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Background & objectives: During 6 to 8 wk of gestation, human placental villi show a complex pattern of
morphogenesis. There is however, no large scale gene expression study exploring the temporal pattern
of the developmental molecular networks in placental villi during the early weeks of gestation. We
evaluated the transcriptome profiling of humn placental villus samples obtained from fertile women
with voluntarily terminated normal pregnancies between 6-8 wk of gestation.

Methods: Transcriptomic profiles of individual human placental villous samples from 25 women with
normal pregnancies during 6 to 8 wk of gestation were examined using human whole genome expression
arrays. Quantitative RT-PCR validation of copy numbers of transcripts for selected 15 genes and
exploratory analysis of the microarray data revealed a high degree of quality assurance supportive of
further clustering and differential analyses. Immunoblot and immunohistochemical analysis of selected
five candidate proteins (CAGE1, CD9, SLC6A2, TANK and VEGFC) based on transcript profiles were
done to assess the pattern of down stream informational flow.

Results: A large number (~9K) of genes with known functions were expressed in the experimental
samples. The clustering analysis identified three major expression clusters with gestational age, and four
co-expressional clusters. Differential analysis identified a highly discrete regulatory process involving
only about 160 genes. Immunochemical analysis of selected candidate proteins based on transcript
profiles revealed generally synchronous expression in human early placental villi.

Interpretation & conclusions: Several signaling pathways linked to immunity (COL1, JAK2, JAK3,IL12,
IL13, IL15, IL27, STAT3 and STATS5) were downregulated, while genes of the enriched category of
antiviral immunity (ATF/AP1, IL10R and OAS) were clearly over-expressed. Transcriptional integration
supportive of programmed development was observed in first trimester placental villi and it included
regulation of apoptosis and cell cycle progression (ARRBI, ATR, BLM, CHRNA7, CHRNBI, FYN,
KPNA4, and MTOR/FRAP), autophagy (ATG4B, ATG14, BAD, and BCL2), cell adhesion (CD9 and FNI)
and epithelial-to-mesenchymal transition (CALDI1, FN1, HEY1, MMP2, and WNT3A).
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The human placenta is a complex organ serving
tasks of multiple adult organs. It grows rapidly between
4 and 8 wk of gestation, and isaccompanied by increased
synthesis and secretion of several hormones. This time
period is highly vulnerable to external and internal
trauma that may often result in dysregulated early
placental development associated with high incidence
of pregnancy loss, increased risk of intrauterine growth
retardation of the foetus and preeclampsia'?. We have
earlier reported that human placental villi during
6 to 8 wk of gestation display a complex pattern of
homeodynamics involving proliferation, differentiation
and apoptosis along with a categorical expression of
genes involved in cellular proliferation, differentiation,
apoptosis and inflammatory responses based on a small
scale tailored cDNA array**. It appeared meaningful to
undertake a large scale gene expression study of human
first trimester placental villi. There are, however, only
a couple of reports wherein large-scale transcriptomics
of human first trimester placental villi have been
examined. Chen e al° examined the differential gene
expression between human placental villi and decidua
collected from eight volunteers between 6 and 8 wk of
gestation using an indigenously tailored 9600 human
PCR-amplified cDNA microarray; a set of 49 villous-
specific genes were identified showing five-fold or
more expression in villi compared with decidua. Using
the Affymetrix GeneChip platform, Mikheev et al®
compared the whole genome expression profiles of
human placental villi in four samples for each of first
trimester, second trimester and Caesarean section term
groups, and identified expression of 836 specific genes
in first trimester samples as compared to term samples;
of these genes, 147 overexpressed specific genes in
first trimester placental villi clustered into three major
enriched categories of genes associated with cell cycle,
cell division and metabolism. However, in previous
studies, the temporal pattern of the developmental
molecular networks in placental villi during the early
weeks of gestation remained largely unexplored. In the
present study, we examined the whole-transcriptome
profiling wusing NimbleGenl35K human whole
genome expression arrays of individual human
placental villous samples obtained from 25 proven
fertile women bearing normal pregnancies voluntarily
terminated between 6 and 8 wk of gestation. Based
on the present whole transcriptome data, we explored
the transcriptomic networks, and assessed quantitative
informational flow of a few key gene products showing
differential expressional display in human first trimester
placental villi.

Material & Methods

Sample collection: The study was conducted in the
department of Physiology, All India Institute of
Medical Sciences (AIIMS), New Delhi, India. The
study protocol was approved by the Ethics Committee
of AIIMS, and written informed consents was obtained
from all women. First trimester human placental
samples were obtained from 29 healthy proven fertile
women (age group: 20-42 yr) undergoing elective
surgical termination of singleton pregnancies between
6 and 8 wk of gestation (8 in 6 wk, 11 in 7 wk, 10 in
8 wk) without any prior medication. Gestational age
was estimated from menstrual history, physical and
ultrasonographic evaluation. No case of complicated
pregnancy from infection, and other significant foetal
and maternal clinical indications was included.

