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Abstract

Background—Pediatric obesity-related asthma is more severe and less responsive to 

medications than normal-weight asthma. Obese asthmatic children have non-atopic Th1 polarized 

systemic inflammation that correlates with pulmonary function deficits, but the pathways 

underlying Th1 polarized inflammation are not well understood.

Objective—We compared the CD4+ T cell transcriptome in obese children with asthma to that in 

normal-weight children with asthma to identify key differentially expressed genes associated with 

Th1 polarized inflammation.

Methods—CD4+ T cell transcriptome-wide differential gene expression was compared between 

21 obese and 21 normal-weight children using directional RNA-seq. High confidence 

differentially expressed genes were verified in the first cohort and validated in a second cohort of 

20 children (10 obese and 10 normal-weight children) using qRT-PCR.

Results—Transcriptome-wide differential gene expression among obese asthmatic children was 

enriched for genes including VAV2, DOCK5, PAK3, PLD1, CDC42EP4 and CDC42PBB, which 

are associated with CDC42, a small GTP protein, that is linked with T cell activation. 

Upregulation of MLK3 and PLD1, genes downstream of CDC42 in the MAPK and mTOR 

pathways, and the inverse correlation of CDC42EP4 and DOCK5 transcript counts with 

FEV1/FVC ratio, together support a role of CDC42 in the Th1 polarization and pulmonary 

function deficits found in obesity-related asthma.

Conclusions—Our study identifies the CDC42 pathway as a novel target that is upregulated in 

Th cells of obese asthmatic children, suggesting its role in non-atopic Th1 polarized systemic 

inflammation and pulmonary function deficits found in pediatric obesity-related asthma.
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Introduction

Obesity and asthma are two of the most common pediatric diseases, particularly among 

African Americans and Hispanics.1, 2 Obesity is a known predictor of childhood asthma3 

and obesity-related asthma is distinct from normal-weight asthma.4 Obese children with 

asthma have higher disease morbidity,5 lower pulmonary function6 and lower responsiveness 

to bronchodilators as compared to normal-weight children with asthma.7 Although truncal 

adiposity,8 metabolic abnormalities, including insulin resistance and dyslipidemia,9, 10 and 

systemic inflammation,6 have been postulated, the precise mechanisms underlying pediatric 

obesity-related asthma are not well elucidated.

Obese asthmatic children have evidence of non-atopic Th1 polarized systemic inflammation,
6, 11 that is associated with pulmonary function deficits,6, 11 and differs from atopic 

inflammation associated with classic childhood asthma.12 Moreover, insulin resistance 

mediates the association of Th1 polarization with pulmonary function deficits.11 While 

extensive investigation of immune pathways in context of atopic asthma13 has led to the 

development of targeted therapy, including omalizumab,14 the lack of a similar 

understanding of mechanisms underlying non-atopic immune responses, as observed in the 

context of obesity-related asthma,6, 11 is associated with limited therapeutic options for 

obese children with asthma.

To address these gaps in knowledge, we compared the CD4+ (Th) cell transcriptome of 

obese asthmatic children to that of normal-weight asthmatic children of African American 

and Hispanic ethnicity to elucidate the mechanistic immune pathways underlying Th1 

polarization. We hypothesized that gene expression in CD4+ T cells from obese asthmatics 

differs from that in normal-weight asthmatics and its investigation will allow for the 

identification of key molecules underlying the non-atopic Th1 polarized inflammation 

associated with the obese asthma phenotype.

Methods

Study population

Two study cohorts comprised of African American and Hispanic children, ages 7–11 years, 

with obese asthma and normal-weight asthma, were recruited from clinics at Children’s 

Hospital at Montefiore between 7/2013 to 6/2016. The first discovery cohort comprised of 

42 children, including 21 obese and 21 normal-weight children with asthma. The second 

validation cohort comprised of 20 children, including 10 obese and 10 normal-weight 

children with asthma. Obesity was defined as Body Mass Index (BMI) >95th percentile for 

age and gender. Asthma was classified based on the clinical diagnosis made by a health care 

provider that was confirmed on electronic medical records. All participants completed a 

research study visit at the Clinical Research Center at the Montefiore Medical Center when 
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they underwent anthropometric measurements, skin prick allergy testing to six allergens 

(tree mix, grass mix, ragweed, dust mite (D. pteronyssinus), cockroach, mouse, cat and 

mold), and fasting phlebotomy as previously described.6 Pulmonary function testing was 

abstracted from the medical charts. It was performed as per the American Thoracic 

guidelines and included spirometry and lung volumes quantification by nitrogen washout as 

previously described.6 Percent predicted values were calculated for spirometry indices using 

the National Health and Nutrition Examination Survey (NHANES) prediction equations and 

for lung volume indices using equations developed by the American Thoracic Society 

workshop, as previously described.6 The Institutional Review Board at Albert Einstein 

College of Medicine approved the study.

