Large scale profiling of SARS-CoV-2-infected patients identified potential therapeutic
host targets and drug candidates for COVID-19

Sidharth Jain'#, Samantha Rego'* & Sivanesan Dakshanamurthy”

'Lombardi Comprehensive Cancer Center, Georgetown University Medical Center, Washington
DC USA.
#equal contribution authors

*Corresponding author

Dr. Sivanesan Dakshanamurthy, PhD., MBA.

Professor, & Director of Computational Chemistry Shared Resources,
3970 Reservoir Road,

Lombardi Comprehensive Cancer Center,

Georgetown University Medical center,

Washington DC 20057 USA

Email: sd233@georgetown.edu



mailto:sd233@georgetown.edu

Abstract

Given the rapid spread of SARS-CoV-2 and rising death toll of COVID-19 in the current
absence of effective treatments, it is imperative that therapeutics are developed and made
available to patients as quickly as possible. Publicly available COVID-19 patient data can be used
to identify host therapeutic targets, tailoring treatments to the disease signatures observed in
patients. In this study, we identify potential host therapeutic targets based on gene expression
alterations observed in COVID-19 patients. We analyzed RNAseq data from airway samples of
COVID-19 patients and healthy controls to detect significantly differentially expressed genes and
pathways that present potential therapeutic targets. Our analysis revealed expression changes in
key genes involved in activation of immune pathways, as well as genes targeted by SARS-CoV-
2 to interfere with normal host cell functioning. Critical changes were observed in a number of
genes, including EIF2AK2, which was shown to play important roles in activating the interferon
response and interfering with host cell translational machinery in SARS-CoV-2 infection,
presenting a prospective therapeutic target. We also identified drugs with potential to modulate
multiple therapeutic targets within the most significant pathways. Our results both validate key
genes, pathways, and drug candidates that have been reported by other studies and suggest
others that have not been well-characterized and warrant further investigation by future studies.
Further investigation of these therapeutic targets and their drug interactions may lead to effective
therapeutic strategies to combat the current COVID-19 pandemic and protect against future

outbreaks.
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Introduction

The exponential spread of SARS-CoV-2 is a significant socioeconomic and public health
threat’. A novel coronavirus was initially discovered in Wuhan, China in late 20192 and was later
classified as Severe Acute Respiratory Syndrome coronavirus 2 (SARS-CoV-2). Coronavirus
disease 2019 (COVID-19), the disease caused by SARS-CoV-2, rapidly spread globally and was
declared a pandemic by the WHO in March of 2020. The COVID-19 pandemic continues to grow,
causing over 100 million confirmed cases and over two million deaths worldwide as of January
26, 20203. The broad reach of this highly contagious and, in some cases, lethal virus makes it

imperative for effective treatments to be discovered as quickly as possible.

While drug discovery efforts often take years, drug repurposing offers a more efficient
approach to identifying potential treatments through alternative uses of already approved or
clinical trial drugs. Drug repurposing can accelerate drug development timelines by several years,
as well as substantially reducing risks and costs, since the drugs have already undergone clinical
and safety trials in the initial approval process®*. High-throughput approaches to drug repurposing
offer the opportunity for quick and efficient identification of drug-target associations from large
amounts of data. Systems biology can then be used to contextualize these associations within

the virus-host-drug interactome, and thus can assist in predicting novel drug targets.

