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Abstract

Introduction—We performed RNA sequencing with the primary goal of discovering key 

placental villous trophoblast (VT) and decidua basalis (DB) transcripts differentially expressed 

in intra-amniotic infection (IAI)-induced preterm birth (PTB).

Methods—RNA was extracted from 15 paired VT and DB specimens delivered of women with: 

1) spontaneous PTB in the setting of amniocentesis-proven IAI and histological chorioamnionitis 

(n=5); 2) spontaneous idiopathic PTB (iPTB, n=5); and 3) physiologic term pregnancy (n=5). 

RNA sequencing was performed using the Illumina HiSeq 2500 platform, and a spectrum of 

computational tools was used for gene prioritization and pathway analyses.

Results—In the VT specimens, 128 unique long transcripts and 7 mature microRNAs differed 

significantly between pregnancies complicated by IAI relative to iPTB (FDR<0.1). The up-

regulated transcripts included many characteristic of myeloblast-derived cells, and bioinformatic 

analyses revealed enrichment for multiple pathways associated with acute inflammation. In an 

expanded cohort including additional IAI and iPTB specimens, the expression of three proteins 

(cathepsin S, lysozyme, and hexokinase 3) and two microRNAs (miR-133a and miR-223) was 

validated using immunohistochemistry and quantitative PCR, respectively. In the DB specimens, 

only 11 long transcripts and no microRNAs differed significantly between IAI cases and iPTB 

controls (FDR<0.1). Comparison of the VT and DB specimens in each clinical scenario revealed 

signatures distinguishing these placental regions.
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Discussion—IAI is associated with a transcriptional signature consistent with acute 

inflammation in the villous trophoblast. The present findings illuminate novel signaling pathways 

involved in IAI, and suggest putative therapeutic targets and potential biomarkers associated with 

this condition.
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1. Introduction

Intra-amniotic infection (IAI) contributes to at least 25–40% of all preterm births (PTBs), 

with a prevalence that varies inversely with increasing gestational age (GA) [1]. Compelling 

data suggest that bacteria of the lower genital track invade the choriodecidual maternal-fetal 

interface and spread to the amniotic fluid (AF) via an ascending pathway [2]. In the 

setting of maternal bacteremia, hematogenous dissemination of infection is also possible, 

as demonstrated in humans and various experimental animal models of PTB [3–5]. Invasion 

of the gestational sac by microorganisms elicits a fetal inflammatory response, as the vast 

majority of the AF neutrophils are of fetal origin in this setting [6]. This preterm parturition 

model is complex and, despite significant clinical and research efforts, still requires further 

evaluation.

Currently, there is agreement that the magnitude of the decidual and placental immune 

response to microbes can significantly impact pregnancy outcome [7]. Multiple lines of 

evidence imply that dysregulation of numerous molecular inflammatory networks in the 

decidua leads to activation of myometrial contractility, ripening of the cervix, and premature 

delivery [8–10]. This conclusion is supported through identification of differentially 

expressed genes involved in regulating leukocyte trafficking, cytokine signaling, cell fate, 

and tissue remodeling (such as IL1B, ICAM1, CXCR4, CD44, TLR4, SOCS3, BCL2A, 

and IDO). Upstream regulators of these inflammatory pathways include nuclear factor-kappa 

B (NF-κB), signal transducer and activator of transcription (STAT) proteins, high-mobility 

group protein B1 (HMGB1), and miRNAs-21, −46, −146, −155, and −200. While significant 

advances have already been made using hybridization-based microarray technologies, 

high throughput RNA sequencing (RNA-seq) has advanced transcriptomics research by 

offering key advantages over hybridization-based methods, including reduced background 

from hybridization/cross-hybridization artifacts, a significantly expanded dynamic range of 

resolution, and the ability to detect novel transcripts in an agnostic fashion [11]. In the 

current study, we leveraged comprehensive RNA-seq profiling and in-depth bioinformatic 

analyses to test the hypothesis that placental villous trophoblast (VT) and decidual basalis 