Placental samples were collected in sterile ice-
cold phosphate buffered saline (PBS, pH 7.4) and
transported on ice to the laboratory within 10 min
after collection. Placental villi were quickly isolated
and used for RNA extraction as described previously’.
Briefly, tissue samples were quickly washed in ice-
cold PBS to remove blood and debris, and separated
from surrounding membranes. Villous portions were
dissected from decidual and embryonic tissue under
a dissecting microscope and further washed with
sterile, cold PBS. Randomly selected pieces from
each sample were immediately subjected to (7)) RNA
extraction, (i) chemical fixation in neutral buffered
paraformaldehyde (4%, w/v) and further processed
for immunohistochemistry, and (7ii) pulverization in
liquid nitrogen for Western immunoblot experiments
as described elsewhere?®.

RNA extraction: The methodological details of RNA
extraction have been given elsewhere*’. Briefly, total
RNA was extracted using Trizol (Agilent Technologies
Singapore Pvt. Ltd., Shung Avenue, Singapore) and
cleaned up with DNase I (Sigma Chemical Co., St.
Louis, Missouri, USA) and subjected to re-extraction
when it was necessary. The yield and purity of
the extracted RNA was checked using standard
spectrophotometric method and 1 per cent agarose gel
electrophoresis. RNA integrity number (RIN) score of
individual samples was determined using Bioanalyzer,
RNA Chip kit and software from Agilent Technologies
(Santa Clara, CA, USA). Since four samples failed to
yield either sufficient amount of RNA or an acceptable
RIN score (>8.0), only 25 samples were included in the
present study.
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Microarray experiment: Microarray experiments with
individual samples were performed according to the
standard guidelines’. Total RNA (10 pg/sample) was
converted to cDNA, labelled with Cy3, and hybridized
to the NimbelGen Human Gene Expression 12x135K
(60-mer probes per target for latest 45K human
genome builds) microarray in glass format (Catalogue
no. 070925 HG18 expr HX12) using the NimbleGen
Expression protocol'’.

Feature extraction of arrays and data normalization:
Arrays were scanned with Agilent G2505B microarray
scanner system (Santa Clara, CA, USA). The scanned
images were processed to normalize the expression
data wusing quantile normalization and Robust
Multi-array analysis (RMA) algorithm using the
NimbleScan2.5 software. The software filtered out the
features that were significantly (P<0.05) higher than
the mean background signal and the features that were
saturated. The microarray data as Gene Calls RMA
files containing normalized image analysis values for
each detected probe along with accession number were
imported into the GeneSpring11.5.0 software (Agilent
Technologies, Santa Clara, CA, USA) for further
analysis on log transformed data. All measurements
per chip were normalized to the 50" percentile and
expression values for each gene were normalized
using the average expression score of glyceraldehyde
3-phosphate dehydrogenase GAPDH as the endogenous
control, because it showed minimum dispersion among
all samples in both array analysis and real time RT-
PCR analysis. Pearson’s correlation coefficients were
done to assess the reliability of data obtained from
two separate hybridization runs for the same RNA
preparation samples. The normalized data were further
used for analysis as described below.

Quality analyses of data: Prior to undertaking
microarray expression data analysis, the following
tests for the expression data were done for quality
assurance using GeneSpringl1.5.0 software (Agilent
Technologies, Santa Clara, CA, USA):

(i) Descriptive statistics for obtaining the measures
of central tendencies and dispersions of data.

(ii) Frequency distribution of probes for different
groups of expression levels was analyzed in all
25 samples. In the present study, various levels of
expression have been arbitrarily labelled as very high
(>1.5), markedly high (1.5 to 1.2), high (<1.2 to >0.9),
moderate (0.9 to 0.6), low (<0.6 to 0), markedly low

(<0 to >-0.9), very low (-0.9 to >-1.2), and overtly low
(-1.2to -1.5) levels.

(iii) Empirical Bayesian Prediction (EBP) analysis
was performed using input values for the entire gene
list from all the samples, and the confidence measures
of the prediction analysis were assessed using the
Naive Bayesian Model’. EBP analysis revealed a very
high degree of predictability with confidence measure
of ~1 for all samples.

(iv) Clustering analysis of annotated data was
performed using a standardized Pearson’s uncentered
correlation vector with average linkage for distance
and similarity measures between the gene expression
patterns for each sample. Hierarchical clustering
revealed that the three groups belonging to 6, 7 and 8
wk of gestation, respectively assorted with sufficient
clustering distance (~0.4).

(v) Lin’s concordance correlation coefficients
between values of transcript abundance obtained from
arrays and quantitative RT-PCR for 15 selected genes
were estimated to assess the reproducibility assurance of
signal estimation from arrays!'. The relative expressions
of selected genes in all samples were performed on real
time RT-PCR technology (iCyclerQTm Real time PCR
detection system, BioRad, Hercules, CA, USA) using
GAPDH as the house keeping internal control gene
product. Of the selected genes, six genes (ATF7IP,
CDY9, FNI, PAQRS, SFPQ and WNT34) displayed
overall high expression, four genes (CAGEI, FGD2,
SLC6A2 and ZNF395) displayed moderate expression
and five genes (EFCAB3, STAT3, STAT5B, TANK and
VEGFC) displayed overall low expression in array
data analysis. Of these genes, four (CAGEI, CDJY,
FGD2 and SLC6A42) showed differential expression.
All primers were designed on the Beacon Designer
software7.0 (Labware Scientific Inc., Milipitas, CA,
USA) based on SYBR green chemistry and obtained
from Qiagen (Cologne, Germany). QuantiTech Reverse
Transcription kit for cDNA synthesis and QuantiFast
SYBR green PCR kit for PCR amplification from
Qiagen were used according to the protocol given
by the manufacturer. Briefly, cDNA was synthesized
with Superscript II reverse transcriptase from same
total RNA (5 ug) samples as were used for the array
experiments and the levels of select transcripts were
estimated for each cDNA sample. Cycle threshold
(Ct) values were obtained and the ACt values between
experimental Ct and normalization Ct (GAPDH) were
determined and the relative expression ratios between
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groups were calculated by using 224 method as
described previously’. Estimates of copy numbers for
the target transcripts in complex RNA samples were
obtained using standards from Clontech (Takara Bio
Inc., Shiga, Japan) and pooled RNA as an internal
control’.