Few studies so far have combined these approaches to identify potential therapeutic
targets and drug candidates for COVID-19 treatment. Fagone et al. identified potential therapeutic
targets from the transcriptomic profiles of primary human lung epithelium upon SARS-CoV-2
infection and used computational analysis to predict potential drug candidates®. Xing et al.
analyzed gene expression profiles from SARS-CoV and MERS-CoV infected samples for disease
signatures and predicted drug candidates for SARS-CoV-28. They then experimentally validated
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these drugs in SARS-CoV-2 infected cell lines. These studies analyzed data from in vitro models
of SARS-CoV-2, SARS-CoV, and MERS-CoV infections rather than COVID-19 patient samples,
which could potentially limit the translational capacity of their findings. The use of patient data to
identify disease signatures allows for an unbiased search for drug candidates based on their
ability to reverse the gene expression changes observed in COVID-19 patients. As disease
severity in COVID-19 has been found to be largely dependent on host factors’, it is essential that
studies of disease pathogenesis and therapeutic strategies do not only focus on the virus itself,
but also take host factors into account. This host-focused approach to identifying therapeutic
targets can also be used to tailor treatment strategies for COVID-19 patients so that mild or severe
COVID-19 may be treated with different drugs that can more effectively target their differing

disease signatures.

In this study, we sought to identify host therapeutic targets for COVID-19 treatment from
gene expression changes in respiratory tract tissue of COVID-19 patients. RNA-seq data of
airway samples from COVID-19 patients were obtained from the NCBI Gene Expression Omnibus
(GEO) database®. We then employed Partek® Flow® software (v10.0)° to perform differential
gene expression analysis in SARS-CoV-2 infected and healthy samples from these datasets.
From this analysis, we identified disease-specific gene expression signatures which were
investigated further to identify potential therapeutic targets, either through individual gene
expression changes or overall pathway alterations. Using these targets, we were able to identify

potential drug candidates for COVID-19 treatment.



Materials and Methods

Acquisition and Processing of GEO Data

To understand the host transcriptomic changes that occur upon SARS-CoV2 infection, we first
gathered relevant publicly available gene expression datasets. We queried GEO for RNAseq
datasets, focusing on patient samples obtained from the pulmonary tract (Supplementary Fig.
1). We found four datasets (Table 1) that satisfied the query criteria and obtained FASTQ-level
data for each sample. Using the standard RNAseq pipeline in Partek® Flow® software, v10.0.,
samples were processed, and gene-level counts were quantified. For GSE152075, FASTQ data
could not be obtained due to patient privacy concerns, but gene-level counts were provided, which

was used for further analysis.

Differential Expression Analysis

Data acquired from GEO was processed using the Gene Set Analysis algorithm in Partek® Flow®
software, v10.0., to identify differentially expressed genes in each experiment. Samples were
labeled based on the presence or absence of detected SARS-CoV2, and only respiratory samples
were compared. Differentially expressed genes from each dataset were identified at a threshold
of FDR < 0.05, and up- and down-regulated genes were defined using a fold-change cutoff of +2
(Supplementary Tables 1 and 2). Genes found as up-regulated in two or more experiments were

selected for further analysis.

Pathway Analysis and Interaction Mapping



Differentially expressed genes identified by Gene Set Analysis in Partek® Flow® software, v10.0.,
for each dataset were separated into up-regulated and down-regulated based on fold change and
uploaded into Ingenuity Pathway Analysis (IPA)™. Core analysis with cutoffs FDR < 0.05 and fold
change + 2 were run in IPA separately for up-regulated and down-regulated genes for each
dataset, to identify the significant pathways implicated by the patterns of differential gene
expression in each dataset (Supplementary Figs. 2 and 3). IPA determines the significance of
the association between the data set and the canonical pathway based on the ratio of the number
of molecules from the data set that map to the pathway divided by the total number of molecules
that map to the canonical pathway, as well as by the p-value of the association, calculated by a

right-tailed Fisher’'s Exact Test.

The Comparison Analysis function in IPA was used to compare the up-regulated pathways and
down-regulated pathways across datasets. Pathway diagrams for pathways identified as most
significantly up- or down-regulated in both datasets were analyzed for drug and gene interactions,

as well as downstream effects of the observed differential gene expression.

Identifying Drug-Gene Interactions

Differentially expressed genes were queried in Drug Gene Interaction Database (DGldb) to
identify existing drugs with experimentally determined associations with our DEGs''. Any genes
with known drug interactions were annotated using DGIdb. Drugs were also annotated based on
known action (e.g., agonist, antagonist, etc), and interaction with SARS-CoV-2'? (Supplementary

Table 4).



