2803 B o B R B .

— QIAGEN

Mechanistic Interpretation of the Ovarian Cancer Tumor
Microenvironment Using Single-Cell and Schr'rptomics with 1PA
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Minimum Software Requirements

Windows 11
Windows OS Windows 10
Windows 8

Microsoft Edge 94 or later
Browser Chrome 110 or later
Firefox 91 or later Safari 16 or later

Sequoia
mac0S Sonoma
Ventura

Java (JRE) JRE 1.8.0_xx or later

Minimum Hardware Requirements

® PC - 1.25GHz, 2GB RAM (for lightweight usage of IPA)*
® PC - 2GHz, 4GB RAM (Recommended)

® Mac - 1.25GHz, 2GB RAM (for lightweight usage of IPA)*
® Mac - 2GHz, 4GB RAM (Recommended)

Minimum Screen Resolution of 1280 x 800

*Lightweight usage of IPA includes Search, Build/Overlay operations and small dataset upload and analysis creation. For larger analyses and
Comparison Analyses, IPA requires more memory.

For Causal Network Analysis, BioProfiler, IsoProfiler, Phosphorylation Analysis, Relationship Export, and Analysis Match-related
features:

CoreTM i5 processor or equivalent running at 2 GHz or higher with 64-bit OS and Java, and at least 3 GB RAM free for Java. Screen resolution of at
least 1280 x 800.

Notes:

1. We recommend that you install the IPA client on your computer with this installer: https://analysis.ingenuity.com/pa/installer/select. The
installed IPA client still requires you to have internet access to launch but does not reguire you to install Java (a JRE) or to launch IPA from
a web browser.

2. Alternatively, you can launch IPA using Java Web Start, which requires a recent version of Java installed on your computer. Oracle has
changed its licensing terms for Java: https://www.java.com/en/download/. Therefore, please ensure you are following Oracle's terms and

I PA I nstal |er Down Ioad (l n q e n u |tv_ CO m) conditions for the Java version on your computer should you choose to launch IPA via Web Start, which is available at this link: https:

//analysis.ingenuity.com. Help on installing and/or launching IPA can be found at the following links:

i. Mac: https://giagen.my.salesforce-sites.com/KnowledgeBase/articles/Basic_Technical Q A/Running-IPA-on-Mac
ii. Windows: https://qiagen.my.salesforce-sites.com/KnowledgeBase/articles/Basic_Technical Q A/Running-IPA-on-Windows

—— Sample to Insight
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— QIAGEN TIntroduction to pathway analysis
What is QIAGEN Ingenuity Pathway Analysis
A Introduction of Ingenuity Pathway Analysis
AWhat és new in Ingenuity Pathway Analysi s

Create networks from scratch

Machine Learning pathway
Interpreting your Njo midata using IPA
A Data upload and analysis setup

A Canonical pathways and upstream regulators

A Comparison analysis

A Diseases and functions/Tox analysis
Comparison analysis
Summary
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Pathway
Database
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Khatri, Sirota, and Butte.

Functional Pathway Analysis

Over-Representation Analysis (ORA)

Differential Differentially Number of DE and
Expression Expressed (DE)=p={Reference Genes in
Analysis Genes Each Pathwa

Functional Class Scoring (FCS)

Gene-set (Pathway)

Gene-level -
Statistics Statistics

Assess Pathway
Slgnlflcance

Pathway Topology (PT)

|DE Genes or Gene-level Statistics|—>

,, 2 E

* Number of Reactions
 Position of Gene

Pathway Topology N

Pathway
Impact
Factor

* Type of Reaction

PLoS Comp Bio. 2012.
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> Hepatol Commun. 2020 Mar 15;4(5):724-738. doi: 10.1002/hep4.1497. eCollection 2020 May.

Integrated GWAS and mRNA Microarray Analysis
Identified IFNG and CD40L as the Central Upstream

Regulators in Primai Biliaﬁ Cholaniitis

ers.