(DB) from pregnancies complicated by IAI harbor characteristic transcriptional signatures 

that are informative of the pathogenic processes leading to PTB. We also compared 

iPTB and term specimens to determine the influence of advancing gestational age and 

spontaneous PTB in the absence of IAI on placental gene expression. Finally, we determined 

transcriptional signatures that distinguished the VT and DB placental regions.
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We report for the first time an inflammation-specific transcriptional signature of the villous 

tissue (fetal origin) that is distinct from the transcriptional response to inflammation in 

intrauterine tissues of mostly maternal origin (decidua). This work establishes a foundation 

on which future studies centered on postnatal complications may build.

2. Materials and methods

2.1. Study population and definitions.

We analyzed the VT and DB transcriptome of 15 women pregnant with singletons 

grouped as follows: (1) spontaneous PTB in the setting of amniocentesis-proven IAI and 

histological chorioamnionitis (HCA) (IAI: n=5; GA median [range]: 26 [25–31] weeks); 

(2) spontaneous idiopathic preterm birth (iPTB: n=5, GA: 32 [30–33] weeks); and (3) term 

normal pregnancy, that delivered a healthy baby by Cesarean in the absence of labor (Term: 

n=5; GA: 39 [38–39] weeks). Select targets were validated in an expanded cohort which 

included 5 additional cases in the IAI and iPTB groups. This study was approved by the 

Human Investigation Committee of Yale University and the Institutional Review Board of 

the Ohio State University. All women provided written informed consent.

The definitions of GA, preterm labor, the criteria for establishment of IAI, exclusion 

criteria and the pathological criteria for evaluation of the placenta are presented in the 

Supplementary Material.

2.2. IL-6 immunoreactivity.

Amniotic fluid IL-6 was assessed by ELISA (eBioscience, San Diego, CA). The assay was 

run in duplicate with a minimal detectable concentration of 0.039 pg/ml.

2.3. Total RNA extraction.

Within minutes from the time of delivery of the placenta, DB was dissected from the VT 

and rinsed in sterile saline. Random placental VT specimens were collected and washed 

in similar conditions. The technique for RNA extraction is presented in the Supplementary 

Material.

2.4. RNA sequencing (RNA-seq).

Long total RNA-seq libraries were constructed using the TruSeq Stranded Total RNA 

Sample Prep Kit with Ribo-Zero Gold (Illumina, San Diego, CA). Small RNA-seq libraries 

were generated using the NEBNext Multiplex Small RNA Library Prep Set for Illumina 

(New England Biolabs, Ipswich, MA). Sequencing was performed using the Illumina HiSeq 

2500 platform. Details are presented in the Supplementary Material. The data discussed in 

this publication have been deposited in NCBI’s Gene Expression Omnibus (GEO) and are 

accessible through GEO Series accession number GSE73714.

2.5. Real-time quantitative PCR (qPCR).

Two miRNAs (miR-133a-3p and miR-223–3p) were selected from the RNA-seq data 

analysis for validation. Total RNA was reverse transcribed using the Universal cDNA 

Synthesis Kit II (Exiqon, Woburn, MA). Quantitative PCR was performed using the 
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ExiLENT SYBR Green master mix (Exiqon) in the ABI StepOnePlus real-time PCR 

system (Life Technologies, Carlsbad, CA) according to the manufacturer’s instructions. 

The following Exiqon locked nucleic acid PCR primer sets were used for amplification: hsa-

miR-133a-3p (product number 204788) and hsa-miR-223–3p (product number 205986). The 

miRNA levels were normalized to 5S rRNA (product number 203906, Exiqon) as an internal 

control, and the relative abundance of each miRNA was calculated by the comparative 

CT method [12] and statistically evaluated using the two-tailed Mann–Whitney rank-sum 

test. All reactions were performed in duplicate with melting curve analysis following 

amplification to confirm the presence of single peaks.

