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Abstract
Objective—To determine the impact of maternal and fetal single nucleotide polymorphisms
(SNPs) in key betamethasone (BMZ) pathways on neonatal outcomes.

Study design—DNA was obtained from women given BMZ and their infants. Samples were
genotyped for 73 exploratory drug metabolism and glucocorticoid pathway SNPs. Clinical
variables and neonatal outcomes were obtained. Logistic regression analysis using relevant
clinical variables and genotypes to model for associations with neonatal respiratory distress
syndrome (RDS) was performed.

Results—109 women delivering 117 babies were analyzed. Sixty-four babies (49%) developed
RDS. Multivariable analysis revealed that RDS was associated with maternal SNPs in CYP3A5
(OR 1.63, 95%CI 1.16–2.30) and the glucocorticoid receptor (OR 0.28, 95%CI0.08–0.95) and
fetal SNPs in ADCY9 (OR 0.17, 95%CI 0.03–0.80) and CYP3A7*1E (rs28451617, OR 23.68,
95%CI 1.33–420.6).

Conclusion—Maternal and fetal genotypes are independently associated with neonatal RDS
after treatment with BMZ for preterm labor.
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Introduction
One of the most important interventions developed for improving neonatal outcomes in
preterm birth is the administration of antenatal corticosteroids.1 Decreasing preterm neonatal
mortality and morbidity, antenatal corticosteroids are routinely administered to women with
anticipated/threatened preterm delivery. However, not all neonates receive the same benefit.
Differences in neonatal respiratory outcomes are seen in different ethnic groups,
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independent of gestational age, weight, and other socio-demographic factors.2–4

Additionally, respiratory distress syndrome (RDS) related mortality has a racial disparity
that cannot be explained by demographic characteristics.3

Pharmacogenetics attempts to clarify differences in response to drug therapy. Various ethnic
groups have different rates of genetic polymorphisms in genes that play a major role in day-
to-day functions within the body.5 Drug metabolizing enzymes, transporters, and receptors
contain genetic variations that can explain differences in response and side effects to many
drugs, notably cyclosporine, warfarin, and clopidogrel.6–8 In these cases and others, single
nucleotide polymorphisms (SNPs) in key drug metabolizing enzymes and receptor pathways
can have a profound impact on drug concentrations and response.

Glucocorticoids like betamethasone (BMZ) and dexamethasone are metabolized by the
cytochrome P450 (CYP) 3A family of enzymes.9 SNPs in this enzyme family are identified
that impact the drug concentrations of many compounds. Additionally, SNP variants in the
glucocorticoid receptor pathway have been associated with treatment differences in response
to corticosteroids in asthmatics.10–12 We are unaware of any study on the pharmacogenetic
impact of SNP variants in the outcomes from BMZ use in pregnancy.

The objective of this project was to determine the impact of genetic polymorphisms in the
drug metabolism and glucocorticoid pathways of BMZ on neonatal outcomes. Additionally,
as pregnancy is a unique environment where both the maternal and fetal/placental
compartments play a role in drug metabolism, we sought to determine the impact on these
outcomes analyzing both the maternal and fetal genotypes.

Materials and Methods
Study Population

Women who were admitted to the hospital with threatened preterm labor and who received
at least one dose of BMZ were recruited for this study. Informed consent was obtained from
all subjects. Subjects were recruited at any of the hospitals associated with the Indiana
University School of Medicine Department of OB/GYN. Women had to be at least 18 years
old and at least 23 weeks gestation. Women were excluded if they had a known fetal
anomaly or were unable to give consent. Standard neonatal resuscitation program protocols
were followed by the neonatal provider teams at delivery. The neonatal outcome of RDS
was diagnosed by the pediatricians following standard NICHD Neonatal Research Network
criteria.13 The project was approved by the governing IRB.

Sample Collection and Processing
Blood Samples—Maternal whole blood was obtained on admission or during her hospital
course. If she was unable to give a blood sample for some reason, we obtained a saliva
sample as below for DNA isolation. Umbilical cord blood samples were obtained
immediately following delivery in K2EDTA vacutainers by trained cord blood collectors.
All whole blood samples were mixed by inversion 8–10 times after being drawn and then
stored at −80°C until DNA isolation.

