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Objective
This study aimed to investigate the association between preterm birth and epigenetic mechanisms in the amnion.

Methods

We examined the association between differentially methylated regions (DMRs) and differentially expressed genes
(DEG) using a cytosine-phosphate-guanine methylation array and whole-transcriptome sequencing from the amnion
(preterm birth, n=5; full term, n=5). We enrolled 35 participants for mRNA expression analysis and pyrosequencing:
16 full-term and 19 preterm subjects. We compared the association of integrin subunit alpha 11 (/TGA17) and
thrombospondin 2 (THBS2) gene methylation status with mRNA expression in the amnion.

Results

In the preterm birth group, methylation of ITGAT1 and THBS2 genes was significantly lower (ITGAT1 gene: 60.30%
vs. 73.16%, P<0.05; THBS2 gene: 64.59% vs. 73.16%, P<0.05), and the expression of the genes was significantly higher
than that in the full-term group (ITGA11 gene: 14.20 vs. 1.57, P<0.01; THBS2 gene: 1.18 vs. 10.34, P<0.05).

Conclusion
Methylation of the ITGA11 and THBS2 genes in the amnion was associated with preterm birth. Thus, ITGA71 and
THBS2 gene methylation status in the amnion may be valuable in explaining the mechanism underlying preterm birth.
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Introduction

Preterm birth, defined as delivery before 37 weeks of gesta-
tion, is associated with higher neonatal death rate [1,2]. Pre-
term birth rate increased from 24.15% in 1995 to 53.70%
in 2010 [3]. Preterm babies show increased risk of mortality
in the first year of life, neurodevelopmental disabilities, and
behavioral problems [4,5], as well as development of hyper-
tension, type 2 diabetes, and cardiovascular disease in the
future [2].

The fetal membranes consist of two distinct layers (the am-
nion and the chorion). They are developed from extra-embry-
onic tissues consisting of fetal (amniotic fluid) and maternal
components (maternal decidua) [6,7]. The amniotic mem-
brane (AM), or amnion, is a thin membrane on the inner side
of the fetal placenta [8]. The AM provides most of the tensile
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strength in the fetal membranes with an important role in the
maintenance of pregnancy and parturition [9]. During preg-
nancy, the AM is important because it reduces scarring and
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inflammation [7]. The premature rupture of fetal membranes
(PROM) is an event integral to the onset and development of
preterm labour (PTL) [10]. Generally, the physiology of ROM in
preterm birth has been attributed to cellular apoptosis, extra-
cellular matrix (ECM) remodeling, and stretch-induced physi-
cal weakening of the fetal membranes [10,11].

Recently, a new hypothesis has suggested that multiple
factors can increase the risk associated with preterm birth
through independent biological mechanisms, such as genetic
factors and epigenetic effects (e.g.,, DNA methylation) [12].
Generally, DNA methylation is an important epigenetic event
regulating chromatin structure and gene expression that can
induce changes in the phenotype of a cell or an organism
without altering its DNA sequence [13]. Some researchers
have investigated the informative locations for DNA methyla-
tion changes at promoters, cytosine-phosphate-guanine (CpG)
islands, and neighboring regions, and at loci, such as imprint-
ed differentially methylated regions (DMRs) using microarray
methods [14].

Some studies have shown significant differences in methyla-
tion values associated with gestational age and preterm birth
[2,15-18] using the myometrium [19], amnion [9], and blood
(maternal and cord) samples [20]. Recently, epigenetics has
become an active area of investigation, and the prevalence
of preterm birth has increased [21]. However, the association
between epigenetic mechanisms in the amnion and preterm
birth remained unclear. We hypothesized that DNA methyla-
tion is associated with the weakness of amnion cells, leading
to preterm premature rupture of membranes (PPROM) or PTL.
Thus, we examined the association of DMRs with differen-
tially expressed genes (DEG) between the amnions of women
with term and preterm birth using a DNA methylation array,
whole-transcriptome sequencing (WTS), pyrosequencing, and
gene expression data.

Materials and methods

1. Study subjects

This study was conducted as part of the Ewha Preterm Birth
and Case—Control Study, a birth cohort established at the
Ewha Womans University Hospital, Seoul, Republic of Korea,
between June and December 2014. The study was approved
by the Institutional Review Board of the Ewha Womans Uni-
versity Hospital (ECT 06-127-7). All participants provided in-
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formed consent, and the study was approved by the hospital’s
Institutional Review Board. Amnion samples from singleton
pregnancies with PTL and/or PPROM were collected during de-
livery, and we followed the birth outcome. Women with mul-
tiple births, major birth defects, and pregnancy complications
were excluded. Gestational age was determined using the first
day of the last menstrual period and ultrasound results.

