.nih.gov) soft-

ware and Ingenuity Pathway Analysis (Ingenuity System,

Redwood City, California).

Real-Time Reverse Transcription�Polymerase
Chain Reaction

The expression of a number of miRNAs and mRNAs was con-

firmed using real-time PCR in 16 to 18 placentas (5 to 6 sam-

ples from each group), including all the tissues used for

microarray. Complementary DNA was generated from 2 mg

of total RNA using Taqman reverse transcription reagent and

cDNA equivalent to 100 ng RNA in 50 mL reaction containing

1� Taqman Universal Master Mix, optimized concentrations

of FAM-labeled probes, and specific forward and reverse pri-

mers (Assay on Demand, Applied Biosystems) was used for

PCR. Real-time PCR was carried out using Applied Biosys-

tems 7300 Fast Real-time PCR System at 95�C for 10 minutes,

95�C for 15 seconds, and 60�C for 1 minute for 40 cycles.

The miRNAs and mRNAs expression values were analyzed

using the comparative method following transformation and

normalization to RU6B and18S rRNA expression, respec-

tively, according to the manufacturer’s guidelines, with

threshold cycle (Ct) set within the exponential phase of the

PCR and converted into fold-change based on a doubling of

PCR product in each PCR cycle. The final results were

reported as relative expression by setting the expression val-

ues of miRNAs and mRNAs in one of the normal placenta

at 1 and the expression value of other samples was calculated

relative to this control.43,44

Statistical Analysis

The real-time PCR results are expressed as mean + standard

error of mean (SEM) and statistically analyzed using Student

t test for comparison of 2 groups and ANOVA for multiple

comparisons, with P < .05 considered significant.

Results

Total RNA isolated from placentas from NT, PC, and PT labor

pregnancies was subjected to expression profiling of 820 miR-

NAs and 24,526 mRNAs. Of the 820 mature miRNAs, the

expression of 325 was identified in all placentas from NT,

PC, and PT (Supplement Table 1A). Following removal of the

expression value of 42 miRNAs due to relatively low expres-

sion, statistical analysis among the 283 miRNAs, the expres-

sion of 20 miRNAs was identified as differentially expressed

among NT, PC, and PT placentas (P < .05, Supplement Table

1B). However, selection based on 1.5-fold change cutoff

identified 141 (113 upregulated and 23 downregulated) and

78 (30 upregulated and 48 downregulated) miRNAs with

altered expression in PT and PC as compared to NT, respec-

tively (Supplement Table 1C). In addition, 154 miRNAs

were upregulated and 27 downregulated in PT as compared

to PC (Supplement Table 1C). Cluster and tree-view analy-

sis separated the expression of the 283 miRNAs (Supple-

ment Table 1B) in these tissues into their respective

subgroup some with overlapping expression (Figure 1). Sup-

plement Table 1D illustrates the mean expression values,

fold change differences, and the list of selective number

of genes predicted as targets of these 20 miRNAs, including

those verified by real-time PCR.

Based on P < .05, fold change cutoff, and predicted target

genes, we selected and confirmed the expression of miR-15b,

miR-181a, miR-200C, miR-210, miR-296–3p, miR-377,

miR-483–5p, and miR-493 using real-time PCR (Figures 2).

As indicated, there was considerable variation in the level

of expression of these miRNAs within and between these

cohorts with low expression of miR-377 (Figure not shown),

and in some cases their relative expression reflected the

microarray data (see Supplement Table 1D).

Gene Expression Profiling

Total RNA isolated from 12 of the same placentas used for

miRNA profiling was used for gene expression profiling. Of

the 18 630 transcripts, the expression values of 9119 mRNAs

were selected based on the initial analysis (see Materials and

Methods) and subjected to statistical analysis (Supplement

Table 2A) which identified 120 transcripts as either up- or

downregulated among PC, PT, and NT placentas (P < .05;

Supplement Table 2B). However, the analysis based on

2-fold change cutoff identified 2381 (571 upregulated and

1810 down-regulated) and 199 (165 upregulated and 34 down-

regulated) transcripts as differentially expressed in PC and PT

as compared to NT, respectively (Supplement Tables 2C and

2D) and 4017 transcript (364 upregulated and 3653 down-

regulated) in PT as compared to PC (Supplement Table 2E).