Saliva Samples—If maternal blood was not obtained, she was asked to provide a saliva
sample using the Oragene® saliva kit collection. If umbilical cord blood was not acquired at
the time of delivery because of an off-hour delivery when the study personnel were not
available, a trained member of the research team obtained buccal swabs from the neonate.
For buccal cell collection we used Oragene® saliva kit collection with cotton swabs.
Oragene® kits are shown to reduce microbial contamination and provide immediate
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stabilization of samples, allowing it to be stored at room temperature for years without
processing or DNA degradation. Oragene® “Saliva collection with cotton swabs or buccal
brushes” protocol was followed and 5 swabs were obtained with each collection. Kits were
then stored at room temperature. Prior to purification the Oragene saliva sample kits were
briefly mixed by gentle inversion and incubated for a minimum of 2 hours in an air
incubator set to 50° C. To remove saliva from buccal swabs manufacturer protocols for
“DNA Recovery from Saliva Sponges” were followed.

DNA Isolation
DNA was extracted from blood samples using the QIAamp® DNA mini kits (Qiagen Inc.,
Valencia, CA). Manufacturer spin protocol instructions were followed for all kits. When
manufacturer protocols listed steps for highly concentrated DNA those steps were followed.
Isolated DNA was transferred into cryovials and all samples were stored at −80° C until
quantification.

DNA was purified from saliva and buccal swab samples using the Oragene® Kit (DNA
Genotek) manufacturer recommendations. DNA isolation was done according to
manufacturer instructions. Samples were frozen at −80° C until quantification.

DNA Quantification
Concentration of double-stranded DNA in our samples was determined using a Quant-iT
dsDNA Broad Range or High Sensitivity assay Kit and Qubit Flouromter (Invitrogen,
Carlsbad, California.) This system utilizes a fluorescent nucleic acid stain to accurately and
specifically measure dsDNA at highly sensitive levels. Maternal DNA yields were similar
for blood and saliva. Neonatal DNA yields from buccal swabs were less than from umbilical
cord blood but were still adequate for the analysis (data not shown).14

Genotyping
Seventy-three SNPs were genotyped using a combination of methods specific to the desired
SNP. Genotypic designations assigned from assayed SNPs in CYP 3A4, CYP3A5,
CYP3A7, Sulfotransferase (SULT), Multi-Drug Resistance gene-1 (ABCB1),
Glucocorticoid Receptor (GR) and associated pathway gene assays are listed in Table 1. The
SNPs were selected based on known metabolism pathways of glucocorticoids and prior
work on relevant SNPs for glucocorticoid response in asthma.10−12, 15, 16 The individuals
were genotyped for the majority of SNPs using the OpenArray™ Taqman™ genotyping
platform (Applied Biosystems, Foster City, CA, USA). A high throughput genotyping 32
SNP chip was utilized for some of the SNPs. For SNPs that did not have valid OpenArray™
assays, predesigned and commercially available Taqman or fragment analysis real-time
polymerase chain reaction (PCR) assays were used following manufacturer published
methods (Applied Biosystems, Foster City, CA, USA). For other SNPs that did not have
predesigned assays (namely CYP3A7 and GR), Sanger dideoxy-DNA bidirectional
sequencing using high throughput capillary sequencing instrumentation was performed
(http://polymorphicdna.com/reeqvardisc.html). SULT1A1 copy number variation was
determined using semi-quantitative PCR followed by fragment analysis. For each SNP, once
a platform was chosen, all samples were genotyped using the same platform.

Statistical Data Analysis
Maternal clinical variables of age, weight, BMI, number of doses of BMZ, time from BMZ
to delivery, status of membranes at admission, and the number of fetuses were recorded as
potential cofactors. The gestational age at delivery, birth weight, and Apgars were recorded.
Neonatal outcomes of RDS, details of any respiratory or oxygen support after birth,
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surfactant use, bronchopulmonary dysplasia (BPD), necrotizing enterocolitis (NEC),
intraventricular hemorrhage (IVH), and death were all recorded. The primary outcome of
interest was RDS.

