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OBJECTIVE: To aid in understanding long-term health consequences of
intrauterine infections in preterm birth, we evaluated DNA methylation
at 9 differentially methylated regions that regulate imprinted genes by
type of preterm birth (spontaneous preterm labor, preterm premature
rupture of membranes, or medically indicated [fetal growth restriction
and preeclampsia]) and infection status (chorioamnionitis or funisitis).

STUDY DESIGN: Data on type of preterm birth and infection status were
abstracted from medical records and standardized pathology reports in
73 preterm infants enrolled in the Newborn Epigenetics STudy, a pro-
spective cohort study of mother-infant dyads in Durham, NC. Cord
blood was collected at birth, and infant DNA methylation levels at the
H19, IGF2, MEG3, MEST, SGCE/PEG10, PEG3, NNAT, and PLAGL 1 dif-
ferentially methylated regions were measured using bisulfite pyrose-
quencing. One-way analyses of variance and logistic regression models
were used to compare DNA methylation levels by type of preterm birth

RESULTS: DNA methylation levels did not differ at any of the regions
(P> .20) between infants born via spontaneous preterm labor (average
n = 29), preterm premature rupture of membranes (average n = 17),
or medically indicated preterm birth (average n = 40). Levels were sig-
nificantly increased at PLAGL 7 in infants with chorioamnionitis (n = 10,
64.4%) compared with infants without chorioamnionitis (n = 63,
57.9%), P < .01. DNA methylation levels were also increased at
PLAGL 7 for infants with funisitis (n = 7, 63.3%) compared with infants
without funisitis (n = 66, 58.3%), P < .05.

CONGLUSION: Dysregulation of PLAGL1 has been associated with ab-
normal development and cancer. Early-life exposures, including infec-
tion/inflammation, may affect epigenetic changes that increase sus-
ceptibility to later chronic disease.
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In the US, about 12% of all deliveries
result in preterm births (PTB), de-
fined as births occurring at less than 37
weeks’ gestation." PTB and low birth-
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weight (LBW) are associated with not
only significant perinatal and childhood
morbidity but also long-term morbidity
and increased risk of chronic diseases in
adulthood.>* In addition, PTB is a het-
erogenous process that includes 3 differ-
ent obstetric phenotypes: medically indi-
cated PTB, preterm premature rupture
of membranes (PPROM), and spontane-
ous preterm labor (PTL).” Although
there are multiple risk factors for PTB,
including infections such as chorioam-
nionitis and funisitis, mechanisms link-
ing infection, PTB, and perinatal and
long-term morbidity, which could be
used for risk stratification, are still
unclear.

Epigenetics has been postulated as the
mechanism linking the early develop-
mental environment to adult disease.””’
Studies of survivors of the Dutch and
Chinese famines have shown that those
exposed to famine during the pericon-
ceptional period had increased risk of
obesity and chronic diseases in adult-
hood as well as persistent epigenetic

changes at multiple imprinted genes.*
In support of the role of epigenetics in
preterm birth, recent studies have also
found associations between DNA meth-
ylation levels of repetitive sequences or
long interspersed nucleotide elements
(LINE-1) and gestational age/PTB."* In
addition, increased homocysteine and
global DNA methylation levels were seen
in the placenta of women with pre-
eclampsia compared with normotensive
women."” Moreover, a recent study
found hypermethylation of multiple im-
printed genes associated with spontane-
ous abortions and stillbirths, suggesting
methylation alterations may play a role
in pregnancy loss.'

The early origins of adult disease hy-
pothesis postulates that the environment
encountered in early life modifies risk of
adult chronic disease, and this may in-
clude risk for poor birth outcomes.
Mechanisms for these effects are still un-
clear, but are strongly suspected to in-
clude epigenetic modifications.'”'® We
sought to examine DNA methylation at
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differentially methylated regulatory re-
gions associated with multiple imprinted
genes. These genes function as critical
growth effectors and regulators of devel-
opment.”'>!'” Our study was designed to
evaluate these differentially methylated
regions (DMRs) in relation to type of
preterm birth and infection status.

