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Study Participants and VDAART Design  

We conducted a matched case-control study involving 169 infants separated into 56 cases of wheezing in the 

first year of life and 113 healthy controls, nested within the VDAART.  VDAART is a multicenter, 

randomized, double-blind, placebo-controlled clinical trial conducted in 3 different centers, Boston, San 

Diego and St. Louis (Washington University in St. Louis, Boston Medical Center, Kaiser Health Care San 

Diego).1, 2 VDAART subjects were selected among a high-risk population of pregnant women with either a 

personal or partners history of asthma or atopy.1, 2 Pregnant women were recruited during the first trimester 

(10-18 weeks of gestation) and randomized to receive vitamin D supplementation levels of 400IU/day versus 

4400IU/day. This trial evaluated whether vitamin D supplementation during prenatal life leads to decreased 

asthma and allergies in their offspring at age 3; all pregnant women gave consent for their own and 

offspring’s enrollment. IRB approval was obtained from each of the three clinical centers and the Data 

Coordinating Center, i.e. Washington University in St. Louis, Kaiser Health Care San Diego, Boston Medical 

Center and Brigham and Women’s Hospital in Boston.2 VDAART was registered on clinicaltrials.gov with 

identification number NCT00920621. 

 

Case Definition and Control Selection 

In this nested case-control study, case status for an infant was defined as parental report of two or more 

(recurrent) episodes of wheezing in the first year of life. Children who participated for at least a year after 

birth and whose parents did not report any episode of wheezing in the first year of life of their neonates were 

eligible for selection as controls. These cases were randomly selected to be representative of VDAART 

offspring population1 with recurrent wheeze during their first year of life and matched with controls with no 



wheeze at the first year of life. Our study targeted a 1:2 case to control ratio with matching attempted on each 

of sample characteristics including study center, child’s race, and mother’s history of asthma.  

 

Blood Collection and Measurement of 25OHD 

Vitamin D levels were determined in a blinded fashion from umbilical cord blood plasma collected at birth. 

Measurements of 25OHD in cord blood were based on liquid chromatography-tandem mass spectrometry 

(LC-MS/MS)3, 4 conducted at the Department of Laboratory Medicine and Pathology, Mayo Clinic, 

Rochester, MN (ThermoFisher Scientific, Franklin, Massachusetts 02038 and Applied Biosystems-MDS 

Sciex, Foster City, CA 94404). Inter-assay coefficient of variations (CV) were all ≤ 6.8% at various 

concentrations. Total 25OHD values including 25(OH)D2 and 25(OH)D3 measured by the above method, 

were used for the analyses reported here. 

 

RNA Isolation and Quantification  

Total RNA was isolated from umbilical cord blood using the Paxgene Blood RNA Kit (Qiagen®) per the 

manufacturer’s protocol. Briefly, the Ambion Globin Clear kit (Ambion®) is used to remove alpha and beta 

globin mRNA from the sample. This procedure is done for whole blood samples to increase the sensitivity of 

gene expression assays, by improving the detection rate of expressed genes. The RNA was quantified using 

Nanodrop 8000 and checked for high integrity before preparation of cDNA (first strand synthesis). RNA 

concentration and purity of the sample were assessed using the Agilent 2100 Bioanalyzer, which estimates an 

RNA Integrity Number (RIN).  Samples with RIN ≥ 8 were deemed acceptable and included in this analysis.  

 

Hybridization to Affymetrix Chip Array  

Processing of RNAs for GeneChip Analysis was in accordance with methods described in the Nugen 

Ovation Pico WTA System V2 (P/N 3302).  Generation of amplified, antisense single-stranded cDNA is 

accomplished utilizing a linear isothermal DNA amplification process.  The cDNA was fragmented and 

labeled following Nugen’s FL-Ovation cDNA Biotin Module V2 protocol.  Quantification of the samples is 



carried out on a NanoDrop 1000 UV Reader. Hybridzation of samples to the Affymetrix 

GeneChip Human 1.0 ST was carried out in an Affymetrix® Model 640 hybridization chamber per the 

manufacturer protocol.  Arrays were incubated at a constant temperature of 45oC overnight, washed on a 

Model 450 Fluidics station and scanned using Affymetrix Model 7000 scanner with autoloader.  

 

Processing and Quality Control of Arrays  

The overall VDAART cord blood gene expression data consist of 169 samples on two arrays of the 

Affymetrix GeneChip Human 1.0 ST.  We used the function justRMA in the Bioconductor affy package to 

read, background-correct, transform, and normalize CEL files obtained in this study.  Inspection of overall 

expression distributions per array indicated one aberrant array that was excluded from further analysis.  