While assessing the associations between the clinical and genetic predictors and phenotypes,
we usually start from their one-on-one relationships, because the analysis can be quick and
efficient. This univariate analysis is routinely performed and reported in pharmacogenetic
research. For the categorical phenotypes, i.e. RDS, chi-square or Fisher's exact test were
employed to test the phenotype-genotype associations. Results are presented in percentage
incidence, Odds Ratios (OR) and 95% confidence intervals (CI). Since many clinical
variables may influence the development of outcomes such as RDS, we rigorously tested our
genetic hypothesis through multivariate analysis. Demographic and delivery information
listed above were analyzed as independent variables in a multivariate analysis. The variables
included in the model were: specific SNP genotype, maternal age, maternal race, estimated
gestational age (EGA) at delivery, birth weight, infant gender, cesarean delivery (vs. vaginal
delivery), EGA at first dose of BMZ, and the presence of chorioamnionitis. This allowed for
a calculation of how much of the outcome was explained by the genotype allele when
controlling for clinical.

Genotype was analyzed in the model in different ways. Allelic models assay for each of the
3 possible allele combinations separately. The dominant model assumes that one or two
copies of the risk allele (variant) lead to increased RDS risk. The recessive model assumes
that the two copies of risk variant develop risk of RDS. The trend model (or additive model)
looked at an “allele-dose” effect where the more variant alleles that were present were tested
for associations with risk of disease. A CYP3A5 genotype score was calculated based on the
individual SNPs to categorize the mothers as either expressing or not expressing CYP3A5.
Women who possess two *3 allele do not express CYP3A5 where as those who are
CYP3A5*1/*1,*1/*3 *1/*6, or *1/*7 do demonstrate some CYP3A5 activity.17

Receiver-Operator Curves (ROC) were generated based on the clinical predictors of RDS
used in the logistic regression model. This was performed independently for the mother and
infant. The clinical predictors used in the model were the same ones controlled for in the
multivariable model. The relative additions of the genotypes to each model were assessed
based on the change in the ROC curve with the addition of any statistically significantly
associated SNP.

Statistical power
RDS incidence in treated preterm infants and CYP3A5 variant alleles are known to vary by
race. Baseline incidence of RDS is estimated to be 75% in preterm Caucasian infants. We
assume RDS incidence in African American infants reflects 40% observed in African
infants. We further assumed the patient recruitment racial profile would be representative of
the community serviced by IUSM; we expect to recruit 76% Caucasians and 24% African
Americans.

Our power calculations were based on CYP3A5 *1, *3, and *6 alleles, with assumed
frequencies of 10%, 90%, and 0% in Caucasians and 35%, 50%, and 15% in African
Americans and genotypes in Hardy-Weinberg proportions. A sample size of 76 Caucasian
infants would provide 83% power to demonstrate a baseline RDS incidence difference of
34.7% between infants carrying at least one *1 allele and infants homozygous or
heterozygous for *3 or *6 variants. For African American infants, a sample size of 24 will
have 86.8% power to demonstrate a baseline RDS incidence difference of 66.7% using the
same comparison. These sample size calculations are based on allele incidence rates above
and the ethnic diversity of our population. Power analysis was conducted with S-Plus
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version 6.2 (Insightful Corp, Seattle, WA). Comparisons are based on the CYP3A5 *1
allele, which expresses large amounts of CYP3A5, resulting in increased enzymatic activity.
This would hypothetically lead to a lower amount of drug at the target tissue and a higher
rate of RDS. The association of genetic variants in CYP3A7, MDR-1, SULT enzymes, and
the GR pathway genes were also tested but the a priori power calculation was based on the
more fully studied CYP3A5 enzymes. We planned to recruit 150 women to the study,
anticipating that we would be unable to obtain complete maternal-child pairs of samples on
all subjects and to ensure that we would have at least 100 complete pairs with adequate
racial representation.

Results
General clinical population outcomes

Of the 150 women consented for the study, 32 subjects did not have any samples collected
due to hospital discharge with later delivery at a different facility, later subject withdrawal of
consent to obtain infant samples, or inability to obtain infant samples for DNA. Two
subjects withdrew consent after initially agreeing to participate. This left 116 women in the
cohort who delivered 131 babies (14 twins, 1 triplet pregnancy). Seven subjects were
missing maternal DNA and 14 were missing neonatal DNA in adequate quantities, leaving
109 women with adequate samples and 117 complete maternal-neonatal pairs for complete
analysis.