MATERIALS AND METHODS

Study participants

Study participants included all singleton
infants born prematurely (<37 weeks)
to the cohort of women enrolled in the
Newborn Epigenetics STudy (NEST); a
prospective study of mother/infant dy-
ads aimed at investigating the effects of
in utero exposures on epigenetic profiles
and phenotypes in children. The target
population and methods for participant
identification and enrollment have
been described in detail previously.”**!
Briefly, between 2007 and 2011, preg-
nant women were recruited during their
first or second trimester visits to prenatal
clinics serving Duke Hospital or Dur-
ham Regional Hospital, the only 2 ob-
stetric facilities in Durham County. Eli-
gibility criteria were age 18 years and
older, intention to use Duke Hospital or
Durham Regional Hospital for delivery,
and English and Spanish speaking. Sub-
jects were excluded if they planned to
give up custody of their children or had
HIV because of the limited research on
the interaction of HIV infection with po-
tential DNA methylation alterations in
the offspring. Of the 181 singleton pre-
term births in this cohort, infection,
complete parturition, and methylation
data were available in a subset of 73
mother-infant pairs. These mother-in-
fant pairs are similar to the larger group
of 181 with respect to maternal age (P =
.3284), race (P = .638), maternal body
mass index (BMI) (P = .8156), type of
preterm birth (P = .106), and propor-
tion of births with chorioamnionitis
(P = .620) and funisitis (P = .619). The
study protocol was approved by the
Duke University Institutional Review
Board.

Data collection
Demographic information was collected
from mothers at enrollment. Gestational

age at enrollment ranged from 5-36
weeks (mean, 17.5 weeks; standard devi-
ation [SD], 9.0). Gestational age at en-
rollment was slightly higher in the group
of 73 mother-infant pairs (mean, 20.8
weeks; SD, 9.1) as compared with the
larger group of 181 (mean, 17.5 weeks;
SD, 9.0), P = .01. Pregnant women self-
reported birthdate (maternal age was
computed by subtracting delivery date
from birth date), current health status,
parity, marital status, and usual weight and
height at last menstrual period (LMP) for
BMI. Because of changes in some ques-
tions in more recent demographic surveys,
this study only characterizes women as
“black” or “white”, and the remaining
women (ones who chose “Asian,” “Native-
American,” “Hispanic,” or “Other”) are
considered “other.” Women who chose
“white” or “caucasian” were classified as
“white.” Women were classified as “black”
if they identified themselves as “black/Af-
rican-American” or if they identified as
“biracial/other” and their mother was
“black/African-American.” Smoking sta-
tus was harmonized between question-
naires to 3 categories, none, smoking dur-
ing pregnancy, and quitting during
pregnancy, as previously described.”* Edu-
cation level was harmonized to less than
high school, high school or GED, college,
and graduate school.

After delivery of the infant, trained
personnel abstracted parturition data
from medical records including gesta-
tional age at birth, infant sex, delivery
mode, and birthweight. PTB was defined
as gestational age <37 weeks, and LBW
was defined as birthweight <2500 g.*’
Trained abstractors examined the medi-
cal records of all preterm infants to de-
termine the type of PTB. Medically indi-
cated PTB was defined as emergent
delivery because of a medical complica-
tion, intrauterine growth restriction
(IUGR), or preeclampsia (defined for
this study as medical order for magne-
sium and 24-hour urine protein level
>300 mg).”* PPROM was defined by a
clinical diagnosis (listed on problem list)
or presence of 2 of 3 of the following pos-
itive tests (pool, fern, or nitrazine). All
other PTBs were defined as spontaneous.
When the medical record was unclear, an
obstetrician (A.P.M.) determined the
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phenotype based on clinical expertise.
Standard pathologic reports from the
placenta of preterm infants were used to
assess infection status. Chorioamnioni-
tis was defined as a pathologic diagnosis
of Stage IT or III chorioamnionitis.” Fu-
nisitis was also a standardized pathologic
diagnosis.”> All data were collected and
deidentified in STATA 12.0 (StataCorp,
College Station, TX).