2. DNA preparation and DNA methylation array
Amnion samples were collected from pregnant women with
term and preterm pregnancies at the Ewha Womans Univer-
sity MokDong Hospital. Genomic DNA was isolated from the
amnion samples of term (n=5) and preterm (n=>5) deliveries
using the QlAamp DNA mini kit (Qiagen, Hilden, Germany),
quantitated with a NanoDrop device, and checked for integ-
rity with 1% agarose gels. For each sample, up to 700 ng of
genomic DNA was bisulfite-converted using the Zymo EZ DNA
methylation kit (Zymo Research, Orange, CA, USA), amplified,
fragmented, and hybridized on an lllumina Human Methyla-
tion 450 BeadChip (lllumina, San Diego, CA, USA) according
to the manufacturer’s protocol. Briefly, bisulfite-converted
DNA was fragmented with the fragmentation mix buffer
supplied with the kit and hybridized to beads on chips that
contained appropriate probe sequences. After hybridization,
single-nucleotide extension was performed, with the DNA
fragments hybridized on the BeadChips, which were washed
before scanning.

After washing, the BeadChips were scanned with a HiScan
SQ system (lllumina). Scanned images were processed, and
signal intensity was calculated using the GenomeStudio soft-
ware (lllumina). The 450K Infinium Human Methylation 450
BeadChip microarray was processed with the GenomeStudio
Methylation Module, which was used to quantify the meth-
ylation level, in a range from 0 to 1. DMRs were determined
through the Diff Score (transformation of the P-value).

3. Whole-transcriptome sequencing analysis

Total RNA was isolated from the amnion samples of women
with term (n=5) and preterm (n=5) deliveries using the TRIzol
reagent (Life Technologies, Carlsbad, CA, USA). RNA integrity
was confirmed with a Bioanalyzer (Agilent, Santa Clara, CA,
USA) using the RNA 6000 Nano Kit (Agilent). Isolated total
RNA was processed for preparing the RNA sequencing library
using the TruSeq stranded total RNA sample preparation kit
(Ilumina) according to the manufacturer’s protocol. Briefly,
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rRNA samples were depleted from 1 pg total RNA using rRNA
removal beads, followed by enzyme shearing. After first- and
second-strand cDNA syntheses, A-tailing and end repair were
performed for the ligation of proprietary primers that incor-
porate unigue sequencing adaptors with indexes for tracking
lllumina reads from multiplexed samples run on a single se-
quencing lane. For each library, an insert size of up to 200 bp
was confirmed with a Bioanalyzer using a DNA kit (Agilent),
and the library was quantified using real-time polymerase
chain reaction (PCR) with a CFX96 real-time system (BioRad,
Hercules, CA, USA). Sequencing of each library was per-
formed on an lllumina NextSeq500, and clusters of the cDNA
libraries were generated on a TruSeq flow cell and sequenced
for 100-bp paired end reads (2x100) with a TruSeq 200 cycle
SBS kit (Illumina). The raw image data were transformed by
base-calling into sequence data and stored in FASTQ format.
The WTS reads were mapped onto the human (hg19) refer-
ence genome and assembled from alignments for transcript

structures using the Tuxedo package. After assembly, differ-
ential expression analysis was performed using the Cuffdiff
module of the Cufflinks package.

4. Database for Annotation, Visualization, and
Integrated Discovery analysis

DEGs and DMRs were identified through the WTS and 450K
microarray results. Candidates were selected when an inverse
correlated relationship was satisfied with expression and
methylation levels in the promoter region. To determine statis-
tically significantly overrepresented gene ontology (GO) terms,
the Database for Annotation, Visualization and Integrated
Discovery (DAVID; http://david.abcc.ncifcrf.gov, ver. 6.7) was
used [22], and functional annotation charts were created with
default settings.