Collectively, it appeared that transcriptomic
expression data in the present study were of sufficiently
high quality supportive of further downstream
analysis.

Analysis  for identifying differential expression:
Normalized microarray data were subjected to one-
way analysis of variance followed by pair-wise
comparisons of expression values for each probe
between 6 wk and 7 wk, 6 wk and 8 wk, and 7 wk and
8 wk of gestation, respectively. The resulting gene lists
from each pair-wise comparison were filtered for the
genes that showed >2-fold changes at P<0.05 by using
a parametric Welch T-test with Benjamini-Hochberg
multiple testing corrections for false discovery rate.

Networks and enrichment analysis: Networks
and enrichment analyses were implemented upon
K-mean clusters as described previously’ using the
GeneSpring11.5.0 software. K-mean cluster analysis
of hybridization signals for all probes in all samples of
the three groups (6, 7 and 8 wk of gestation) identified
four distinct clusters labelled as K1, K2, K3 and K4
(Fig. 1). Networks and different enrichment analyses
were done using gene lists obtained from the above
analyses and based on pre-fixed setting of a cut-off
threshold of pFDR (P)< 0.05 with the help of the
GeneSpring11.5.0 software and Metacore platform
(GeneGo, St. Joseph, MI, USA) for accessing links to
various genomic bioinformatics portals and platforms.
Networks and different enrichment analyses were also
done for genes classified according to the expression
levels.

Immunochemical analysis: Five candidate proteins
(CAGEIL, CD9, SLC6A2, TANK, and VEGFC)
were subjected to immunochemical analyses using
specific antibodies (Table 1) in Western immunoblot
and immunohistochemistry experiments with 6-8
wk placental villi samples. Of these candidates,
transcripts values were high for CD9, moderate for
CAGE] and SLC6A2, and low for TANK and VEGFC.
Additionally, CAGEI, CD9 and SLC6A2 showed
differential expression between any two-group analysis
(Table II).

Western immunoblots (WB): Profiles of five candidate
proteins and GAPDH in homogenates of all samples
were assessed in samples of 25 pg protein content
along with pre-stained molecular weight markers based
on SDS-PAGE/Western immunoblotting methods on
nitrocellulose membrane using electrophoresis and
trans-blot equipment, and chemicals obtained from
Bio-Rad (Hercules, CA, USA) as described elsewhere®.
Final visualization was achieved by using Vectastain
ABC immunoperoxidase kits (Vector Laboratories,
Burlingame, CA, USA). Respective primary
antibody and secondary antibody controls were run
simultaneously to examine the specificity of procedure.
The molecular weights and semi-quantitative
densitometric analysis of bands were determined using
a densitometric equipment (Pharos FX Plus Molecular
Imager, Bio-Rad, Hercules, CA, USA) and an optimized
densitometric analysis software (PD Quest Advanced,
Bio-Rad). The integrated measures of optical densities
for individual antigens were calculated from log
of transmittance for each of the target antigen and
normalized with that of GAPDH.

Immunohistochemistry (IHC): THC staining for five
candidate proteins was performed on 5 pm paraffin
sections from all samples in duplicates using a method
described earlier*®. Appropriate fluorochrome (Alexa
488 for green and Texas red for red)-conjugated
secondary antibodies (Molecular Probes, Grand Island,
NY, USA) were used for visualization. Specificity of
antibody binding was assessed by omitting primary
antibodies, immunoadsorption of primary antibodies
with target antigens, replacing primary antibodies
with unrelated IgG from same species and other
species, omitting secondary antibodies, and replacing
secondary antibodies with unrelated IgGs from same
or other species in parallel sections. The nuclei were
counterstained with diamidino-6-phenylindole (DAPI)
(Molecular Probes, Grand Island, NY, USA). The
procedural details of image analysis using a confocal
laser scanning microscope (Leica Microsystems,
Wetzlar GmbH, Germany) and image analysis software
QWIN DC 200 (Leica, Cambridge, UK) have been
described elsewhere?®*.

