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Abstract

Objective—To investigate the associations of placental telomere length with placental abruption
(PA) risk and interactions between placental telomere length and placental mtDNA copy number
on PA risk.

Materials and methods—Relative telomere length and mitochondrial DNA (mtDNA) copy
number in placental samples collected from 105 cases and 73 controls were measured in two
batches using gRT-PCR. Mean differences in relative telomere length between PA cases and
controls were examined. After creating batch-specific median cutoffs for relative telomere length
(84.92 and 102.53) and mtDNA copy number (2.32 and 1.42), interaction between the two
variables was examined using stratified logistic regression models.

Results—Adjusted mean difference in relative telomere length between PA cases and controls
was —0.07 (p>0.05). Among participants with low mtDNA copy humber, participants with short
relative telomere length had a 3.07-fold higher odds (95%CI:1.13-8.38) of PA as compared with
participants with long relative telomere length (the reference group). Among participants with high
mtDNA copy number, participants with short relative telomere length had a 0.71-fold lower odds
(95%Cl:0.28-1.83) of PA as compared with the reference group (interaction p-value=0.03).

Conclusion—Findings suggest complex relationships between placental telomere length,
mtDNA copy number, and PA risk which warrants further larger studies.

Keywords

Placental telomere length; placental mtDNA copy number; placental abruption; pregnancy;
oxidative stress

Corresponding Author: Tsegaselassie Workalemahu, MS, Department of Epidemiology, School of Public Health, University of
Washington, tworkale@uw.edu.

Conflicts of Interest

The authors have no conflicts of interest to disclose.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Workalemahu et al. Page 2

Introduction

The placenta is a highly complex organ that serves as a source and target of hormones that
direct the course of pregnancy. It also plays a key role in fetal growth as a maternal-fetal
interface. Therefore, pregnancy complications of placental origin have major maternal and
offspring health impact. Placental abruption (PA), the premature separation of the placenta
from the uterus, is a life threatening condition that complicates up to 1% of pregnancies (1,
2). Investigators have identified risk factors that have been associated with PA including
young or advanced maternal age and smoking (3, 4). While available evidence supports the
role of uteroplacental ischemia and chronic hypoxia as pathologies underlying PA, specific
mechanisms and related biomarkers are not fully described (5).

Telomeres are multiple tandem repeats of the base sequence 5'-TTAGGG-3" located at
chromosome terminals of most eukaryotic organisms (6). As eukaryotic tissues age or are
damaged, telomeres shorten due to “end replication” problem related to DNA replication,
marking cellular senescence. Telomere shortening has been associated with chronic diseases
such as diabetes, hypertension, and cancer (7, 8). Findings from a large Mendelian
randomization study support a causal role of telomere length variation in age-related
diseases (9). Investigators have also implicated shortened placental and leukocyte telomeres
in the pathogenesis of pregnancy complications including preeclampsia, intrauterine growth
retardation and gestational diabetes (10, 11). However, to our knowledge, telomere length
shortening, particularly placental telomere length shortening, which can chronicle
antepartum stress from oxidative stress, has not been investigated in relation to risk of PA.

The guanine triplet repeat in telomeres is highly sensitive to oxidative stress, therefore,
oxidative stress may lead to accelerated telomere shortening and cell death (12, 13). Recent
studies indicate potential differences in adverse perinatal outcomes (e.g. preterm premature
rupture of membrane and still birth) among women with shortened placental telomeres,
dependent on oxidative stress (14, 15). Cells under oxidative stress have been shown to have
higher replication of the mitochondria, critical component of the aerobic metabolic pathway
(15). This may be reflected by higher mitochondrial DNA (mtDNA) copy number,
commonly, or by lower mtDNA copy number in cases of failing organ/tissues or patients
with underlying lipid disorders (16, 17). Investigators have also reported U-shaped
relationships between mtDNA copy number and adverse outcomes (e.g. colorectal cancer
risk) (18). In disorders that have oxidative stress as a common pathophysiological
mechanism, such as placental abruption or preeclampsia, mtDNA copy number abundance
in various tissues (including whole blood and placenta) has emerged as a possible biomarker
of oxidative stress (16, 17). In a sample of 105 PA cases and 75 controls, we investigated
associations of placental telomere length with risk of PA. Further, given that the relationship
between placental telomere length and PA may differ by placental mtDNA copy humber, we
also examined interactions between placental telomere length and placental mtDNA copy
number on PA risk.
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Methods