DNA methylation analysis

Infant cord blood specimens were col-
lected at birth. Samples were collected in
EDTA-containing vacutainer tubes and
centrifuged using standard protocols to
allow for collection of plasma and bufty
coat, with bufty coat used for DNA ex-
traction (Qiagen, Valencia, CA). Speci-
mens were stored at —80°C until time of
analysis. DNA was extracted using Pure-
gene reagents according to the manufac-
turer’s protocol (Qiagen) and quantity
and quality assessed using a Nano-
drop 1000 Spectrophotometer (Thermo
Scientific, Wilmington, DE). Infant
genomic DNAs (800 ng) were modified
by treatment with sodium bisulfite using
the Zymo EZ DNA Methylation kit
(Zymo Research, Irvine, CA). Bisulfite
treatment of denatured DNA converts
all unmethylated cytosines to uracils,
leaving methylated cytosines unchan-
ged, allowing for quantitative mea-
surement of cytosine methylation status.
Pyrosequencing was performed using a
Pyromark Q96 MD pyrosequencer (Qia-
gen). The bisulfite pyrosequencing as-
says were used to quantitatively measure
the level of methylation at CpG sites con-
tained within 9 imprinted DMRs. DMRs
analyzed were the paternally methylated
IGF2 DMR, H19 DMR, MEG3-1G DMR
(located intergenic to DLK1 and MEG3)
and MEG3 DMR (promoter), and the
maternally methylated PEG3 DMR,
MEST DMR, SGCE/PEGI0 DMR,
NNAT DMR, and PLAGL1 DMR. For all
DMRs except PLAGLI, pyrosequencing
assay design, genomic coordinates, assay
conditions and assay validation are de-
scribed in detail elsewhere.”> *” Assays
were designed to query established im-
printed gene DMRs using the Pyromark
Assay Design Software (Qiagen). For
amplification of PLAGLI from bisulfite
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modified DNAs, polymerase chain reac-
tion (PCR) primers were forward, 5’-
GTA GGG TAG GTG TTT GGG TGT
T-3" and reverse, 5'-[biotin] CRA CAA
AAA CAC ACC CTC CTC-3". PCR was
performed as previously described” us-
ing the following conditions: 95°C for 15
minutes, 55 cycles of 94°C for 30 sec-
onds, 68°C for 30 seconds. and 72°C for
30 seconds, and a final 10-minute exten-
sion at 72°C. Pyrosequencing was per-
formed using primer 5'-TGA GGT GTT
TGG GTG TT-3’ to analyze sequence at
genomic coordinates 144,329,179 to
144,329,209 on chromosome 6 (UCSC
Genome Browser, Feb. 2009 release,
GRCh37/hgl9). PCR conditions were
optimized to produce a single, robust
amplification product. Defined mixtures
of fully methylated and unmethylated
control DNAs were used to show a linear
increase in detection of methylation val-
ues as the level of input DNA methyl-
ation increased (Pearson r > 0.98 for all
DMRs). Once optimal conditions were
defined, each DMR was analyzed using
the same amount of input DNA from
each specimen (40 ng, assuming com-
plete recovery after bisulfite modifica-
tion). Percent methylation for each CpG
cytosine was determined using Pyro Q-
CpG Software (Qiagen).

Statistical analysis

Fisher exact tests were used to determine
associations between type of PTB and in-
fection status (chorioamnionitis and fu-
nisitis). To examine the role of epigenet-
ics, we then assessed each DMR for
normality using the Kolmogorov-Smir-
nov test. We found that with the excep-
tion of SGCE/PEGI0 (P < .01), all other
infant DMRs were normally distributed
(P > .05). Confirmatory factor analysis
for individual maternal and infant CpGs
revealed Cronbach’s alphas for all DMRs
were > .74, suggesting mean methyl-
ation levels for each DMR could be used
in models. One-way analyses of variance
(ANOVA) were used to compare infant
DNA methylation differences at the 9
DMRs by type of PTB (medically indi-
cated, PPROM, or spontaneous PTL). ¢
tests were used to compare infant DNA
methylation differences at DMRs by in-
fection status (chorioamnionitis or fu-

