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Abstract

OBJECTIVE—To estimate whether there is an association between length of gestation and gene
polymorphisms that effect transcription of tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6),
or interleukin-1p (1L-1p).

METHODS—BIood for DNA analysis was collected from 834 women at high risk enrolled in a
randomized, clinical trial of omega-3 fatty acid supplementation for the prevention of recurrent
preterm birth. Genotyping was performed for three single nucleotide polymorphisms (SNPs),
TNF-a -308, IL-6 —174, and IL-1f +3954. Women with the homozygous minor genotype were
compared with women with either the heterozygous or the homozygous major genotype. Kaplan-
Meier curves of gestational age at delivery and odds ratios for extreme preterm delivery were
adjusted for African-American race and treatment group.
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RESULTS—Women who were homozygous for the minor allele at the —308 position in the
promoter region of the TNF-a gene had significantly shorter length of gestation than women who
were either heterozygous or homozygous for the major allele (adjusted hazard ratio 1.74, 95%
confidence interval [CI] 1.04-2.90, P=.03). Among women with this genotype, 20% (3/15)
experienced extreme spontaneous preterm delivery (less than 28 weeks of gestation; adjusted odds
ratio 7.51, 95% CI 1.84-30.72, P=.005). There was no difference in length of gestation or risk of
extreme spontaneous preterm delivery by genotype for the IL-6 =174 or the IL-1p +3954 SNP.
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CONCLUSION—Polymorphism at the —308 position in the TNF-a promoter region is associated
with shorter gestation and an increased risk of spontaneous extreme preterm delivery.

Preterm birth is a major cause of neonatal mortality, morbidity, and long-term disability.}
Preterm parturition is a complex condition of etiologic heterogeneity but appears to be
stimulated by a local inflammatory cytokine response in a significant proportion of preterm
births, particularly extreme preterm births.2: 3 Two proinflammatory cytokines, tumor
necrosis factor-a (TNF-a) and interleukin-1p (IL-1pB), not only mediate the inflammatory
response but also induce changes in key components in the pathways of labor initiation and
maintenance, including cervical ripening, rupture of the fetal membranes, and uterine
contractions. These cytokines induce the production of uterotonic prostaglandins, matrix
metalloproteinases, and oxytocin receptors.4-8 Interleukin-6 (I1L-6) has been assigned both
proinflammatory and antiinflammatory characteristics and plays a role in the transition from
innate to acquired immunity. In the context of preterm delivery, IL-6 is generally considered
a proinflammatory cytokine and elevated fetal plasma levels are considered to be the marker
for the fetal inflammatory response syndrome.® Higher levels in maternal and fetal tissues or
fluids have been associated with increased rates of preterm delivery.19-14 It is hypothesized
that polymorphisms that modify gene transcription of these cytokines may alter the
inflammatory response in pregnancy and predispose to an increased risk of preterm delivery.
The concept that shortened gestation may be a heritable trait is supported by the fact that one
of the strongest risk factors for delivering preterm is a personal or family history of preterm
delivery.15-18

Previous studies have suggested an association between polymorphisms at the —308 position
of the TNF-a gene, the =174 position of the IL-6 gene, and the +3954 position of the IL-1p
gene, and histologic chorioamnionitis, premature rupture of the fetal membranes, or fetal
inflammatory disease.19-24 The TNF-a—308 minor polymorphism is a substitution of
adenine (A) for guanine (G) (G>A). The IL-6 =174 minor polymorphism is a substitution of
cytosine (C) for guanine (G) (G>C). The IL-1  +3954 minor polymorphism is a substitution
of thymine (T) for cytosine (C) (C>T). The objective of this analysis was to estimate to what
degree, if any, differences in these single nucleotide polymorphisms (SNPs) affect length of
gestation or risk of extreme preterm delivery.