Statistical analysis: Statistical analyses of all array
based data were done using the GeneSpringl1.5.0
software. Statistical analyses of Q-PCR data and image
analysis data were done using Kruskal-Wallis test
followed by multiple comparison test based on rank
sums Wilcoxon test using SPSS v.17 software (SPSS,
Inc., Chicago, IL, USA).
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Fig. 1. Summary of K-means analysis applied on normalized hybridized signals (in log,) for samples of 6, 7 and 8 wk of gestation (shown in
X-axis). Dendogram shows four specific clusters [K1-K4] identified in K-means classification along with number of probes in each cluster
(brackets) and expressional distance among expressed probes on Y-axis (A). Cohort average expression patterns for each group are shown in
the right panel (B). Cluster 1 (K1) consisted of co-expressed 11280 genes (13012 probes) with increasing profiles between 6 and 7 wk with
no obvious change between 7 and 8 wk. Cluster 2 (K2) consisted of co-expressed 10434 genes (12088 probes) with an overall rising profile
between 6 and 8 wk with a linear gradient. Cluster 3 (K3) consisted of co-expressed 9404 genes (10868 probes) with an overall rising profile
between 6 and 8 wk but with different gradients between 6 to 7 wk and 7 to 8 wk. Cluster 4 (K4) consisted of co-expressed 7827 genes (9065
probes) with increasing profiles between 6 and 7 wk followed by a fall in profile between 7 and 8 wk.
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Table I. Characteristics of target proteins and primary antibodies used in the study

Antigen Specification of Final concentration Transcript
antibody (ng/ml) expression characteristics®

CAGE!1" Rabbit IgG® 3 (WB) Increasing profiles between 6 and 8 wk, with higher expression in 8 wk
8 (IHC) samples as compared to 6 and 7 wk samples

CD9® Mouse IgG* 0.1 (WB) Generally, very highly expressed, however, with higher expression in 7 wk
0.3 (IHC) samples as compared to 6 and 8 wk samples

GAPDH Goat IgG* 0.2 (WB) Internal normalization control

SLC6A2'* Rabbit [gG® 0.1 (WB) Generally, moderately expressed, however, with higher expression in 7 wk
0.2 (IHC) samples as compared to 6 and 8 wk samples

TANK" Mouse 1gG¢ 0.2 (WB) No differential regulation among samples obtained between 6 and 8 wk of
0.5 (IHC) gestation, however, expressed at a high level

VEGFC!® Mouse [gG* 0.2 (WB) No differential regulation among samples obtained between 6 and 8 wk of
0.3 (IHC) gestation, however, expressed at a low level

“based on quantitative RT-PCR. "Sigma Chemical Co. (St. Loius, Missouri, USA). ‘Santa Cruz (Santa Cruz, CA, USA)
IHC, immunohistochemistry; WB, Western immunoblot; CAGE1, cancer antigen 1; CD9, CD9 molecule which is a member of the transmembrane
4 superfamily; GAPDH, glyceraldehydes 3-phosphate dehydrogenase; SLC6A2, solute carrier family 6 member 2; TANK, TRAF family member-

associated NFKB activator; VEGFC, vascular endothelial growth factor C

Results

Robust multi-array analysis of gene expression

profiles from 25 placental villi identified hybridization
signals for ~39K target genes in NimbleGen arrays.
The data are archived as a record with an accession
number GSE37653 at http://www.ncbi.nlm.nih.gov/
geo.

Enrichment analysis: Enhancement analysis of the
genes in the four K-mean clusters (Fig. 1) revealed
characteristic process identities specific to individual
clusters. Six genes associated with caspase activation
and regulation of cell cycle, four genes associated with
platelet-derived growth factor (PDGF) and vascular
endothelial growth factor (VEGF) signaling, and
two genes associated with cholesterol metabolism
and biosynthesis were co-expressed in K1. Fifteen
genes associated with cell adhesion, ephrin receptor
signaling, insulin signaling, notch signaling and PPAR
signaling were co-expressed in K2. The genes in
K3 and K4 were associated with developmental and
apoptotic processes. Thirteen genes associated with
cell cycle-p53 signaling, cell apoptosis and survival,
and G-protein signaling were co-expressed in K3,
while five co-expressed genes in K4 clustered into
enriched categories of chemokine signaling, cytokine-
cytokine receptor interaction, cysteine and methionine
metabolism, and tight junction.

Enrichment analysis of genes with known functions

expressed at different levels of expression (Appendix)

identified two very highly (>1.5) expressed genes
(FNI and WNT3A) involved in two enriched categories
(cytoskeletal remodelling and epithelial-mesenchymal
transition); additionally, CD9 and FNI were selected
in the cell adhesion category. Another set of 59 probes
(52 genes) showed markedly high levels of expression
(between 1.2 and 1.5); of which seven genes appeared
to be involved in four enriched categories: antiviral
immunity (47F2 and IL10RA), DNA-damage-induced
apoptosis (4TR), cytoskeletal remodelling (MYL6)
and epithelial-to-mesenchymal transition (CALDI,
HEYI and MMP?2). A total of 295 probes (256 genes)
showing high levels of expression (>0.9) were seen
to fall beyond mean + 3SD. Enrichment analysis of
genes (190) that displayed expression levels between
0.9 and 1.2 identified additional genes (ARRBI, BLM
and CHRNA?7) associated with regulation of apoptosis
and cell cycle. On the other hand, 925 probes which
included 814 known genes showed moderate (between
0.9 and 0.6) expression levels that fell between mean
+ 2SD and mean + 3SD, and clustered into enriched
categories associated with antiviral immunity (E/F2S2
and OASI), apoptosis inhibition (CHRNBI, FYN and
MTOR / FRAPI) and cell cycle progression (CHRNBI,
FYN, KPNA4 and MTOR/FRAPI). A relatively large
number of probes (9198) which included 7915 known
genes showed low (between 0.6 and 0.0) expression
levels involved in activin A signaling, development
related hedgehog signaling and opioid receptor
signaling systems, apoptosis, cell adhesion and
cytoskeleton remodelling/epithelial-to-mesenchymal
transition (Appendix).
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Appendix. Enriched categories of gene groups with different expression levels