The mean maternal age was 26.5±5.7 years. The mean gravidity was 3.0±2.0 and mean
parity was 1.5±1.5. Nineteen women (16.4%) were Hispanic ethnicity. Racial distribution
was white (n=58, 54%), black (36, 33%), other (11, 10%), mixed (2, 2%), and Indian (1,
1%). Paternal ethnicity was Hispanic for 17 (16%) of subjects. Paternal race was white (46,
41%), unknown (29, 26%), black (27, 24%), other (9, 8%), and Indian (1, 1%). Thirteen
women had gestational diabetes (11%). The gestational age at receiving the first dose of
BMZ was 28.8±3.3 weeks gestation and the mean gestational age at delivery was 32.2±3.9
weeks. The admission diagnoses were preterm labor (37%), preterm premature ruptured
membranes (35%), preeclampsia (15%), other (10%), and placenta previa (3%). Tocolytic
medications were given to 35% of the women, with nifedipine and magnesium sulfate being
the most commonly used (45% and 42% respectively of those receiving tocolytics).
“Rescue” doses of BMZ were used in 8 women. The mean number of days from first dose of
BMZ to delivery was 23.4±22.2. Sixty-four (55%) women delivered babies vaginally.

The mean birth weight of the babies was 1913±785 grams. Half of the babies were male
(51%). Median 1 and 5 minute Apgars were 7 and 8 respectively. Sixty-four babies were
diagnosed with RDS (49%) and subsequently 19 were diagnosed with BPD (14.5%).
Necrotizing enterocolitis developed in 9 (7%) babies, IVH in 10 (7.6%), and neonatal death
occurred in six (4.6%) of the babies. The gestational age at birth of the babies who died
ranged from 24–29 weeks. Neonatal sepsis occurred in 23 (17.6%) of the babies. 39 babies
(30%) were intubated, 70 (53.4%) placed on CPAP, 34 (26%) on vapotherm, and 38 (29%)
treated with nasal cannula room air for respiratory support. Surfactant was given to 36
(27.5%) of the babies. Mean total hospital days was 40±39 and mean total days of
respiratory support in hospital was 19±33.

Pharmacogenetic results for BMZ
All SNPs assayed were in Hardy-Weinberg equilibrium (p=0.00083) after correction for
multiple comparison. SNP allele frequencies are listed in Table 1. For SULT1A1 copy
number variants, 27.9% of the mothers and 22.9% of the babies had 3 or more copies. The
only single maternal SNP associated with the outcome of neonatal RDS was maternal
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NR3C1 (GR, rs41423247, OR 0.28, p=0.03 in a dominant model, p=0.04 for a gene-dose
effect model). Neonatal ADCY9 and CYP3A7*1E were associated with RDS (ADCY9,
rs2230739, OR 0.17, p=0.02 dominant model; CYP3A7*1E, rs28451617, OR 23.68,
p=0.03). MDR1 (ABCB1) haplotype analysis for exons 26/21/12 demonstrated that the
respective variant/wild-type/variant haplotype was associated with a protective effect against
RDS (maternal haplotype OR 0.41, p=0.03; fetal haplotype OR 0.29, p=0.01).

Controlling for the EGA at delivery, infant gender, birth weight, having a cesarean delivery,
race, chorioamnionitis, and EGA at first dose of BMZ, Table 2 displays the SNPs that are
significantly associated with RDS. Maternal CYP3A5 activity (OR 1.63, 95% CI 1.16–2.30)
and GR (rs41423247, OR 0.28, 95% CI 0.08–0.95) were both significantly independently
associated with RDS. SNPs in the IPO13 gene (rs2486014, OR 4.15, p=0.06), CRHR1
(rs242941, OR 0.34, p=0.08), and CYP3A7*1E (rs28451617, OR 6.16, p=0.09) all
demonstrated trends toward associations with RDS. Neonatal SNP genotypes of ADCY9
(rs2230739, OR 0.17, 95%CI 0.03–0.80) and CYP3A7*1E (rs28451617, OR 23.68, 95%CI
1.33–420.6) were associated with RDS in the multivariable model.