Study measures

Separation of CD4+ T cells—Given the association of insulin resistance with Th1 

polarization,11 we processed fasting blood for cell and serum separation. Peripheral blood 

mononuclear cells (PBMCs) were separated using the Ficoll Hypaque method. CD4+ T cells 

were isolated from the PBMCs by negative selection using magnetic beads (Easy Sep, Stem 

Cell Technologies, Tukwila, WA) to avoid any ex-vivo CD4+ T cell stimulation. The CD4+ 

T cell purity was 95–98% as confirmed by flow cytometry (see Figure E1 in online 

repository). T cell proportions did not differ between the obese (26.6±5%) and normal-

weight (27.1±7.4%) samples. Unstimulated T cells were used for transcriptome 

quantification to elucidate differential gene expression more reflective of in-vivo conditions. 

Serum separated from fasting blood was used for insulin quantification using 

radioimmunoassay (Millipore Corporation) on a Wizard2 gamma counter (Perkin Elmer 

Corporation). Lipids were quantified by enzymatic immunoassay and measured on AU400 

chemistry autoanalyzer (Beckman-Coulter Corporation).

CD4+ T cell transcriptome quantification by directional RNA-seq—The 

expression levels of genes in the CD4+ T cell transcriptome were quantified in the discovery 

cohort of 42 participants. CD4+ T cell RNA from the validation cohort of 20 participants 

was utilized to validate the transcriptome findings from the discovery cohort. RNA extracted 

from 2×106 CD4+ T cells using Qiazol (Qiagen Inc, Valencia, CA) underwent quality 

control testing (2100 Bioanalyzer, Agilent Technologies, Santa Clara, CA) and samples with 

RNA integrity number of 8 or greater underwent processing for directional RNA-seq library 

preparation. After removal of ribosomal RNA with the Ribo Zero-rRNA removal kit 

(Illumina Inc., San Diego, CA), reverse transcription was performed using the SuperScriptIII 

First-Strand Synthesis system (Thermo Fisher Scientific, Waltham MA) followed by second 

strand cDNA synthesis using dUTP (Thermo Fisher Scientific, Waltham MA). The double 

stranded cDNA was fragmented with Covaris (200–300bp target length), end-repaired, dA 

tailed and adaptors added for the Illumina sequencer to allow multiplexing of 8 samples per 

lane. To maintain directional information, i.e. transcribing strand-specific information,15 a 

combination of dUTP incorporation and uracil-DNA glycosylase were used. All libraries 

underwent Bioanalyzer testing for quality control and were sequenced on Illumina HiSeq 

2500 as 100 bp single-end reads.
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Alignment and analysis of directional RNA-seq libraries—All bioinformatics 

analyses were performed on a high performance computing cluster at Albert Einstein 

College of Medicine. Several quality control steps were taken to ensure accuracy of analyzed 

results. Picard-tools v 1.11916 was used to demultipex and generate FastQ files, which were 

then trimmed for poor quality bases and adaptor sequences using Trim Galore! v. 0.3.7.17 

Using STAR v. 2.5.1b18 and the gene annotations from Ensembl release 83,19 the trimmed 

reads were aligned to the UCSC hg38 human genome assembly, and gene counts were 

generated.