Cluster analysis separated these genes into their respective

subgroups (see Figures in Supplement Tables 2A and 2B).

Comparative analysis also identified 24 transcripts as differen-

tially expressed in placentas from PC as compared to NT

(Supplement Table 2F) which is in agreement with the report

by Winn et al.11 Functional pathway analysis of the 120 up- and

down-regulated genes by searching the functional annotations

in Ingenuity database identified 5 associated networks with

their specific enriched functional categories of the gene ontol-

ogy (Table 2).

MicroRNA Predicted Target Genes

Based on computational algorithms, a few hundred genes have

been predicted as targets of miR-15b, miR-210, miR-296–3p,

miR-377, and miR-483, miR-493, and miR-200C. Supplement

Table 1D illustrates the list of some of the genes, which include
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pregnancy associated protein A (PAPPA, PAPPA2); Stannio-

calcin (STC1 and STC2); several MMPs, (TIMPs), and a disin-

tegrin and metalloproteinase domain (ADAM), ADAM-17, -19,

and -30; thrombospondin 1 (THBS1); activin receptors; CRH,

CRHBP; SOCS1; EDN2, and EDN receptors; and so on We

selected and confirmed the expression of MMP-1, MMP-9,

TIMP-3, ADAM-17, ADAM-30, STC2, CRH, CRHBP, SOCS1,

and END2 in placentas from NT, PC, and PT (Figures 3). Similar

to the expression of miRNAs, there was a considerable variation

in the level of expression of these genes in placentas from NT,

PT, and PC. Such variations in the expression of miRNAs and

mRNAs have been commonly observed among other tissues and

is not unique to our study and in placenta is considered to reflect

the heterogeneity of the fetal and maternal responses to PC and

PT11 (Figures 3). There was no significant difference in the

level of expression of these genes among these cohorts (Fig-

ure 3) with END2 expressed at very low levels (Figure not

shown).

Figure 1. Cluster and tree-view analysis of 283 differentially expressed miRNAs in placentas from PT, PC, and NT pregnancies (see Supplement
Table 1B for the list). miRNAs represented by rows were clustered according to their similarities in pattern of expression in each tissue and
dendrogram at the top of the image correspond to similarity among their expression in these cohorts (see Supplement Table 1 for the list of
miRNAs). Each column represents data from a single cohort. miRNA indicates micro-RNA; PT, preterm; PC, preeclampsia; NT, normal term.
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Figure 2. Relative expression (mean + SEM) of miR-15b, miR-181a, miR-200C, miR-210, miR-296, miR-483–5p, and miR-493 in placentas
from spontaneous preterm delivery (PT, N ¼ 5), preeclampsia (PC, N ¼ 6), and at term (NT, N ¼ 5) determined by real-time PCR. SEM
indicates standard error of the mean; PCR, polymerase chain reaction.
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Figure 3. Relative expression (mean + SEM) of, SOCS1, CRH, CRHBP, ADAM-17, ADAM-30, MMP-1, MMP-9, TIMP-3, and STC2 in placentas
from spontaneous preterm delivery (PT, N ¼ 5), preeclampsia (PC, N ¼ 6), and at term (NT, N ¼ 5) determined by real-time PCR. SOCS1,
suppressor of cytokine signaling 1; CRH, corticotropin-releasing hormone; CRHBP, CRH-binding protein; ADAM, a disintegrin and
metalloproteinase domain; MMP, matrix metalloproteinase; TIMP-3, tissue inhibitor of metalloproteinase; STC2, stanniocalcin.
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Using the gene microarray data set and through data mining,