Level of expression

Mean expression

Pathways (in log,)

Gene name (Gene symbol)

High to moderate (>0.6) level expression

Anti-viral immune response
Activating transcription factor 2 (A7F2) 1.50
Interleukin 10 receptor, alpha (IL10RA) 1.39
Eukaryotic translation initiation factor 2, subunit 2 beta 0.83
(EIF2S2)
2’,5’-oligoadenylate synthase 1 (OAS1) 0.74

Apoptosis inhibition
Arrestin, betal (ARRBI) 0.93
Cholinergic receptor nicotinic, betal (CHRNBI) 0.76
FYN oncogene related to SRC, FGR, YES (FYN) 0.73
FK506 binding protein 12 —rapamycin associated proteinl 0.77
(MTOR/FRAPI)

Cell adhesion
CD 9 molecule (CD 9) 2.71
Fibronectin 1 (FNI) 1.71

Cell cycle and cell cycle progression
Arrestin, betal (ARRBI) 0.93
Cholinergic receptor nicotinic, betal (CHRNBI) 0.76
FYN oncogene related to SRC, FGR, YES (FYN) 0.73
Karyopherin alpha4, Importin alpha3 (KPNA4) 0.77
FK506 binding protein 12 —rapamycin associated proteinl 0.77
(MTOR/FRAPI)

Cytoskeletal remodeling
Fibronectin 1 (FN1) 1.71
Myosin, light polypeptide 6 (MYL6) 1.50
Wingless-type MMTYV integration site family member 3A 1.71
(WNT34)

DNA-damage-induced apoptosis
Ataxia telangiectasia and Rad3 related (47R) 1.31
Bloom syndrome (BLM) 1.10
Cholinergic receptor nicotinic, alpha7 (CHRNA7) 1.03

Epithelial-to-mesenchymal transition
Caldesmon 1 (CALDI) 1.27
Fibronectin 1 (FN1) 1.71
Hairy/enhancer-of-split related with YRPW motif 1 (HEY1) 1.28
Matrix metalloproteinase 2 (MMP2) 1.27
Wingless-type MMTYV integration site family member 3A 1.71

(WNT34)

Contd...
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Level of expression

Mean expression

(PTPNII)

Pathways (in log,)

Gene name (Gene symbol)

Low (>0-0.6) level expression

Activin A signaling regulation
Inhibin, beta A/activin A (INHBA) 0.52
Immunoglobulin superfamily, member 1 (IGSFI) 0.60
Histone cluster 1, H2bb (HIST1H2BB) 0.35
Histone cluster 1, H2bh (HISTIH2BH) 0.43
Histone cluster 1, H4c (HIST1H4C) 0.52
H3 histone, family 3B (H3F3B) 0.37
Mediator complex subunit 15 (MED15) 0.55

Development related hedgehog signaling
Adrenergic, beta, receptor kinase 1 (4DRBK1I) 0.60
Arrestin, beta 2 (ARRB?2) 0.45
Casein kinase 1, alpha 1 (CSNK1A41) 0.51
GLI family zinc finger 2 (GL12) 0.50
GLI family zinc finger 3 (GLI3) 0.43
GLI family zinc finger 3 receptor (GLI3R) 0.43
S-phase kinase-associated protein 2, p45 (SKP2) 0.48
Speckle-type POZ protein (SPOP) 0.34

Opioid receptors signaling via beta-arrestin
Arrestin, beta 2 (ARRB2) 0.45
Dynamin-1 (DNM1) 0.60
G protein alpha z polypeptide (GNAZ) 0.60
G protein gamma 4 (GNG4) 0.35
Histone cluster 1, H4c (HIST1H4C) 0.52
Opioid receptor, kappa 1 (OPRKI) 0.42

Apoptosis and survival involving BAD phosphorylation
v-akt murine thymoma viral oncogene homolog 2 (4K72) 0.26
BCL2-associated X protein (BAX) 0.03
Beclin 1, autophagy related (BECNT) 0.23
Epidermal growth factor receptor (EGFR) 0.14
G protein beta polypeptide 4 (GNB4) 0.19
G protein gamma transducing activity polypeptide 2 0.13
(GNGT?2)
Insulin-like growth factor 1 receptor (/GFIR) 0.24
Insulin receptor substrate 1 (/RS7) 0.16
Mitogen-activated protein kinase 1 (MAPKI) 0.13
Mitogen-activated protein kinase 8 (MAPKS) 0.29
Phosphoinositide-3-kinase, regulatory 0.16
subunit 2 (beta) (PIK3R?2)
PTC7 protein phosphatase homolog (S. cerevisiae) (PPTC?7) 0.06
Protein tyrosine phosphatase SHP2, non-receptor type 1 0.29

Contd...
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Level of expression