RESULTS BY YEAR

Reset
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> J Neuroinflammation. 2024 Mar 20;21(1):69. doi: 10.1186/512974-024-03065-z.

Deletion of Slc9al in Cx3cr1” cells stimulated
microglial subcluster CREB1 signaling and microglia-
oligodendrocyte crosstalk

[] Abstract
[ Free full text
[ Full text
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ingenuity pathway analysis
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1,573 results Page 1 of 158 > >>
(] Ingenuity pathway analysis of gingival epithelial cells stimulated with estradiol

1 and progesterone.

Cite
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From 2020-2026

Search

1,537literatures

User Guid

Sugiyama N, Uehara O, Kawano Y, Paudel D, Morikawa T, Nakamoto N, Kato S, Takayama T, Nagasawa T,
Miura H, Abiko Y, Furuichi Y.

J Oral Biosci. 2024 Mar,66(1):26-34. doi: 1
PMID: 37949170

Therefore, in this study, we investigated the effects of estradiol and progesterone stimulation on gingival
epithelial cells via ingenuity pathway analysis. METHODS: Human gingival epithelial progenitors were

0.1016/jj0b.2023.11.002. Epub 2023 Nov 8.

cultured in a CnT-Prime medium; 17beta-estradiol ( ...

Ingenuity pathway analysis of alpha-synuclein predicts potential 5|gnahng
pathways, network molecules, biological functions, and-tsralainnaurala -
diseases. > Stem Cells Transl Med. 2024 Mar 15;13(3):293-308. doi: 10.1093/stcltm/szad090.
Suthar SK, Lee SY.

Front Mol Neurosci. 2022 Nov 29;15:1029682. doi: 10.3389/fnmol.2022.
PMID: 36523604 Free PMC article.

We have taken the advantage of such a Bioinformatics tool, ingenuity |

Histone Trimethylations and HDAC5 Regulate
el e e s Bt o ey Spheroid Subpopulation and Differentiation

.Overlapping of the predicted top-five canonical signaling ... Signaling of Human Adi ’ OSE— Derived Stem Cells
Gene set enrichment analysis and ingenuity pathway‘ana!ysis toverify the I S | n g Ie_CeI I R NA_Seq

> J Allergy Clin Immunol. 2024 May;153(5):1268-1281. doi: 10.1016/j.jaci.2023.12.030.
Epub 2024 Mar 29.

Galectin-10 in serum extracellular vesicles reflects
asthma pathophysiology

proteinomics

> Chin Med. 2022 Jun 15;17(1):71. doi: 10.1186/513020-022-00632-5.

Serum metabolomics analysis of deficiency pattern
and excess pattern in patients with rheumatoid

arthritis :
metabolomics
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Relationship Summary X
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Human
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@ Rat
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What species identifiers are accepted for analysis by IPA?

Atlantic Salmon (Salmo salar) Guinea pig, domestic (Cavia porcellus)

Horse (Equus caballus)

Human (Homo sapiens)

Mouse (Mus musculus)

Pig (Sus scrofa)

Rabbit (Oryctolagus cuniculus)
Rainbow trout (Oncorhynchus mykiss)
Rat (Rattus norvegicus)

Rhesus Monkey (Macaca mulatta)
Roundworm (Caenorhabditis elegans)
Sheep (Ovis aries)

Western clawed frog (Xenopus tropicalis)
Zebrafish (Danio rerio)

Domestic goat
three-spined stickleback

Thale cress (Arabidopsis thaliana)

Bat (Greater horseshoe bat, Rhinolophus ferrumequinum)
Brewer's yeast (Saccharomyces cerevisiae)

Cat (domestic, Felis catus)

Chicken (Gallus gallus)

Chimpanzee (Pan troglodytes)

Chinese hamster (Cricetulus griseus)

Cow (Bos taurus)

Crab-eating macaque (Macaca fascicularis)

<LK LKL LKL LKL LKL LKL KLKKL

Dog (Canis lupus familiaris)
Fission yeast (Schizosaccharomyces pombe)

Fruit fly (Drosophila melanogaster)

Golden hamster (Mesocricetus auratus)

Orthologs Gene from NCBI Eukaryotic Genome
Annotation Pipeline
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Supported Identifiers for Data Upload

Get more complete mapping during dataset upload!