Study Setting and Study Population

This study was conducted as part of the Peruvian Abruptio Placentae Epidemiology (PAPE)
study, a case-control study (424 PA cases and 369 controls) designed to investigate risk
factors of PA (19). Briefly, participants were women who delivered at the Hospital Nacional
dos de Mayo, Instituto Especializado Materno Perinatal, and Hospital Madre Nifio San
Bartolomeé in Lima, Peru, during the period from September 2006 through September 2008.
PA status was ascertained through routine clinical examination performed by an attending
physician. PA was diagnosed if there was evidence of blood clot behind the placenta
accompanied by at least two of the following signs and symptoms: (1) vaginal bleeding in
late pregnancy that was not associated with placenta previa or cervical lesions; (2) uterine
tenderness and/or abdominal pain; and (3) fetal distress or death. Controls were selected
from eligible women who delivered at the participating institutions during the study period.
Eligible controls were women who did not have a diagnosis of PA and whose medical record
review later confirmed this fact. Non-singleton births were excluded. A total of 105 PA case
and 73 control PAPE study participants with available DNA samples were included in the
present study. All study participants provided written informed consent in accordance with
procedures approved by the human subjects review committees of participating study
hospitals and the Swedish Medical Center, Seattle WA.

Data Collection

Information regarding maternal socio-demographic characteristics, medical history,
reproductive history, and lifestyle characteristics before and during the current pregnancy
was collected during in-person interviews administered by trained research interviewers
using a standardized, structured questionnaire. A brief physical examination was conducted
to measure maternal height, weight, and mid-arm circumference. Maternal and infant
records were reviewed to collect information on course of pregnancy, antepartum, labor, and
delivery characteristics. Gestational age was based on the date of the last menstrual period
and was confirmed by an ultrasound examination performed before 20 weeks gestation. Pre-
pregnancy body mass index (BMI) was calculated as weight in kilograms divided by height
in meters squared.

Placental Sample Collection and DNA Extraction

Placentas were collected immediately after delivery. Placentas were weighed, double bagged
and transported in coolers. The chorionic plate and overlying membranes were removed, and
tissue biopsies (approximately 0.5 cm3 each) were obtained from 8 sites (4 maternal and 4
fetal). Care was taken to avoid blood and chorioamniotic membrane contamination. Biopsies
were placed in cryotubes, snap frozen in liquid nitrogen, and stored at —80°C until analysis.
For the current study, a pooled sample (~20 grams) from four fetal placental samplings was
homogenized using a Tissue Tearor (Biospec Products Inc., Bartlesville, OK) in a lysis
buffer from the Qiamp DNA Mini Kit (Qiagen Inc, Valencia, CA) with added Proteinase Kt.
DNA from placenta was extracted using a standardized protocol adapted from Qiamp DNA
Mini Kit (Qiagen Inc., Valencia, CA). Placental DNA quality was determined using
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PicoGreen dsDNA quantitation assay on a SpectraMax Plus 384 Microplate Reader
(Molecular Devices, Sunnyvale, CA).

Placental Telomere Length and Mitochondrial DNA (mtDNA) Copy Number Measurement

Telomere length was measured by using real-time quantitative PCR method (QRT-PCR),
described by Cawthon (17, 19). Briefly, two master mixes of PCR reagents were prepared,
one with the telomere (T) primer pair, the other one with the single copy gene (S) primer
pair (17, 20). A fresh standard curve, from a pooled control samples, ranging from 70ng/pl
to 1,94ng/ul (serial dilutions 1:2), was included in every “T” and “S” PCR run. 30ng of
DNA sample was added to each reaction. Each sample was run in triplicate. A high-
precision MICROLAB STARIet Robot (Hamilton Life Science Robotics, Bonaduz AG,
Switzerland) was used for transferring in a 384-well format plate a volume of 7pl reaction
mix and 3pl DNA (10ng/ul). All PCRs were performed on a 7900HT Fast Real Time PCR
System (Applied Biosystems). The thermal cycling profile for both amplicons began with
50°C for 2 minutes followed by incubation at 95°C for 2 minutes to activate the AmpliTaq
DNA polymerase. For telomere PCR, these were followed by 2 cycles of 15 s at 95°C, 15 s
at 49°C; and 35 cycles of 15 s at 95°C, 10 s at 62°C, 15 s at 74°C. At the end of each real-
time PCR reaction a melting curve was added for both T and S PCR. The average of the
three T measurements was divided by the average of the three S measurements to calculate
the average T:S ratio or relative telomere length.

