CDCA42-related genes are upregulated in helper
T cells from obese asthmatic children
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Background: Pediatric obesity-related asthma is more severe
and less responsive to medications than asthma in normal-
weight children. Obese asthmatic children have nonatopic
Tyl-polarized systemic inflammation that correlates with
pulmonary function deficits, but the pathways underlying
Tyl-polarized inflammation are not well understood.
Objective: We compared the CD4* T-cell transcriptome in
obese children with asthma with that in normal-weight children
with asthma to identify key differentially expressed genes
associated with Ty1-polarized inflammation.

Methods: CD4* T-cell transcriptome—wide differential gene
expression was compared between 21 obese and 21 normal-weight
children by using directional RNA sequencing. 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) by using quantitative RT-PCR.

Results: Transcriptome-wide differential gene expression
among obese asthmatic children was enriched for genes,
including VAV2, DOCKS5, PAK3, PLD1, CDC42EP4, and
CDC42PBB, which are associated with CDC42, a small
guanosine triphosphate protein linked to T-cell activation.
Upregulation of MLK3 and PLD1, genes downstream of CDC42
in the mitogen-activated protein kinase and mammalian target
of rapamycin pathways and the inverse correlation of
CDC42EP4 and DOCKS transcript counts with FEV/FVC ratio
together support a role of CDC42 in the Tyx1 polarization and
pulmonary function deficits found in patients with obesity-
related asthma.

Conclusions: Our study identifies the CDC42 pathway as a novel
target that is upregulated in Ty cells of obese asthmatic
children, suggesting its role in nonatopic Ty1-polarized systemic
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inflammation and pulmonary function deficits found in patients
with pediatric obesity-related asthma. (J Allergy Clin Immunol
2018;141:539-48.)
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Obesity and asthma are 2 of the most common pediatric
diseases, particularly among African American and Hispanic
subjects.' Obesity is a known predictor of childhood asthma,’
and obesity-related asthma is distinct from asthma in normal-
weight patients.” Obese children with asthma have higher disease
morbidity,” lower pulmonary function,” and lower responsiveness
to bronchodilators compared with normal-weight children with
asthma.” Although truncal adiposity®; metabolic abnormalities,
including insulin resistance and dyslipidemia”'’; and systemic
inflammation® have been postulated, the precise mechanisms un-
derlying pediatric obesity-related asthma are not well elucidated.

Obese asthmatic children have evidence of nonatopic Tyl-
polarized systemic inflammation,®'! which is associated with
pulmonary function deficits™'" and differs from atopic inflamma-
tion associated with classic childhood asthma.'? Moreover, insu-
lin resistance mediates the association of Tyl polarization with
pulmonary function deficits.'" Although extensive investigation
of immune pathways in the context of atopic asthma'’ has led
to the development of targeted therapy, including omalizumab, 4
the lack of a similar understanding of mechanisms underlying
nonatopic immune responses, as observed in the context of
obesity-related asthma,”'" is associated with limited therapeutic
options for obese children with asthma.

To address these gaps in knowledge, we compared the CD4™"
(Ty) cell transcriptome of obese asthmatic children with that of
normal-weight asthmatic children of African American and His-
panic ethnicity to elucidate the mechanistic immune pathways
underlying Ty1 polarization. We hypothesized that gene expres-
sion in CD4™ T cells from obese asthmatic patients differs from
that in normal-weight asthmatic patients, and its investigation
will allow for identification of key molecules underlying the non-
atopic Tyl-polarized inflammation associated with the obese
asthma phenotype.

METHODS
Study population

Two study cohorts comprised of obese and normal-weight African
American and Hispanic children aged 7 to 11 years with asthma were
recruited from clinics at Children’s Hospital at Montefiore between July 2013
to June 2016. The first discovery cohort comprised 42 children, including 21
obese and 21 normal-weight children with asthma. The second validation
cohort comprised 20 children, including 10 obese and 10 normal-weight
children with asthma. Obesity was defined as a body mass index of greater
than the 95th percentile for age and sex. Asthma was classified based on the
clinical diagnosis made by a health care provider that was confirmed on
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Abbreviations used
FRC: Functional residual capacity
FVC: Forced vital capacity
GTP: Guanosine triphosphate
MAPK: Mitogen-activated protein kinase
mTOR: Mammalian target of rapamycin
gRT-PCR: Quantitative RT-PCR
RNA-seq: RNA sequencing
RV: Residual volume
TLC: Total lung capacity

electronic medical records. All participants completed a research study visit at
the Clinical Research Center at the Montefiore Medical Center where they
underwent anthropometric measurements, allergy skin prick testing to 8
allergens (tree mix, grass mix, ragweed, dust mite /Dermatophagoides ptero-
nyssinus], cockroach, mouse, cat, and mold), and fasting phlebotomy, as pre-
viously described.® Pulmonary function testing was abstracted from the
medical charts. It was performed per American Thoracic Society guidelines
and included spirometry and lung volume quantification by nitrogen washout,
as previously described.® Percent predicted values were calculated for spiro-
metric indices by using the National Health and Nutrition Examination Survey
prediction equations and for lung volume indices by using equations devel-
oped by the American Thoracic Society workshop, as previously described.®
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 Ty1 polarization,'' we processed fasting blood for cell and
serum separation. PBMCs were separated by using the Ficoll Hypaque
method. CD4 " T cells were isolated from PBMCs by means of negative selec-
tion with magnetic beads (EasySep; Stem Cell Technologies, Tukwila, Wash)
to avoid any ex vivo CD4" T-cell stimulation. The CD4* T-cell purity was
95% to 98%, as confirmed by means of flow cytometry (see Fig E1 in this ar-
ticle’s Online Repository at www.jacionline.org). 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 by using a radioimmunoassay (Millipore, Temecula, Calif) on
a Wizard2 gamma counter (PerkinElmer, Waltham, Mass). Lipids were quan-
tified by using an enzymatic immunoassay and measured on an AU400 Chem-
istry Autoanalyzer (Beckman Coulter, Fullerton, Calif).