Affymetrix Entrez Gene
(na36) (2023/8) Genbept
International
Agilent Gg;%?nk Protein Index
(IPI)
Symbokhuman UniProt/ Swiss-

Life Tech (ABI) Prot Accession

(HUGO/ HGNC, EG) ™ 555" )

Codelink Symbo} mouse

(EG)
lllumina Symbol rat (EG)
Ingenuity GI Number
UniGene

Ensembl miRbase CASRegistry
(110) (mature) A7 SN [ Number
RefSeq :

(human, UllREEET dbSNP HMDB
(stemloop)

mouse)

UCSC (hgl18) KEGG
UCSC (hg19) PubChemCID

UCSC (hg38)
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Omics data type 2 .88 P
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« RNA-seq 3 cEiEsEz83
2 £gEgo=get
2 ESR8o58EsR
§ S T

* scRNA-seq

_Oxidative Phosphorylation

g |_Mitochondrial Dysfunction

" M ICroa rray Coronavirus Pathogenesis Pathway

Neutrophil Extracellular Trap Signaling Pathway
Granzyme A Signaling

. ’
Na nOStrI ng LXR/RXR Activation

Fatty Acid p-oxidation | I

° q PCR Macrophaqe Alternative Activation Signaling Pathway
EIF2 Signaling
Xenobiotic Metabolism PXR Signaling Pathway

® Ch I P'Seq Neurovascular Coupling Signaling Pathway

> Ethanol Degradation IV e
. Ethanol Degradation Il

* Proteomics Oxidative Ethanol Degradation 111 |&

MicroRNA Biogenesis Signaling Pathway
. Superpathway of Citrulline Metabolism
[ ]
Metab0|0m|CS Superpathway of Cholesterol Biosynthesis .

Glutaryl-CoA Degradation .

« RNAI IGF-1 Signaling o ] B
Xenobiotic Metabolism AHR Signaling Pathway .
RHOA Signaling u

° CRISPR Xenobiotic Metabolism General Signaling Pathway i.
Glutathione-mediated Detoxification

Sirtuin Signaling Pathway
® WG S/WES etC Ribonucleotide Reductase Signaling Pathway ..

CREB Signaling in Neurons

Salvage Pathways of Pyrimidine Ribonucleotides

Superpathway of Methionine Degradation
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[ ] [ ] [ ]
| | | | | ]
| Il ! |

The Source: QIAGEN Knowledge Base The Engine: Machine Learning Generation The Application: Data Overlay

Mining decades of causal findings. Automated creation of ~1500 disease, Mapping custom expression
phenotype, and function pathways to datasets onto predictive networks
prioritize key causal genes. to uncover novel etiology.

ML Disease Pathways visualize a human-readable set of the most important causally
connected genes—revealing known players and inferring novel participants.

—— Sample to Insight
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Prioritizing Causal Importance Over Exhaustive Cataloging

B E B

What it is NOT

Comprehensive Catalogs: Overwhelming, unprioritized
mapping of every single associated gene.

GENE_A (ACT)
GENE_A (ACT) GENE_B (INH) GENE_C (INH)

GENE_A (ACT) GENE_B (INH) GENE C (ACT) GENE_D (ACT) GENE_E (ACT)

1 B
SERS

PHENOTYPE 1 PHENOTYPE_2 PHENOTYPE_3 PHENOTYPE_4

What it IS

ML Disease Pathways: A human-readable prioritization of

the most critical causally connected genes and phenotypes.

|

Objective: Suggest genes with similar regulatory patterns to implicate them as potentially
important in the disease, utilizing inferred implicit associations.

—— Sample to Insight
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Automatic Scoring

IPA automatically scores the
molecules in your custom
data against the ~1500 ML
Disease Pathways.