5. Pyrosequencing
CpG site-targeted bisulfite pyrosequencing and real-time PCR

A
Co0 tmiand l8s, 430, 000 |68, 425, 000 |65, 420, 000 |65, 415, 000 (68, 410,000 |65, 405, 000 | 85, 400, 000 65,395, 000 | 65,390, 000 | 65,385, 0o | 68,380, 000 |63, 37S
ITGAL Cron Ex;ng
AGGGGAGAAG TTGGCACCTG CAGGTCTTCC TGGACTGACT GCAGGGGCTT GTGGTTCACC
TTGGCTCACA CATCTGGTGA GGCCTGGCCT CGTGGGGGCT AGGGAAACGA GAGCCCCTCT
GTTTGCACAT CCCTTACTCT CCCTCCATAA AGTCCTATCA GACACTGGAA ACCTTTGTGT
GCATTTTAAA CAGGGACATA TACATGATGA TTAATTTTAT
NM_QOIDOH:!S.I__- Exon 3 I
Exon 2
| fReal-time PCR
GGCGCTCAGC CTGTGGCCAG GGTTCACGGA CACCTTCAAC ATGGACACCA
GGAAGCCCCG GGTCATCCCT GGCTCCAGGA CCGCCTTCTT TGGCTACAGA
GTGCAGCAGC ACGACATCAG TGGCAATAAG TGGCTGGTCG TGGG
B W TR co2t EEFEMENRS  2ECINE 24 . 0 I o241 IR azd 20
chaf #9833, t 1188, 632, 444 1800, 631, 40 60, 634, b0 1069, 6%, 00 Tuem, san, o0 1169, 407 400 140,008, 000 189,628, 400
THES? o= - -
CoG islands
GGTGGAGAGG AACCAGCAGG ACGCAAGCCT GAGAGCCGGC CTCCTCGTCC TGCAGCACAA
GCCCCAGGGC CACGCAGGGG CGTGCTGGCC GGAGGTCACA CTGACCCTGA CGTCAGGACA
AGCACTGGGG CCAGGCCTCT
w_ooa?fi 723 ??—H! 3 » » » » » » ¥ »

Real=time PCR
COTTGCAAAT GGGTGTGACG CGGTTCCAGA TGTGGATTTG GCAAAACCTC ATTTAAGTAA ™

AAGGTTAGCA GAGCAAAGTG CGGTGCTTTA GCTGCTGCTT GTGCCGCTGT GGCGTCGGGG
AGGCTCCTGC CTGAGCTTCC TTCCCCAGCT TT

Fig. 1. Schematic representation of the human integrin subunit alpha 11 (A) and thrombospondin 2 (B) genes. Red line bar: pyrosequenc-
ing location; blue font: forward and reverse primer regions; violet font: sequencing primer region; green bar: real-time polymerase chain

reaction location.
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were used to confirm the BeadChip results in the amnion.
Briefly, 20 ng of genomic DNA from each of the amnion
samples from term (n=16) and preterm (n=19) deliveries was
treated with sodium bisulfite using the EZ DNA methylation
kit (Zymo Research) according to the manufacturer’s protocol.
The integrin subunit alpha 11 (/TGA17), and thrombospondin
2 (THBS2) genes were amplified using a forward primer and
a biotinylated reverse primer designed by PSQ Assay Design
(Biotage AB, Uppsala, Sweden) and amplified using a Gene-
Amp PCR system 9700 (Applied Biosystems, Waltham, MA,
USA). The PCR reactions were performed at an annealing
temperature of 60°C for 35 cycles. Pyrosequencing reactions
for ITGAT1 and THBS2 gene methylation were conducted
with sequencing primers on the PSQ HS 96A System (Biotage
AB) according to the manufacturer’s protocol (Fig. 1).

The percentage of methylation was calculated by dividing
the peak area of the methylated cytosine (mC) peak by the
combined peak areas of the non-methylated cytosine (C).
The methylation index of each sample was calculated as the
average value of mC (mC+C) for all examined CpGs in the
target region.

6. Real-time polymerase chain reaction

For quantitative real-time PCR, 1-ug RNA was converted to
cDNA using SuperScript Il reverse transcriptase (Invitrogen,
Carlsbad, CA, USA) and RNasin (Promega, Madison, WI,
USA) in a 20-pL reaction mixture. Real-time PCR was then
performed in a 20-pL reaction mixture containing cDNA,

Table 1. List of primers used in this study

200-nM primers for each gene, SYBR Premix EX Taq (Takara
Bio, Shiga, Japan), and ROX reference dye (Takara Bio) using
a PRISM 7000 sequence detection system (Applied BioSys-
tems, Foster City, CA, USA). Briefly, the samples were heated
to 95T for 10 mintues and then amplified for 40 cycles at
95T for 15 seconds, with annealing at 62°C for 1 mintue,
followed by a dissociation stage at 95 for 15 seconds
and 62°C for 20 seconds per cycle. Quantities of each gene
were calculated using the AACT method and based on the
cycle threshold (CT) normalized against glyceraldehyde-
3-phosphate dehydrogenase. The primer sequences for pyro-
sequencing and real-time PCR are listed in Table 1.