CD4" T-cell transcriptome quantification by means
of directional RNA sequencing. 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 used to validate the transcriptome findings from the discovery cohort.
RNA extracted from 2 X 10° CD4™ T cells with QIAzol (Qiagen, Valencia,
Calif) underwent quality control testing (2100 Bioanalyzer; Agilent
Technologies, Santa Clara, Calif), and samples with RNA integrity number
of 8 or greater underwent processing for directional RNA sequencing
(RNA-seq) library preparation. After removal of ribosomal RNA with the
Ribo Zero-rRNA removal kit (Illumina, San Diego, Calif), reverse
transcription was performed with the SuperScript III First-Strand Synthesis
System (Thermo Fisher Scientific, Waltham, Mass), followed by
second-strand cDNA synthesis with dUTP (Thermo Fisher Scientific).
Double-stranded cDNA was fragmented with Covaris-Focused ultrasonicator
(Covaris Inc, Woburn, Mass; 200- to 300-bp target length), end-repaired, and
dA tailed, and adaptors were added for the Illumina sequencer to allow multi-
plexing of 8 samples per lane. A combination of dUTP incorporation and
uracil-DNA glycosylase was used to maintain directional information (ie,
transcribing  strand-specific information).'> All libraries underwent
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Bioanalyzer testing for quality control and were sequenced on the Illumina Hi-
Seq 2500 as 100-bp single-end reads.

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 the analyzed
results. Picard tools, version 1.119,'® was used to demultipex and generate
FASTQ files, which were then trimmed for poor-quality bases and adaptor
sequences by using Trim Galore!, version 0.3.7."” By using STAR, version
2.5.1b,'® and gene annotations from Ensembl release 83,19 the trimmed reads
were aligned to the UCSC hg38 human genome assembly, and gene counts
were generated.

Gene counts were normalized, and between-group comparison was
performed with DESeq” on R statistical software, version 3.2.2. Using prin-
cipal component analysis, we investigated the contribution of biological and
technical covariates in the variance of normalized counts between the study
groups (Fig 1). Although fasting insulin level was the only biological variable
associated with variance, several technical factors, including total number of
reads, protein coding reads, percentage of duplicate reads, and sequencing
batch were determined to significantly contribute to the variance in the gene
counts. There was no association of lipids (high-density lipoprotein, low-
density lipoprotein, or triglycerides) with gene-count variance. Given the as-
sociation 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, sex, and ethnicity were included in the model for
their demographic significance. Genes identified by means of multivariate
analysis to be differentially expressed among obese asthmatic patients with
a between-group P value of less than .05 and a false discovery rate q-value
of less than 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, version 10,”" was used to
identify relationships between differentially expressed genes. Gene expres-
sion data and patients’ 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 using quantitative RT-PCR (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 means of
quantitative PCR by using the TagMan gene expression assay with commer-
cially available quantitative PCR primers (Thermo Fisher) and analyzed by us-
ing the AA cycle threshold method.

Protein quantification as additional validation of
differential gene expression. CDC42EP4 and DOCKS proteins
were quantified to additionally validate differential gene expression, and
phosphorylated and total p38 and S6K 1 proteins were quantified as evidence for
mitogen-activated protein kinase (MAPK) and mammalian target of rapamycin
(mTOR) pathway activation in T-cell lysates from a subset of 5 samples from
obese asthmatic patients and 4 samples from normal-weight children with
asthma and normalized to actin. All antibodies, except for CDC42EP4 (Thermo
Fisher Scientific), were purchased from Santa Cruz Biotechnology (Dallas,
Tex). Western blot experiments were run as per protocol (Bio-Rad Labora-
tories, Hercules, Calif). Immunoblot band intensity was quantified with ImageJ
software (National Institutes of Health, Bethesda, Md).

Statistical analysis

Clinical characteristics were compared between obese and normal-weight
asthmatic patients by using the Student # test for continuous variables and the
x° or Fisher exact test for categorical variables. Between-group comparison of
the log;o transformed differential gene expression by using qRT-PCR was
done with the Student # 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 software, version 14 (StataCorp, College Station, Tex).
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FIG 1. Principal component analysis of biological and technical covariates. Principal component (PC) 1 was
the most important component, as seen in the bar graph. The heat map depicts the strength of the contri-
bution 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 the contribution of the covariate in the variance of the
gene countin each principal component, as shown in the color key. HDL, High-density lipoprotein; LDL, low-

density lipoprotein.

RESULTS
Study population

The clinical characteristics of the discovery and validation
cohort are summarized in Tables I and I, respectively.”> Obese
asthmatic children did not differ in age, sex, or ethnicity distribu-
tion from normal-weight asthmatic children in either the discov-
ery or 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 forced vital capacity (FVC), FEV|,
residual volume (RV), and functional residual capacity (FRC)
and RV/total lung capacity (TLC) ratio compared with normal-
weight children with asthma. In the validation cohort, although
RV, RV/TLC ratio, and FRC, were lower among obese children
compared with normal-weight children, only FRC was signifi-
cantly different between the 2 groups. Pulmonary function values
were consistent between the obese asthmatic group in the 2 co-
horts, other than percent predicted RV, but there was greater vari-
ability in FVC, FEV,, and RV/TLC ratio between the 2 normal-
weight groups.

Analysis and validation of differential CD4* T-cell
gene expression

Univariate analysis by using DESeq revealed differential gene
expression of 1371 genes in CD4™" T cells from obese asthmatic

compared with normal-weight patients, with more genes being
upregulated in the obese compared with normal-weight asthmatic
patients (Fig 2, A). After adjusting in multivariate regression anal-
ysis for the biological and technical factors associated with gene-
count variance, 319 genes were differentially expressed among
obese compared with normal-weight asthmatic children (be-
tween-group P < .05, g-value < 0.05; Fig 2, B, and see Table E1
in this article’s Online Repository at www.jacionline.org). Of
these, 89 genes overlapped between the initial DESeq analysis
and multivariate analysis (see Table E2 in this article’s Online Re-
pository at www.jacionline.org).

Gene network analysis of these 89 genes revealed CDC42 to be
at the hub of the differentially expressed genes (Fig 3). Moreover,
24 of the 89 upregulated genes among obese asthmatic patients
were associated with modulation of the small guanosine triphos-
phate (GTP)-binding proteins CDC42 and RACI (Table III). Of
particular relevance were VAV2, DOCK5, PAK3, PLDI,
CDC42BPB, and CDC42EP4, which either interact directly
with the CDC42 protein (CDC42EP4), are upstream modulators
(VAV2 and DOCKY), or are downstream targets of CDC42 (PAK3,
PLDI, and CDC42BPB). We verified the expression of
CDC42EP4 because it directly interacts with CDC42, and
DOCK5 and VAV2, its upstream modulators, using qRT-PCR
(Fig 4). Although expression of CDC42EP4 and DOCKS5 was
significantly higher among obese asthmatic patients, there was a
nonsignificant trend of higher VAV2 expression in obese asthmatic
patients (Fig 4 and see Fig E2 in this article’s Online Repository at
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TABLE I. Demographic and clinical characteristics of the discovery cohort
Obese asthmatic Normal-weight asthmatic
patients (n = 21) patients (n = 21) P value
Age (y) 9.1 £ 15 8.9 £ 0.6 .76
Male sex, no. (%) 8 (38.1) 10 (47.6) 75
Hispanic, no. (%) 15 (71.4) 12 (57.4) .52
BMI z score 1.9 04 0.06 = 0.8 <.001
Atopic sensitization* 17 (81) 20 (95.2) .01
Insulin 119 =75 8.5 47 .08
FVC+t 102 = 11.1 89.7 £ 12.3 .002
FEV,t 96.2 = 16.7 87.1 £ 164 .08
FEV,/FVC 81.7 =175 84.5 = 84 27
TLCt 92.6 = 13.5 92 = 11 .88
RVt 86.6 = 36.2 120.4 = 33.7 .004
RV/TLCT 22 £ 6.2 318 £ 6 <.001
ERVT 772 = 17.7 81.1 £ 29.7 .62
FRC+ 853 £ 194 105.8 = 234 .005
Medication use
Inhaled steroids 11 (52.3) 9 (42.9) 75
Montelukast 13 (61.9) 9 (42.9) 35
Inhaled steroid/long-acting (3-agonist combination therapy 3(14.3) 4(19) 1

