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Abstract
Background: In Covid-19 patients, mortality is associated with fever and
pneumoniae followed by cytokine storm related acute respiratory distress
syndrome. Comorbidities such as cardiovascular disease and diabetes are
associated with increased mortality. At the same time, younger age
negatively correlates with infection rate and disease severity. The biological
basis for the relative protection of children is still unknown.

Materials and Methods
Isolated neonatal and adult mouse alveolar cells were exposed to the
synthetic dsRNA Poly (I:C), the HIV-1 derived long terminal repeat
ssRNA40, the small molecule R848 and a fourth group wasn’t activated
serving as the control. Cells from both age groups were treated with serum
derived from either adult or neonatal mice, for a total of 16 groups.

Purpose: The differential expression analysis of genes in neonatal and
adult alveolar cells will help us identify the differences in the innate
immunity of adults and children as one of the mechanisms contributing to
resistance to COVID-19. The FDA HIVE and Next Generation Sequencing
(NGS) Big Data were used to identify serum factors responsible for the
modulation of alveolar cell responses.
Method: We used the High-performance Integrated Virtual Environment
(HIVE) RNA-seq pipeline to investigate the transcriptional changes of
neonatal and adult murine alveolar epithelial cells activated with ssRNA,
dsRNA and a small molecule, which mimics SARS-CoV-2.

Results and Discussion
Table 1. Sample Groups - Comparing Serum Neo vs. Serum Adult
SERUM CELL AGE Control
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Neo
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Neo
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ssRNA40
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Cholesterol Pathway

Figure 5. Lipid Droplet Formation GeneSets – Custom Curated
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Reactive Oxygen

We have added genesets for lipid droplet formation step to cover gaps in
existing pathway databases
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Introduction
Neonate mouse lung endothelial cell treated with 15% mice or bovine
serum. Neonate serum induces dramatically lipid droplet formation in the
cells while adult mice serum does not.

Figure 3. Both IPA and GSEA identified Cholesterol Biosynthesis and
Oxidative Stress pathways as mostly affected by Neo vs Adult Serum
Cholesterol Pathway

Observation by Lunhua Liu ( FDA/CBER).

Main Question: What factor(s) present in the
young serum, but not the old serum, induce lipid
formation and innate immunity enhancement
Related Questions: What is the molecular
mechanism by which young serum stimulates
innate immunity?

 Abundance of transcript
reflects gene expression
level.
 Read counts is
proportional to gene
expression level, gene
length and sequencing
depth.
 “Assigned” – number of
reads uniquely assigned
to a specific gene to be
used for downstream
analysis.

Figure 1. NGS reads were analyzed using the High-performance
Integrated Virtual Environment (HIVE) RNA-seq pipeline. The reads were
aligned against the exonic sequences of the mouse (GRCm38.p6)
reference genome using HISAT2 and the transcripts were quantified using
featureCounts. The differential expression analysis was performed using
edgeR and DESeq2. Functional interpretation was done using Ingenuity
Pathways and GSEA.

Conclusion
Reactive Oxygen Species Pathway
Gene
G6pdx
Mgst1
Gsr
Nqo1
Sod1
Cat
Gclc
Abcc1
Prdx6
Gclm
Srxn1
Txnrd1
Prdx1
Ftl1
Gpx3

Description
glucose-6-phosphate dehydrogenase
microsomal glutathione S-transferase 1
glutathione-disulfide reductase
NAD(P)H quinone dehydrogenase 1
superoxide dismutase 1
catalase
glutamate-cysteine ligase catalytic subunit
ATP binding cassette subfamily C member 1
peroxiredoxin 6
glutamate-cysteine ligase modifier subunit
sulfiredoxin 1
thioredoxin reductase 1
peroxiredoxin 1
ferritin light chain
glutathione peroxidase 3

Figure 4. DEGs from Cholesterol and Oxidative Stress Pathways are being
validated by qPCR and in cell culture

HIVE RNA-seq pipeline enabled analysis of NGS big data and revealed
transcriptional changes assisting identification of serum factors and may
help devise novel therapies to alleviate the detrimental consequences of
cytokine storm in Covid-19 patients.
Differential expression between adult and neonate serum treated cells
revealed a signature set of genes related to lipid biosynthesis and oxidation
stress response pathways.
Expended lipid droplet formation gene signature shows correlation with
serum age treatment.
Future Steps:
Identify interaction between aging/lipid droplet formation and innate
immunity pathways