7. Statistical analysis

The basic characteristics of the study groups were compared
using Student test and y” test for continuous and categorical
variables, respectively. To screen candidate genes, we used
t-tests for methylation and expression levels and Pearson
correlation tests for associations between methylation values
and expression differences. We adjusted parity for differen-
tial methylation and expression between the amnion of term
and preterm birth using multivariate analysis of variance. Af-
ter pyrosequencing, the selected DNA methylation sites and
expression levels were compared between the groups using
the Mann-Whitney U test. All statistical analyses were con-
ducted using the SAS software (ver. 9.3; SAS Institute, Inc.,
Cary, NC, USA).

Primer category Primer sequence (5' — 3') PCR product size (bp) Use
ITGAT1
Forward GTATIT GTA GGT TTT TTT GGA TTG ATT GT 178 Pyrosequencing
Reverse ATC CCT ATT TAA AAT ACA CAC AAA AAT TTC
Sequencing TTG GTT TAT ATA TTT GGT GA
Forward GGC GCTCAG CCTGTIG G 144 Real-time PCR
Reverse CCC ACG ACC AGC CACTTATT
THBS2
Forward GGA GGT GGA GAG GAA TTA GTA GGA 138 Pyrosequencing
Reverse AAA CCT AAC CCC AAT ACT TAT CCT AAC
Sequencing GTT TTG TAG TAT AAG TTT TAG GG
Forward CCT YGC AAATGG GTGTGA CG 152 Real-time PCR
Reverse AAA GCT GGG GAA GGA AGC TC

ITGAT1, integrin subunit alpha 11; THBS2, thrombospondin 2; PCR, polymerase chain reaction.
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Results

We observed significant differences in DNA methylation and
RNA expression in the amnion samples between preterm and
full-term birth deliveries (Fig. 2). In total, 35,850 methylated
CG sites were significantly different in the amnion from term
and preterm births (P<0.05, Fig. 2A). Furthermore, 1,002
genes were significantly down- or upregulated in the amnion
between term and preterm births (P<0.05, Fig. 2B). Seventy-
one genes were common in the methylation and expression
analyses, with a negative correlation. Of the 71 differential
genes, 19 (26.76%) were hypermethylated or downregu-
lated, and 52 (73.24%) were hypomethylated or upregulated
in the amnions from preterm births.

We used a GO analysis to fully understand the 71 candidate
genes and their putative roles in the amnion in preterm births
(Table 2). Among the GO categories, /[TGAT1 and THBS2 were
classified as cell adhesion and biological adhesion related. This
category also included the activated leukocyte cell adhesion
molecule (ALCAM) and neuroligin 1 (NLGNT) genes. In the

A

All CpGs
(485,577 CpGs)

>

lllumina Infinitium Il array

category of molecular function (MF), the solute carrier family
8-member A3 (SLC8A3), FAM20C, mannose receptor C type
2 (MRC2), ITGAT11, and THBS2 genes were predicted to be
related to calcium ion binding. We focused on the role of the
ITGATT and THBSZ2 genes related with common cell adhesion.

Subsequently, we validated the candidate genes by using
pyrosequencing and real-time PCR. In total, 35 participants
were enrolled: 16 women with term births (mean age:
36.0+2.6 years) and 19 women with preterm births (mean
age: 33.9+4.6 years). Moreover, the birth weights were signif-
icantly different (term birth: 3,171£298.7 g vs. preterm birth:
1,544.1£615.3 g, P<0.001). Distributions of maternal age
and BMI did not differ significantly (P>0.05) between these
groups, but gravidity and parity were significantly different (all
P<0.05). Detailed clinical information of the subjects is listed
in Table 3.

To confirm /TGAT1 and THBS2 DNA methylation values
obtained from the microarray, we performed pyrosequenc-
ing in the regions, including /TGA17 (cg09430158, chr. 15:
68,375,639, GRCh38/hg38) and THBSZ (chr. 6: 169,215,780~

lllumina NextSeq500

|

Sequencing of each
library

¥

T-test (P<0.05) in 2
groups : 35,850 CpGs

T-test (P <0.05) in 2
groups : 1,002 Genes

|cormmon Hest and 2dold (1,3

¥

Common t-test and
Negative correlation
: 71 Genes

Fig. 2. Workflow for the sequence of data analyses with array-based technology and amnion samples. (A) DNA methylation values using an
lllumina Infinitium Il array. (B) mRNA expression detected using next-generation sequencing technology (lllumina NextSeq 500) and the amnion

samples from preterm births.
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Table 2. Functional gene ontology categories enriched in the amnion of the preterm birth group