Results

Our search of the GEO database revealed four RNAseq datasets that met the inclusion
criteria for the study (Supplementary Fig. 1), however one was excluded from analysis due to
poor read quality (Table 1). RNAseq analysis was performed on the three remaining datasets
using the Partek Flow genomics suite with a standard RNAseq pipeline. Differential gene
expression analysis was performed using the Gene Set Analysis tool, and differentially expressed
genes (DEGs) were identified comparing samples from SARS-CoV-2 infected patients and
uninfected controls in each of these datasets. Differentially expressed genes in COVID-19
patients were identified with a significance threshold of FDR < 0.05 and significantly up- or down-
regulated genes were defined as having a fold change of +/-2. This analysis identified 457
significantly up-regulated genes and 2380 significantly down-regulated genes in GSE152075
(Figure 2a). 203 significantly up-regulated genes and 55 significantly down-regulated genes were
identified from GSE147507 (Figure 2b). Only one significant DEG was identified from
GSE150316 using our parameters, so this dataset was excluded from further analysis (Figure

2c).

Two datasets, GSE152075 and GSE147057, were further analyzed for commonly up- and
down-regulated genes through Comparison Analysis in Ingenuity Pathway Analysis, which
revealed 67 commonly upregulated and 12 commonly down-regulated genes (Supplementary
Table 3). A significant number of ribosomal proteins was found to be down-regulated in both
datasets. Many interferons and cytokines such as chemokines were upregulated in both datasets,

reflecting an activated inflammatory immune response in COVID-19 patients.

To investigate the pathways significantly altered in COVID-19 patient samples, we used
Ingenuity Pathway Analysis (IPA) to analyze the patterns of differential gene expression revealed
by the lists of DEGs generated by Partek Flow. Core analysis of the differentially expressed genes
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in IPA identified the most significant molecules and pathways involved in the patterns of
differential expression in each dataset. These molecules and pathways represent potential
therapeutic targets for COVID-19 treatment, as they are most highly involved in COVID-19
pathogenesis. Up-regulated genes may be targeted by inhibition, while down-regulated genes
may be targets of agonism. Pathway analysis identified several key pathways that were
significantly up- and down-regulated across datasets (Supplementary Figure 4). These included
the coronavirus pathogenesis pathway and replication cycle, immunomodulatory pathways such
as communication between innate and adaptive immune cells, NF-kB signaling pathway, and
interferon signaling. Up-regulated pathways represented in the dataset demonstrated immune
response activation, including interferon signaling, chemokine signaling, and coronavirus
pathogenesis pathway. Using the Drug-Gene Interaction Database (DGldb), identified pathways
were also mapped to existing pharmaceutical agents and drugs from DGldb were identified that

bind to the most significantly differentially expressed genes.

Within the pathways found to be most significantly affected in our datasets, key genes
were significantly up- or down-regulated, presenting potential drug targets. Analysis of the SARS-
CoV-2 replication cycle identified key host genes involved in viral replication (Figure 3). ACE2
and the replication complex were downregulated in one dataset. TMPRRS2 was upregulated in
one dataset and tubulins were upregulated in both datasets. Drug-gene interaction analysis
through DGldb revealed multiple existing compounds with potential to target host mechanisms of
viral proliferation, specifically viral entry, replication, and assembly within host cells
(Supplementary Table 4). Some of the identified drugs, such as ribavirin and colchicine, have
been suggested by other studies and are already being tested or used in COVID-19 patients' ",
validating the relevance of our results. Other compounds we identified with relevant targets have
not been extensively studied in the context of COVID-19 but warrant further investigation

(Supplementary Table 4).