All continuous variables are reported as means = SDs. Categorical variables (sex [male] and ethnicity [Hispanic]), atopic sensitization, and medication use are reported as group-

specific numeric frequencies and percentages.
BMI, Body mass index; ERV, expiratory reserve volume.
*Atopic sensitization was defined as skin prick test reactivity to 1 or more allergens.””

fTPulmonary function variables are reported as percent predicted values, other than FEV/FVC and RV/TLC ratio, which are reported as percentages.

TABLE Il. Demographic and clinical characteristics of the validation cohort

Obese asthmatic

Normal-weight asthmatic

patients (n = 10) patients (n = 10) P value

Age (y) 8.8 £ 1 8.6 £ 14 71
Male sex, no. (%) 5 (50) 8 (80) 34
Hispanic, no. (%) 5 (50) 5 (50) 1
BMI 7z score 1.8 £0.5 0.1 = 1.01 <.001
Atopic sensitization* 8 (80) 8 (80) 1
Insulin 139 = 58 122 £ 6.2 .6
FVC+t 102 = 14 105 £ 22 .76
FEV,t 915 = 19 100.1 = 21 .36
FEV,/FVC 77.1 = 8 829 = 4 .08
TLCt 94.4 = 10 98 * 14 .54
RV 100.4 = 32 110.1 = 22 43
RV/TLC 25.6 =7 279 * 4 .39
ERVT 71.1 = 24 99.8 = 25 .02
FRCT 90.1 = 18 1122 = 17 .02
Medication use

Inhaled steroids 5 (50) 5 (50) 1

Montelukast 9 (90) 7 (70) .58

Inhaled steroid/long-acting (3-agonist combination therapy 4 (40) 2 (20) .62

All continuous variables are reported as means * SDs. Categorical variables (sex [male] and ethnicity [Hispanic]), atopic sensitization, and medication use are reported as group-

specific numerical frequency and percentages.
BMI, Body mass index; ERV, expiratory reserve volume.
*Atopic sensitization was defined as skin prick test reactivity to 1 or more allergens.

fPulmonary function variables are reported as percent predicted values, other than FEV/FVC and RV/TLC ratio, which are reported as percentages.

www.jacionline.org). Because several differentially expressed
genes were associated with both CDC42 and RACI activation,
we quantified RAC1 expression and found no differential expres-
sion (Fig 4). Therefore we focused on validating these differen-
tially expressed genes and additional downstream genes (PAK3,
PLDI, MLK3, and cRafl) in the validation cohort (Fig 5) as
confirmation of upregulation of the CDC42 pathway in obese
asthmatic CD4" T cells. Although MLK3, PAK3, and PLDI

were upregulated in obese asthmatic patients, cRafl was not
differentially expressed (Fig 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
quantitative PCR data, we found a trend toward higher levels of
these 2 proteins, although the trend did not reach statistical
significance (see Fig E3 in this article’s Online Repository at
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FIG 2. MA plot of fold change and mean gene expression by using DESeq
analysis before adjustment for biological and technical covariates (univar-
iate analysis; A) and after adjustment for biological and technical covariates
(multivariate analysis; B). Red dots denote differentially expressed genes
among obese asthmatic patients at a false discovery rate g-value of less
than 0.05.

www.jacionline.org). Similarly, there was a nonsignificant trend
toward higher levels of S6K1 phosphorylation in T cells from
obese asthmatic patients, 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 DOCK)5 and FEV{/FVC ratios only among obese
asthmatic patients (Fig 6), ascribing clinical relevance to the dif-
ferential 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. Although VAV2 and DOCKS5 are up-
stream of and activate CDC42, CDC42EP4 interacts directly with
CDC42, and CDC2BPB, PAK3, and PLD] are downstream effec-
tors, mediating the different effects of this ubiquitous GTP pro-
tein. Furthermore, CDC42EP4 and DOCK5 gene transcript
counts correlated with lower airway obstruction, suggesting that
the CDC42 pathway might have clinical implications in pediatric
obesity-related asthma.
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Few of these genes have been previously studied in the context
of inflammation in asthma or obesity.23 However, the role of
CDC42 and its related proteins has been researched extensively
in the context of T-cell physiology. VAV2 and DOCKS5, which
are upregulated in T cells from obese asthmatic patients, are gua-
nine exchange factors that activate CDC42.>* VAV2 is ubiqui-
tously expressed and associated with activation of CDC42%
and its downstream c-JUN transcription factor,” leading to
CDC42-mediated activation of the MAP kinase pathway.”®
DOCK proteins are less well studied in T cells. Although
DOCKS, a member of DOCK family A s classically associated
with activation of RACI,” it influences the degranulation
response in mast cells through the NCK-AKT pathway indepen-
dent of the RAC1 activation,”” suggesting that it might have addi-
tional effects on immune cells. Because 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.

We also confirmed upregulation of downstream targets of
CDC42, including PAK3, MLK3, and PLDI but not cRafl.
PAK3, with CDC42, plays a role in immunologic synapse
formation™ and is associated with activation of MAPK and
mTOR immune pathways.”>>> Higher MLK3 expression also
supports downstream activation of the MAPK pathway as a poten-
tial mechanism underlying Ty1 polarization among obese asth-
matic children. Similarly, PLD1 activation by CDC42%°
mediates S6K1 activation in the mTOR pathway,”* which regu-
lates Tyl and Ty17 differentiation.’” Quantified in resting cells,
we found a small nonsignificant trend for higher phosphorylated
S6K1 levels in T cells from obese asthmatic patients. Together,
upregulated gene expression of upstream guanine exchange fac-
tors and downstream effectors provide evidence of activation of
CDC42-related pathways that have been associated with Ty cell
activation and might explain the differentiation bias toward a
Tyl lineage,37 a phenotype observed among obese asthmatic chil-
dren.®'" Moreover, the inverse association of CDC42EP4 and
DOCKS5 gene counts with FEV/FVC ratio uniquely in obese
asthmatic patients provides additional evidence of its relevance
in the obese asthma phenotype.