2.6. Immunohistochemistry (IHC).

IHC was performed as previously described [13] on selected formalin-fixed placental 

specimens using the following antibodies: goat polyclonal anti-cathepsin S (1:50, ab115259, 

Abcam, Cambridge, MA) , mouse monoclonal anti-hexokinase 3 (1:100, ab115751, Abcam) 

and rabbit monoclonal anti-lysozyme (1:1,000; NBP1–95509, Novus Biologicals, Littleton, 

CO). Specificity of staining was confirmed by substituting the primary antibody with 

species-specific preimmune IgG. Staining intensity of chromogen deposits was evaluated 

in specific cell types using a semi-quantitative 5-point grading scale, with 1 indicating low 

or absent staining, and 5 indicating intense staining. Statistical comparisons were conducted 

using the two-tailed Mann–Whitney rank-sum test. Correlations between variables were 

examined using Spearman’s rank order correlation.

2.7. RNA-seq Data, microRNA, pathways, placental enrichment, hierarchical clustering 
and principal component analyses.

A large spectrum of statistical software and bioinformatic tools was used to perform these 

analyses as detailed in the Supplementary Material.

3. Results

3.1. Study population

Maternal demographic, clinical data and pregnancy outcome characteristics associated with 

the placental specimens subjected to RNA-seq are presented in Table 1. Characteristics of 

the subjects from which specimens were obtained for validation studies are presented in 

Table S1. Women with IAI had AF laboratory analysis consistent with IAI and higher degree 

of acute histologic chorioamnionitis.

3.2. Deep sequencing of the VT in the setting of IAI reveals a transcriptional signature 
consistent with acute inflammation

An overview of the RNA sequencing results is presented in the Supplementary Material. 

Transcriptional profiling of VT revealed significant differential expression for 128 unique 

long RNA transcripts and 7 mature miRNAs in pregnancies complicated by IAI compared 

to iPTB specimens (Table 2, Figure 1, A&B). Of the long transcripts, 88 (69%) were 

up-regulated, and 40 (31%) down-regulated. Several transcripts characteristic of myeloblast-

derived cells, including cathepsin S (CTSS), hexokinase 3 (HK3), lysozyme (LYZ), 

myeloblastin (PRTN3), and myeloperoxidase (MPO) [14–17], were elevated in IAI VT. Two 
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of the transcripts (S100A8, S100A12) encoding calgranulins A and C were earlier identified 

as proteomic biomarkers of AF IAI [18]. Based on the differential expression of these 

long RNAs, the IPA upstream regulator algorithm predicted activation of cytokine signaling 

networks, such as those responsive to granulocyte and macrophage colony-stimulating 

factors (CSF2 and CSF3) and interleukins-1A, −1B, and −18 (Table S2).

Three targets (cathepsin S, lysozyme, and hexokinase 3) were selected for validation given 

relevance to host defense and lack of prior data implicating them in VT pathophysiology. 

Using IHC in an expanded group of specimens, we found that cathepsin S, a lysosomal 

protease involved in antigen presentation [19], preferentially localized to cells residing 

in VT stroma likely corresponding to macrophages (Hofbauer cells). Intensity was more 

conspicuous in IAI placentae relative to iPTB tissue (Figure 2, A–C). Immunoreactivity for 

lysozyme, an important antimicrobial enzyme that catalyzes the hydrolysis of bacterial cell 

wall glycosides [20], was also significantly greater in IAI compared to iPTB specimens 

(Figure 2D). However, the preferential cellular localization of lysozyme was in maternal 

neutrophils trapped in intervillous vascular spaces (Figures 2E&2F, arrowheads). Lastly, 

hexokinase 3 also validated as up-regulated in the setting of IAI (Figure 2G), yet localized 

primarily to villous cytotrophoblasts and syncytiotrophoblast (Figure 2H, open arrows). 