Adding SNPs to clinical predictors of RDS did not improve the area under the ROC curve
for maternal SNPs (Figure 1). Maternal clinical predictors accounted for 92.3% of RDS
cases. Adding the significant maternal SNPs did not increase the area under the curve
(AUC) significantly (clinical + GR=92.8%, clinical+CYP3A5=93.3%). However, adding
neonatal genotype to the clinical predictive model for RDS did improve the ability to predict
RDS in the infant (clinical=90.2%, clinical+ADCY9=92.3%, p<0.05, clinical
+CYP3A7*1E=92.2%, p<0.05).

Comment
This study reveals that genetic variants in key BMZ pathway genes are associated with the
incidence of RDS in the neonates. The large odds ratios indicate that drug metabolism of
BMZ by both the mother and placenta (represented by the fetal genotype) may play a large
role in the response to BMZ therapy. Thus, these SNPs may be responsible for some of the
outcome differences seen in other larger trials. As providers search for ways to improve
therapy for anticipated preterm delivery, understanding the role of pharmacogenetics in
pregnancy therapeutics is important.

The CYP3A family of enzymes is responsible for the majority of drug metabolism in
humans.18, 19 This enzyme activity is increased somewhat in pregnancy.20, 21 Some
CYP3A7 SNPs allow the enzyme to persist into adulthood.22 This increased activity of
CYP3A7 would further increase the metabolic action of the placenta on BMZ given to
pregnant women, possibly reducing the amount available to get through the placenta to the
fetus. Thus, less would be available to stimulate lung maturity, as evidence by the higher
rate of RDS seen in this study for subjects with the CYP3A7*1E polymorphism. While we
know that CYP3A7 is expressed more in fetal life,23 it is interesting that the *1E variant in
the fetus was so strongly associated with RDS with an OR of 23.68. As we are unaware of
any prior study analyzing the impact of fetal CYP3A7*1E genotype on the fetal-placental
metabolism of drugs such as BMZ, this finding may open the door to further study aimed at
understanding the role of fetal genotype on the metabolism of drugs given to mothers.

The ABCB1 gene that encodes for p-glycoprotein efflux transporter was found to be
protective against RDS. The haplotype analysis for the three ABCB1 exons has been
performed for other drugs with mixed associations.8, 24, 25 In general, the more variant
alleles, the less p-glycoprotein activity.25 Thus haplotypes with more variant alleles would
have diminished activity of the placental efflux transporter. In turn, more of the drug would
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be allowed to cross the placenta to act on the fetus to stimulate lung maturation. While this
may be somewhat oversimplified, it has physiologic plausibility and should be further
studied.

The glucocorticoid receptor and pathways have been well characterized in the asthma
literature.11, 12, 16 We are unaware of any other investigation into the genetics of this
pathway and BMZ response from antenatal corticosteroids. Variants associated with
improved glucocorticoid response in asthma treatment were also found to be associated with
lower rates of RDS in this study population. Variants in the GR (NR3C1) have been found
to show hyper-responsiveness to glucocorticoid binding.26 Thus, for those with the variant
who receive BMZ, there may be an improved fetal response, leading to improved lung
function and less RDS in the neonate. The adenylate cyclase polymorphism identified as
significantly protective against RDS, as well as the IPO13 and CRHR1 SNPs, have been
associated with improved lung function after steroid treatment in asthmatics.11, 15, 27

Polymorphisms in both the maternal glucocorticoid receptor and in steroid pathway genes in
the fetus and placenta that lead to improved response to antenatal corticosteroids may aid in
the individualizing of antenatal corticosteroid therapy. There are questions about the optimal
dose and schedule of BMZ.28, 29 This current study extends the findings in the complex
respiratory disease of asthma to another complex respiratory disease in RDS. Further
investigations into the genetic factors that may impact RDS incidence and severity are
warranted.