MATERIALS AND METHODS

The cohort consisted of women from 13 Eunice Kennedly Shriver National Institute of Child
Health and Human Development Maternal Fetal Medicine Units Network centers enrolled in
a randomized trial of omega-3 fatty acid supplementation for the prevention of recurrent
preterm birth between January 2005 and October 2006. The methods and results of the trial
have previously been published.?? Inclusion criteria were a documented history of at least
one previous singleton preterm delivery between 20 weeks and 0 days and 36 weeks and 6
days of gestation after spontaneous preterm labor or preterm premature rupture of the
membranes and a current singleton pregnancy. Gestational age was determined according to
a previously described algorithm on the basis of the last menstrual period and earliest
ultrasound examination.26 Women were excluded if delivery before 37 weeks of gestation
was planned. The study was approved by the Institutional Review Board of each clinical site
and of the data coordinating center. Women gave written informed consent for study
participation and had the options of agreeing to or refusing blood collection for DNA
analysis. Trial participants received weekly injections of 17-a-hydroxyprogesterone
caproate (250 mg) and were randomized to receive either a daily supplement of 2,000 mg of
omega-3 long-chain polyunsaturated fatty acids or matching placebo capsules. There were
no differences in the rates of preterm delivery between the omega-3 and placebo groups.
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Whole blood was collected from study participants before pregnancy loss or delivery and
shipped to a central laboratory, the Center for Human Genomics at Wake Forest University
Health Sciences, Winston-Salem, North Carolina. DNA was extracted from leukocytes using
Autopure LS and then stored at —20°C for later genotyping. Polymerase chain reaction and
extension primers for the three SNPs were designed using MassARRAY Assay Designer
3.1. Information about the primers is available online at www.wfubmc.edu/genomics.
Polymerase chain reaction assays were performed in a total volume of 5 microliters that
contained 10 ng of genomic DNA. Genotyping procedures followed the iPLEX Application
Guide (Sequenom). Briefly, after polymerase chain reaction heat cycling, the mixture was
incubated with shrimp alkaline phosphatase at 37°C for 40 minutes. iPLEX extension
reactions were performed. Samples were desalted and dispensed to Spectro-CHIP. Chips
were scanned and the genotypes were analyzed by MassARRAY type 3.4. Two Centre
d’Etude Polymorphism Humain DNA and two water wells were run on each assay plate for
quality control.

Pearson X2 test was used to test for Hardy-Weinberg equilibrium for all three SNPs. Women
with homozygous genotype for the minor allele were compared with women with either the
heterozygous or the homozygous genotype for the major allele. Kaplan-Meier survival
curves of gestational age at delivery, censored at 40 weeks of gestation, were generated and
compared using the log-rank test for homogeneity. Cox proportional hazard method was
used to adjust the survival analysis for African-American race and treatment group. To
examine the association between genotype and extreme spontaneous preterm delivery, odds
ratios and exact 95% confidence intervals were calculated for rates of spontaneous preterm
delivery at less than 28 weeks of gestation. These odds ratios were adjusted for African-
American race and treatment group using logistic regression. Because we analyzed only
three SNPs in candidate genes in this exploratory analysis, no adjustment was made for
multiple comparisons.2’

A total of 852 women were randomized in the trial of omega-3 supplementation for the
prevention of recurrent preterm birth among women receiving 17-a-hydroxyprogesterone
caproate. DNA samples were available for 834 women and satisfactory genotyping results
were available for analysis for TNF-a—-308 for 830 women (97.4%), IL-6 —174 for 834
women (97.9%), and IL-1pB +3954 for 833 women (97.8%). Baseline characteristics of the
834 women are shown in Table 1. The rate of spontaneous and indicated preterm delivery at
less than 37 weeks of gestation was 34.2% and 5.5%, respectively, and 60.3% delivered at
term.