Real-time DNA PCR analyses was performed to measure mtDNA copy number using the
NovaQUANT™ Human Mitochondrial to Nuclear DNA Ratio Kit (catalog #72620 EMD
Millipore, Billerica, MA) according to the manufacturer’s instructions (21). This kit
provides plates pre-aliquoted with the primers to compare the levels of two nuclear genes
(BECNL1 and NEB) to two mitochondrial genes (ND1 and ND6) in a RT-gPCR. 2ng of DNA
was added to 80uL of SYBR Select Master Mix (catalog #4472908 Life Technologies,
Carlsbad, CA) and 20uL of the mixture is applied to each of the four wells of pre-aliquoted
primers. Plates were run in the ABI Prism 7000 sequence detection system (Applied
Biosystems, Foster City, CA) with the cycling conditions: 95°C for 10 minutes followed by
40 Cycles of: 95°C for 15 seconds 64°C for 1 minute. Analyses were s done using the ABI
Prism 7000 SDS software RQ Study Application version 1.1. Relative copy number method
was used to calculate the mtDNA copy number. Ct values were defined as the cycle number
in which fluorescence first crosses the threshold, obtained for each of the two target genes
and two reference genes. This is accomplished by averaging the copy numbers calculated
from the ND1/BECNZ1 pair and the ND6/NEB pair. To calculate copy number, we
determined N = 2-ACt where ACt1 = CtND1 - CtBECN1 and ACt2 = CtND6 - CtNEB,
then averaged 2-ACt1 and 2-ACt2. All assays were performed without knowledge of
pregnancy outcome.

Statistical Analysis

Continuous variables were described using mean + standard deviation (SD), and Student’s t-
test was used to compare the means between cases and controls. Categorical variables were
described using counts and proportions. Chi-square test or Fisher’s exact test was used to
compare proportions. Mean differences in relative placental telomere length between PA

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2017 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Workalemahu et al.

Results

Page 5

cases and controls were evaluated, adjusting for gestational age and maternal age at delivery,
mode of delivery, and pre-pregnancy body mass index using linear regression analysis.
Partial Spearman correlations adjusted for maternal age at delivery were used to estimate the
associations of relative placental telomere length with other risk factors, among controls. To
examine interactions, we conducted stratified analyses and examined independent and joint
effects of relative placental telomere length and placental mtDNA copy number on risk of
PA. For these analyses, we categorized each participant according to batch-specific median
relative placental telomere length (long/short) and placental mtDNA copy number (low/
high) cutoffs. First, we examined whether associations of relative placental telomere length
with PA risk differ among strata defined by placental mtDNA copy number. We also
examined whether the joint effect of relative placental telomere length and placental mtDNA
copy number on PA risk was greater than expected given their independent effects. For these
analyses, we created a variable that categorized women as (1) long relative placental
telomere length and low placental mtDNA copy number, (2) long relative placental telomere
length and low placental mtDNA copy number, (3) long relative placental telomere length
and low placental mtDNA copy number, and (4) long relative placental telomere length and
low placental mtDNA copy number. The long relative placental telomere length and low
placental mtDNA copy number group constituted the reference group in these analyses. The
interaction p-value was used to examine statistical significance of the interactions. Statistical
analyses were conducted using SAS and R software.

Study participant characteristics are summarized in Table 1. PA cases, compared to controls,
had higher proportions of preeclampsia and C-section delivery. Cases also delivered earlier
in gestation. PA cases had lower mean relative placental telomere length (mean: 2.00; SD:
0.56) and higher placental mtDNA copy number (mean: 115.20; SD: 144.90), compared
with controls (2.04 [0.69] and 105.60 [53.1]), although these differences were not
statistically significant. Figure 1 describes means and medians of placental telomere length
and mtDNA copy number by PA case control status. The multi-variable adjusted mean
difference in relative placental telomere length between PA cases and controls was —0.07
(95%Cl: -0.32, 0.15). We observed significant correlations between relative placental
telomere length and placental mtDNA copy number (r=-0.30, p-value=0.04) among
controls.

Among participants with low mtDNA copy number, participants with short relative telomere
length had a 3.07-fold higher odds (95%CIl: 1.13-8.38) of PA as compared with participants
with long relative telomere length (the reference group) (Table 2). Among participants with
high mtDNA copy number, participants with short relative telomere length had a 0.71-fold
lower odds (95%CI: 0.28-1.83) of PA as compared with the reference group (interaction p-
value=0.03). Participants who had both long relative placental telomere length and high
placental mtDNA copy number had a 2.25-fold higher odds (95%ClI: 0.84-6.00) of PA as
compared with the reference group participants with both long relative placental telomere
length and low mtDNA copy number. However, participants who had short relative placental
telomere length and high placental mtDNA copy number had a 1.61-fold higher odds
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(95%CI: 0.64-4.05) of PA as compared with the reference group (interaction p-
value=0.032).

Discussion

In the current study, we found that PA cases, on average, had lower relative placental
telomere length compared with controls, although the association was not statistically
significant. Among controls, significant correlations were observed between placental
telomere length and placental mtDNA copy number. We also observed significant
interactions between placental telomere length and placental mtDNA copy number on PA
risk. Inverse association of placental telomere length with PA risk was observed only among
women who had low placental mtDNA copy number.