we identified the expression of number of genes predicted as

targets of miR-15b, miR-200C, miR-210, 296–3p, miR-377,

miR-483–5p, and miR-493 in placentas from the above cohorts

(Supplement Table 3). A selective number of the genes targeted

by these miRNAs are expressed in placentas from NT, PC, and

PT and tree-view and cluster analysis separated these genes

based on their expression values in these cohorts (see Figures

embedded in Supplement Table 3). Pathway analysis further

identified and mapped several interactive functional networks,

ranging from 6 to 30 networks, among the regulatory actions of

genes targeted by these miRNAs (Figures not shown).

Discussion

Through microarray profiling we identified the expression of

large number of miRNAs and gene transcripts in placentas

from NT, PC, and PT of which 20 miRNAs and 120 mRNAs

were differentially expressed in the same placentas from these

cohorts as compared to NT. We selected and confirmed the

expression of a number of these miRNAs and mRNAs using

real-time PCR. Despite considerable variations in their expres-

sion, placentas from PT and PC could be separated from NT by

lower expression of miR-15b, miR-181, -210, -483–5p, and a

trend toward higher miR-496 expression. Our results are in

agreement with the previous studies examining the expression

of few hundred miRNAs in human placentas were identified as

differentially expressed in PC as compared to NT pregnan-

cies.42,46 However, Zhu et al, reported several miRNAs, includ-

ing miR-210 and miR-296, among upregulated, and miR-377

among downregulated miRNAs in placentas of patients with

severe PC as compared with normal placentas.46 Our results

further extend these observations and suggest potential invol-

vement of these miRNAs in pregnancies affected by PT labor

as compared to NT.

Gene expression profiling also identified several hundred

differentially expressed transcripts in placentas from NT, PC,

and PT labors. These results are in general agreement with pre-

vious reports2,4,8,10,11,13,14,16-19,21,47-52 more specifically, with a

recent microarray in placentas from PC and NT pregnancies11

as presented in Supplement Table 2F. Functionally, many of

these genes serve as mediators of proinflammatory, angiogenic,

and tissue turnover, events considered to represent a hallmark

of normal placental development and pregnancy complications

(Supplement Table 2F). Several of these differentially

expressed miRNAs are predicted to target the expression of

many genes (Supplement Table 1D and Table 3), including

those validated in our study as well as several number of MMP,

insulin-like growth factor (IGF), activin receptor, platelet-

derived growth factors (PDGF) receptor and collagens family,

angiotensin II receptor (AGTR2), prostaglandin synthesizing

enzymes, and pregnancy-associated plasma protein A

(PAPPA) and PAPPA2. Co-expression and a degree of correla-

tion between the expression of these miRNAs and mRNAs

imply their potential regulatory function in various placental

cellular activities. However, we observed a wide variation in

the level of expression of miRNAs and mRNAs among placen-

tas from PC, PT, and NT pregnancies. In addition to individual

difference, factors such as the patients’ race, body mass index

(BMI), smoking status, and mode of labor, and so on, which

have been shown to influence placental gene expression, could

have influenced the miRNAs expression. Since the number of

specimens in each category was inadequate to allow further

insight, further studies are warranted to establish the relation-

ship and potential influence of several factors.