Mean expression

Pathways (in logy)
Gene name (Gene symbol)
Ribosomal protein S6 kinase, 90kDa, (3RPS6KA3) 0.03
Src homology 2 domain containing transforming protein 1 0.09
(SHCI)
Cell adhesion involving chemokines and adhesion molecules
Actin, beta (ACTB) 0.19
v-akt murine thymoma viral oncogene homolog 2 (4K72) 0.26
Collagen, type 1V, alpha 5 (COL4A45) 0.26
G protein alpha inhibiting activity polypeptide 3 (GNAI3) 0.09
Jun proto-oncogene (JUN) 0.13
Interleukin 8 (/L8) 0.16
Integrin, beta 4 (ITGB4) 0.16
LIM domain kinase 1 (LIMK1) 0.16
Matrix metallopeptidase 1 (MMP1I) 0.13
v-myc myelocytomatosis viral oncogene homolog (avian) 0.03
(MYC)
Plasminogen activator, urokinase receptor (PLAUR) 0.13
Src homology 2 domain containing transforming protein 1 0.09
(SHCI)
Thrombospondin 1 (THBS1) 0.13
Cytoskeleton remodeling/Epithelial-mesenchymal transition
Actin, beta (ACTB) 0.19
v-akt murine thymoma viral oncogene homolog 2 (4K72) 0.26
Caspase-9 (CASP9) 0.26
Collagen, type IV, alpha 5 (COL4A45) 0.26
Dedicator of cytokinesis 1 (DOCKI) 0.09
Dishevelled, dsh homolog 3 (Drosophila) (DVL3) 0.29
Eukaryotic translation initiation factor 4E 0.06
binding protein 1 (EIF4EBPI)
Frizzled homolog 2 (Drosophila) (FZD2) 0.19
Integrin-linked kinase (/LK) 0.26
Jun proto-oncogene (JUN) 0.13
LIM domain kinase 1 (LIMKI) 0.16
Mitogen-activated protein kinase 1 (MAPKI) 0.13
Mitogen-activated protein kinase kinase 3 (MAP2K3) 0.13
Mitogen-activated protein kinase kinase kinase 7 (MAP3K7) 0.30
v-myc myelocytomatosis viral oncogene homolog (avian) 0.03
(MYC)
Phosphoinositide-3-kinase, regulatory subunit 1 (PIK3R1) 0.16
Src homology 2 domain containing transforming protein 1 0.09
(SHCI)
Wingless-type MMTYV integration site family, member 8A 0.09
(WNTS84)
Wingless-type MMTYV integration site family, 0.30

Contd...
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Level of expression Mean expression
Pathways (in log,)
Gene name (Gene symbol)
member 10B (WNT10B)
WNT inhibitory factor 1 subunit 2 (beta) (WIF1B2) 0.09
Markedly to overtly low (<0) level expression
Immune response
Collagen, type 1, alpha 2 (COL1A42) -1.37
Janus kinase 2 (JAK2) -1.44
Janus kinase 3 (JAK3) -1.08
IL-2R gamma (/IL2RG) -1.05
IL-12 (IL12) -0.72
IL-13 (IL13) -0.30
IL-15 (IL15) -0.80
IL-23 (IL23) -0.10
IL-27 (IL27) -0.72
Oncostatin M (OSM) -0.34
Signal transducer and activator of transcription 3 (STAT3) -0.99
Signal transducer and activator of transcription 5B (STAT5B) -1.04
Autophagy
Autophagy related 4 homolog 4 (47G4B) -1.04
Autophagy related 14 homolog (47G14) -1.12
BCL2-anatgonist of cell death (BAD) -1.01
B-cell CLL/lymphoma 2 (BCL2) -1.07

A large number of probes (34615) which included
29960 known genes, however, showed <0 level of
expression. Of these, 13 probes/genes showed overtly
low levels of expression (between -1.2 and -1.5)
that fell beyond mean - 3SD; three of these genes
(COLI1A42, JAK2 and JAK3) were identified in the
enrichment category of genes associated with immune
responses. On the other hand, 1139 probes (983 genes)
that showed very low levels of expression (between
-0.9 and > -1.2) were seen to fall between mean -3SD
and mean -2SD. Collectively, enrichment analysis of
under-expressed (<0) genes identified specific genes
that clustered into enriched categories associated with
interleukin signaling involved in immunity and genes
associated with autophagy (Appendix).

Differential transcriptomics of placental villi: Venn
analysis of the genes showing differential display
between any two groups in array experiments revealed
eight common genes displaying differential expression
(Table II). A comparison between any two groups
revealed that expression of pentatricopeptide repeat
domain-1 (PTCDI) and zinc finger protein 451

(ZNF451) showed relative upregulation, and zinc
binding alcohol dehydrogenase domain containing 1
(ZADH1) showedrelative downregulation categorically
in 6 wk samples compared with 7 and 8 wk samples.
On the other hand, three genes (CD9, LSM3 and
SLC6A42) showed relative upregulation and FGD2
showed relative downregulation in 7 wk samples
compared with 6 and 8 wk samples. The expression
of CAGE! showed relative upregulation categorically
in 8 wk samples compared with 6 and 7 wk samples
(Table 1I).