To date, no study investigated the relationships between placental telomere length and risk of
PA. Investigators have previously made consistent observations of shortened placental
telomeres in pregnancies complicated by preeclampsia as well as severe intra-uterine growth
restriction (IUGR) secondary to placental insufficiency (11, 22, 23). Other investigators have
also shown a decrease in telomerase activity during placental maturation leading to
suggestions that dysfunctional telomeres might be part of the mechanisms of placental aging
during pregnancy (24, 25). Oxygen is a known regulator of placental development and
function (26). Both oxidative stress and impaired placental function are pathways implicated
in the pathogenesis of PA (17). Therefore, placental telomerase activity and shorter placental
telomere length could indicate a state of oxidative stress in placenta, along with other
antepartal stress, and characterize placental aging related pathophysiologic processes that
may lead to PA. Our findings of shorter placental telomere length among PA cases,
compared with controls, support this thesis.

Our study is also the first to examine interactions between placental telomere length and
placental mtDNA copy number on PA risk. Placental mtDNA copy number is a novel
biomarker of oxidative stress and systemic mitochondrial dysfunction. Mitochondria is
susceptible to oxidative damage (27), and oxidative stress may contribute to increased
mtDNA copy numbers through mechanisms that involve reactive oxygen species (ROS)-
induced damage to cellular structural elements (including the lipid membranes of
mitochondria) and promote mitochondrial replication (27). Increased mtDNA copy number
has been associated with perinatal complications characterized by oxidative stress. We have
previously reported that the odds of PA was elevated among women with higher maternal
blood mtDNA copy number (= 336.9) as compared with those with lower values (<336.9)
(adjusted OR = 1.60: 95% CI 1.04-2.46) (17).

Recent studies show that association of placental telomere length shortening with adverse
perinatal outcomes may be dependent on the level of oxidative stress (14). This is in line
with findings of investigations in other research areas. Shen et al. reported that the
association between telomere length and breast cancer risk may be modified with dietary
intake of antioxidants or antioxidant supplements (28). Since placental telomere length may
be a causally related biomarker or an end-point of several adverse mechanisms that could
end in PA, it is important to evaluate potential interactions between placental telomere length
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and these mechanisms, such as oxidative stress. Our observation that the inverse association
between placental telomere length and PA risk existed only among women with low
placental mtDNA copy number is intriguing. Lower mtDNA copy number has been reported
in failing organ/tissues (e.g. heart failure) (29) or in patients with underlying lipid disorders
(e.g. hyperlipidemia patients) (30). Investigators have also suggested U-shaped relationships
between mtDNA copy number and colorectal cancer risk (18). One or more of these
explanations may have played a role in our observation and our findings warrant further
investigations.

Some limitations of the current study deserve mention. The temporal relationship between
shortened placental telomere length and the onset of PA is not clear due to the cross
sectional nature of the assessment. The generalizability of our findings needs confirmation
by replication studies that are conducted among other populations. Caution is needed while
interpreting our study findings because of the small size of the study. In addition, the small
sample size limited further stratified analysis by factors such as preeclampsia that may
confound the relationships.

In sum, we found significant interaction between relative placental telomere length and
placental mtDNA copy number on risk of PA. Studies that help unravel the underlying
mechanisms of telomere shortening and oxidative stress can facilitate understanding of
placental cellular senescence that may lead to PA and other adverse perinatal complications.
Further, such studies may help in identification, preventative and therapeutic targets to
mitigate adverse perinatal complications of placental origin.
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Figure 1.
Box plot displaying mean and median for placental telomere length and mtDNA copy

number by placental abruption (PA) case control status (means are indicated in diamond)
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Table 1

Selected Characteristic of Placental Abruption (PA) Cases and Controls

Characteristics PA Cases(N=105) Controls(N=73) p-value?
Maternal age at delivery (years){ 276+6.3 284+6.6 0.40
Nulliparous 48 (46%) 29 (40%) 0.43
Maternal education < high school 86 (82%) 57 (78%) 0.53
Single marital status 20 (19%) 10 (14%) 0.35
Received prenatal care 87 (83%) 66 (90%) 0.07
Smoked during pregnancy 7 (6.7%) 1(1.4%) 0.14
Chronic hypertension 7 (6.7%) 1(1.4%) 0.18
Preeclampsia 25 (24%) 6 (8.2%) <0.00
Pre-pregnancy body mass index (kg/m4)< 234+30 23537 0.80
Gestational age at delivery 34947 37.1+38 <0.00
Placental mtDNA copy number 115.2 +144.9 105.6 +53.1 0.54
2.00 +0.56 2.04 +0.69 0.67

Placental Telomere Length 1

1 - .
mean + standard deviation (SD), otherwise N (%)

2 . . . . . .
P-value from Student’s t test for continuous variables and Chi-square test / Fisher’s exact test for categorical variables.
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