TABLE 1
Summary of characteristics
of preterm mother-infant

TABLE 1
Summary of characteristics
of preterm mother-infant

(continued )

dyads in NEST dyads in NEST (continued)

Variable n (%) Variable n (%)

Age, y Marital status
<20 6 (3) Never married 54 (31)
20-24 51 (28) Married 65 (38)
25-29 33 (18) Widowed 0(0)
30-34 48 (27) Living with partner 38 (22)
35-39 36 (20) Divorced/separated 13 (8)
>40 7(4) Other 1(1)

Race Parity
White 47 (28) Nulliparous 54 (32)
Black 93 (54) Multiparous 117 (68)
Other 31(18) Health

BMI Excellent 17 (10)
<185 9 (6) Very good 49 (29)
18.5 to <25 41 (29) Good 76 (44)
25 to <30 41 (29) Fair 26 (15)
30 to <35 30 (21) Poor 32
3510 <40 13 (10) Education
>40 7(5) Less than high school 14 (8)

Smoking High school/GED 58 (34)
None 109 (63) Some college 82 (48)
Smoking 35 (20) Graduate school 17 (10)
Quit 30 (17) Baby sex

Delivery mode Male 102 (56)
Vaginal 91 (51) Female 79 (44)
Cesarean section 90 (49) Birthweight

Type of PTB Range 580-3765 g
Medically indicated 67 (37) Mean birthweight 2346 g
PPROM 43 (24) SD 677 ¢
Spontaneous 71 (39) Funisitis

Chorioamnionitis Funisitis 16 (12)
Chorioamnionitis 22 (16) None 119 (88)
None 113 (84) BMI, body mass index; GED, general equivalency de-

gree; NEST, newborn epigenetics study; PPROM, pre-
Gestational age at birth term premature rupture of membranes; PTB, preterm
birth; SD, standard deviation.

Range 24-36 wks Lit. DNA methylation in preterm birth and
Mean 33.9 wks L infection. Am J Obstet Gynecol 2013. )
SD 2.9 wks

nisitis). Wilcoxon-rank sum tests were
used to confirm differences found by ¢
testing in all DMRs that were not nor-
mally distributed. For DMRs that dif-
fered by type of PTB or infection status,
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FIGURE 1
Distribution of DMRs by type of PTB
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Median and interquartile range of infant DNA methylation levels at nine DMRs by type of PTB. There
are no significant differences between mean methylation levels at any of the 9 DMRs by type of PTB,
P> .20. Reference line represents 50% methylation.

DMR, differentially methylated regions; PTB, preterm birth.
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logistic regression models were fit to ex-
amine associations between PTB or in-
fection status and DNA methylation at
DMRS. Models were initially fit with all
variables considered clinically relevant
including maternal age at delivery, ma-
ternal race, health status, parity, marital
status, maternal BMI, smoking, educa-
tion level, delivery mode, infant sex, in-
fant birthweight, and gestational age at
delivery. A backward stepwise approach
was used to refine the model, and log
likelihood tests for individual covariates
were used to create the final parsimoni-
ous model.

RESULTS

Demographic characteristics

Table 1 describes the characteristics of
the 181 preterm mother-infant dyads.
Maternal age ranged from 18-49, with
mean age of 30 years and SD of 6.6 years.
Thirty-eight percent of women were
married, 31% were never married, and