In light of the association of nonatopic systemic inflammation
with disease burden in obese asthmatic adults®® and children,®!!
we speculate that CDC42 activation in T cells from obese asth-
matic patients might play several roles, including skewing of T-
cell differentiation to a Ty1/Ty17 profile, increased T-cell tissue
recruitment by facilitating transmigration, and T-cell activation.
Because these pathways are distinct from those activated in pa-
tients with atopic asthma,’® our findings begin to identify im-
mune pathways associated with nonatopic immune responses
in patients with the obese asthma phenotype. Activation of
Rho GTPases, including CDC42, has been proposed to underlie
T-cell activation in patients with Tyl-mediated autoimmune
diseases, such as lupus.”” Validation of our findings would sup-
port potential extension of therapeutics used for autoimmune
diseases to obesity-related asthma. Although the direct mecha-
nism by which circulating T cells influence pulmonary physi-
ology in obese patients with asthma is not known at this time,
we hypothesize that T cells might increase neutrophilic airway
inflammation®' or influence airway smooth muscle contractility
and proliferation,42 mechanisms that have been proposed to un-
derlie the obese asthma phenotype and warrant further
investigation.
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FIG 3. Association between differentially expressed high-confidence genes. The thickness of the connect-

ing lines reflects the strength of the association.

We have previously reported an association between insulin
resistance and systemic Tyl polarization in urban minority chil-
dren.'" In the current study insulin was significantly associated
with gene-count variance. T-cell activation is associated with
aerobic glycolysis,” increased cellular glucose uptake caused
by translocation of glucose transporter 1 (GLUT1),** and de
novo expression of the insulin receptor on the cell surface,"
suggesting a metabolic role for insulin in T-cell activation.
Because the insulin signaling pathway uses CDC42 for glucose
transport in adipocytes,*® we hypothesize that the same mecha-
nism can be used to address the activated T cell’s increased
glucose needs.”” Thus upregulation of the CDC42 pathway
identifies a need for further exploration of these immunometa-
bolic pathways in patients with chronic diseases, such as
obesity-related asthma.

Our study has several strengths. It is the first study to
investigate the Ty cell transcriptome using directional RNA-seq
and identifies the CDC42 pathway as a key upregulated pathway
in obese asthmatic children that is associated with lower airway
obstruction. The Ty cell transcriptomic findings were validated
in a separate cohort of 10 obese and 10 normal-weight children
with asthma. We also identified the influence of technical and bio-
logical 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 re-
sponses and are novel because prior studies of unstimulated T
cell transcriptome did not find differences between cases and con-
trol subjects.47 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 nonsignificant differ-
ences in the corresponding and downstream proteins. Because
these cells were derived from obese children with well-
controlled asthma in the absence of a recent exacerbation, it is un-
likely that the cells would be markedly activated with increased
protein levels, as can be observed in the setting of an asthma exac-
erbation. Furthermore, the lack of an obese nonasthmatic 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, and therefore a cause-effect
relationship could not be derived. Nonetheless, the upregulation
of several genes associated with the CDC42 pathway upstream
of both the MAPK and mTOR pathways suggests that these path-
ways might 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 might be
associated with nonatopic Tyl systemic inflammation in patients
with obesity-related asthma.
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TABLE lll. Genes associated with activation of the small GTP proteins CDC42 and RAC1
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Ensembl ID Associated gene name Log, fold change q-value
ENSG00000168453 HR 2.599971402 2.32E-05
ENSG00000204764 RANBP17 2.251636516 0.000253142
ENSG00000157388 CACNAID 1.8684354 0.002357941
ENSG00000137135 ARHGEF39 1.850566818 0.001725958
ENSG00000115318 LOXL3 1.663949396 0.015247401
ENSG00000163803 PLBI 1.649412493 0.0013521
ENSG00000087842 PIR 1.61362157 0.020860028
ENSG00000173406 DABI 1.553990563 0.016608231
ENSG00000139132 FGD4 1.453418533 0.008949179
ENSG00000075651 PLDI 1.361719192 0.018931263
ENSG00000160293 VAV2 1.332433107 0.012568743
ENSG00000130147 SH3BP4 1.310248419 0.031128422
ENSG00000142512 SIGLECI10 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 PPPIRI3B 0.642280439 0.020469995
ENSG00000101236 RNF24 0.572603051 0.028734724
ENSG00000077264 PAK3 0.538432709 0.0141306
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FIG 4. Verification of a subset of genes in the first cohort of samples by using qRT-PCR. Log., fold differen-
tial gene expression is compared between obese and normal-weight children with asthma.

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 through the

immunologic synapse, intracellular transport and vesicle forma-
tion for cytokine release, and T-cell activation with activation of
the MAPK and mTOR pathways. These genes and their
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FIG 6. Association of CDC42EP4 and DOCK5 gene counts with FEV4/FVC ratio. Logo transformed CDC42EP4
and DOCK5 gene counts were inversely correlated with FEV,/FVC ratio only in obese asthmatic children.

associated pathways provide direction for further investigation of
key regulatory molecules underlying the nonatopic T-cell inflam-
mation in obese asthmatic patients that can serve as therapeutic
targets for pediatric obesity-related asthma.

We thank all the participating children and their families for taking the time
to complete the study protocol. We also acknowledge the staff at the
Epigenomics Shared Facility and the High-Performance Computing Core
Facility at Albert Einstein College of Medicine for the sequencing and post
sequencing processing of the RNA-Seq experiments.

Key messages

o Ty cells from obese asthmatic children have a distinct
transcriptome when compared with Ty cells from
normal-weight children.

Expression of genes related to CDC42, a GTP protein,
which plays a role in T-cell activation, was upregulated
in Ty cells from obese asthmatic children.