The frequencies of the minor alleles and homozygous minor genotypes for the three SNPs
are shown in Table 2. The allele frequencies for all three SNPs observed Hardy-Weinberg
equilibrium (TNF-a =308, P=.9; IL-6 =174, P=.10; IL-1B +3954, P=.25). The Kaplan-Meier
curves comparing women with the homozygous minor genotype and those with either the
heterozygous genotype or the homozygous major genotype are shown in Figures 1, 2, and 3.

Table 3 shows the median gestational ages at delivery with interquartile ranges by genotype,
Cox proportional hazard ratios (risk of giving birth earlier adjusted for African-American
race and treatment group), and the proportion with spontaneous preterm delivery before 28
weeks, with unadjusted and adjusted odds ratios (adjusted for African-American race and
treatment group) and exact 95% confidence interval. The TNF-a AA genotype was
associated with shorter length of gestation (hazard ratio 1.74, 95% confidence interval 1.04—
2.90, P=.03). Risk of spontaneous extreme preterm delivery (before 28 weeks of gestation)
was increased in this group, with an adjusted odds ratio of 7.51 (95% confidence interval
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1.84-30.72, P=.005). There was no difference in length of gestation or risk of extreme
preterm delivery by genotype for the IL-10 or IL-6 SNP (Table 3). We did not observe an
association between clinical or histological chorioamniotis and genotypes for any of the
three SNPs. Among the 15 women with the TNF-a —308 AA genotype, seven (or 46.7%)
delivered spontaneously at less than 37 weeks of gestation. Six of these experienced
spontaneous preterm labor with delivery and one had preterm premature rupture of the
membranes followed by preterm labor. The median gestational age at delivery for these
seven was 34 weeks (interquartile range 24-35 weeks). The rate of the AA genotype was
1.8% for the cohort, 2.3% among white non-Hispanics, and 1.8% among African-American
non-Hispanics. There were no Hispanic women with this genotype.

DISCUSSION

The concept that genetic differences can modify the transcription of cytokines in response to
an inflammatory stimulus has led investigators to explore the association between selected
SNPs in candidate cytokine genes and rates of preterm delivery. In this cohort of women
with at least one previous spontaneous preterm delivery, a homozygous genotype for
guanine>adenine substitution at the —308 position in the promoter region of the TNF-a gene
was associated with a significantly shorter length of gestation. Carriage of this allele is
known to result in increased production of TNF-a and an altered inflammatory response is
believed to increase the risk of extreme preterm birth.28-31 The association we observed
between this genotype and spontaneous extreme preterm birth at less than 28 weeks of
gestation therefore is intriguing. Because of the infrequency of this genotype and the
outcome of extreme preterm birth, the number of observations available for assessing this
association was small. We are not aware of any other studies that have examined this
association.

Our results are consistent with the review by Crider et al32 who concluded the most
consistent increase in preterm birth has been reported in studies of polymorphisms in the
gene coding for TNF-a. IL-1 and IL-6 are also cytokines involved in pregnancy and
increased levels in maternal and fetal fluids or tissues are associated with preterm birth;
however, most studies have failed to find an association between spontaneous preterm
delivery and polymorphisms in the genes coding for these cytokines.32 IL-1p +3954
polymorphism is associated with increased protein production.33 Interestingly, the I1L-6
-174 CC genotype is associated with decreased production of IL-6.34 We observed a
nonsignificant reduction in the rate of spontaneous preterm delivery at less than 28 weeks of
gestation among women with this genotype.

Not all studies have reported a significant association between maternal genotype for TNF-a
-308 and preterm birth.19 35 Differences in study results may be attributable to study
design, sufficient power, or method of analysis. We used a cohort rather than a case-control
study design. We assessed the associations between genotype and length of gestation rather
than the outcome of preterm birth at less than 37 weeks of gestation. Also, most other
studies have combined heterozygous (TNF-a —308GA) individuals with those homozygous
(TNF-a —308AA) for the minor allele because of small numbers of homozygous AA
individuals.