the rest were either living with a partner,
divorced/separated or chose “other.”
Fifty-four percent of the mothers were
black, 28% were white, and 18% were
grouped as other, which included
women choosing a race/ethnicity of His-
panic, Asian, Native American, or other.
The majority of the women were multip-
arous (68%). BMI ranged from 16—-67
with a mean BMI of 28, SD of 7.7. The
majority of the women endorsed good,
very good, or excellent health with 17%
endorsing fair or poor health. 20% of
women smoked during pregnancy,
whereas 17% reported quitting. The ma-
jority (>50%) of women had some col-
lege education or more. Fifty-one per-
cent of the births were delivered
vaginally, and 49% were delivered via ce-
sarean section. Fifty-six percent of the
infants delivered were male, and 44%
were female. Of the PTBs, 37% were
medically indicated, 24% were a result of
PPROM, and 39% were spontaneous.
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Birthweight ranged from 580-3765 g
with a mean birthweight of 2346 g (SD,
677 g). Gestational age at birth ranged
from 24-36 weeks with a mean of 33.9
weeks (SD, 2.9 weeks). Sixteen percent of
the PTB infants had chorioamnionitis,
and 12% had funisitis. Of the 22 cases of
chorioamnionitis and 16 cases of funisi-
tis, 13 cases overlapped and had patho-
logic features of both.

Types of PTB and infection

When examining type of preterm birth
by infection status, more cases of chorio-
amnionitis occurred in preterm births
that were the result of PPROM (n = 14)
or spontaneous PTL (n = 8) when com-
pared with medically indicated PTB (n =
0), Fisher exact P value < .001, which
was expected based on previous epide-
miologic studies.” A similar phenome-
non was observed in those infants with
funisitis with more cases in preterm
births that occurred as a result of
PPROM (n = 8) or spontaneous PTL
(n = 7) when compared with medically
indicated PTB (n = 1), Fisher exact P
value = .003. In addition, chorioamnio-
nitis and funisitis were highly correlated
(correlation coefficient, 0.6449; P <
.001).

Type of PTB, infection,

and DNA methylation at

imprint regulatory regions

When examining the role of epigenetics
in our subset of 73 preterm infants with
completed methylation data, infant
DNA methylation levels did not differ by
type of PTB (medically indicated,
PPROM, and spontaneous PTL) at any
of the 9 DMRs examined, P > .20 (Figure
1). We found that infants born with
pathologic evidence of chorioamnionitis
had higher methylation levels at the
DMRs regulating the imprinted genes
PLAGLI and PEG3 (Table 2, P < .05).
We also found that infants born with
pathologic evidence of funisitis had
higher methylation levels at the DMR
regulating the imprinted gene PLAGLI
(Table 2, P < .05). After Bonferroni cor-
rection for multiple testing, differences
at PLAGLI by chorioamnionitis per-
sisted (P = .0026). In logistic regression
models (Table 3), this association per-
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TABLE 2
Infant DNA methylation by infection status
Mean % Mean % ttest Rank sum
DMR n Methylation (SE) n Methylation (SE) P value Pvalue
Chorioamnionitis None Chorioamnionitis
H19 43 54.6 (1.25) 6 54.1 (2.68) .8882 .9999
IGF2 38 49.4 (1.07) 5 48.9 (3.05) .8824 .8945
MEG3-IG 58 49.6 (0.40) 10 50.6 (1.19) .3829 4358
MEG3 58 71.0 (0.81) 9 70.1 (1.84) .6858 .6994
MEST 59 47.7 (0.68) 9 44.9 (2.35) 1670 4311
PEG3 62 36.2 (0.27) 10 38.1(0.49) .0081 .0050
NNAT 58 55.5 (0.54) 6 58.2 (2.20) .1282 1971
SGCE/PEG10 61 45.6 (0.54) 10 42.9 (4.57) .2239 4670
PLAGL1? 63 57.9 (0.70) 10 64.4 (2.87) .0026 .0218
Funisitis None Funisitis
H19 46 54.6 (1.19) 3 53.3 (4.16) .7824 .8348
IGF2 41 49.1 (1.02) 2 53.5 (4.59) .3685 2732
MEG3-IG 61 49.8 (0.39) 7 49.4 (1.57) .7398 .3800
MEG3 61 70.6 (0.78) 6 73.0 (1.98) .3606 .3564
MEST 61 47.7 (0.66) 7 43.8 (2.82) .0717 .2459
PEG3 65 36.3(0.27) 7 37.6 (0.63) 1105 .0837
NNAT 60 55.7 (0.54) 4 55.8 (2.73) 9573 .5982
SGCE/PEG10 64 45.6 (0.52) 7 41.4 (6.58) .1065 4234
PLAGL1 66 58.3(0.78) 7 63.3 (2.48) .0517 .0492
DMR, differentially methylated region; SE, standard error.
@ Bonferroni correction for multiple testing, P < .005.
Liu. DNA methylation in preterm birth and infection. Am ] Obstet Gynecol 2013. )