Principal component visualization indicated existence of an effect of array processing batch.  Dummy 

variables indicating sample batch were created and used in genewise linear modeling to form batch-corrected 

residuals that were used as gene expression measures.5 Subsequent to this correction, low-variance genes were 

removed using the Bioconductor package genefilter,6 the 20th percentile of gene-specific variances over 

all samples was used as the threshold, beneath which genes were excluded from analysis. Differential 

expression analysis was restricted to probes derived from autosomal chromosomes possessing a HUGO 

symbol. This resulted in a final expression set of 15,252 probes and 169 samples (56 cases, 113 controls), 

which was used for all subsequent analysis.  

 

Statistical Analysis 

Association of Cord Blood Vitamin D Levels with Wheezing Status in First Year of Life  

Conditional logistic regression, incorporating matched strata, was used to examine the association between 

vitamin D levels at birth and wheezing status in the first year of life. Cord blood vitamin D levels (CBVD) 

were categorized into quartiles, i.e. <13 ng/ml, 13-22 ng/ml, 22-31 ng/ml, and >31 ng/ml with the highest 

quartile representing the vitamin D sufficiency status.7  

 



Gene-expression Analysis  

Gene expression measurements were analyzed using R version 3.4.0 (http://www.r-project.org). To identify 

genes for which mean expression was significantly associated with cord blood vitamin D levels, we used the 

Bioconductor package limma (Linear Models for Microarray Analysis).5  In linear models including an 

adjustment for child race, gestational age at delivery and gender, genes with differential expressions were 

identified if the test of the null hypothesis of no association (slope of regression of expression on cord blood 

vitamin D quartile score equals zero) was rejected at nominal significance level of 0.05 using a moderated t-

statistics.  

 

Gene Co-Expression Network Analysis 

The CBVD associated genes were further sorted into clusters using weighted gene co-expression network 

analysis (WGCNA).8 We determined the mean connectivity (K) for all CBVD associated genes and used this 

to select the lowest soft threshold power for which the scale-free topology index reaches 0.90. At a soft-

threshold power of 5, genes were then clustered into modules of highly interconnected genes using 

hierarchical clustering, with gene-gene distance measured using a generalized topological overlap measure 

(TOM).9 Each module was assigned a color name as identifier, and the first principal component 

(“eigengene”), for the module expression matrix was computed. To identify the modules with greatest clinical 

relevance to wheezing status as our clinical trait, the Pearson correlation coefficient was computed to measure 

the association between the eigengene of each module with infant wheezing status. Modules exhibiting 

significant correlation to the defined wheezing status were chosen for further characterization. The module 

eigengene as well as the individual gene probes were extracted and the correlations with wheezing status were 

reassessed using the conditional logistic regression model described above.  Each probe was annotated to 

gene symbols by extracting probe IDs from the modules. Finally, the symbols were matched against official 

gene Entrez identifiers (ID) using the Bioconductor Affy annotation package “hugene10stv1transcript-

cluster.db” to be used for biological pathway and functional enrichment analysis.  

 

http://www.r-project.org/


Biological Pathway and Functional Enrichment Analysis  

To couple the genes identified through differential expression and co-expression analysis to relevant 

biological and functional pathways we used the GeneMANIA platform (http://genemania.org). We matched 

array transcript cluster identifiers to their corresponding official human gene symbol and uploaded these to 

the GeneMANIA website.  Network weighting parameters were set to ensure that only module genes were 

used in the pathway analysis. A biological network analysis was performed on the modules of interest by 

querying multiple functional network databases of known interactions, including genetic, physical (protein-

protein), and predicted interactions as well as the “Consolidated Pathway” function as described by 

GeneMANIA.10 The network returned by GeneMANIA has genes and pathways as nodes, with edges drawn 

between nodes for which enriched biological relationships are displayed among the genes in the network. 

This network was analyzed for topological structure using version 1.47.0 of the RBGL package of 

Bioconductor. To evaluate the functional properties of derived genes in the module of interest, we used 

InnateDB, a manually curated database of 18,780 interactions among genes involved in innate immune 

response. This database applies Annotation Enrichment Analysis (AEA) that evaluates the overlap 

in annotations between a set of genes and the set of terms belonging to a branch of the Gene Ontology (GO) 

hierarchy. 

 

Transcription Factor Network Analysis 

We used the web accessible MetaCore™ platform from Thompson Reuters (https://portal.genego.com) to 

perform additional module network analysis to generate a list of key transcription factors networks and their 

targets within the module of interest. Transcripts within the module were converted to Entrez IDs and 

uploaded to the MetaCore™ website at (https://portal.genego.com) and a transcription factor network 

enrichment analysis performed to predict key hubs transcriptional factors of the module.  The “Transcription 

Regulation Workflow” creates sub-networks that are centered on transcription factors as described by 

MetaCore™. Each sub-network contains nodes from module of interest that are labeled as seed nodes. 

Transcription factor sub-networks are ranked by a p-value and interpreted in terms of Gene Ontology (GO).  

http://genemania.org/
https://portal.genego.com/
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