There are several strengths of this study. The conduct of the clinical trial provided
opportunity for this prospective ancillary study in a well-characterized cohort with a high
rate of preterm delivery. Gestational dating was set by uniform criteria that incorporated
ultrasound assessment before 22 weeks of gestation. This is one of the largest cohorts of
pregnant women genotyped for the TNF-a —308 SNP reported to date. Few studies have
included more women with the homozygous minor genotype. A case-control study from
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Nashville included 534 women with TNF-a —308 genotyping and only nine with the AA
genotype. This series was published with a meta-analysis of five previous studies, all with
sample size smaller than ours, and the homozygous minor genotype was not analyzed
separately.3® One larger cohort from Austria included 1,652 women, with 41 with the AA
genotype; this group was at much lower risk, and hence the preterm birth rate was lower.3’
We used Kaplan-Meier survival curves to assess the association between genotype and
length of gestation. This may be a more appropriate model for assessing the genetic
contribution to the complex trait of timing of parturition rather than the dichotomous
outcome of term compared with preterm delivery. Although the cohort was at high risk, the
TNF-a -308G>A allele and genotype frequencies for the cohort as a whole and by race
were similar to previously published frequencies, and all three SNPs were in Hardy-
Weinberg equilibrium.36: 37

The limitations of this study must be considered in interpreting the results. All women
received 17-a-hydroxyprogesterone caproate because of their previous pregnancy histories.
It is not known what effect, if any, 17-a-hydroxyprogesterone caproate may have on gene
transcription or the inflammatory response. The number of women with the TNF-a =308
AA genotype was small. We did not analyze fetal DNA. The relative contribution of the
maternal and fetal genotypes to preterm birth has not yet been determined. VVaginal Gram
stains were not available to correlate with genotypes and outcomes.

In conclusion, our results suggest polymorphism at the —308 position of the TNF-a
promoter region which modulates gene transcription is associated with shorter gestation
among women with at least one previous spontaneous preterm delivery. In addition, women
with this genotype were at significantly increased risk for spontaneous extreme preterm
delivery. Our findings support the concept that an altered inflammatory response
predisposes to shorter gestation and extreme preterm birth.
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Fig. 1.

Kaplan-Meier curve. Length of gestation censored at 40 weeks of gestation by tumor
necrosis factor (TNF)-a —308 genotype. TNF-a —308 AG/GG represents women
heterozygous and homozygous for the usual allele. TNF-a =308 AA represents women

homozygous for the minor allele.
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Kaplan-Meier curve. Length of gestation censored at 40 weeks by interleukin (IL)-6-174
genotype. IL-6-174 GC/GG represents women heterozygous and homozygous for the usual
allele. IL-6-174 CC represents women homozygous for the minor allele.
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Fig. 3.

Kaplan-Meier curve. Length of gestation censored at 40 weeks of gestation by interleukin
(IL)-1B +3954 genotype. IL-1B +3954 CT/CC represents women heterozygous and
homozygous for the usual allele. IL-1f +3954 TT represents women homozygous for the
minor allele.
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Table 1
Characteristics of the Cohort With DNA Analysis

Age (y) 27 (23-32)
Racial distribution

African American 347

White 56.5

Asian 2.2

Other 6.7
Ethnicity

Hispanic 14.2

Non-Hispanic 85.8
Proportion with 2 or more previous preterm deliveries 29.4
Gestational age of earliest previous spontaneous preterm delivery (wk) 32 (26-34)
Gestational age at randomization (wk) 19 (18-20)

Data are median (interquartile range) or %.
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Table 2

Minor Allele and Homozygous Minor Genotype Frequencies

TNF-a IL-6 IL-18
-308 =174 +3954
Frequency of the minor allele 13.9% 27.5% 19.0%

Patients homozygous for the minor allele 15 (1.8) 74 (8.9) 37 (4.4)

TNF, tumor necrosis factor; IL, interleukin.
Data are % or n (%).
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