The gene counts were normalized and between-group comparison was performed using 

DESeq20 on R statistical software, version 3.2.2. Using principal component analysis, we 

additionally investigated the contribution of biological and technical covariates in the 

variance of normalized counts between the study groups (Figure 1). While fasting insulin 

was the only biological variable associated with variance, several technical factors, including 

total number of reads, protein coding reads, percent duplicate reads, and sequencing batch 

were determined to be significantly contributing to the variance in the gene counts. There 

was no association of lipids (HDL, LDL, or triglycerides) with gene count variance. Given 

the association of gene-count variance with both biological and technical factors, 

multivariate linear regression analysis was conducted to identify between-group differential 

gene expression, adjusting for the biologic and each of the technical factors. Age, gender 

and ethnicity were included in the model for their demographic significance. Genes 

identified by multivariate analysis to be differentially expressed among obese asthmatics 

with a between group p-value <0.05 and a false discovery rate (FDR) q-value of <0.05 were 

retained as high confidence differentially expressed genes for verification and validation 

studies. The Search Tool for the Retrieval of Interacting Genes/Proteins (STRING) database 

v.1021 was used to identify relationships between differentially expressed genes. The gene 

expression data and patient characteristics are available at Gene Expression Omnibus 

number GSE86430.

Verification and validation of directional RNA-seq results—A subset of the high 

confidence differentially expressed genes was verified by qRT-PCR on RNA isolated from 

CD4+ T cells from 32 children from the discovery cohort (16 children per study group). 

These genes and additional related genes were further validated in the validation cohort. 

Verification and validation was done by quantitative PCR using the TaqMan gene expression 

assay with commercially available qPCR primers (Thermo Fisher Inc, Waltham, MA) and 

analyzed by the ΔΔCT method.

Protein quantification as additional validation of differential gene expression
—CDC42EP4 and DOCK5 proteins were quantified to additionally validate differential 

gene expression, and phosphorylated and total p38 and S6K1 proteins were quantified as 

evidence for MAPK and mTOR pathway activation, in T cell lysates from a subset of 5 

obese and 4 normal-weight asthmatic samples, and normalized to actin. All antibodies, 

except for CDC42EP4 (Fisher Scientific), were purchased from Santa Cruz Biotechnology, 

Inc. Western blot experiments were run as per protocol (Bio-Rad laboratories). Immunoblot 

band intensity was quantified using the ImageJ software (National Institutes of Health).
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Statistical Analysis

Clinical characteristics were compared between obese and normal-weight asthmatics using 

the Student’s T test for continuous variables and Χ2 or Fisher-exact test for categorical 

variables. Between-group comparison of the log10 transformed differential gene expression 

by qRT-PCR was done using Student’s T test. Normalized gene counts of the high 

confidence differentially expressed genes were log transformed for correlation analysis with 

pulmonary function indices. Statistical analysis was performed on STATA version 14.

Results

Study population

The clinical characteristics of the discovery and validation cohort are summarized in Table 1 

and Table 2 respectively. The obese asthmatics did not differ in age, gender, or ethnicity 

distribution from the normal-weight asthmatic children in either the discovery or the 

validation cohort. More normal-weight than obese children had evidence of atopic 

sensitization in the discovery cohort. In keeping with prior studies, obese children in the 

discovery cohort had lower percent-predicted FVC, FEV1, RV, and FRC and RV/TLC ratio 

as compared to normal-weight children with asthma. In the validation cohort, while RV, 

RV/TLC ratio and FRC were lower among obese children as compared to normal-weight 

children, only FRC was significantly different between the two groups. The pulmonary 

function values were consistent between the obese asthmatic groups in the two cohorts, other 

than percent-predicted RV, but there was greater variability in FVC, FEV1 and RV/TLC ratio 

between the two normal-weight groups.

Analysis and validation of differential CD4+ T cell gene expression

Univariate analysis using DESeq revealed differential gene expression of 1371 genes in 

obese asthmatic compared to normal-weight asthmatic CD4+ T cells with more genes being 

upregulated in the obese compared to normal-weight asthmatic cells (Figure 2a). After 

adjusting in multivariate regression analysis for the biologic and technical factors associated 

with gene count variance, 319 genes were differentially expressed among obese as compared 

to normal-weight asthmatic children (between-group p value<0.05, q-value<0.05) (Figure 

2b, Table E1 in online repository). Of these, 89 genes overlapped between the initial DESeq 

analysis and multivariate analysis (see Table E2 in online repository).