Inflammatory cells in the maternal intervillous space also stained intensely positive in the 

setting of IAI (Figure 2I, arrowheads).

Seven miRNAs were identified as being up-regulated in IAI compared to iPTB VT 

by RNA-seq. These included miR-223, previously identified as increased in preterm 

amnio-choriodecidual samples with chorioamnionitis (relative to specimens without 

chorioamnionitis) [21] and miR-154, previously identified as over-expressed in PTB fetal 

membrane specimens (compared to term controls) [22]. Database queries revealed a 

targetome of 102 experimentally verified and 780 predicted unique mRNAs for these 

miRNAs (Table S3). Two miRNAs (miR-133a-3p and miR-223–3p) were selected for 

validation by qPCR, and both were found significantly increased in IAI VT samples 

(Figure 2, J&K). Linear regression analysis revealed that the normalized RNA-seq counts 

significantly correlated with the corresponding qPCR data (Figure 2L, ρ=0.650, p=0.002).

In comparison to the VT specimens, the DB transcriptome exhibited a modest response 

to IAI. Only 11 long transcripts differed between IAI cases and iPTB controls (Figure 

1C, Table 3). The 3 up-regulated mRNAs in IAI encoded transmembrane 4 superfamily 

member 5 (TM4SF5), cellular retinoic acid binding protein 1 (CRABP1, a carrier protein 

involved in vitamin A-directed differentiation [23]), and tetraspanin transmembrane receptor 

and signal peptide CUB domain epidermal growth factor-like 2 (SCUBE2, a cell surface 

and secreted glycoprotein implicated in embryonic development, cell adhesions, motility 

and activation [24, 25]). TM4SF5 and SCUBE2 mRNAs have roles in the control of 

epithelial-mesenchymal plasticity and angiogenesis [26–29]. Three of the down-regulated 

DB transcripts (LOC100996634, CCDC162P, ALPPL2) were also down-regulated in 

the VT specimens comparing IAI to iPTB. Due to the small number of differentially 

expressed transcripts, IPA upstream regulator analysis failed to yield statistically significant 

predictions.
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To assess the effects of advancing GA on the placental transcriptome, we compared the 

iPTB specimens with those collected at term. In this analysis the VT transcriptome included 

81 differentially expressed long transcripts, of which 41 were up-regulated (Table S4). 

No mature miRNAs were differentially expressed. When applied to this dataset, the IPA 

upstream regulator analysis (Table S5) revealed that roughly one-third of the transcripts 

enriched in iPTB VT were glucocorticoid-responsive, such as BMP2, CD163, FKBP5, 

FOXO3, and KLF15 [30–34]. In the DB, 14 long RNAs differentiated iPTB specimens 

from those collected at term (Table S6). Similarly, several glucocorticoid-inducible genes 

(BMP2, CD163, FKBP5, and KLF15) were up-regulated in the iPTB DB specimens vs. 

term. No miRNAs were identified as differentially expressed between iPTB and term in 

either placental region.

3.3. Pathway analysis of the VT and DB transcriptomes reveals novel signaling pathways 
and putative therapeutic targets that have not been previously interrogated in IAI

To assess patterns of global biological pathway dysregulation in the setting of IAI, we 

used Gene Set Association Analysis (GSAA) software. In comparing the IAI VT specimens 

to iPTB, the top-ranking Pathway Interaction Database (PID) gene sets included Toll-like 

receptor (TLR) and IL-8 receptor signaling pathways, in addition to networks related to 

integrin binding and cell cycle regulation (polo-like kinase signaling and the Forkhead Box 

M1 [Foxm1] transcription factor network) (Table S7, Figure 3). The top ranking KEGG 

and Reactome gene sets included systemic lupus erythematosus, amyloids, transcription and 

telomere packaging pathways. Of note, these pathways shared consistent core enrichment 

for numerous histone transcripts, which were abundant in the IAI VT dataset. These IAI VT 

specimens were also enriched for GO molecular functions such as amine transmembrane 

transport, cytokine receptor signaling, and steroid binding.