Automatic Trigger
User Initiates 99

Core AnaWSIS (Available post-Summer

2023 release)

> Pathways Tab > | ML Disease Pathways Sub-tab
|
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<

Prioritized Causal Focus

~1500 pathways built purely on automated KB mining,
independent of expression data.

Predictive Power

Red/Green activity nodes hypothesize novel participants
through shared regulatory patterns.

v

Seamless Overlay

Instantly map custom datasets to validate hypotheses and
discover matching global expression patterns.

—— Sample to Insight

Help shape the algorithm. Please use the link at the top of the main IPA window.




ilzi:i%%(é QIAGEN IPAi a dual approach to data analysis B AR R &I
With dataset Without dataset
A Find connections in your data A Search and explore the QIAGEN Knowledge Base
A Identify novel biomarkers A Test hypothesis in silico
A Uncover key targets and regulators A Identify degree of novelty in a hypothesis
A Discover novel disease mechanisms
A Compare across experiments

—— Sample to Insight
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Selected biomedical relationships between different types of Attributes for selected biomedical relationships
entities

EGF1 EGFR cetuximab i EGFR
[one of many] [one of many]
=
pe— (P i1 Type: Type:
cetximab Non-small céll lung carcinoma Direction: Direction:
Effect: Effect:
Directness: Cell line:
Tissue or primary cell: Organism:
Subcellular location: Experiment:
Source: Source:
\ - - - .
T 7z \ e EGFRi Proliferation of cells EGFR1 Glioblastoma
v / \\ A [one of many] [one of many]
X "4 Apoptosis
Akt / \ N
~ \
\5 - i e Type: Type:
Metastasis Colorectal Cancer)Metastasis Signaling Direction: Direction:

Effect: Effect:
Tissue or primary cell: Organism:
Subcellular location: Source:
Source:

—— Sample to Insight
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Human Molecular Genetics, 2024, Vol. 33, 15, 1367-1377
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Advance access publication date 4 May 2024

Original Article

From data to discovery: Al-guided analysis of
disease-relevant molecules in spinal muscular atrophy

(SMA)

Ines Tapken®?, Daniela Kuhn'?, Nico Hoffmann®, Nora T. Detering*, Tobias Schiining!, Jean-Noél Billaud*, Stuart Tugendreich?,

Nadine Schliiter®, Jeff Green®, Andreas Krimer®, Peter Claus® <+
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Abstract

larshall Street,Redwood City, CA 54063, United States
RIA gCmbH - Non-Profit Biomedical Research Institute, Feodor-Lynen-Str. 31, Hannover 30625, Germany.

Spinal Muscular Atrophy is caused by partial loss of survival of motoneuron (SMN) protein expression. The numerous interaction
partners and mechanisms influenced by SMN loss result in a complex disease. Current treatments restore SMN protein levels to a
certain extent, but do not cure all symptoms. The prolonged survival of patients creates an increasing need for a better understanding
of SMA. Although many SMN-protein interactions, dysregulated pathways, and organ phenotypes are known, the connections among
them remain largely unexplored. Monogenic diseases are ideal examples for the exploration of cause-and-effect relationships to create
a network describing the disease-context. Machine learning tools can utilize such knowledge to analyze similarities between disease-
relevant molecules and molecules not described in the disease so far. We used an artificial intelligence-based algorithm to predict new
genes of interest. The transcriptional regulation of 8 out of 13 molecules selected from the predicted set were successfully validated
in an SMA mouse model. This bicinformatic approach, using the given experimental knowledge for relevance predictions, enhances
efficient targeted research in SMA and potentially in other disease settings.

Keywords: spinal muscular atrophy; SMA; network biology; artificial intelligence; motoneuron disease

Introduction

Spinal Muscular Atrophy (SMA) is a rare monogenic disease
caused by mutations or deletions of the Survival of Motoneuron
1 (SMN1) gene [1]. Ubiquitous reduction of the SMN protein
results primarily in the degeneration of alpha-motoneurons in
the brain stem and spinal cord followed by muscular atrophy
[2, 3]. Untreated patients with the most common subtype, SMA
type 1, die within the first two years of life [4]. Current treatments
enhance SMN protein levels in the central nervous system (CNS)
or systemically, respectively, prolonging survival of patients [5-10].

