INGENUITY® IPA 7.1 Facilitates Generation of.New Hypdtheses and Pravides Additional
Insights into Ebola-modulated Immune Response Mechanisms
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Abstract

Ebola pathogenesis and the resulting host immune response are not well
understood. Last year, Hartman et al. (1) published a paper that used
Ingenuity Pathways Analysis (IPA) to examine the relevant signaling
pathways triggered upon infection with Ebola virus containing a mutation
In the VP35 protein (R312A). Our main questions were whether analysis
of this dataset using new content and tools in IPA could generate
additional insights and develop new hypotheses for further exploration.
In addition to analyzing the associated Canonical Pathways, we also
explored alternative workflows within IPA to facilitate data interpretation.
The Pathway Building tools in IPA uncovered genes that are upstream of
the VP35/R312A-upregulated gene set that are potentially involved In
the iImmune response mechanism, but that have not been studied in
Immune cells. Since the VP35 mutation restores IRF3 activity, we
explored IRF3-regulated genes and the cellular functions and pathways
that are significantly impacted. Core Analysis in IPA exposed new
Immune-specific Canonical Pathways that contributed additional insight
Into the data. Taken together, within four hours, analysis in IPA 7.1
unveiled additional insights and hypotheses of these data.
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Figure 1. Key Players in the Anti-Viral Response. Both the Cytosolic and TLR pathways
Increase expression of antiviral genes.VP35 inhibits activation of IRF-3, thus contributing to a
decreased immune response in infected individuals. VP35 also plays an essential role in virus
transcription and replication because it functions as a cofactor for the viral polymerase and itis
an integral member of the ribonucleoprotein complex. Additionally, VP35 serves as an RNA-
silencing suppressor.

Materials and Methods

A list of upregulated genes from HepG2 cells infected with Ebola virus
VP35/R312A was obtained from Hartman et al. (1) and used as a
dataset for a Core Analysis in IPA.
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Figure 2. Analysis Settings in IPA.
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Figure 3. Canonical Pathways in IPA are indicative of Viral Infection, Inflammation, Liver
Damage and Immune Response Pathways. Blue bars indicate significance. Orange line
indicates ratio. Pathways marked with @ are new since IPA7 or 7.1.
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Activation of IRF by Cytosolic Pattern Recognition Receptors

Pattern recognition receptors (PRRs) recognize pathogen associated molecular patterns (PAMPs) such as lipopysaccharide or nucleic acids, The
engagement of PRREs results in the activation of specific genes and subsequent triggering of innate immune responses in the host, One of the
hallmarks of the innate immune response is the induction of the type 1 interferon (IFN) genes. The cytosolic PRR pathway of type 1 IFM induction
involves the activation of the interferon regulatory factor (IRF) family of transcription factors,

The presence of double stranded EMA (dsRMA) or double stranded DMA 10 the cytosol following infection by wiruses or intracellular bacteria trigger
the cytosolic PRR system. The key sensors of viral dsRMH& are Retinoic-acid-inducible gene 1 (RIG-1) and for Melanoma-differentiation-associated
gene 5 (MDAS) proteins, The activated PRRs then interact with a mitochondrial adaptor protein -MaVs (mitochondrial antiviral signaling protein),
which in turn results in the activation of TAMNK-binding kinase 1({TRK1) and inhibitor of kappa B kinase epsilon (IKKz), The activated kinases induce
the serine phosphorylation of IRF3 and IRF?, which results in their homo or heterodimerization, These dimers translocate to the nucleus, where
they activate the transcription of early phase type 1 interferons (IFMo4 and IFMNE) as well as other protein involved in the innate antiviral response.
The early phase type I interferons induce the later phase of type 1 IFNs (IFN non-o4 and IFMNB) largely via IRF7 homodimers, The later phase of
interferons further augments the innate immune response of the host, The adaptor protein MaVs, in addition to activating the IRF pathway also