Expression of MLK3 and PLDI1, genes downstream of

CDC42 in the MAPK and mTOR pathways, respectively,
was upregulated in Ty cells from obese asthmatic pa-
tients, suggesting that pathways activated distal to
CDC42 might play a role in the non-atopic Tyl immune

responses observed in obese asthmatic

children.

previously

Transcript abundance of genes in the CDC42 pathway
directly correlated with lower airway obstruction in obese
asthmatic children.
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FIG E1. Flow cytometry-based quantification of T-cell purity after cell separation. A, Lymphocytes were
gated based on forward scatter (FSC) and side scatter (SSC). B and C, Proportions of CD4* lymphocytes
were quantified based on staining with anti-human CD4-allophycocyanin H7 antibody in freshly separated
PBMCs (Fig E1, B) and T cells isolated by means of negative selection (Fig E1, C).
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FIG E2. A, Visual depiction of normalized gene counts of high-confidence genes with their corresponding
qRT-PCR results. B, Fold changes in CDC42EP4, DOCK5, and VAV2 trended in the same direction.
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FIG E3. Western blot analysis of proteins corresponding to upregulated high-confidence genes and those in
downstream MAPK and mTOR pathways. CDC42PE4 and DOCKS5 trended toward higher levels in in obese
asthmatic samples. Similarly, p-S6K1 levels trended toward higher in obese asthmatic patients. However,
none of these differences reached statistical significance.
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TABLE E1. Differentially expressed genes identified by means
of multivariate analysis

Associated gene

Ensembl ID name Log, fold change q-value
ENSG00000165914  TTC7B 2.764 0.001
ENSG00000135636  DYSF 2.579 0.004
ENSG00000179869  ABCAI3 2.537 0.010
ENSG00000280156  AC006548.28 2.520 0.036
ENSG00000116962  NIDI 2.370 0.003
ENSG00000136367  ZFHX2 2.308 0.010
ENSGO00000157110 ~ RBPMS 2.288 0.008
ENSG00000092758  COL9A3 2.241 0.005
ENSGO00000117115  PADI2 2.241 0.002
ENSG00000113657  DPYSL3 2.225 0.010
ENSG00000125046 ~ SSUH2 2.222 0.011
ENSG00000175029  CTBP2 2.220 0.003
ENSG00000174099  MSRB3 2.218 0.001
ENSG00000234456  MAGI2-AS3 2.204 0.005
ENSG00000073464  CLCN4 2.187 0.001
ENSG00000174059  CD34 2.169 0.002
ENSG00000152104  PTPN14 2.156 0.014
ENSGO00000155754  ALS2CRI11 2.144 0.007
ENSG00000066056  TIEI 2.142 0.014
ENSG00000131398  KCNC3 2.128 0.005
ENSG00000168453  HR 2.120 0.013
ENSG00000137474  MYO7A 2.098 0.018
ENSG00000136854  STXBPI 2.093 0.001
ENSG00000176046 ~ NUPRI 2.091 0.010
ENSGO00000019505  SYTI3 2.080 0.013
ENSG00000148053  NTRK2 2.071 0.030
ENSG00000204764  RANBPI17 2.069 0.020
ENSG00000112414  ADGRG6 2.056 0.006
ENSG00000196878  LAMB3 2.050 0.010
ENSG00000198753  PLXNB3 2.034 0.017
ENSG00000137135  ARHGEF39 2.033 0.008
ENSG00000147459  DOCK5 2.026 0.003
ENSG00000136205  TNS3 2.020 0.005
ENSG00000228065  LINCO1515 2.016 0.039
ENSG00000130052  STARDS 2.013 0.001
ENSG00000163625 WDFY3 2.007 0.016
ENSG00000157388  CACNAID 2.005 0.033
ENSG00000139132  FGD4 1.997 0.006
ENSG00000019144  PHLDBI 1.987 0.011
ENSG00000187244  BCAM 1.984 0.024
ENSG00000019991  HGF 1.981 0.019
ENSG00000279091  RP11-461F11.2 1.980 0.023
ENSG00000122778  KIAA1549 1.973 0.029
ENSG00000261634  RP11-352D13.6 1.961 0.020
ENSG00000165186  PTCHDI1 1.959 0.025
ENSG00000065833  MEI 1.954 0.002
ENSG00000087842  PIR 1.949 0.015
ENSG00000128805  ARHGAP22 1.941 0.021
ENSG00000266074  BAHCCI 1.941 0.016
ENSG00000184985  SORCS2 1.941 0.042
ENSG00000115919  KYNU 1.938 0.031
ENSG00000142512  SIGLECI0 1.938 0.006
ENSG00000087258  GNAOI 1.935 0.007
ENSG00000147862  NFIB 1.933 0.047
ENSG00000109265  KIAAI211 1.928 0.012
ENSG00000143382  ADAMTSIA 1.923 0.041
ENSG00000139174  PRICKLEI 1.913 0.030
ENSG00000101333  PLCB4 1.912 0.009
ENSG00000182048  TRPC2 1.912 0.028
ENSG00000134755  DSC2 1.908 0.049
(Continued)
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Associated gene

Ensembl ID name Log, fold change q-value
ENSGO00000072315 TRPCS5 1.906 0.026
ENSGO00000115318  LOXL3 1.899 0.029
ENSG00000271086 ~ NAMA 1.898 0.021
ENSGO00000060140  STYK1 1.892 0.025
ENSGO00000267391  RP11-1151B14.3 1.888 0.010
ENSG00000279440  CTA-992D9.11 1.887 0.036
ENSGO00000175274  TP53111 1.883 0.006
ENSGO00000146592  CREBS 1.881 0.034
ENSGO00000197430  OPALIN 1.880 0.013
ENSGO00000214548  MEG3 1.876 0.046
ENSG00000135083 CCNJL 1.875 0.024
ENSGO00000136383  ALPK3 1.875 0.013
ENSGO00000173698  ADGRG2 1.873 0.041
ENSG00000183019  MCEMPI1 1.872 0.005
ENSGO00000147488  ST18 1.863 0.020
ENSG00000169184  MNI 1.858 0.020
ENSGO00000233705  SLC26A4-AS1 1.855 0.028
ENSGO00000122194  PLG 1.849 0.036
ENSG00000253284  RP11-282K24.3 1.848 0.014
ENSGO00000165801  ARHGEF40 1.842 0.008
ENSG00000168916  ZNF608 1.842 0.019
ENSG00000162896  PIGR 1.842 0.041
ENSGO00000188580  NKAIN2 1.842 0.014
ENSGO00000266805  RP11-61LI19.1 1.838 0.008
ENSG00000047936  ROS1 1.832 0.038
ENSGO00000012124  CD22 1.831 0.030
ENSGO00000140254  DUOXAI 1.831 0.020
ENSGO00000103855 CD276 1.823 0.046
ENSGO00000110400  PVRLI 1.822 0.004
ENSG00000160293 VAV2 1.819 0.006
ENSGO00000111704  NANOG 1.819 0.031
ENSG00000225511 LINC00475 1.810 0.035
ENSG00000132854  KANK4 1.809 0.041
ENSGO00000092200  RPGRIP1 1.808 0.031
ENSGO00000185559  DLKI 1.807 0.036
ENSGO00000136695  IL36RN 1.796 0.039
ENSGO00000120318  ARAP3 1.793 0.019
ENSGO00000163393  SLC22A15 1.786 0.025
ENSGO00000135929  CYP27A1 1.785 0.025
ENSG00000246363  RP11-13A1.1 1.781 0.014
ENSG00000099365  STXIB 1.777 0.014
ENSG00000231064  RP11-263K19.4 1.775 0.009
ENSG00000162390  ACOTI11 1.773 0.036
ENSGO00000235979  AC004448.5 1.772 0.045
ENSGO00000134369  NAVI 1.770 0.009
ENSGO00000164330  EBF1I 1.767 0.019
ENSGO00000114923  SLC4A3 1.767 0.043
ENSG00000130147  SH3BP4 1.767 0.025
ENSGO00000122012  SV2C 1.766 0.048
ENSG00000269821 KCNQIOT1 1.765 0.005
ENSGO00000132938  MTUS2 1.762 0.026
ENSGO00000170465  KRT6C 1.758 0.037
ENSGO00000140090  SLC24A4 1.758 0.011
ENSGO00000128408  RIBC2 1.755 0.009
ENSGO00000164236 ~ ANKRD33B 1.755 0.012
ENSGO00000177519  RPRM 1.755 0.017
ENSGO00000146090  RASGEFIC 1.752 0.049
ENSGO00000143028  SYPL2 1.750 0.048
ENSGO00000167600  CYP2S1 1.750 0.014
ENSG00000095397  DFNB31 1.746 0.008
ENSGO00000280169  RP11-151A6.6 1.745 0.028
ENSGO00000103067  ESRP2 1.745 0.040