The elF2 signaling pathway was the most significant down-regulated pathway in GSE152075 and
one of the most significantly down-regulated pathways in GSE147507 (Figure 4, Supplementary
Figures 2 and 3). Multiple ribosomal proteins were among the most significantly downregulated
in each dataset (Supplementary Tables 1 and 2). Genes for components of the 40S and 60S
ribosomal subunits were significantly downregulated in both datasets, suggesting that that viral
proteins interact with and modulate the expression of host translation machinery (Figure 4). The
consistent down-regulation of multiple ribosomal proteins in SARS-CoV-2 infected samples

suggests that translational functions are diminished by SARS-CoV-2 infection.

The interferon signaling pathway was entirely up-regulated, revealing many key genes
responsible for activating the interferon response in SARS-CoV-2 infection (Figure 5). An
important hub of this pathway is EIF2AK2, a kinase that is responsible for activating the
inflammasome. JAK/STAT expression is also significantly upregulated, as is expression of the
JAK/STAT signaling pathway. DGIdb analysis identified many compounds with potential to
modulate these upregulated key activators of host interferon response. The potential role of anti-
TNF therapy in treating COVID-19 has been suggested by other studies, and some TNF inhibitors
such as infliximab are being studied in clinical trials'. Many of the drugs interacting with the
interferon signaling pathway are already being studied in COVID-19 clinical trials, although TLR4

inhibitors have not yet been studied in the context of COVID-19.

Immunomodulatory pathways, specifically the communication between innate and
adaptive immune cells, were also significantly up-regulated and revealed key up-regulated host
genes (Figure 6). Multiple TLRs were shown to be upregulated, and many compounds to target
these genes were identified by DGIdb. Drugs that bind nonspecifically to TLR proteins have been
tested extensively, including such drugs as hydroxychloroquine and ritonavir'®'”'8, Because this
pathway is important for coordinating both adaptive and innate immune responses, there may
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have been some logic in this strategy, but in practice these drugs did not perform well, as reported
by the Recovery trial’® and the WHO “Solidarity” clinical trial®®. Further study is necessary to
understand how these pathways may be exploited to address the symptoms of COVID-19. Our
data suggests that interactions with B cells occur primarily through TNFSF13B, whereas IL-10
signaling seems to mediate the interaction with T-cells (Figure 6). TNFSF13B was significantly
upregulated across datasets, presenting a potential target for inhibitors to modulate the host B
cell response. CXCL10, a chemokine ligand, may also be targeted by inhibitors to regulate its

effects on the adaptive immune response.

Discussion

Our results further validate key genes, pathways, and potential therapies that have been
reported by other studies. ACE2 and TMPRSS2, known to be used by SARS-CoV-2 for cell entry,
were significantly differentially expressed in our analysis of COVID-19 patients?'. This
emphasizes the importance of further trials studying drug candidates that target these genes,
such as those identified by our analysis (Supplementary Table 4). Our results also further
support the important role of inflammatory signaling and interferon response in COVID-19
pathogenesis suggested by other studies. Many of the significantly up-regulated genes identified
in our analysis correspond to interferon response and chemokine/cytokine signaling, suggesting
their importance as potential therapeutic targets for COVID-19 treatment. Specifically, IFIT1,
IFIT2, and IFIT3, which are known to be effectors of Type | IFN response, were significantly
upregulated®?. Type | IFN activity has been suggested to play an important role in SARS-CoV-2
infection and to be a marker of disease severity?®. IFITM1 and IFITM3 were also significantly
upregulated in both datasets. These interferon-induced transmembrane proteins have been found
to enhance SARS-CoV-2 infection, possibly by promoting viral invasion?*. Our results suggest
that therapies modulating IFN signaling may be an effective treatment strategy, as infected cells
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have a strongly active interferon response pathway. Viral-host interactions may also occur in this
pathway, especially as SARS-CoV-2 has been shown to modulate interferon signaling using
orf1ab?. Further studies of the virus-human interactome may help elucidate how the virus impacts

the interferon signaling pathway and reveal more potential drug targets.