sisted, and increasing levels of methyl-
ation at PLAGLI was associated with in-
creased risk for chorioamnionitis, after
adjusting for the significant covariates
maternal BMI and gestational age at
birth (odds ratio [OR], 1.22; 95% confi-
dence interval [CI], 1.04-1.44; P =
.015). Decreasing gestational age at birth
and increasing maternal BMI were also
associated with increased risk of chorio-
amnionitis. Infant birthweight and ges-
tational age at birth were highly corre-
lated (correlation coefficient, 0.7661;
P < .0001). As a result, although both
were associated with chorioamnionitis,
only gestational age at birth was included
in overall models. After adjusting for sig-
nificant covariates maternal age and in-
fant sex, increasing levels of methylation
at PLAGLI was associated with increased
risk for funisitis (OR, 1.17;95% CI, 1.03—
1.32; P = .016). Increasing maternal age

and male gender were also associated
with increased risk for funisitis. Gesta-
tional age at birth did not differ for fu-
nisitis (P = .380), and it was not included
in overall models. Figure 2 shows the dis-
tribution of DNA methylation levels at
PLAGLI by infection status (chorioam-
nionitis or funisitis).

COMMENT

We examined the role of DNA methyl-
ation at multiple imprint regulatory re-
gions implicated in growth and develop-
ment by type of PTB and infection status.
Both chorioamnionitis and funisitis
were more common in PPROM and
spontaneous PTL as compared with
medically indicated PTB. We found no
differences in DNA methylation at any of
the 9 DMRs examined by type of PTB.
However, in preterm infants with patho-

logically defined chorioamnionitis or fu-
nisitis, DNA methylation may be in-
creased at the PLAGLI DMR, an
association that persisted after adjust-
ment for significant covariates.

PTB has been associated with signifi-
cant mortality and morbidity, both at
birth and later in development. Children
born preterm are at increased risk for re-
spiratory distress and apnea, hypoglyce-
mia and infant death.* Although long-
term effects of PTB are still poorly
understood, children and adolescents
born preterm are at increased risk for be-
havioral and developmental disorders.*
In addition, epidemiologic studies have
seen associations between LBW and PTB
and increased risk for obesity and car-
diovascular disease in adulthood.® Envi-
ronmental factors such as nutrition, in-
flammation, and toxic exposures may
increase susceptibility for PTB or infec-
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TABLE 3
Logistic regression model of infection and PLAGL7 with covariates
Variable OR?® 95% CI P value
Chorioamnionitis
PLAGL1 1.22 1.04-1.44 .015
Gestational age at birth 0.695 0.527-0.917 .010
Maternal BMI 1.06 0.980-1.14 147
Funisitis
PLAGL1 1.17 1.03-1.32 .016
Maternal age 1.09 0.97-1.23 134
Sex (M->F) 0.11 0.009-1.35 .085
BMI, body mass index; C/, confidence interval; OR, odds ratio.
@ 0R mutually adjusted for all the covariates listed in each model.
L Liu. DNA methylation in preterm birth and infection. Am ] Obstet Gynecol 2013. )

tion through epigenetic perturbations
and subsequent alterations in early
growth and development.”® Chorioam-
nionitis has been associated with inflam-
mation and changes in chemokine pro-
files and signaling.”” These endocrine
disruptors may alter appropriate main-
tenance of epigenetic profiles during
pregnancy, resulting in changes that ad-

versely affect birth outcomes and may
also be perpetuated through somatic cell
division to increase susceptibility to dis-
ease in adulthood.”