(Continued)
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Associated gene

Associated gene

Ensembl ID name Log, fold change g-value Ensembl ID name Log, fold change q-value
ENSG00000134240  HMGCS?2 1.741 0.029 ENSGO00000075651 PLDI 1.621 0.032
ENSGO00000134508  CABLESI 1.740 0.007 ENSGO00000282419  TEX13D 1.619 0.046
ENSG00000173801  JUP 1.740 0.011 ENSGO00000115386  REGIA 1.617 0.037
ENSGO00000123307  NEUROD4 1.733 0.042 ENSGO00000143194  MAEL 1.614 0.043
ENSG00000245526  LINC00461 1.730 0.042 ENSGO00000215795  RP11-488L18.3 1.614 0.027
ENSG00000276545  PCDHGB9Y9P 1.730 0.014 ENSG00000250337  LINC01021 1.613 0.037
ENSG00000221866  PLXNA4 1.729 0.002 ENSGO00000103196 ~ CRISPLD?2 1.612 0.017
ENSG00000130224  LRCH2 1.729 0.030 ENSGO00000118557  PMFBPI 1.609 0.023
ENSGO00000105711 SCNIB 1.724 0.011 ENSGO00000187912  CLECI7A 1.607 0.036
ENSGO00000005471  ABCB4 1.723 0.045 ENSGO00000069535  MAOB 1.606 0.049
ENSGO00000168995  SIGLEC7 1.720 0.038 ENSGO00000175866  BAIAP2 1.600 0.011
ENSG00000169760  NLGN1 1.720 0.036 ENSGO00000224687  RASAL2-AS1 1.598 0.025
ENSG00000269891  ARHGAPI19-SLIT1 1.719 0.030 ENSGO00000148600  CDHRI 1.597 0.049
ENSGO00000077264  PAK3 1.713 0.009 ENSGO00000118276  B4GALT6 1.597 0.028
ENSG00000267065  CTD-2246P4.1 1.711 0.032 ENSG00000280160  RP11-196G11.3 1.591 0.028
ENSG00000149131 SERPING1 1.708 0.048 ENSG00000279525  GSI-306C12.1 1.591 0.047
ENSG00000233393  AP000688.29 1.703 0.029 ENSGO00000128422  KRT17 1.590 0.049
ENSG00000141519  CCDC40 1.698 0.048 ENSGO00000198722 UNCI3B 1.587 0.049
ENSGO00000164684  ZNF704 1.697 0.006 ENSG00000167601  AXL 1.586 0.035
ENSGO00000136158  SPRY2 1.695 0.003 ENSG00000127324  TSPANS 1.585 0.049
ENSG00000172421 EFCAB3 1.693 0.016 ENSG00000229670  PKP4PI 1.584 0.028
ENSG00000260105  AOC4P 1.692 0.037 ENSGO00000260672  RP11-1006G14.1 1.581 0.034
ENSGO00000189350  FAM179A 1.691 0.022 ENSGO00000148143  ZNF462 1.580 0.008
ENSGO00000133816 ~ MICAL2 1.691 0.001 ENSG00000226741 CTA-929C8.6 1.580 0.044
ENSG00000121753  ADGRB2 1.688 0.044 ENSG00000230392  RP5-113911.1 1.577 0.048
ENSG00000165376 ~ CLDN?2 1.688 0.036 ENSGO00000120162  MOB3B 1.573 0.020
ENSG00000280152  RP11-331F4.5 1.687 0.047 ENSGO00000185250  PPIL6 1.572 0.040
ENSGO00000125355  TMEM255A 1.687 0.042 ENSG00000227582  ADGRF5P1 1.567 0.050
ENSG00000260762  ACSM5P1 1.682 0.043 ENSGO00000179059  ZFP42 1.567 0.042
ENSG00000277837  RP11-714M23.2 1.681 0.044 ENSG00000180914  OXTR 1.561 0.046
ENSG00000105251 SHD 1.679 0.026 ENSGO00000084731  KIF3C 1.560 0.004
ENSG00000280474  RP11-216B9.8 1.676 0.010 ENSG00000123411 IKZF4 1.560 0.012
ENSGO00000173406  DABI 1.674 0.038 ENSG00000189001  SBSN 1.558 0.032
ENSGO00000171004  HS6ST2 1.672 0.029 ENSGO00000188425  NANOS?2 1.557 0.039
ENSGO00000114698  PLSCR4 1.670 0.046 ENSGO00000066923  STAG3 1.557 0.026
ENSGO00000170807  LMOD2 1.668 0.025 ENSG00000238160 AC116366.5 1.556 0.017
ENSG00000182791 CCDC87 1.667 0.010 ENSGO00000153714  LURAPIL 1.556 0.014
ENSGO00000137090  DMRT1I 1.665 0.028 ENSG00000240423  LINC00636 1.554 0.040
ENSGO00000115107  STEAP3 1.662 0.030 ENSGO00000163803  PLBI 1.553 0.047
ENSGO00000130182  ZSCANI0 1.661 0.046 ENSGO00000175946  KLHL38 1.550 0.049
ENSGO00000171502  COL24A1 1.660 0.028 ENSG00000151458  ANKRDS50 1.547 0.008
ENSG00000142798  HSPG2 1.658 0.011 ENSGO00000072840  EVC 1.545 0.030
ENSG00000248332  TUB-AS1 1.655 0.032 ENSGO00000156298  TSPAN7 1.543 0.044
ENSG00000179604  CDC42EP4 1.649 0.011 ENSG00000256269  HMBS 1.538 0.018
ENSG00000228824  MIR4500HG 1.648 0.024 ENSG00000149289  ZC3HI12C 1.533 0.020
ENSGO00000275850  RP11-543P15.3 1.647 0.039 ENSGO00000061492  WNTSA 1.533 0.042
ENSG00000260401  RP11-800A3.4 1.647 0.047 ENSGO00000179219  LINC00311 1.531 0.047
ENSG00000233746  LINC00656 1.644 0.049 ENSG00000279118  RP11-51713.2 1.526 0.049
ENSGO00000181781 ODF3L2 1.642 0.032 ENSGO00000121297  TSHZ3 1.525 0.029
ENSG00000279302  RP11-16P20.4 1.641 0.029 ENSG00000189420  ZFP92 1.522 0.025
ENSG00000233718  MYCNOS 1.640 0.022 ENSGO00000101236 ~ RNF24 1.517 0.000
ENSG00000087495  PHACTR3 1.638 0.049 ENSG00000198445 CCTS8L2 1.516 0.041
ENSGO00000170956 ~ CEACAM3 1.637 0.043 ENSGO00000172146  ORIAI 1.516 0.040
ENSG00000204815  TTC25 1.633 0.043 ENSGO00000147912  FBX010 1.515 0.021
ENSGO00000180043  FAM7IE2 1.631 0.042 ENSG00000105245  NUMBL 1.514 0.028
ENSGO00000085185  BCORLI 1.629 0.010 ENSGO00000280953  LINC01163 1.510 0.025
ENSG00000161642  ZNF385A 1.629 0.042 ENSGO00000245385  RP11-334E6.10 1.501 0.039
ENSGO00000167995  BESTI 1.628 0.031 ENSGO00000281955  RP11-126022.9 1.494 0.027
ENSGO00000179362  HMGN2P46 1.627 0.045 ENSGO00000273267  RP11-338K13.1 1.494 0.019
ENSGO00000137166 ~ FOXP4 1.623 0.026 ENSG00000128487  SPECCI 1.493 0.005
ENSGO00000271776 ~ RP11-52L5.6 1.622 0.034 ENSG00000224675  AC009227.2 1.493 0.038
ENSG00000110243  APOAS 1.622 0.026 ENSGO00000108352  RAPGEFLI 1.490 0.020
(Continued) (Continued)
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TABLE E1. (Continued)