Both datasets also had significant upregulation of many cytokines, as well as the
chemokine signaling pathway, suggesting an activation of the inflammatory response in COVID-
19 patients. Excessive release of cytokines by the dysregulated immune system has been found
to be characteristic of severe COVID-19 infection, leading to a cytokine release storm?®. This
leads to the acute respiratory distress syndrome (ARDS), a major cause of morbidity and mortality
in COVID-19 patients, making management of excessive cytokine release a critical treatment
strategy for improving patient outcomes?’. Our results affirm the important role of cytokines in
COVID-19 pathogenesis, and suggest specific cytokine drug targets, such as CXCL10 and
TNFSF13B, and potential therapies whose effect on COVID-19 should be studied further

(Supplementary Table 4).

Analysis of significantly downregulated genes revealed suppression of many ribosomal
proteins in both datasets analyzed, suggesting the importance of the interaction of viral proteins
with host ribosomes in SARS-CoV-2 infection (Figure 4). Instead of entering the nucleus, SARS-
CoV-2 accesses and takes over the ribosomes of the host cell directly. Yuan et al. reported that
SARS-CoV-2 uses its nonstructural protein 1 (Nsp1) to bind to ribosomes and suppress host cell
protein production while promoting viral protein synthesis, enabling the virus to redirect host
protein synthesis machinery towards viral proteins?®. Specifically, Nsp1 has been found to target
40S, and Schubert et al. used cryo-EM to show how Nsp1 binds to 40S, blocking the mRNA entry
channel to inhibit mMRNA binding and translation initiation?°. This mechanism may explain why
40S and other ribosomal proteins were found to be significantly downregulated in COVID-19

11



patients in the datasets we analyzed (Supplementary Tables 1 and 2), indicating translation
inhibition consistent with the effects of Nsp1 reported by Schubert et al®®. The prevalence of
significant decreased expression of ribosomal proteins observed in our analysis suggests the
importance of this mechanism of viral infection and production in COVID-19. While our DGIdb
analysis suggests EIF2AK2 as an upstream drug target of elF2 signaling, this was the only drug
target identified in the pathway (Figure 4). Our analysis did not investigate viral proteins, such as
Nsp1, as drug targets. More studies investigating drugs with potential to block this mechanism

are needed.

Several target genes, pathways, and potential therapies identified by our analyses have
not been studied extensively in the context of COVID-19. While the importance of the interferon
response in COVID-19 pathogenesis has been characterized by other studies, our results suggest
specific key genes in this pathway affected in COVID-19 patients and specific compounds that
can target these genes that have not been well-studied. Our analysis reveals the importance of
the kinase EIF2AK2 as a hub of the interferon signaling pathway up-regulated in COVID-19
patients, presenting a viable drug target for therapies to modulate the host interferon response
(Figure 5). As EIF2AK2 plays an important role in two of the pathways identified as most
significant in our analyses, further study of the role of EIF2AK2 in COVID-19 pathogenesis and
the immune response, as well as further trials of PKR inhibitors in COVID-19 treatment are
recommended by our results. The important role of JAK/STAT signaling in interferon response is
also suggested by our results, but has also not been extensively studied in the context of COVID-
19. Many of the JAK and STAT inhibitors we identified as potential drug repurposing candidates
are already under study in COVID-19 treatment3>*'. Our results help illuminate the mechanisms
underlying their impact on the host immune response in SARS-CoV-2 infection and further
validate the importance of studies of these potential therapies. We also suggest TLR4 inhibitors
as novel drug repurposing candidates for study in COVID-19 treatment. Although the effect of
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TLR4 inhibition in COVID-19 has not been studied, our results suggest potential therapeutic
efficacy of such a strategy. The significance of TLRs in COVID-19 pathogenesis demonstrated
by our results is supported by evidence that SARS-CoV-2 spike proteins interact with extracellular
domains of multiple TLRs, including TLR4, demonstrating their important role in SARS-CoV-2

infection®2.