Although SMA is monogenic, it is a disease involving several
molecular, cellular, and systemic networks: On the genetic level
(I), SMN is encoded by a second gene, SMN2, which differs from
SMN1 by a crucial base transition resulting in about 20% residual
functional full-length SMN [1, 11]. The SMNZ copy number varies
(CNV) from 0-8 copies leading to an inverse correlation of copy
number and disease severity, formerly clinically classified in types
0-IV [4, 12]. At the protein level (II), SMN interacts with proteins via
several binding domains and forms complexes in different cellu-
lar compartments [13]. It has multiple functions invelved in basal
cellular processes, e.g. snEMNP assembly [14-16], translation [17,
18], transcription [19, 20], R-loop resolution [21], and cytoskeleton
regulation [22-26]. On a systemic level {I11), SMA affects peripheral

organs resulting in a multi-organ disease [27-29]. At phenotypic
or clinical level (IV) the complexity increases since patients differ
in disease severity, disease onset, development, and genetic mod-
ifiers [4, 12, 30-32]. Unfortunately, no available treatments cure
SMA, due to limitations in timing, dosage, and response [32, 33]
The pathological mechanisms after SMN loss are still elu-
sive. Although several dysregulated pathways in SMA are known,
the molecular network behind this cause-and-effect relationship
remains largely unexplored. The integration and interpretation
of single experimental observations in a network of molecular
disease mechanisms is challenging. Bicinformatic tools enable
integration of scattered observations into a network. Prime exam-
ples for this conceptual approach are rare diseases such as SMA
caused by a single gene defect, which enables the analysis of
the relationship between the genetic cause, molecular alterations,
and phenotypic outcome. Disease-specific molecular networks
can represent the current knowledge of the disease. We hypoth-
esize that we could use a machine-learning based algorithm to
assemble new molecular networks that identify novel disease-
specific molecules and molecular relationships. This approach
could help explain the pathogenesis and help identify new poten-
tial targets of interest. In this study, an artificial intelligence (AI)-
‘based approach was used to analyze causal relationships in SMA

Received: January 18, 2024. Revised: April 4, 2024. Accepted: April 22, 2024
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Figure 1. Artificial intelligence-predicted context network for spinal muscular atrophy. (A) Schematic representation of the Al-prediction algorithm
and network construction. SMN (green circle) is the genetic cause and SMA (green cross) the disease outcome. In the QIAGEN Knowledge Base (QKB),
interactors (pink circle) and causal relationships (black line: protein-protein interaction (PPI); grey line: Function), and dependency keywords (arrow:
Direction; orange circle: Increases; blue circle: Decreases) are curated. The downstream profile of the disease-causing molecule is compared to other
molecules (X) and similarities are ranked for potential relevance in the disease context. A context network is displayed including known and predicted
disease-relevant molecules. Those were selected based on their connectivity to present a network to a size that could be reasonably interpreted. (B) IPA
context network for SMA. The network includes known disease relevant molecules (connected to SMA) and predicted pc ially relevant molecules with
their direction of regulation (orange, blue). Functional outcomes are displayed on the right. Prediction activation (orange)/mhlbmon (blue): Regulation
is predicted from interacting molecule measurements. Color codes for lines are based on the same concept. Molecule shapes represent their type.
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analysis of Gushudan on kidney-yang-deficiency-syndrome rats
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Keywords:
Kidney-yang-deficiency-syndrome