GO Category GO term Annotations % P-value Genes
Biological processes Hyper methylation and down regulated
G0:0007155  Cell adhesion 21.053  0.039 ALCAM, NLGN1, ITGA11, THBS2
G0:0022610  Biological adhesion 21.053 0.040 ALCAM, NLGN1, ITGA11, THBS2
Hypo methylation and up regulated
G0:0051276  Chromosome organization 13.462  0.003 DOTIL, DNMT3A, EHMT1, HISTTH2BK,
HIST2H2BE, GPX4, TOP2A
G0:0006325  Chromatin organization 11.538 0.005 DOTI1L, DNMT3A, EHMT1, HIST1H2BK,
HIST2H2BE, GPX4
G0:0000302  Response to reactive oxygen 5769 0.022 SDCT, APOE, GPX4
species
GO:0010035  Response to inorganic substance 7.692 0.024 SRRT, SDC1, APOE, GPX4
G0:0048585  Negative regulation of response to 5.769 0.037 PRKCZ, AES, APOE
stimulus
GO:0006323  DNA packaging 5.769  0.049 HISTTH2BK, HIST2H2BE, TOP2A
G0:0030516  Regulation of axon extension 3.846  0.059 NRCAM, APOE
G0:0016055  Wnt receptor signaling pathway 5769 0.061 (CSNK2A2, AES, TLE2
GO:0010811  Positive regulation of cell-substrate  3.846  0.082  PRKCZ, RELL2
adhesion
G0:0006979  Response to oxidative stress 5.769 0.088 SDC1, APOE, GPX4
Cellular components  Hyper methylation and down regulated
GO0:0043005  Neuron projection 15.789  0.053 ALCAM, MYH14, SAMD4A
G0:0045202  Synapse 15.789  0.056 NLGN1, DLG2, SAMD4A
G0:0014069  Postsynaptic density 10.526  0.075 NLGNT1, DLG2
Hypo methylation and up regulated
G0:0000785  Chromatin 5769  0.080 DNMT3A, HIST1H2BK, HIST2H2BE
G0:0005694  Chromosome 7.692  0.092 DNMT3A, HIST1H2BK, HIST2H2BE, TOP2A
Molecular functions ~ Hyper methylation and down regulated
G0:0005509  Calcium ion binding 26.316  0.023 SLC8A3, FAM20C, MRC2, ITGA11, THBS2
Hypo methylation and up regulated
G0:0050662  Coenzyme binding 5.769 0.077 LDHB, ACBD®6, ETFA
G0:0016278  Lysine N-methyltransferase activity ~ 3.846  0.078 DOT1L, EHMT1
GO:0016279  Protein-lysine N-methyltransferase ~ 3.846  0.078 DOTIL, EHMT1
activity
G0O:0018024  Histone-lysine N-methyltransferase ~ 3.846  0.078 DOT1L, EHMT1
activity
G0:0042054  Histone methyltransferase activity 3.846  0.095 DOTIL, EHMT1

The percentage of gene hypomethylation and up-regulation or hypermethylation and downregulation within each GO category in the amnion
in relation to pregnant women are presented. The indicated P-values correspond to modified Fisher exact P-value for gene-enrichment analy-
sis (EASE score). Of 71 examined genes, 52 genes were hypomethylated and up-regulated, and 19 genes were hypermethylated and down-

regulated.
GO, gene ontology.
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Table 3. Clinical characteristics of the validation subjects

Characteristics Control (n=16) Preterm (n=19) P-value®
Maternal age 36.0+2.6 33.9+4.6 0.320
Gestational age (wk) 38.6+1.2 30.6+3.1 <0.001
Gravity 2.7+0.5 1.9+0.3 0.009
Parity 1.0£0.2 0.4+0.2 0.034
BMI (kg/m?) 26.5+0.9 24.9+0.7 0.170
Birth weight (g) 3,171£298.7 1,544.1£615.3 <0.001

?p-values indicate the significant differences between the term and preterm birth groups (non-parametric Wilcoxon rank sum test).

A ITGAT1 methylation
80 a)

Term Preterm

C ITGAT1T expression

a)

Term Preterm

B THBS2 methylation

a)

Term Preterm

D THBS2 expression
12 a)

1

Term Preterm

Fig. 3. Methylation values of the integrin subunit alpha 11 (A) and thrombospondin 2 (B) genes in the amnion for the term and preterm
births. mRNA expression levels of the integrin subunit alpha 11 (C) and thrombospondin 2 (D) genes in the amnion for the term and pre-
term births. The error bars represent standard deviations. /TGA 77, integrin subunit alpha 11; 7THB8S2, thrombospondin 2. ?P-values indicate
significant differences between the term and preterm birth groups (non-parametric Wilcoxon rank sum test).