In the IAI DB specimens relative to iPTB controls, the GSAA gene ranking algorithm 

indicated enrichment for gene sets centering around cell adhesion molecules (particularly 

integrins) and networks associated with membrane receptors, such as syndecan-1 and Wnt 

signaling pathways (Table S8, Figure S1). None of these gene sets, however, included 

mRNAs identified as being differentially expressed by statistical analysis.

Application of GSAA to the transcriptome of iPTB placentas compared with that of 

term specimens showed just few gene sets having a FDR < 0.1 (Tables S9, S10). 

Compared to term specimens, the iPTB VT samples were enriched for cell adhesion 

molecules (including integrins, claudins, selectins, and genes related to hemostasis such 

as fibrinogens), glycoprotein degradation, lipoprotein binding, and antigen presentation 

pathways. The iPTB DB specimens, compared to term, showed enrichment for the “SH2 

domain binding” GO pathway, inclusive of numerous genes encoding several protein 

tyrosine kinase receptors.

To complement GSAA, we also applied over-representation analysis to differentially 

expressed transcripts using MetaCore software. The VT specimens of pregnancies 

complicated by IAI were enriched for networks related to granulocyte development, 

leukocyte chemotaxis, and cell cycle control when compared to GA matched controls (Table 

S11) In the DB samples comparing IAI to iPTB, many of the top ranking MetaCore 
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pathways centered around the transcript encoding opioid receptor kappa 1 (OPRK1) 

(Table S12). In comparing the iPTB specimens to those delivered at term, MetaCore 

analysis revealed enrichment for pathways related to cell adhesion (particularly ephrin 

receptors), axonal guidance, and platelet activation in the VT specimens (Table S13), and 

over-representation of pathways related to blood vessel morphogenesis and lipoprotein 

metabolism in the DB specimens (Table S14).

3.4. Identification of regional transcriptional enrichment in placental tissues

We next compared the VT and DB specimens to address whether individual transcripts 

exhibited preferential expression in either anatomic placental region. We identified 227 

transcripts that differentiated the VT and DB specimens in one or more clinical scenario 

(IAI, iPTB, or term) (Table S15). Unsupervised hierarchical cluster analysis and PCA 

revealed that all but two of the DB specimens co-clustered, while the remaining DB 

specimens exhibited a “VT-like” expression signature (Figure 4).

4. Discussion

Using RNA-seq, we found that VT of pregnancies complicated by IAI-induced PTB, 

relative to iPTB, exhibited marked differences in long RNA expression. Conversely, 

RNA expression in DB was minimally affected in the setting of IAI. The IAI VT 

transcriptome contained elevated levels of numerous mRNAs characteristic of myeloid 

lineage leukocytes (e.g., monocytes, macrophages, and neutrophils). Bioinformatic analyses 

of these data revealed enrichment for multiple pathways associated with acute inflammation 

as anticipated, including cytokine signaling (e.g., interleukin-8 receptor-mediated events), 

cytokine binding, leukocyte transendothelial migration, chemotaxis, immune response, and 

neutrophil activation. In an expanded cohort, using IHC, we confirmed at the protein level 

that cathepsin S, lysozyme, and hexokinase 3 were all elevated in IAI placentas compared to 

uninfected controls. Whereas lysozyme and hexokinase III were abundant within circulating 

inflammatory cells (as well as within inflammatory infiltrates in the chorionic plate, 

not shown), cathepsin S localized predominantly within resident interstitial cells of the 

villous placenta that resembled tissue macrophages. Interestingly, we also found abundant 

hexokinase III expression within villous trophoblast cells, which was significantly more 

abundant in the setting of IAI. Thus, in addition to increased inflammatory cell infiltrate, 

the RNA-seq results also reflected expression changes within resident placental cells, which 

was not expected based on the bioinformatic analyses alone. These results thus highlight the 

continued need for expanded pathway curation within tissues such as the human placenta, 

since expression patterns within its complex cellular architecture might diverge from those 

in adult human tissues.