Gushudan

Pharmacodynamics

'H NMR metabolomics

Endogencus network pharmacelogy strategy

The pharmacodynamics, 'H NMR metabolomics and endogenous network pharmacology strategy approaches
were integrated to investigate the preventive mechanism of Gushudan (GSD) on kidney-yvang-deficiency-
syndrome (KYDS) rats in this study. Firstly, the KYDS rat model was achieved by hydrocortisone induction,
and the efficacy of GSD on KYDS model rats was assessed by the pharmacodynamic indicators. Next, the
comprehensive untargeted serum metabolic profile of rats was obtained in 'H NMR metabolomics study, 29
potential biomarkers closely associated with KYDS were identified, which were mainly involved in carbohydrate
metabolism, amino acid metabolism and intestinal flora metabolism. In addition, the potential biomarkers-
targets-pathways-disease metabolic network was further investigated for deeper understanding the preventive
effects of GSD on KYDS rats and its mechanism, which was further obtained for the important targets related to
biomarkers and diseases such as NOS3, PTGS2 and CXCLS, and important metabolic pathways such as glyoxylate
and dicarboxylate metabolism, arginine and proline metabolism, and microbial metabolism in diverse envi-
ronments. Finally, compared with our previous anti-osteoporosis study of GSD, it suggested that some similar
metabolic pathways, which would provide some scientific reference of the existence of the kidney-bone axis

under the traditional Chinese medicine (TCM) theory of “kidney dominates bone”.

1. Introduction

Gushudan (GSD) was a traditional Chinese compound prescription
based on the “kidney dominates bone” theory in traditional Chinese
medicine (TCM) and clinical practices, which was carefully formulated
by the technical platform of the “A basic concept of establishing plat-
forms for operational techniques in systems of elaborately selecting
small preseriptions of traditional Chinese medicine” [1]. It consists of
Epimedium brevicornu Maxim, Drynaria fortunei (Kunze) J. Sm, Cnidium
monniert (L.). Cuss and Salvia miltiorrhiza Bge, which had the effect of
strengthening tendons and bones and benefiting kidneys. In the Phar-
macopoeia of the People’s Republic of China (2020 edition), these four
Chinese herbs of GSD were included. The preclinical pharmacodynamic
research showed that GSD could prevent and treat osteoporosis by
increasing bone mineral density, serum calcium and bene gla protein
levels, etc [2,3]. The high performance liquid chromatography (HPLC)
chemical fingerprints of GSD had been studied in our previous research
[4,5]. Subsequently, the main active ingredients of GSD include icariin,
osthole, naringin and tanshinone, and pharmacokinetic studies of the

related active ingredients were performed based on ultra performance
liquid chromatography-mass spectrometry (UPLC-MS) [6,7]. In addi-
tion, metabolomics studies had been further conducted from the
perspective of the bone strengthening effects of GSD, and it was found to
have a preventive effect on glucocorticoid osteoporosis (GIOP) by call-
backing metabolite levels and adjusting metabolic pathways [8,9]. Ac-
cording to the “kidney dominates bone” theory of TCM, it proved that
the kidney-bone axis existed [10]. However, the effects of GSD in toni-
fying the kidney are still unclear, and how does GSD play the roles in
tonifying the kidney and strengthening the bones? Further researcher on
the effects of GSD as a whole on “kidney deficiency syndrome” in TCM
theory are of great significance, which would help to reveal the
comprehensive mechanism of GSD in vivo and provide a scientific basis
of its clinical application.

Kidney-yang-deficiency-syndrome (KYDS) was firstly recorded in the
traditional Chinese medical classics “Nei jing”, which was a kind of
deficiency cold syndrome with clinical manifestations of cold extrem-
ities, fear of cold, and metabolic disorders of the body [11]. The modern
pharmacological studies showed that the function of the

* Corresponding author. School of Pharmacy, Shenyang Pharmaceurtical University, No.26 Huatuo Rd, High & New Tech Development Zone, 117004, Benxi,

Liaoning Province, PR China.
E-mail address: bearry200@126.com (Z. Xiong).
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A Through DiseaseState filter, to observe the expression difference of EGFR gene in cancer type
in TCGA

A Select a specific experimental group to view more detailed information.
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