169,254,044, GRCh38: CM000668.2). In the preterm birth
group, /TGAT1 gene methylation in the amnion were sig-
nificantly lower (60.30% vs. 73.16%, P<0.05; Fig. 3A), and
expression in the amnion was significantly higher than that

www.ogscience.org

in the full-term group (14.20 vs. 1.57, P<0.01; Fig. 3B). For
the THBS2 gene, methylation showed significant differences
between preterm and term groups (64.59% vs. 79.59%,
P<0.05; Fig. 3C), with THBS2 gene expression in the amnion
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in the preterm group being significantly higher than that in
the term birth group (10.34 vs. 1.18, P<0.05; Fig. 3D).

Discussion

In this study, we identified an association between the lower
methylation and higher expression statuses of the /TGA 77 and
THBS2 genes in the amnion of preterm births using methyla-
tion array and WTS. These results suggest that /TGA77 and
THBS2 gene methylation status in the amnion may be valu-
able in explaining the mechanism of preterm birth. We also
identified at first /TGA77 and THBS2 gene methylation was
associated with preterm birth in the amnion using the DMR
and WTS methods.

Parturition leads to the following sequence: intact fetal
membrane distention, separation of amnion from the chorio-
decidua with subsequent rupture of the choriodecidua, non-
elastic distention of the amnion, and ultimately amnion rup-
ture [23,24]. In pregnancy, maintenance of amnion requires
balance of collagen synthesis by fibroblasts [25].

In our results, the /TGATT and THBS2 genes were associated
with cell adhesion in the GO analysis. The amnion membrane
contains several ECM components, such as types |, II, lll, and
IV collagen, laminin, and fibronectin [7]. ECM separation can
decrease cell adhesion and proliferation, leading to PROM [26)].
Generally, integrins and thrombospondins are known to play
an important role for the regulation of cellular processes, such
as cell adhesion, migration, and differentiation [27,28].

The /TGAT1 gene has been localized in bands g22.3-g23
on chromosome 15, and the gene encodes a mature protein
with a large 1120-residue extracellular domain that contains
an I-domain of 207 residues and is linked by a transmem-
brane domain to a short cytoplasmic domain of 24 amino
acids [29]. /TGAT11 has a strong affinity for type | collagen,
which shows an increased expression during pregnancy and
could inhibit significant tissue remodeling in the cervix [30].
ITGATT gene expression is also increased through mid-gesta-
tion and decreased through the late stages of pregnancy [30].
The /TGATT gene is involved in the differentiation and apop-
tosis pathways, leading to fibrosis in the human myometrium
[31]. In addition, some integrins are activated, leading to
strong adherence to the vessel wall by crosslinking via fibrino-
gen and fibronectin [32].

The THBS2 gene is located at the distal long arm of chro-
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mosome 6, at 6g27, and is transcribed in fibroblasts, smooth
muscle cells, and osteosarcoma cell line [10]. It is a multi-
functional molecule primarily described as a non-structural
regulator component of the ECM, where it modulates activity
and bioavailability of proteases and growth factors [33]. The
THBSZ protein had a potent influence on cell adhesion, inter-
fering with fibronectin-mediated ECM interactions [28]. These
roles of THBS2 retain the complex interaction with cell sur-
face receptors, proteases, and cytokines that characterize the
mode of action of matricellular proteins [28]. Thus, /TGAT1
and THBS2 gene expression may positively affect tissue re-
modeling or transcription events in the amnion.

We found that the /TGAT7 and THBSZ genes were associ-
ated with both hypomethylation and upregulated expression
in the preterm birth amnion. /TGATT plays a multifunctional
role in the recognition and organization of interstitial collagen
matrices during development [34]. In addition, /TGATT ex-
pression increased through mid-gestation, peaking on day 18
and decreasing until day 22 in the cervical tissue of rats [30].
In mice, THBS2 mRNA expression was decreased until non-
pregnant levels by day 8 of gestation and remained with low
level until 2 hours postpartum, returning to non-pregnant
level by 24 hours of the postpartum period [35]. This conflict
maybe due to the divergent role of the THBS2 in the different
microenvironments according to diseases [36]. Although the
expression of /TGAT71 and THBS2 gene regulates cell adhesion
of fibroblasts and increase of collagen, overexpression in our
results proposes the increase in tissue fibrosis, resulting in pre-
term birth.

This study has some limitations. First, the study only includ-
ed a small number of subjects: only 35 subjects were included
in the preterm and term birth groups. Second, we did not
assess the /TGAT1 and THBSZ2 genes with other genes in the
same pathways. Third, the /TGAT7 and THBS2 genes were
only confirmed on the amnion with preterm birth. Further
studies using maternal blood are necessary to confirm the
possibility of genetic marker.