Table III shows the list of eight genes with known
functions that showed differential expression and
were highly represented with expression level of >0.9.
However, not a single gene in the under-represented
(<-0.9) category falling in the 5 per cent of total area in
the left tail of the frequency distribution graph showed
differential expression.

Immunochemical analyses of target proteins: Image
analysis of data of WBs and IHCs for five target
proteins revealed overall high degree of concordance
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Table II. List of common genes displaying differential” expression between any-two-groups
Gene symbol (GenBank Gene name Fold change (between weeks) at P<0.05
accession number) 6and 7 6 and 8 7 and 8
CAGEI Cancer antigen 1 ()22 (-)" 2.8
(NM_175745)
CD9 CD 9 molecule ()25 2.5
(BC011988)
FGD2 FYVE, RhoEF and PH domain containing 2 2.9 (-)*2.1
(BC053655)
LSM3 LSM3 homologue, U6 ()29 2.2
(BC007055) small nuclear RNA associated (Saccharomyces cerevisae)
PTCDI Pentatricopeptide repeat domain 1 2.9 2.1
(NM_015545)
SLC6A42 Solute carrier family 6 (neurotransmiter transporter, ()28 3.0
(NM_001043) noradrenalin), member 2
ZADHI/PTGR?2 Zinc binding alcohol dehydrogenase domain containing 1/ ()29 () 2.8
(BC059364) prostaglandin reductase 2
ZNF451 Zinc finger protein 451 29 2.8
(BC098382)
>2-fold at P<0.05; *downregulated in 6 wk samples; “downregulated in 7 wk samples

Table III. List of differentially” regulated highly” represented genes in placenta villi at 6, 7 and 8 wk of gestation
Symbol GenBank Gene Expression Fold change (between wk)
accession No.) name (in log,) 6 and 7 Gl 7 and 8
CD9 CD 9 molecule 2.7 ()25 2.5
(BCO11988)
DUSP18 Dual specificity 14 (-)*2.9
(NM_152511) phosphatase 18
DYM Dymeclin 1.2 (-)2.8
(NM_017653)
LSM3 LSM3 homolog, U6 small nuclear RNA 0.9 (-)*2.9 22
(BC007055) associated (S. cerevisiae)
RABIS RABI18, member RAS oncogene family 1.1 2.1
(AY574034)
RPPI4 Ribonuclease P 0.9 (-)*2.8
(BC012017) 14kDa subunit
SORD Sorbitol dehydrogenase 0.9 3.0
(BC025295)
TUBDI Tubulin, delta 1 0.9 29
(NM_016261)
>2-fold at P<0.05; ">0.9 in normalized log, scale; “downregulated in 6 wk samples

between estimated copy numbers from quantitative
RT-PCR and immunochemical estimation from WB
and IHC, except for the immunopositive area of
CAGE1 and immunoblot quantitation for SLC6A2
in 7 wk samples. Representative images from WB
and IHC experiments are shown in Figs 2 and 3,
respectively.

Networks analysis: The knowledge-based pathways
network analysis revealed that downregulation of
immune function without compromising antiviral
immunity was abasic genetic expressional characteristic
of human first trimester placental villi (Fig. 4). Further,
it revealed the transcriptomic bias in first trimester
placental villi towards high level of innate defense
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against microbial invasion; for example, the transcripts

Weeks for defensins, cell surface mucin, soluble mucin,
CAGE]| = v _.7- - o and tripartite motif (TRIM) proteins were markedly
high. Further networks analysis of 22 genes involved

in apoptosis and four genes involved in autophagy

CD9| iy . -. o= identified the transcriptional regulation process
putatively operative in the first trimester placental villi
SLCOAZ(  muews vt o e iy for apoptosis and autophagy (Fig. 5).
Discussion
TANK | wees = ¢ — et o s

In the present study, human first trimester placental
villi displayed transcript signals for a large number of
genes (~39K), of which~9K genes with known functions
displayed marked expression. A large number (~12K)
GAPDH|  dwe  pune o e b ane of genes were reportedly expressed in human first
trimester placental villi in a previous study'’. Placental
villi are composed of a mesenchymal core surrounded

VEGF| = « cone — — — ——

Fig. 2. Representative Western blot analysis of immunopositive

levels of cancer antigen 1 (CAGE), CD9, solute carrier family 6 by villous trophoblast, each population having pools of
member 2 (SLC6A2), TRAF family member-associated NFKB several cell types and these cells are transciptionally
activator (TANK), and vascular endothelial growth factor C active in specific manners'®. Collectively, it appears
(VEGFC) in lysates of primary villi obtained from two individual that first trimester placental villi are transcriptionally
placental samples collected during 6, 7 and 8 wk of gestation, very active.

respectively. Lysates containing 25 pg Bradford protein were

electrophoretically separated and subjected to immunblot analysis The present study further documented that
using glyceraldehyde 3-phosphate dehydrogenase (GAPDH) from downregulation of immune function without

the same sample as the internal control.

compromising antiviral immunity as evident from the
involvement of AP1-IL10R-OAS network!>-2. Tt was