Direct evidence for biological relevance of miRNAs

expression and their alterations in placental cellular activities

during normal and pathological disorders is rather difficult to

achieve, although validating their true target genes in placental

cells may help establishing their regulatory functions. Addi-

tionally, oxidative stress, a condition believed to cause poor

placentation in preeclamptic pregnancies has been shown to

alter the expression of several miRNAs, including miR-210 and

miR377. Superoxide dismutases, SOD1 and SOD2, which

catalyze the reduction of reactive oxygen species to less toxic

moieties and their altered expression has been associated with

several pregnancy complications, including PC, are validated

as direct target of miR-377 regulatory function.53 miR-210

which targets the expression of HIF-1 is considered to serve as

a potential marker of hypoxia54-57 Oxidative stress also alters the

expression of STC1 and STC2 which functionally protect cells

from apoptosis and their expression is highly correlated with

embryo implantation and decidualization.58,59 As such, altered

expression of miR-377 and miR-210, or even miR-24,

miR-181, miR-30, and miR-483–5p and through functional reg-

ulation of their target genes, including HIF-1, STCs, and MMPs,

may play a key role in placental cellular activities during normal

development and placental complications. Unlike STC2 and

ADAM-30, the expression of MMP-1, MMP-9, and ADAM-17

and several other member of secreted MMPs family, which are

predicted as targets of a number of miRNAs, including miR-

296–3p, miR-181, miR-431, and miR-512–3p, has been reported

in normal placenta with their altered expression in PC and PT

pregnancy complications.14,48,60-64

Existing evidence supports a key regulatory function of

physiological inhibitors of MMPs, TIMPs, in various placental

cellular activities during normal and pregnancy complication

such as PC and PT labor.14,48,60-64 Interestingly, the expression

of TIMP-3 was inversely correlated with miR-210 expression

(predicted to target TIMP-3) in PC. TIMPs are also predicted

target of other miRNAs, including miR-21, miR-181, and

miR-483–5p (Supplement Table 1D) suggesting an array of

regulatory genes as potential targets of these differentially

expressed miRNAs. The rennin/angiotensin (Ang) system are

also key players in the development of PC due to alteration in

Ang I, Ang II, Ang-(1-7), and increased AGTR expression in

chorionic villi.65 miR-15b, miR-181, miR-431, miR-493, miR-

512–3p, and miR-654–3p are among several miRNAs predicted

to target the expression of AGTR2, suggesting potential regula-

tion of placental renin�angiotensin associated genes by these

miRNAs. miR-15b expression has also been correlated with sev-

eral immunological disorders and cell cycle arrest by targeting
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cyclin E1 in cervical and glioma carcinoma cell lines.66-68

Among the predicted genes targeted by miR-181a also include

CRH which is expressed in the uterus, placenta, and the ovary

and is considered to participate in decidualization, embryo

implantation, and normal physiology of pregnancy, as well as

in pregnancy complications and the onset of parturition.69 We

confirmed the expression of CRH and CRHBP, a CRH binding

protein, miR-181a and miR-200C which target CRHBP, and

found varying levels of expression in placentas from NT, PT

and PC group.

PAPPAs are abundantly expressed in the human placenta and

though their proteolytic activities cleave insulin-like growth

factor binding proteins (IGFBPs), with PAPPA acting on

IGFBP4 and IGFBP5 cleavage, whereas PAPPA2 cleaves

IGFBP5 and possibly IGFBP3, thus regulating local IGF release

to promote feto-placental growth.70 Upregulated expression of

PAPPA2 has been reported in placentas with pregnancy compli-

cations and considered possible marker of PC. Although we

did not validate the expression of PAPPAs, the level of their

expression detected by microarray was lower in PT and PC as

compared to NT. In addition, miR-496, miR-512–3p, and

miR-654–3p, which are predicted to target PAPPAs are

expressed in PT PC NT placentas. Because of the biological

importance of CRH and PAPPAs in placenta’s biological activ-

ities, further investigation is required to elucidate the regulatory

function of the miRNAs that target their expression.

In conclusion, through expression profiling and confirma-

tion by real-time PCR, we provided further evidence indicating

that the expression of a number of miRNAs and their predicted

target genes are altered in placentas from women with preg-

nancy complications as compared to NT pregnancies. Given

the importance of miRNAs in gene regulation, detailed inves-

tigation is required to elucidate the biological significance of

these differentially expressed miRNAs by validating their

specific target genes relevant to placental developmental and

functional activities.
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