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INTRODUCTION

METHODS

Coronaviruses (CoVs) are an ancient lineage of viruses with
their most recent common ancestor potentially occurring
millions of years ago and evolving over time with their hosts
[1]. Phylogenetically, CoVs are classified into four genera:
Alpha-, Beta-, Gamma- and Delta-coronavirus [2,3]. The alpha
and beta CoVs are thought to primarily derive from bat
lineages, whereas gamma and delta CoVs primarily come from
avian hosts [3]. The most notorious of these spillover events
include members of the Betacoronavirus genus. Severe acute
respiratory syndrome (SARS) CoV, Middle East respiratory
syndrome (MERS) CoV, and SARS-CoV-2 are known to be
zoonotic, causing lethal respiratory infections in humans [4,5].
The devastating effects of CoVs are not limited to humans but
also occur in livestock populations, particularly pigs. Porcine
Deltacoronavirus (PDCoV) belongs to the Deltacoronavirus
genus of the Coronaviridae family [4]. It is a single-stranded,
enveloped, positive-sense RNA virus [6] with a genome of
approximately 25 kb in length. It was first reported in Hong
Kong, China in 2012 and isolated from clinical cases of major
diarrhea outbreaks in young pigs in the United States in 2014
[4,6]. There are currently no treatments or commercially
available vaccines for PDCoV. Little is known about how PDCoV
interacts with its differing hosts. Recently, Li W. et al. showed
that PDCoV can infect cells from an exceptionally diverse range
of species by binding to an interspecies conserved domain of
APN [7]. APN, also known as CD13 [8], is shared by many
coronaviruses and even other pathogens such as E. coli F4 [9].
Viruses gain an evolutionary advantage by utilizing
phylogenetically conserved receptors, resulting in host
switching and virus speciation [3,7]. Jiang et.al. indicated that
the innate immune-associated genes and signaling pathways in
PK-15 cells could be affected by PDCoV infection [10].
Integrating bioinformatics methods across host species enables
the prediction of viral evolution and the associated outcome of
viral infection in patients and subsequent adjustments of
therapeutic treatments.

HYPOTHESIS
We hypothesize that gene expression may be different
depending on the cell type and species in which the infection
occurs. We test this hypothesis by performing RNA-seq
transcriptome profiling of intestinal epithelial human and swine
cells infected by PDCoV.

CONCLUSIONS

Common pathways and genes are affected in the immune
associated response to PDCoV infection in human and pig cells
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RESULTS
HIEC cells are susceptible to PDCoV infection
Kyoto Encyclopedia of Genes and Genomes (KEGG) gene set enrichment analysis of DEGs
in human (A) and pig (B) cells at 24hpi. Enriched signaling pathways with p < 0.05 were
considered to be statistically significant. 8 immune – response associated pathways

were enriched in human and pig cells.

SIGNIFICANCE OF THIS STUDY
•

Adaptation of PDCoV requires the ability to downregulate many
response pathways to the pig host

•
•
IFA stained positive (green fluorescence) on PDCoV- infected HIEC cells at 24
hpi. The arrowheads indicated clustered of cells positive for PDCoV antigen

PDCoV infection results in more differentially expressed genes in
humans cells compared to pig cells
Species
Homo sapiens
Sus scrofa

Total Total
Up Down Non.sigf Genes DEGs
4011 3475 10784
18270 7486
542 592 10716
11850 1134

•
Orthologs of upregulated and downregulated DEGs between human and pig cell lines
in: Apoptosis signaling pathway, B and T cell activation, Inflammation/cytokine signaling
pathway, Interleukin signaling pathway, Toll like receptor signaling pathway and Ras
signaling pathway. 5 orthologs DEGs (MAP3K14 (88.36%), REL (80.55%), NFKB2
(92.78%), BCL2L1 (31.25%), and FOS (96.34%)) were up-regulated in human and downregulated in pig cells in the apoptosis signaling pathway. MAP4K4 was unique in upregulated DEGs in human cells. 3 orthologs (CXCL8 (77.32%), NFKB2 (92.78%) and
NFKBIE (86.46%)) were up-regulated in the Inflammation/cytokine signaling pathway
and 2 orthologs (PIK3CB (97.66%) and PLD1 (93.11%)) were down-regulated in Ras
signaling pathway, in human and pig cells.

DEGs in H. sapiens (HIEC cells) and S. scrofa (IPEC cells) at 24 hpi vs no infected cells.
Up, upregulated genes; Down, downregulated genes; Non.sigf, genes with no
significant differences. There are more upregulated genes in human cells in
comparison to pig cells.

DEGs in 10 common immune response – associated pathways
were downregulated in pig cells in comparison to human cells
after PDCoV infection

Differentially expressed genes (DEGs) in HIEC cells (A) and IPEC cells (B) at 24 hpi vs noninfected cells. DEGs up-regulated are represented by red dots, DEGs down-regulated are
represented by blue dots, and genes with no significant differences in expression are
represented by black dots.

DEGs in 10 common immune-response-associated pathways in pigs and humans during
PDCoV infection. Results are shown in 10 pathways: apoptosis signaling pathway, B-cell
activation, inflammation/cytokine signaling pathway, interferon signaling pathway,
interleukin signaling pathway, JAK-STAT signaling pathway, Ras signaling pathway, T-cell
activation, TGF-β signaling pathway, and toll-like receptor signaling pathway. Blue, downregulated; red, up-regulated.

AIM
To explore and compare transcriptome profiles of human-versusporcine cell lines, this study first investigated whether human
intestinal epithelial cells (HIECs) are susceptible to infection with
cell-culture-adapted PDCoV. Next, we identified differentially
expressed human and swine epithelial cell genes in response to
PDCoV. We identified common differentially expressed genes
(DEGs) and signaling pathways between human and pig cells.

We compared the transcriptome of HIEC and IPEC cells after PDCoV
infection to model a potential zoonotic host response to an emerging
novel pathogen.
HIEC cells are susceptible to infection with PDCoV.
There are more differentially expressed genes in human cells in
comparison to pig cells and as a result, more genes were upregulated
in human than in pig cells at 24 hpi.
Gene functions and signaling pathways related to regulation of
apoptotic processes, innate immunity and antiviral associated
functions and pathways of human and pig cells were affected by
PDCoV.
Adaptation of PDCoV to the porcine host required the ability to
downregulate many response pathways including the interferon
pathway.

This report provides an important foundation that contributes to an
understanding of the mechanisms of PDCoV infection across different
hosts.
Different types of cytokines, specifically interferons, can control PDCoV
replication and virus production in human cells.
Enhancing the interferon response in the host can potentially
contribute to the improvement of vaccine development.
PDCoV modifies the apoptosis signaling pathway as a potential host
innate immune evasion strategy in infection of IPEC cells.
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