SLC6A2 TANK

Fig. 3. Immunohistochemical staining of serial sections of the human first trimester placental villi. Cancer antigen 1 (CAGE) antibody
raised in rabbit showed red (7exas red) immunostaining of the antigen in syncytiotrophoblast, stromal matrix of 8 wk villous placenta
(A); serial parallel section immunostained with control rabbit IgG (F). Antisera against CD9Y, a tetraspanin molecule (CD9) shows green
(Alexa 488) immunostaining of the antigen in syncytiotrophoblast and in cells of villous stroma of 7 wk villous placenta (B); parallel section
immunostained with CD9 antibody immunoadsorbed with the antigen fails to show any immunostaining (G). Antisera against neurotransmitter
transporter for noradrenalin belonging to the solute carrier family 6 member 2 (SLC6A2) shows red immunostaining in syncytiotrophoblast
of 7 wk villous sample (C) and its parallel section immunostained with primary antibody but without the secondary antibody (H). Antibody
against TRAF family member-associated NFKB activator (TANK) shows weak immunostaining (green) in villous trophoblast and in a few
scattered stromal cells (D), no positive immunostaining is detected in the serial parallel section immunostained without the primary antibody
and with rabbit IgG (I). Vascular endothelial growth factor C (VEGFC) is immunolocalized primarily in villous trophoblast cells (E) while
the parallel section immunostained with primary antibody against VEGFC that was immunoadsorbed with the antigen failed to show any
specific staining (J). Nuclei were counterstained with DAPI (blue). Bar = 50 pm.
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processes. The expression values and gene names are given in Appendix.
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Appendix.

a basic genetic expressional characteristic of human
first trimester placental villi. It is noteworthy in this
regard that overt downregulation of genes associated
with immune response may predispose the mother to
preeclampsia®. It is anticipated that experiments to
explore the transcriptomics of isolated trophoblast cells
at different time points of gestation may yield better
understanding in this regard.

Functional significance of specific candidate gene
expression: Besides general functional characteristics,
a knowledge-based analysis could identify additional

functional clues in the present expression data sets,
some of which potentially show high relevance to first
trimester placental functions. Over-representation of
CD9 (2.71), FNI (1.71) and WNT3A (1.71) with only
moderate level expression of vimentin, VIM (0.13)
along with low expression levels of desmin, DES (-0.07)
and smooth muscle type actins, alpha-actin 2 ACTA2
(-0.22) and actin gamma 1 (ACTG1) (-0.04) was seen
in human placental villi during 6 to 8 wk of gestation.
There are earlier reports indicating expression of CD9,
FNI and WNT in first trimester placental villi*¢2#26,
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While CD9, FNI and WNT3A have been implicated in
epithelial-to-mesenchymal transition, cell adhesion and
migration®’**, the expression of desmin and sm-actins
has been implicated in the differentiation process of
vimentin-positive mesenchymal cells into fibroblasts
and myofibroblasts in the core matrix of villi¥.
Thus, our observation possibly indicates that during
6 to 8 wk of gestation, cytotrophoblast commitment
to the population of extravillous trophoblast with
mesenchymal phenotype is quantitatively more
abundant in placental villi as compared to mesenchymal
recruitment into fibroblasts and myofiboblasts in the
villous core. At that stage of pregnancy myofibroblasts
do not seem to be important, while these become an
essential part of the villous core in the second trimester
when the development of larger vessels in stem villi
starts”. The present immunohistochemical evidence
also substantiates the suggestion.

Involvement of the WNT-process appeared
important in first trimester placental biology. Moderate
representation of several WNT and firzzeled homolog
FZD members associated with relatively low
expression levels for beta-catenin (CTNNB, -0.09)
and moderate expression of MTOR/FRAPI (0.77) in
the first trimester placentas was noted in the present
study. Thus, it appeared that the transcriptional basis
of WNT — FZD as a part of Wnt canonical pathway
was available in the first trimester placentas, however,
the entities downstream to FZD in canonical Wnt
pathways were not selected. On the other hand, the
non-canonical pathway involving mTOR/FRAP-1
appears to be adequately represented. mTOR/FRAP-1
pathways include several machineries involved in cell
growth, inhibition of apoptosis, cell migration and
invasion’**' that are integral to the process of successful
placentation and embryogenesis®?****, mTOR/Frapl
null mice showed failed pregnancy immediately
after implantation with impaired embryogenesis and
trophoblast growth™.

Theotherimportantaspectoffunctional significance
of specific candidate gene expression was revealed by
the immunochemical analysis of five candidate proteins
(CAGEL, CD9Y, SLC6A2, TANK, and VEGFC). These
gene products have been demonstrated to be present
in the placenta'*'¢. Generally, marked concordance
was observed at the level of both average expression
and differential display among transcript values,
immunopositive protein expression levels in lysates
and immunopositive areas in tissue sections. This
observation is suggestive of high degree of predictive

information transfer from transcriptional expression
to translational expression levels in the early placental
villi.

In conclusion, it appears from the present study
that only a limited number (167) of known genes
of human early placental villi show differential
transcriptomic expression on time scale between 6 and
8 wk of gestation, although a moderately large number
(~ 1K) of genes are highly expressed. The genes
linked with immune tolerance, antiviral immunity,
developmental programming involving regulation of
apoptosis, autophagy, cell cycle progression, epithelial-
mesenchymal transition, as well as placental hormones
and proteins related to transporter functions show
consistent expression in early placental villi.
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