Overall, mature miRNA expression was relatively stable compared to that of the long RNA 

transcripts. By RNA-seq, differential expression was observed for only 7 miRNAs between 

the IAI VT specimens and GA-matched controls, with no other comparison yielding 

statistically significant differences. Interrogation of the verified targets for these miRNAs 

using the Enrichr application yielded “receptor for advanced glycation end-products (RAGE) 

signaling” as the top-ranked WikiPathway. This is of relevance insofar as the RAGE 
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system has been implicated in modulating the fetal inflammatory response to intra-amniotic 

infection [35, 36], and transcripts encoding known RAGE ligands (S100A8 and S100A12) 

[37] were up-regulated in these specimens. Two miRNAs (miR-133a and miR-223, for 

which increased expression in VT tissues in the setting of IAI was validated by qPCR) 

accounted for all of the targets mapping to this RAGE pathway. Fragmentary evidence 

suggests that miR-133a may have a regulatory role in innate immunity, as it was one 

of 21 miRNAs strongly induced upon differentiation of THP-1 monoblasts [38], and 

was recently shown to suppress inflammasome activation in monocytes [39]. MiR-223, a 

lipopolysaccharide-induced [40], granulocyte/monocyte-specific miRNA [41], serves as an 

important regulator of granulocyte maturation and activation [42, 43]. Verified miR-133a 

and miR-223 targets were enriched for the “bacterial invasion of epithelial cells” (ARPC5, 

CDC42, PIK3R2, and RHOA), “Toll-like receptor signaling” (CHUK and IL6), and “VEGF 

signaling” KEGG pathways (VEGFA and CASP9), suggesting roles in the regulation of 

host defense and angiogenesis. Interestingly, prior studies showed that circulating levels 

of both miR-133 [44] and miR-223 [45] exhibited differential expression in adult patients 

with sepsis. It is therefore possible that these miRNAs also might have applicability as 

biomarkers for fetal inflammation and/or neonatal sepsis.

In comparing iPTB and term specimens, we found that in both anatomic placental regions, 

the iPTB samples were enriched for steroid-responsive genes. This possibly reflects prenatal 

exposure to corticosteroids to promote lung maturation in the iPTB (but not the term) 

group. However, we cannot exclude the possible influence of other clinical or subject-

specific factors, including the influence of labor, on these results. We also found that the 

transcriptome of the DB can be distinguished from that of the VT. With additional data, 

such results may ultimately be useful in the future for computational “deconvolution” [46] 

of gene expression data from placental samples composed of heterogeneous cell populations. 

Additional remarks regarding the iPTB vs. term comparisons and regional variation in 

placental gene expression is presented in the Supplementary Material.

4.1. Conclusions

In summary, in the setting of IAI, the villous placenta was found to harbor a transcriptional 

signature quite distinct from the cytokine-dominated global transcriptional response 

characteristic of laboring choriodecidua and myometrium [8, 9]. Overall, the profiling 

results were consistent with the presence of an acute, tissue-level inflammatory cell 

infiltrate, as would be expected to accompany hallmark IAI-associated placental lesions 

such as chorionic vasculitis. We also found that some of these gene expression changes 

also occurred within resident placental cells. On the other hand, the DB did not exhibit 

marked transcriptional alterations in this context, which is consistent with the observed 

infrequency of basal plate pathology in IAI [47]. We recognize that discovery-based 

transcriptional profiling studies with small sample sizes can be affected by factors such 

inter-subject variability (even within identical clinical settings), which limits the power of 

such investigations. Thus, the current results must be interpreted with these limitations in 

mind, and follow-up studies will be required for verification of many of the current findings. 