Associated gene

TABLE E1. (Continued)

Associated gene

Ensembl ID name Log, fold change g-value Ensembl ID name Log, fold change q-value
ENSG00000247982  LINC00926 1.488 0.021 ENSG00000165916 ~ PSMC3 0.846 0.014
ENSG00000214107  MAGEBI 1.485 0.039 ENSGO00000067955 CBFB 0.836 0.021
ENSG00000091436  AC013461.1 1.479 0.004 ENSGO00000198081  ZBTBI4 0.828 0.012
ENSG00000206561 COLQ 1.479 0.003 ENSGO00000168288  MMADHC 0.817 0.028
ENSG00000215562  CNN2P7 1.475 0.041 ENSG00000251791  SCARNA6 0.811 0.044
ENSGO00000197879  MYOIC 1.473 0.000 ENSG00000205531 NAPIL4 0.811 0.022
ENSG00000259807  RP11-426C22.4 1.472 0.045 ENSGO00000114125  RNF7 0.806 0.003
ENSGO00000071246  VASHI 1.466 0.032 ENSG00000255302  EIDI 0.796 0.010
ENSG00000277639  RP11-295M3.4 1.465 0.030 ENSG00000252010  SCARNAS 0.795 0.035
ENSG00000215455  KRTAPI10-1 1.459 0.044 ENSGO00000137504  CREBZF 0.782 0.002
ENSGO00000108509  CAMTA2 1.456 0.004 ENSG00000207297  SNORD7 0.641 0.036
ENSGO00000257790  EIF4A1P4 1.453 0.030