Gene network analysis of these 89 genes revealed CDC42 to be at the hub of the 

differentially expressed genes (Figure 3). Moreover, 24 of the 89 upregulated genes among 

obese asthmatics were associated with modulation of small GTP binding proteins, CDC42 

and RAC1 (Table 3). Of particular relevance were VAV2, DOCK5, PAK3, PLD1, 
CDC42BPB and CDC42EP4 that either interact directly with the CDC42 protein 

(CDC42EP4), are upstream modulators (VAV2 and DOCK5) or are downstream targets of 

CDC42 (PAK3, PLD1, and CDC42BPB). We verified the expression of CDC42EP4, since it 

directly interacts with CDC42, and DOCK5 and VAV2, its upstream modulators by qRT-

PCR (Figure 4). While CDC42EP4 and DOCK5 were significantly higher among obese 

asthmatics, there was a non-significant trend of higher VAV2 in obese asthmatics (Figure 4, 

E2). Since several differentially expressed genes were associated with both CDC42 and 
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RAC1 activation, we quantified RAC1 expression and found no differential expression 

(Figure 4). We, therefore, focused on validating these differentially expressed genes and 

additional downstream genes (PAK3, PLD1, MLK3 and cRaf1) in the validation cohort 

(Figure 5) as confirmation of upregulation of the CDC42 pathway in obese asthmatic CD4+ 

T cells. While MLK3, PAK3, and PLD1 were upregulated in obese asthmatics, cRaf1 was 

not differentially expressed (Figure 5).

Immunoblot analysis was done to confirm that higher mRNA expression of CDC42EP4 and 

DOCK5 translated into higher protein expression. In keeping with the RNA-Seq and qPCR 

data, we found a trend towards higher levels of these two proteins, although the trend did not 

reach statistical significance (see Figure E3 in online repository). Similarly, there was a non-

significant trend towards higher levels of S6K1 phosphorylation in obese asthmatic T cells, 

which was supportive of activation of the CDC42-mTOR signaling pathway.

To elucidate clinical significance, we correlated gene transcript counts with pulmonary 

function variables. We found an inverse association between log-transformed normalized 

gene counts of CDC42EP4 and DOCK5 and FEV1/FVC ratio, only among obese asthmatics 

(Figure 6) ascribing clinical relevance to the differential gene expression.

Discussion

Our study provides novel evidence that the transcriptome of CD4+ T cells derived from 

obese asthmatic children differs from that of CD4+ T cells from children with normal-

weight asthma. Specifically, we found that several genes associated with the small GTP-

binding protein, CDC42, were upregulated in T cells from obese children with asthma. 

While VAV2 and DOCK5 are upstream of, and activate CDC42, CDC42EP4 interacts 

directly with CDC42 and CDC2BPB, PAK3, and PLD1 are downstream effectors, mediating 

the different effects of this ubiquitous GTP protein. Further, CDC42EP4 and DOCK5 gene 

transcript counts correlated with lower airway obstruction, suggesting that CDC42 pathway 

may have clinical implications in childhood obesity-related asthma.

Few of these genes have been previously studied in the context of inflammation in asthma or 

obesity.22 However, the role of CDC42 and its related proteins has been researched 

extensively in the context of T cell physiology. VAV2 and DOCK5, upregulated in obese 

asthmatic T cells, are guanine exchange factors that activate CDC42.23 VAV2 is ubiquitously 

expressed, and is associated with activation of CDC4224 and its downstream c-JUN 

transcription factor,24 leading to CDC42-mediated activation of the MAP kinase pathway.25 

DOCK proteins are less well studied in T cells. Although DOCK 5, a member of DOCK 

family A,26 is classically associated with activation of RAC1,27 it influences degranulation 

response in mast cells through the NCK-AKT pathway, independent of the RAC1 

activation28 suggesting that it may have additional effects on immune cells. Since our study 

is the first to identify upregulation of DOCK5 and its association with CDC42 in T cells, 

further investigation of its effects and related downstream molecules are needed to identify 

its role in T cells.
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We also confirmed upregulation of downstream targets of CDC42 including PAK3, MLK3, 

PLD1, but not cRaf1. PAK3, with CDC42, plays a role immunological synapse formation,
29–31 and is associated with activation of MAPK and mTOR immune pathways.32–34 Higher 

MLK3 expression also supports downstream activation of MAPK pathway as a potential 

mechanism underlying Th1 polarization among obese asthmatic children. Similarly, PLD1 

activation by CDC4235 mediates S6K1 activation in the mTOR pathway,33 which regulates 

Th1 and Th17 differentiation.36 Quantified in resting cells, we found a small non-significant 

trend for higher p-S6K1 in obese asthmatic T cells. Together, upregulated gene expression of 

upstream guanine exchange factors and downstream effectors provide evidence of activation 

of CDC42-related pathways that have been associated with Th cell activation and may 

explain the differentiation bias towards a Th1 lineage,36 a phenotype observed among obese 

asthmatic children.6, 11 Moreover, the inverse association of CDC42EP4 and DOCK5 gene 

counts with FEV1/FVC ratio uniquely in obese asthmatics provides additional evidence of 

its relevance in the obese asthma phenotype.