In conclusion, methylation status and expression of [TGA11
and THBS2 genes in the amnion were associated with pre-
term birth. [TGAT1 and THBS2 genes may involve overexpres-
sion and methylation, leading to fibrosis in the amnion. This
result may be helpful in explaining the mechanism of preterm
birth. Further studies are necessary to speculate an association
ITGAT1 and THBS2 genes with preterm birth.

www.ogscience.org



Obstetrics & Gynecology Science
Jae Young Yoo, et al. /TGA11 and THBS2 gene methylation in preterm birth

Acknowledgements

This study was supported by the Ministry of Health & Wel-
fare of the Republic of Korea (grant number: HI14C0306)
through the Korea Health Industry Development Institute
(KHIDI) and National Research Foundation of Korea (NRF)
funded by the Ministry of Education (grant number: NRF-
2016R1D1A1A09918620).

Conflict of interest

No potential conflict of interest relevant to this article was re-
ported.

References

1. Arzuaga BH, Lee BH. Limits of human viability in
the United States: a medicolegal review. Pediatrics
2011;128:1047-52.

2. Parets SE, Bedient CE, Menon R, Smith AK. Preterm birth
and its long-term effects: methylation to mechanisms.
Biology (Basel) 2014;3:498-513.

3. Lim JW. The changing trends in live birth statistics in Ko-
rea, 1970 to 2010. Korean J Pediatr 2011;54:429-35.

4. Bhutta AT, Cleves MA, Casey PH, Cradock MM, Anand
KJ. Cognitive and behavioral outcomes of school-aged
children who were born preterm: a meta-analysis. JAMA
2002,288:728-37.

5. Hwang HS, Na SH, Hur SE, Lee SA, Lee KA, Cho GJ, et
al. Practice patterns in the management of threatened
preterm labor in Korea: a multicenter retrospective
study. Obstet Gynecol Sci 2015;58:203-9.

6. Parry S, Strauss JF 3rd. Premature rupture of the fetal
membranes. N Engl J Med 1998;338:663-70.

7. Niknejad H, Peirovi H, Jorjani M, Ahmadiani A, Ghanavi
J, Seifalian AM. Properties of the amniotic membrane
for potential use in tissue engineering. Eur Cell Mater
2008;15:88-99.

8. Mamede AC, Carvalho MJ, Abrantes AM, Laranjo M,
Maia CJ, Botelho MF. Amniotic membrane: from struc-
ture and functions to clinical applications. Cell Tissue
Res 2012;349:447-58.

9. Kim J, Pitlick MM, Christine PJ, Schaefer AR, Saleme C,

www.ogscience.org

Comas B, et al. Genome-wide analysis of DNA methyla-
tion in human amnion. Sci World J 2013;2013:678156.

. Arikat S, Novince RW, Mercer BM, Kumar D, Fox JM,

Mansour JM, et al. Separation of amnion from chorio-
decidua is an integral event to the rupture of normal
term fetal membranes and constitutes a significant
component of the work required. Am J Obstet Gynecol
2006;194:211-7.

. Lei H, Furth EE, Kalluri R, Chiou T, Tilly KI, Tilly JL, et al. A

program of cell death and extracellular matrix degrada-
tion is activated in the amnion before the onset of labor.
J Clin Invest 1996;98:1971-8.

. Sundrani DP, Chavan-Gautam PM, Pisal HR, Mehendale

SS, Joshi SR. Matrix metalloproteinase-1 and -9 in hu-
man placenta during spontaneous vaginal delivery and
caesarean sectioning in preterm pregnancy. PLoS One
2012,;7:29855.

. Chen TH, Shih CY, Hsu WL, Chou TC. Mechanisms

of nifedipine-downregulated CD40L/sCD40L signal-
ing in collagen stimulated human platelets. PLoS One
2015;10:e0127054.

.Ulahannan N, Greally JM. Genome-wide assays that

identify and quantify modified cytosines in human dis-
ease studies. Epigenetics Chromatin 2015;8:5.

. Flenady V, Wojcieszek AM, Papatsonis DN, Stock OM,

Murray L, Jardine LA, et al. Calcium channel blockers for
inhibiting preterm labour and birth. Cochrane Database
Syst Rev 2014;6:CD002255.

. Chan LW, Sahota DS, Yeung SY, Leung TY, Fung TY, Lau

TK, et al. Side-effect and vital sign profile of nifedipine
as a tocolytic for preterm labour. Hong Kong Med J
2008;14:267-72.

. Kajimoto H, Hashimoto K, Bonnet SN, Haromy A, Harry

G, Moudgil R, et al. Oxygen activates the Rho/Rho-
kinase pathway and induces RhoB and ROCK-1 expres-
sion in human and rabbit ductus arteriosus by increasing
mitochondria-derived reactive oxygen species: a newly
recognized mechanism for sustaining ductal constric-
tion. Circulation 2007;115:1777-88.