ENSG00000241288  RP11-379B18.5 1.450 0.036

ENSGO00000280105  RP11-334E15.1 1.445 0.039

ENSGO00000188818  ZDHHCI1 1.445 0.019

ENSG00000266830  CTD-2008P7.8 1.440 0.045

ENSGO00000107159  CA9 1.438 0.049

ENSG00000256812  CAPNS2 1.435 0.045

ENSG00000125741 OPA3 1.433 0.000

ENSG00000236651  DLX2-AS1 1.429 0.026

ENSG00000280140  RP11-597D13.2 1.426 0.035

ENSG00000126705  AHDCI 1.422 0.049

ENSGO00000072062  PRKACA 1.411 0.014

ENSGO00000088808  PPPIRI13B 1.408 0.002

ENSG00000146426  TIAM2 1.405 0.025

ENSGO00000106069  CHN2 1.397 0.037

ENSGO00000110446  SLC15A3 1.390 0.034

ENSG00000103404  USP31 1.376 0.006

ENSGO00000088854  C200rf194 1.373 0.001

ENSG00000090020  SLC9A1 1.369 0.005

ENSG00000255027  RP11-680F20.9 1.364 0.048

ENSG00000123643  SLC36A1 1.355 0.029

ENSGO00000087903  RFX2 1.336 0.028

ENSGO00000130518  KIAA1683 1.326 0.035

ENSGO00000079819  EPB41L2 1.314 0.020

ENSGO00000122335  SERACI 1.309 0.039

ENSGO00000127527  EPSI5LI 1.295 0.008

ENSGO00000103005 USB1 1.287 0.013

ENSGO00000004866 ~ ST7 1.282 0.027

ENSG00000104885  DOTIL 1.278 0.028

ENSGO00000105556  MIER2 1.270 0.043

ENSG00000173517  PEAKI 1.250 0.046

ENSG00000132024  CC2DIA 1.223 0.031

ENSGO00000105771 SMG9 1.218 0.003

ENSGO00000138002  [FTI172 1.211 0.045

ENSG00000100124  ANKRD54 1.198 0.003

ENSG00000196663  TECPR2 1.187 0.023

ENSG00000011021 CLCN6 1.150 0.021

ENSGO00000101152  DNAJCS 0.894 0.033

ENSGO00000082153  BZWI1 0.888 0.045

ENSG00000079246  XRCC5 0.886 0.039

ENSG00000014824  SLC30A9 0.884 0.003

ENSG00000154473  BUB3 0.876 0.012

ENSGO00000136156  ITM2B 0.876 0.013

ENSG00000120910  PPP3CC 0.871 0.002

ENSG00000188243  COMMDG6 0.863 0.046

ENSG00000205581  HMGN1 0.860 0.033

ENSG00000165678  GHITM 0.859 0.040

ENSGO00000145779  TNFAIPS 0.857 0.032

ENSGO00000158773 USF1 0.857 0.017

ENSG00000172340  SUCLG?2 0.852 0.009

ENSGO00000149100  EIF3M 0.850 0.010

(Continued)
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TABLE E2. Eighty-nine differentially expressed genes in uni-
variate and multivariate analysis

Associated
Ensembl ID gene name Log, fold change q-value
ENSG00000179869 ABCAI3 2.662 0.0000
ENSG00000165914 TTC7B 2.658 0.0000
ENSG00000168453 HR 2.600 0.0000
ENSG00000136367 ZFHX2 2.452 0.0001
ENSG00000109265 KIAAI2]11 2.363 0.0001
ENSG00000134755 DSC2 2.256 0.0005
ENSG00000204764 RANBPI17 2.252 0.0003
ENSG00000196878 LAMB3 2.137 0.0005
ENSG00000147488 STI18 2.043 0.0012
ENSG00000189350 FAM179A 2.039 0.0000
ENSG00000148053 NTRK2 2.030 0.0015
ENSG00000266074 BAHCCI 2.004 0.0004
ENSG00000162390 ACOTI1 1.999 0.0007
ENSG00000121753 ADGRB2 1.985 0.0003
ENSG00000152104 PTPNI4 1.896 0.0025
ENSG00000116962 NIDI 1.882 0.0030
ENSG00000157388 CACNAID 1.868 0.0024
ENSG00000137135 ARHGEF39 1.851 0.0017
ENSG00000019144 PHLDBI 1.846 0.0008
ENSG00000163393 SLC22A15 1.835 0.0020
ENSG00000156298 TSPAN7 1.751 0.0106
ENSG00000267065 CTD-2246P4.1 1.738 0.0112
ENSG00000115919 KYNU 1.717 0.0025
ENSGO00000117115 PADI2 1.707 0.0017
ENSG00000215795 RP11-488L18.3 1.689 0.0120
ENSG00000073464 CLCN4 1.689 0.0032
ENSG00000135083 CCNJL 1.686 0.0151
ENSGO00000115318 LOXL3 1.664 0.0152
ENSG00000163803 PLBI 1.649 0.0014
ENSG00000153714 LURAPIL 1.638 0.0180
ENSG00000087842 PIR 1.614 0.0209
ENSG00000122012 sv2cC 1.612 0.0196
ENSG00000276545 PCDHGBYP 1.572 0.0229
ENSG00000135636 DYSF 1.565 0.0164
ENSG00000269821 KCNQIOTI 1.563 0.0016
ENSG00000173406 DABI 1.554 0.0166
ENSG00000246363 RPI11-13A1.1 1.554 0.0209
ENSG00000103067 ESRP2 1.543 0.0293
ENSGO00000155754 ALS2CRI11 1.505 0.0339
ENSG00000118557 PMFBPI1 1.486 0.0097
ENSG00000113657 DPYSL3 1.483 0.0368
ENSG00000139132 FGD4 1.453 0.0089
ENSG00000214548 MEG3 1.452 0.0417
ENSG00000169184 MNI 1.432 0.0376
ENSG00000122778 KIAA1549 1.430 0.0311
ENSG00000174099 MSRB3 1.427 0.0120
ENSG00000130224 LRCH2 1.398 0.0464
ENSG00000180914 OXTR 1.393 0.0428
ENSG00000174059 CD34 1.390 0.0284
ENSG00000118276 B4GALT6 1.370 0.0220
ENSG00000075651 PLDI 1.362 0.0189
ENSG00000112414 ADGRG6 1.350 0.0276
ENSG00000167995 BESTI 1.348 0.0293
ENSG00000136854 STXBP1 1.347 0.0173
ENSG00000110400 PVRLI 1.342 0.0092
ENSG00000185250 PPIL6 1.333 0.0358
ENSG00000160293 VAV2 1.332 0.0126
ENSG00000140090 SLC24A4 1.327 0.0305
ENSG00000130147 SH3BP4 1.310 0.0311
ENSG00000134369 NAVI 1.305 0.0205
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TABLE E2. (Continued)

Associated
Ensembl ID gene name Log, fold change g-value
ENSG00000175274 TP53111 1.298 0.0214
ENSGO00000142512 SIGLECI10 1.291 0.0307
ENSG00000165801 ARHGEF40 1.286 0.0346
ENSG00000066923 STAG3 1.284 0.0103
ENSG00000142798 HSPG?2 1.277 0.0091
ENSG00000105245 NUMBL 1.243 0.0150
ENSG00000106069 CHN2 1.220 0.0183
ENSG00000167601 AXL 1.216 0.0499
ENSGO00000085185 BCORLI 1.187 0.0193
ENSG00000164684 ZNF704 1.179 0.0274
ENSG00000171502 COL24A1 1.178 0.0402
ENSG00000221866 PLXNA4 1.168 0.0109
ENSG00000189420 ZFP92 1.151 0.0311
ENSG00000175866 BAIAP2 1.126 0.0213
ENSG00000147459 DOCK5 1.101 0.0349
ENSG00000072840 EVC 1.081 0.0444
ENSGO00000095397 DFNB31 1.004 0.0485
ENSG00000179604 CDC42EP4 0.966 0.0129
ENSG00000108352 RAPGEFLI 0.917 0.0478
ENSG00000128487 SPECCI 0.899 0.0066
ENSG00000133816 MICAL2 0.897 0.0175
ENSG00000084731 KIF3C 0.893 0.0191
ENSGO00000198752 CDC42BPB 0.873 0.0229
ENSG00000091436 AC013461.1 0.792 0.0353
ENSG00000206561 COLQ 0.772 0.0406
ENSGO00000088808 PPPIRI3B 0.642 0.0205
ENSGO00000101236 RNF24 0.573 0.0287
ENSG00000125741 OPA3 0.568 0.0114
ENSG00000077264 PAK3 0.538 0.0014
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