In light of the association of non-atopic systemic inflammation with disease burden in obese 

asthmatic adults37 and children,6, 11 we speculate that CDC42 activation in obese asthmatic 

T cells may play several roles, including skewing of T cell differentiation to a Th1/Th17 

profile, increased T cell tissue recruitment by facilitating transmigration, and T cell 

activation. Since these pathways are distinct from those activated in atopic asthma,38 our 

findings begin to identify immune pathways associated with non-atopic immune responses 

in obese asthma phenotype. Activation of Rho GTPases, including CDC42, has been 

proposed to underlie T cell activation in Th1 mediated autoimmune diseases like lupus.39 

Validation of our findings would support potential extension of therapeutics used for 

autoimmune diseases to obesity-related asthma. Although the direct mechanism by which 

circulating T cells influence pulmonary physiology in obese asthma is not known at this 

time, we hypothesize that T cells may potentially increase neutrophilic airway 

inflammation40 or may influence the airway smooth muscle contractility and proliferation,41 

mechanisms that have been proposed to underlie obese asthma phenotype that warrant 

further investigation.

We have previously reported an association between insulin resistance and systemic Th1 

polarization in urban minority children.11 In the current study, insulin was significantly 

associated with gene count variance. T cell activation is associated with aerobic glycolysis42 

with increased cellular glucose uptake due to translocation of glucose transporter 1 

(GLUT1),43 and de-novo expression of the insulin receptor on the cell surface,44 suggesting 

a metabolic role for insulin in T cell activation. Since the insulin signaling pathway utilizes 

CDC42 for glucose transport in adipocytes,45 we hypothesize that the same mechanism may 

be utilized to address the activated T cell’s increased glucose needs.42 Thus, upregulation of 

the CDC42 pathway identifies a need for further exploration of these immuno-metabolic 

pathways in chronic diseases such as obesity-related asthma.

Our study has several strengths. It is the first study to investigate the Th cell transcriptome 

using directional RNA-seq, and identifies CDC42 pathway as a key upregulated pathway in 

obese asthmatic children that is associated with lower airway obstruction. The Th cell 

transcriptome findings were validated in a separate cohort of 10 obese and 10 normal-weight 
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children with asthma. We also identified the influence of technical and biological covariates 

on differential gene expression in a disease state, highlighting the importance of addressing 

these to allow for the identification of high confidence genes. These findings in negatively 

selected unstimulated T cells, unmodified by any external mitogenic influences, are more 

reflective of in-vivo responses, and are novel since prior studies of unstimulated T cell 

transcriptome did not find differences between cases and controls.46 However, there are 

certain limitations. Asthma diagnosis in our cohort was based on physician diagnosis rather 

than objective assessment of airway reactivity. We found small fold differences in the gene 

expression and non-significant differences in the corresponding and downstream proteins. 

Since these cells were derived from obese children with well-controlled asthma in the 

absence of a recent exacerbation, it is unlikely that the cells would be markedly activated 

with elevated protein levels as may be observed in the setting of an asthma exacerbation. 

Furthermore, the lack of an obese non-asthmatic control group limited the understanding of 

the extent to which differential gene expression was driven by obesity alone. In addition, our 

study is cross sectional in nature so a cause-effect relationship could not be derived. 

Nonetheless, the upregulation of several genes associated with the CDC42 pathway, 

upstream of both MAPK and mTOR pathways, suggest that these pathways may be poised 

for activation in the setting of poor disease control or an exacerbation, and thereby provides 

direction for further investigation to identify the key molecules that may be associated with 

non-atopic Th1 systemic inflammation in obesity-related asthma.