Our data is restricted by the limitations of the GEO datasets available at the time of our
analysis, including low quality reads and insufficient annotations providing patient sample
information. We did not have access to information about potential underlying conditions or
disease severity in COVID-19 patients that could have impacted their gene expression profiles.
While the limitation of our inclusion criteria to only include COVID-19 patient samples rather than
in vitro SARS-CoV-2 infection limited our sample size, it allowed us to more accurately assess
how COVID-19 alters gene expression in patients and identify host therapeutic targets. As our
analysis was limited to host gene expression alterations, we could only identify drug candidates
that target host genes rather than viral genes. Future studies of virus-host protein interactions
may help illuminate the mechanisms underlying how SARS-CoV-2 creates the patterns of
differential gene expression we observed in infected samples, and identify drug candidates to

target these mechanisms.

Conclusion

Publicly available data has allowed us to perform an unbiased search for host therapeutic
targets indicated by gene expression alterations observed in COVID-19 patients, as well as
potential drug candidates for these targets. While many studies have focused on potential
therapeutics to target viral proteins, our analysis of important host factors contributing to disease
pathogenesis provides necessary insight for more patient-focused therapeutic strategies based
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on host factors and disease severity. Our results both validate key targets, pathways, and drug
candidates that have been reported by other studies, and suggest others that have not been well-
characterized and warrant further investigation. Our lists of key targets and pathways provide
researchers with many potential avenues for studying major mechanisms of COVID-19
pathogenesis. Additionally, these host therapeutic targets can help guide drug discovery efforts
towards those most significantly indicated by COVID-19 disease signatures. Information about
drug toxicity, efficacy, and clinical applicability is needed to further validate the drugs identified in
our analysis, but our drug list provides researchers with many potential existing FDA-approved
drug candidates for studies of COVID-19 treatments in a time when this search for improved
therapeutics is urgent. Even in the context of a functioning and widely distributed vaccine,
identifying improved treatments for COVID-19 will be relevant, as distribution and compliance with
vaccine administration may significantly hinder efforts to control the global pandemic. Additionally,
expanding our arsenal of effective treatments is necessary to escape novel SARS-CoV-2 variants

now arising and spreading, as well as to prepare for potential future outbreaks.
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GEO Platform Study design Tissue Sample Infected | Controls
Accession size
GSE152075 | GPL18573 | Examined host gene expression | Nasopharyngeal 484 430 54
across infection status, viral load, age, | swab from upper
and sex among RNA-sequencing | respiratory tract
profiles of nasopharyngeal swabs.
GSE150316 | GPL18573 | Autopsy samples from patients | Lung, heart, | 37 32 5
deceased due to SARS-Cov2 infection | jejunum, liver, | (21 lung | (16)
were collected for RNA-seq analysis to | kidney, bowel, fat, | tissue)
assess viral load and immune | skin, and marrow
response. biopsies
GSE147507 | GPL18573 | In humans, primary human lung | Primary human lung | 110 67 43
epithelium (NHBE), lung alveolar cells | epithelium (NHBE), | (4 human | (2) (2)
(A549), and Calu-3 cells were mock | lung alveolar cells | lung
treated or infected with SARS-CoV-2, | (A549), Calu-3 cells, | biopsies)
IAV, or RSV. Ferrets were mock | lung biopsies
treated or infected with pH1N1 virus or | Ferret nasal washes
SARS-CoV-2. Lung biopsies from two | and trachea
healthy participants and one COVID-19
patient were also analyzed.
Total 509 448 61

Table 1. Datasets from the NCBI Gene Expression Omnibus (GEO) database included in

analysis. Datasets were identified from the query in the GEO database as of July 28, 2020.
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Figure 1. Analysis workflow for therapeutic target identification and drug repositioning
based on RNAseq gene expression data. Our analysis began with identifying RNAseq datasets
from GEO to differential gene expression analysis of datasets, pathway analysis based on DEGs,
and identification of drug repositioning candidates to target significant genes and pathways.