As an initial investigation into pharmacogenetic impact on BMZ therapy, this study has
some limitations. While the sample size was large enough to demonstrate significant
genotype effects in the multivariate analysis, the p values would not stand up to adjustments
for multiple comparisons with the number of genotypes analyzed. However, controlling for
the most important clinical predictors of RDS and other adverse outcomes allows for
isolation of the genotype effect. Coupled with the biological plausibility of the results, the
significant associations will be utilized in a larger trial designed to overcome this limitation.
A larger study would also allow for more precise analysis of the less frequent outcomes.
While the addition of genotype to clinical predictors in Figure 1 significantly improved the
area under the ROC curve, the small improvement may have limited clinical utility. We do
not have pharmacokinetic data on all of these subjects. As most of them delivered >48 hours
after the BMZ was given, the concentrations of BMZ would be expected to be
undetectable.30 An analysis of the genetic implications on outcomes when delivery occurs
shortly after initiating BMZ therapy that will incorporate pharmacokinetic data is ongoing.
In addition, it is possible that the polymorphisms identified in the glucocorticoid pathway as
being protective against RDS exert an effect on this outcome independent of BMZ
administration. As an independent genetic association with RDS has not been reported in the
literature to our knowledge, replication or analysis of this question in an existing data set is
needed. There was also no control group of preterm deliveries for women who did not
receive BMZ. As very few women deliver at less than 34 weeks gestation without receiving
BMZ in our institution, obtaining this control group would be difficult and it would be
unethical to withhold BMZ from these women.

Pharmacogenetics in pregnancy therapeutics is in its infancy. As has been shown in other
fields, however, we believe there is tremendous potential in obstetrics to utilize genotype to
help guide and individualize therapy. For instance, knowing the maternal genotype for
CYP3A7*1E may prompt the use of higher doses of BMZ or an alternative strategy for fetal
lung maturation. While this pharmacogenetics-informed therapy is still far off in obstetrics,
sophisticated dosage modeling techniques are established to help take data like those
presented here and make recommendations for individualized pharmacotherapy.31
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In conclusion, this initial investigation into the pharmacogenetics of BMZ therapy
demonstrated that genotypes of drug metabolizing enzymes and the glucocorticoid pathway
play independent roles in neonatal RDS. Knowing the patient genotypes may improve the
ability to optimize both maternal and neonatal outcomes. Obstetricians must be aware of the
progress of research in this field and more therapeutic studies in pregnancy should report
genotype data. Only through an integrated translational research effort can we unlock the
full potential of pharmacogenetics in pregnancy therapeutics.
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Figure 1.
ROC curves for maternal and fetal predictors of RDS
ROC- Receiver-operator curves. A= maternal variables and genotype. B=clinical variables
and fetal genotype
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Table 2

Multivariable analysis of genetic predictors of neonatal RDS

Genetic SNP RateofRDS(%)in wild type Rate of RDS (%) in variant OR(95%CI) P value

Maternal

 *CYP3A5 (activity score)

0.0 51.3 1.63 (1.16–2.30) 0.005

 *NR3C1 (rs41423247) 60.4 39.4 0.28 (0.08–0.95) 0.04

 IPO13 (rs2486014) 42.7 60.0 4.15 (0.92–18.76) 0.06

 CRHR1 (rs242941) 58.7 42.2 0.34 (0.10–1.15) 0.08

 CYP3A7*1E (rs28451617) 47.8 71.4 6.16 (0.71–53.24) 0.09

Fetal

 *ADCY9 (rs2230739)

58.3 46.5 0.17 (0.03–0.80) 0.02

 *CYP3A7*1E (rs28451617) 50.5 80.0 23.68 (1.33–420.6) 0.03

 CYP3A5*6 (rs10264272) 52.9 55.5 5.22 (0.73–37.44) 0.10

RDS= respiratory distress syndrome; CYP= cytochrome P450, OR= Odds Ratio, CI= confidence interval Multivariable analysis controlling for
maternal age, maternal and paternal race, estimated gestational age (EGA) at delivery, birth weight, infant gender, cesarean delivery (vs. vaginal
delivery), EGA at first dose of BMZ, and the presence of chorioamnionitis. Only those SNPs with a p value ≤0.10 are listed in the Table. The
dominant genetic model was used for these calculations.

Data represent the rates of RDS in subjects with either homozygous wild type compared to the presence of a variant allele.

*
statistically significant association
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