Conclusions

In summary, we found upregulation of several genes associated with the small GTP protein 

CDC42, which is involved in many T cell functions, including antigen recognition via the 

immunological synapse, intracellular transport and vesicle formation for cytokine release, 

and T cell activation with activation of the MAPK and the mTOR pathways. These genes 

and their associated pathways provide direction for further investigation of key regulatory 

molecules underlying the non-atopic T cell inflammation in obese asthmatics that may 

potentially serve as therapeutic targets for pediatric obesity-related asthma.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

Th T helper

BMI Body Mass Index

PBMCs Peripheral blood mononuclear cells

qRT-PCR Quantitative reverse transcription-polymerase chain reaction

rRNA Ribosomal RNA

cDNA complementary DNA

FDR False Discovery Rate

NHANES National Health and Nutrition Examination Survey

TNF Tumor necrosis factor
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Key Messages

• T helper cells from obese asthmatic children have a distinct transcriptome 

when compared to T helper cells from normal-weight children.

• Genes related to CDC42, a GTP protein, which plays a role in T cell 

activation, were upregulated in T helper cells from obese asthmatic children.

• MLK3 and PLD1, genes downstream of CDC42 in the MAPK and mTOR 

pathways respectively, were upregulated in obese asthmatic T helper cells 

suggesting that pathways activated distal to CDC42 may play a role in the 

non-atopic T helper 1 immune responses previously observed in obese 

asthmatic children.

• Transcript abundance of genes in the CDC42 pathway directly correlated with 

lower airway obstruction in obese asthmatic children.
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Figure 1. 
Principal component analysis of biological and technical covariates. Principal component 1 

was the most important component as seen in the bar graph. The heatmap depicts the 

strength of the contribution of the study group, and of the biologic and technical covariates, 

on the variance of gene count for each of the top 6 principal components, highlighting the 

individual factors that contribute to principal component 1. The darker the intensity of blue 

color, the stronger was the contribution of the covariate in the variance of the gene count in 

each principal component as shown in the color key.
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Figure 2. 
MA plot of fold change and mean gene expression using DESeq analysis, a) before 

adjustment for biological and technical co-variates (univariate analysis) and b) after 

adjustment for biological and technical co-variates (multivariate analysis). The red dots 

denote differentially expressed genes among obese asthmatics at FDR q-value<0.05.
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Figure 3. 
Association between differentially expressed high confidence genes. The thickness of the 

connecting lines reflects the strength of the association.
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Figure 4. 
Verification of a subset of genes in the first cohort of samples by qRT-PCR. Log10 fold 

differential gene expression is compared between obese and normal-weight children with 

asthma.

Rastogi et al. Page 16

J Allergy Clin Immunol. Author manuscript; available in PMC 2019 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 5. 
Validation of the subset of genes in the second cohort of samples by qRT-PCR. Log10 fold 

differential gene expression was compared between obese asthmatic and normal-weight 

asthmatic Th cells. In addition to genes investigated in the verification experiment (Figure 

4), differential expression of additional genes downstream of CDC42 including MLK3 and 

cRAF1 were investigated. While expression of MLK3 was higher in obese asthmatic Th 

cells, that of cRAF1 did not differ between obese and normal-weight asthmatic Th cells.
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Figure 6. 
Association of CDC42EP4 and DOCK5 gene counts with FEV1/FVC ratio. Log10 

transformed CDC42EP4 and DOCK5 gene counts were inversely correlated with FEV1/FVC 

ratio only in obese asthmatic children.
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Table 1

Demographic and clinical characteristics of the discovery cohort.

Obese Asthmatic
(n=21)

Normal-weight
Asthmatic

(n=21)

P value

Age (years) 9.1±1.5 8.9± 0.6 0.76

Males (n(%)) 8 (38.1) 10 (47.6) 0.75

Hispanic (n(%)) 15 (71.4) 12 (57.4) 0.52

BMI-z score 1.9 ± 0.4 0.06 ± 0.8 <0.001

Atopic sensitization# 17 (81) 20 (95.2) 0.01

Insulin 11.9 ± 7.5 8.5 ± 4.7 0.08

FVC* 102 ± 11.1 89.7 ± 12.3 0.002

FEV1
* 96.2 ± 16.7 87.1 ± 16.4 0.08

FEV1/FVC 81.7 ± 7.5 84.5 ± 8.4 0.27

TLC* 92.6 ± 13.5 92 ± 11 0.88

RV* 86.6 ± 36.2 120.4 ± 33.7 0.004

RV/TLC* 22 ± 6.2 31.8 ± 6 <0.001

ERV* 77.2 ± 17.7 81.1 ± 29.7 0.62

FRC* 85.3 ± 19.4 105.8 ± 23.4 0.005

Medication use

Inhaled steroids 11 (52.3) 9 (42.9) 0.75

Montelukast 13 (61.9) 9 (42.9) 0.35

Inhaled steroid/ long acting beta agonist combination therapy 3 (14.3) 4 (19) 1

All continuous variables are reported as mean±SD.
Categorical variables (gender (males), ethnicity (Hispanic)), atopic sensitization, and medication use are reported as group-specific numerical 
frequency and percentages.