Figure created with BioRender.com®.
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Genes differentially expressed in
SARS-CoV2 infected respiratory samples (GSE150316)
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Figure 2. Volcano plots show significantly up- and down-regulated genes in SARS-CoV-2
infected respiratory samples in each of the three analyzed datasets.
Significantly upregulated genes are indicated by red, significantly downregulated genes are indicated by
blue. Differentially expressed genes were identified using Partek® Flow® at a threshold of FDR<0.05
and log2 fold-change +1. Volcano plots were generated using R. (A) Analysis of GSE152075
(n=484) found 440 significantly up-regulated and 2443 significantly down-regulated genes. (B)
Analysis of GSE147507 (n=4) found 3 significantly up-regulated and 55 significantly down-
regulated genes. (C) Analysis of GSE150316 (n=21) found one significantly up-regulated gene

and no significantly down-regulated genes.
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the key genes and pathways indicated as significant in our analyses, especially potential drug
targets. Compounds identified from the DGIdb analysis whose effects on COVID-19 have been
suggested by other studies are shown modulating their respective targets. See Supplementary
Figure 5 for figure legend. Adapted from “Coronavirus Replication Cycle”, by BioRender.com
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data. Genes that were not significantly differentially expressed in our datasets and did not interact

with key genes were excluded from the figure for clarity. EIF2AK2 was the only potential drug

target identified by DGIdb analysis within this pathway, shown modulated by PKR inhibitors. See

Supplementary Figure 5 for figure legend.
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targets. TLR4 inhibitors have not been well-studied in the context of COVID-19, indicated by the

lighter yellow color. See Supplementary Figure 5 for figure legend.
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Figure 6. Upregulation of key genes involved in the communication between innate and
adaptive immune cells in SARS-CoV-2 infected samples identifies potential repurposing

targets for existing drugs. This pathway figure was designed in BioRender.com based on the

communication between innate and adaptive immune cells pathway diagram indicated as
significantly represented in our datasets by IPA. Elements of the pathway not significant in the
datasets analyzed were excluded for clarity. Compounds identified from the DGIdb analysis
whose effects on COVID-19 have been suggested by other studies are shown modulating their

respective targets. TNFSF13B and CXCL10 inhibitors have not been well-studied in the context
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of COVID-19, indicated by their lighter yellow color. See Supplementary Figure 5 for figure

legend.
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SUPPORTING INFORMATION:

Supplementary Figure 1. PRISMA diagram

Supplementary Figure 2. Bar graph showing significantly up- and down-regulated canonical
pathways in SARS-CoV- 2 infected samples from dataset 147507.

Supplementary Figure 3. Bar graph showing significantly up- and down-regulated canonical
pathways in SARS-CoV- 2 infected samples from dataset 152075.

Supplementary Figure 4. Heat map of canonical pathways most significantly and consistently
up- and down-regulated in SARS-CoV-2 infected samples across both datasets analyzed.
Supplementary Figure 5. Figure legend for pathway figures.

Supplementary Table 1. Significantly differentially expressed genes in SARS-CoV-2 infected
samples from dataset GSE147507.

Supplementary Table 2. Significantly differentially expressed genes in SARS-CoV-2 infected
samples from dataset GSE152075.

Supplementary Table 3. Genes significantly upregulated across both datasets.
Supplementary Table 4. Genes significantly downregulated across both datasets.
Supplementary Table 5. Drugs with experimentally determined associations with genes
significantly upregulated in our datasets.

Supplementary Table 6. Drugs with experimentally determined associations with genes

significantly downregulated in our datasets.

29



For TOC only:

SARS-CoV-2 infected
= patient RNAseq datasets
~—r

Ak

Gene expression

ROy 1 analysis
_ |
v v
E Therapeutic /I\‘
¢ target — :
Drug identification Ingenuity
repositioning Pathway Analysis

30