Figure 4. Activation of IRF by Cytosolic Pattern Recognition Receptors. A) Only a portion of the
full Canonical Pathway is displayed. This pathway became available in IPA 7. The affected genes
were unique to the VP35/R312A-infected cells and are colored red/ pink. Ratio 6/63. Significance =
3.7x10-1°. Red arrows show where VP35 protein would affect this pathway. B) Abbreviated Canonical
Pathway description for this pathway. Descriptions assist in familiarizing non-experts to the details of
specific Canonical Pathways. Canonical Pathway descriptions became available in IPA 7.
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Figure 5. Path Designer Pathway of Downstream Neighbors of IRF3 and Associated
Function and Canonical Pathways. A) Direct downstream neighbors of IRF3 were found by
using Grow (direct interactions, molecule types = gene products, relationship types = transcription
or expression). The expression levels of the genes that were measured in this dataset are
Indicated near their respective nodes. B) Some of the relevant Canonical Pathways involved in the
IRF3 neighborhood. The number indicates the number of molecules from this pathway that are
also members of the indicated Canonical Pathway. C) Functional Analysis of this pathway.
Numbers indicate significance calculated with a right-tailed Fisher’s Exact Test. Selected functions
are shown. IPA assists in rapidly identifying and displaying the associated Functions and
Pathways without having to do extensive literature research manually. The pathway is
understandable to experts as well as non-experts.
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Figure 6. Effect on Function of IRF3 Downstream Neighbors. Effect on Function categorizes
molecules into three effects: affects, increases, and decreases, which can facilitate drawing
conclusions from the data. The supporting literature for the involvement of the group of molecules in
the specific function can be found by clicking on the name of the function. Here we might expect
that overall chemotaxis of lymphocytes is increased with activated IRF3 since each of these genes
was upregulated in the experiment, and 5/6 of them are known to increase chemotaxis of
lymphocytes.

Figure 7. Upstream Regulators of Genes Upregulated with VP35-R312A infection. Grow was
used to find the upstream genes that directly regulate the affected genes reported in (1). Grow
settings: Upstream, Direct Interactions, Molecule type = gene products, Relationship type =
activation, expression, inhibition, leads to, modification, phosphorylation, protein-DNA interactions,
proteolysis, reaction, regulation of binding, transcription, or translation. Red/ pink nodes are from
the original list of genes studied in (1). Orange highlighting indicates the expression or involvement
in primary immune cells (B and T lymphocytes, dendritic cells, NK cells, macrophages, monocytes,
neutrophils, and monocyte-derived macrophages). Many of the upstream genes target several
down-stream genes, indicating possible regulatory mechanisms that could be used for follow-up
studies. BRCAL could be an interesting gene for possible follow-up studies because it is expressed
in immune cells and is known to directly increase transcription of a number of immune-related
genes in other tissues, but these interactions have not been confirmed in immune cells.

Conclusions

IPA was able to:

* |dentify possible upstream regulators of VP35-regulated genes, including
at least one unexpected possible regulator.

« Uncover downstream neighbors of IRF3 along with their associated
biological functions and Canonical Pathways.

 Highlight new biologically relevant immunology and infectious disease-
related Canonical Pathways with their associated descriptions.

* Interpret a publically-available dataset in a short amount of time. The total
time to run all analyses, create custom pathways, and analyze Canonical
Pathway and Functional Analysis output was approximately 4 hours.

Platform Extensions for Biodefense
(Research In Progress)

A " Pathogen View: Ebola (Ebola)

Review the categorized literature findings and database information for this node.
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Ebola virus (EBOV) i1s @ member of the Filoviridae family of viruses. Currently, four EBOV species are recognized: Zaire ebolavirus (ZEBOV), Sudan ebolavirus (SEBOV), Ivory Coast EBOV (ICEBOV) and

Reston EBOV (REBOV). ZEBOV and SEBOV are the etiologic agents responsible for outbreaks of Ebola hemorrhagic fever (EHF) that impact humans and nonhuman primates in endemic regions of sub-

Saharan Africa. In humans, exposure is thought to occur primarily through direct contact with infected blood, secretions, organs, or semen. Disease onset is rapid and is marked by fever, nausea,

vomiting, diarrhea, abdominal pain, lymphadenopathy, pharyngitis, jaundice, and pancreatitis. Nearly all patients demonstrate some degree of coagulopathy such as conjunctival hemorrhage, bruising, or

impaired clotting at veni ing i
Ca

on
t puncture sites, but profuse bleeding is not commaon. Late stages of fatal disease are characterized by multiple organ failure, shock, hemorrhage, coagulopathy, and vascula
dysfunction. Case fatality rates range from 50-30% for ZEBOV, which is considered the most virulent of EBOV species. No vaccing o i

-
r anti-viral therapeutics are licensed for treatment of EBOV infection.
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Figure 8. Pathogen Ingenuity Pathways Analysis (PIPA) is a prototype version of IPA
that is current research at Ingenuity Systems. A) A Portion of Pathogen View from PIPA.
PIPA contains new content on several pathogens. Pathogen View contains summary
information on the pathogen as well as links to findings and the supporting literature. B) PIPA
was used to add km/vn Interactions of Ebola virus proteins with the host proteins. Molecules
indicated with the are from the Ebola virus genome. Orange lines are specific to
pathogen-host interactions.

For further information

Please contact support@ingenuity.com. More information on this and related projects can
be obtained at www.ingenuity.com.