*
Pulmonary function variables are reported as percent predicted values, other than FEV1/FVC and RV/TLC ratio, which are reported as 

percentages.

#
Atopic sensitization was defined as skin prick test reactivity to one or more allergens.47
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Table 2

Demographic and clinical characteristics of the validation cohort

Obese Asthmatic
(n=10)

Normal-weight
Asthmatic

(n=10)

P value

Age 8.8±1 8.6± 1.4 0.71

Males (n(%)) 5 (50) 8 (80) 0.34

Hispanic (n(%)) 5 (50) 5 (50) 1

BMI-z score 1.8±0.5 0.1 ± 1.01 <0.001

Atopic sensitization# 8 (80) 8 (80) 1

Insulin 13.9 ± 5.8 12.2 ± 6.2 0.6

FVC* 102 ± 14 105 ± 22 0.76

FEV1
* 91.5 ± 19 100.1 ± 21 0.36

FEV1/FVC 77.1 ± 8 82.9 ± 4 0.08

TLC* 94.4 ± 10 98 ± 14 0.54

RV* 100.4 ± 32 110.1 ± 22 0.43

RV/TLC 25.6 ± 7 27.9 ± 4 0.39

ERV* 71.1 ± 24 99.8 ± 25 0.02

FRC* 90.1 ± 18 112.2 ± 17 0.02

Medication use

Inhaled steroids 5 (50) 5 (50) 1

Montelukast 9 (90) 7 (70) 0.58

Inhaled steroid/ long acting beta agonist combination therapy 4 (40) 2 (20) 0.62

All continuous variables are reported as mean±SD.
Categorical variables (gender (males), ethnicity (Hispanic)), atopic sensitization and medication use are reported as group-specific numerical 
frequency and percentages.

*
Pulmonary function variables are reported as percent predicted values, other than FEV1/FVC and RV/TLC ratio, which are reported as 

percentages.

#
Atopic sensitization was defined as skin prick test reactivity to one or more allergens.
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Table 3

Genes associated with activation of small GTP proteins, CDC42 and RAC1

Ensembl ID
Associated Gene

Name
log2 Fold
Change q-value

ENSG00000168453 HR 2.599971402 2.32E-05

ENSG00000204764 RANBP17 2.251636516 0.000253142

ENSG00000157388 CACNA1D 1.8684354 0.002357941

ENSG00000137135 ARHGEF39 1.850566818 0.001725958

ENSG00000115318 LOXL3 1.663949396 0.015247401

ENSG00000163803 PLB1 1.649412493 0.0013521

ENSG00000087842 PIR 1.61362157 0.020860028

ENSG00000173406 DAB1 1.553990563 0.016608231

ENSG00000139132 FGD4 1.453418533 0.008949179

ENSG00000075651 PLD1 1.361719192 0.018931263

ENSG00000160293 VAV2 1.332433107 0.012568743

ENSG00000130147 SH3BP4 1.310248419 0.031128422

ENSG00000142512 SIGLEC10 1.290791208 0.030722074

ENSG00000165801 ARHGEF40 1.285779282 0.034584495

ENSG00000105245 NUMBL 1.242714423 0.014961879

ENSG00000106069 CHN2 1.220243828 0.018341102

ENSG00000167601 AXL 1.216368793 0.049907113

ENSG00000175866 BAIAP2 1.125602885 0.021294253

ENSG00000147459 DOCK5 1.101075872 0.03490964

ENSG00000198752 CDC42BPB 0.87291003 0.022874905

ENSG00000088808 PPP1R13B 0.642280439 0.020469995

ENSG00000101236 RNF24 0.572603051 0.028734724

ENSG00000077264 PAK3 0.538432709 0.0141306
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