Nevertheless, the present findings illuminate some novel signaling pathways involved in 
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IAI, and suggest putative therapeutic targets and potential biomarkers associated with this 

condition.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights:

• The placental response to intra-amniotic infection was profiled using RNA-

Seq.

• Intra-amniotic infection markedly altered the villous trophoblast 

transcriptome.

• This transcriptional signature suggested an acute inflammatory infiltrate.

• Intra-amniotic infection modestly changed the decidua basalis transcriptome.

• Regional differences in placental RNA expression were determined.
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Figure 1. Differentially expressed placental villous trophoblast (VT) and decidua basalis (DB) 
transcripts in women with preterm birth (PTB) in the setting of intra-amniotic infection (IAI) 
compared to idiopathic PTB (iPTB).
(A) Heat map of differentially expressed long RNA transcripts in the placental VT 

specimens from pregnancies complicated by IAI compared with iPTB controls. (B) Heat 

map of differentially expressed miRNA transcripts in VT specimens from pregnancies 

complicated by IAI compared with iPTB controls. (C) Heat map of differentially expressed 

long RNA transcripts in the DB specimens from pregnancies complicated by IAI compared 

with iPTB controls. In each instance, two-dimensional unsupervised hierarchical clustering 

analysis (using a complete linkage algorithm with Manhattan distance function) was applied 

to identify RNA expression patterns. Data indicate log2-normalized expression data (relative 

to the mean) wherein red denotes up-regulation and green denotes down-regulation.
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Figure 2. Validation of select sequencing results using immunohistochemistry (IHC) and real-
time quantitative PCR (qPCR) in an expanded group of specimens.
Histological staining intensity (mean ± SEM, n=10/group) and representative 

photomicrographs are shown for IAI and iPTB villous placental samples labeled with 

antibodies directed against cathepsin S (A-C), lysozyme (D-F), and hexokinase 3 (G-

I). Scale bars = 100 μm. Arrows and arrowheads depict cells exhibiting characteristic 

immunolabeling in each case (see main text). (J, K) Relative quantification (RQ) of mature 

miR-133a-3p (J) and miR-223–3p (K) in IAI and iPTB villous trophoblast specimens using 

qPCR (mean ± SEM, n=10/group). Asterisks indicate p < 0.05 by the Mann-Whitney rank-

sum test. (L) Scatterplot and linear regression analysis (line of best fit and 95% confidence 

interval) comparing qPCR results with normalized RNA-seq feature counts for miR-133a-3p 

and miR-223–3p in the original IAI and iPTB VT specimens (n=5/group). Note that these 

were significantly correlated (Spearman ρ = 0.650, p=0.002).
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Figure 3. Gene Set Association Analysis (GSAA) of placental villous trophoblast specimens from 
pregnancies complicated by intra-amniotic infection (IAI) compared to idiopathic preterm birth 
(iPTB) controls.
The top ten Pathway Interaction Database (PID) (A), Kyoto Encyclopedia of Genes and 

Genomes (KEGG) (B), Reactome (C), and Gene Ontology (GO) molecular function (D) 

gene sets are represented as network diagrams. Red nodes represent enriched gene sets, 

while edges (green) represent overlap among mapped network objects within individual 

gene sets. We observed a highly connected Reactome subnetwork (panel C), resulting from 

numerous common histone transcripts shared among these pathways.
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Figure 4. RNA transcripts consistently enriched in placental decidua basalis (DB) specimens 
compared to villous trophoblast (VT).
(A) Heat map of RNA transcripts identified as being relatively enriched in the DB or VT 

in at least one of the three delivery scenarios [intra-amniotic infection (IAI), idiopathic 

preterm birth (iPTB), and term). (B) Three-dimensional scatterplot of principal component 

analysis (PCA) results for transcripts enriched in either the DB (red dots) or VT (green dots) 

specimens. Both methods revealed that 13 of the 15 DB specimens co-clustered, whereas the 

remainder clustered with the VT specimens.
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