Our study found differences in DNA
methylation at the PLAGLI DMR asso-
ciated with chorioamnionitis and funisi-
tis. PLAGLI is located at chromosome
6q24.2 and encodes a zinc-finger tran-

FIGURE 2
Infant DNA methylation at PLAGL1 by infection
0:None }L.._ﬂﬁ%_{ &
p=0.0026
1:Chorio n=10 _- 64.4% I
50 60 2 R =
% Methylation
0:None n=66 .ﬁ%_{ N R
p=0.0517
1:Funisitis n=7 }_--ﬂ{
5I0 éo ; SIO 9\0

70
% Methylation

Median and interquartile range of infant DNA methylation levels at PLAGL 7 by chorioamnionitis and
funisitis. Mean DNA methylation levels at PLAGL 7 are higher in infants who experienced chorioam-
nionitis (difference 6.5%, P = .0026) and funisitis (difference 5.0%, P = .0517) compared with

infants who experienced no infection at birth.

Liu. DNA methylation in preterm birth and infection. Am ] Obstet Gynecol 2013.
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scription factor thought to be involved in
tumor development and growth via
IGF2 signaling.’ Aberrant epigenetic
marks at this site are also associated with
transient neonatal diabetes mellitus
(TNDM), a disorder of growth restric-
tion and hyperglycemia.’* Moreover, the
PLAGLI gene product is thought to
function as a major regulatory hub that
coordinates the expression of a network
of genes, including many that are im-
printed such as IGF2, HI19, and MES T3
The IGF2/H19 domain is one of the best
characterized imprinted regions, located
at chromosome 11p15.5, and was origi-
nally associated with Beckwith-Wiede-
mann syndrome, a somatic overgrowth
disorder associated with increased risk of
Wilms tumor and hepatoblastoma.’® El-
evated levels of DNA methylation at H19
have also been observed in assisted re-
productive technology (ART-related)
pregnancy loss as compared with spon-
taneously conceived pregnancy loss.”

We found changes at the PLAGLI
DMR associated with infection, and
these alterations may not only affect
growth/development at birth but also be
maintained throughout life to increase
susceptibility to adult-onset disease, as
postulated by the developmental origins
of adult disease hypothesis. This has po-
tential implications for early screening of
infection during pregnancy and novel
epigenetic-based therapies to modulate
clinical sequelae of infection related
PTB. It is also possible that these marks
were established earlier in pregnancy
and may have increased risk for infection
during pregnancy; however, our study
cannot differentiate between these 2 pos-
sibilities. Interestingly, we found no dif-
ferences in DNA methylation at any of
the 9 DMRs examined by type of PTB,
and this may reflect the heterogeneity in
causes and risk factors for PTB.

Our study is one of the first to examine
epigenetic regions in regard to type of
PTB and infection. We used rigorous
definitions verified by obstetric experts
for the various types of PTB and stan-
dardized pathologic reports to define in-
fection status. We also investigated
methylation at multiple regions thought
to be important in growth and develop-
ment. Interestingly, we found that male
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sex was associated with increased risk of
funisitis as compared with female sex,
which may relate to sex-dependent epi-
genetic findings reported previously.'>**
Limitations include the small sample
size, cross-sectional nature of the study,
which prevents assessment of causation,
and relatively small regions of the im-
printome examined. Although multiple
testing may be a concern, the finding of
differences in methylation at PLAGLI by
chorioamnionitis persisted after Bonfer-
roni correction, and the difference by fu-
nisitis may be limited by small sample size.
In addition, only cord blood methylation
was examined in this study; however, prior
studies have shown that DNA methylation
at DMRs of these imprinted genes is con-
sistent across tissues and cord blood frac-
tions?® including PLAGLI, for which
methylation of cord blood polymorpho-
nuclear cells (PMNss) is slightly lower than
that in matched peripheral blood mono-
nuclear cells (PBMCs) by 0.68% (n = 25;
S.K.M., unpublished data). Future larger
studies are required to verify these intrigu-
ing preliminary results and to further char-
acterize these complex epigenetic net-
works and their interactions. [
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