. Shi L, Wu J. Epigenetic regulation in mammalian preim-

plantation embryo development. Reprod Biol Endocrinol
2009;7:59.

. Mitsuya K, Singh N, Sooranna SR, Johnson MR, Myatt L.

Epigenetics of human myometrium: DNA methylation of
genes encoding contraction-associated proteins in term

573



Obstetrics & Gynecology Science
Vol. 61, No. 5, 2018

20.

21.

22.

23.

24.

25.

26.

27.

28.

574

and preterm labor. Biol Reprod 2014;90:98.

Parets SE, Conneely KN, Kilaru V, Fortunato SJ, Syed TA,
Saade G, et al. Fetal DNA methylation associates with
early spontaneous preterm birth and gestational age.
PLoS One 2013;8:e67489.

Knight AK, Smith AK. Epigenetic biomarkers of preterm
birth and its risk factors. Genes (Basel) 2016;7:E15.
Huang W, Sherman BT, Lempicki RA. Systematic and
integrative analysis of large gene lists using DAVID bio-
informatics resources. Nat Protoc 2009;4:44-57.

Nunes V, Cross J, Speich JE, Morgan DR, Strauss JF 3rd,
Ramus RM. Fetal membrane imaging and the predic-
tion of preterm birth: a systematic review, current is-
sues, and future directions. BMC Pregnancy Childbirth
2016;16:387.

Moore RM, Mansour JM, Redline RW, Mercer BM,
Moore JJ. The physiology of fetal membrane rupture:
insight gained from the determination of physical prop-
erties. Placenta 2006;27:1037-51.

Woods JR Jr. Reactive oxygen species and preterm
premature rupture of membranes-a review. Placenta
2001;22 Suppl A:538-44.

Strohl A, Kumar D, Novince R, Shaniuk P, Smith J, Bryant
K, et al. Decreased adherence and spontaneous separa-
tion of fetal membrane layers--amnion and choriode-
cidua--a possible part of the normal weakening process.
Placenta 2010;31:18-24.

Popov C, Radic T, Haasters F, Prall WC, Aszodi A, Gull-
berg D, et al. Integrins a2B1 and a11B1 regulate the
survival of mesenchymal stem cells on collagen I. Cell
Death Dis 2011;2:e186.

Bornstein P, Agah A, Kyriakides TR. The role of throm-
bospondins 1 and 2 in the regulation of cell-matrix in-

29.

30.

31

32

33.

34.

35.

36.

teractions, collagen fibril formation, and the response to
injury. Int J Biochem Cell Biol 2004;36:1115-25.

Lehnert K, Ni J, Leung E, Gough SM, Weaver A, Yao WP,
et al. Cloning, sequence analysis, and chromosomal lo-
calization of the novel human integrin alpha11 subunit
(ITGA11). Genomics 1999;60:179-87.

Ji H, Long V, Briody V, Chien EK. Progesterone modu-
lates integrin alpha2 (ITGA2) and alphal1 (ITGA11) in
the pregnant cervix. Reprod Sci 2011;18:156-63.

. Peavey M, Salleh N, Leppert P. Collagen-binding a1

integrin expression in human myometrium and fi-
broids utilizing a novel RNA in situ probe. Reprod Sci
2014,;21:1139-44.

. Hynes RO. Integrins: bidirectional, allosteric signaling

machines. Cell 2002;110:673-87.

Stenczer B, Molvarec A, Veresh Z, Gullai N, Nagy GR,
Walentin S, et al. Circulating levels of the anti-angiogen-
ic thrombospondin 2 are elevated in pre-eclampsia. Acta
Obstet Gynecol Scand 2011;90:1291-5.

Tiger CF, Fougerousse F, Grundstréom G, Velling T, Gull-
berg D. Alphal1betal integrin is a receptor for inter-
stitial collagens involved in cell migration and collagen
reorganization on mesenchymal nonmuscle cells. Dev
Biol 2001;237:116-29.

Akins ML, Luby-Phelps K, Bank RA, Mahendroo M. Cer-
vical softening during pregnancy: regulated changes in
collagen cross-linking and composition of matricellular
proteins in the mouse. Biol Reprod 2011;84:1053-62.
Chang IW, Li CF, Lin VC, He HL, Liang PI, Wu WJ, et al.
Prognostic impact of thrombospodin-2 (THBS2) overex-
pression on patients with urothelial carcinomas of upper
urinary tracts and bladders. J Cancer 2016;7:1541-9.

www.ogscience.org



