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T cell receptor
signaling

CTLA4 signaling in
cytotoxic T lymphocytes

Pathogen induced
cytokine storm signaling

CDX gastrointestinal
cancer signaling

IL-4 signaling

FAK signaling

Granulocyte adhesion and diapedesis

Atopic dermatitis lesional vs. non-lesional

Interpret your data and highlight pathways driving biological impact

vs.

lesional
[n = 57]

non-lesional
[n = 54]

Intrapersonal skin biopsies



Discover upstream regulators driving your observed changes

Dupilumab vs. pre-treatment (AD)
Regulator Fold Change Molecule Type Predicted Activity z-score p-value

IL4 -0.407 cytokine Inhibited -6.092 6.58E-18

TNF -0.295 cytokine Inhibited -5.199 1.97E-21

IL33 0.101 cytokine Inhibited -4.709 5.75E-09

CSF2 -0.173 cytokine Inhibited -4.25 1.06E-08

IL13 -0.164 cytokine Inhibited -3.937 7.08E-13

CD28 -0.077 transmembrane receptor Inhibited -3.742 0.117

IFNG -0.128 cytokine Inhibited -3.74 3.11E-18

CD3 complex Inhibited -3.738 0.165

IL1B 1.089 cytokine Inhibited -3.526 8.7E-18

Ige complex Inhibited -3.447 3.08E-05

IL2 0.043 cytokine Inhibited -3.44 0.000413

STAT1 -0.025 transcription regulator Inhibited -3.435 6.29E-08

IL3 -1.913 cytokine Inhibited -3.424 0.038

KLF6 -0.055 transcription regulator Inhibited -3.299 9.53E-05

TNFSF13B -0.2 cytokine Inhibited -3.218 0.000227

CD40LG -0.09 cytokine Inhibited -3.059 0.000005

IL27 0.302 cytokine Inhibited -3.002 2.38E-05

Eldr other Inhibited -3 0.000516

NFkB complex Inhibited -2.927 2.43E-07

BTK -0.081 kinase Inhibited -2.919 0.00133

TCR complex Inhibited -2.815 0.153

AKT1 0.026 kinase Inhibited -2.767 0.000257

IL1A 0.351 cytokine Inhibited -2.761 1.05E-08

CBX5 -0.051 transcription regulator Inhibited -2.673 0.000526

CREB1 -0.073 transcription regulator Inhibited -2.649 0.000154



Interpret your data and highlight pathways driving biological impact

du
pi

lu
m

ab

AD cy
cl

os
po

rin
e

du
pi

lu
m

ab
 v

s.
 c

on
tro

l

le
si

on
al

 v
s.

 n
on

-le
si

on
al

cy
cl

os
po

rin
e 

vs
. c

on
tro

l

D
D

D

D

D

Dupilumab-specific?

IL-4 signaling
Dupilumab vs. pre-treatment (AD)

Atopic dermatitis



What kinds of questions can you answer without your own data?

?



Find shortest paths with Path Explorer
Use filters to selectively Connect or Grow

Build networks from scratch and discover potential drug targets



Predicted effect

Simulate inhibition

Simulate changes in activity with MAP

ActivatedInhibited

Predicted activity change

UpDown

Simulated observation

Build networks from scratch and discover potential drug targets



Grow upstream from selected nodes, then
overlay labels for known drug targets

ActivatedInhibited

Predicted activity change

UpDown

Simulated observation

Build networks from scratch and discover potential drug targets



BMS-986004 could be a potential candidate for atopic dermatitis



Agenda

Perform pathway analysis on your own ‘omics data

Build networks from scratch and explore relationships

Options to tackle differential expression before using IPA

Compare and contextualize your results with other studies



Ingenuity Pathway Analysis is powered by manually-curated findings

cetuximab – EGFR 
[one of many]
Type: phosphorylation
Direction: directional
Effect: decreases
Cell line: CaR1 cells
Organism: human
Experiment: immunoblot
Source: PMID: 23213241

EGF – EGFR 
[one of many]
Type: activation
Direction: directional
Effect: increases
Directness: direct
Tissue: epithelial cells
Location: plasma membrane
Source: PMID: 17909010

Up-to-date relationships
Weekly top-tier journal updates
Quarterly for clinical databases

14+ million findings
Manually curated using
controlled vocabulary

Decades of knowledge
Over twenty years of curated data
mapped into directional networks

IPA



IPA

Curated research findings are stored as relationships and nodes



Simulate activity and predict change using directional knowledge

IPA

ActivatedInhibited

Predicted activity change

UpDown

Simulated observation

Simulated inhibition

Predicted activation



Ingenuity Pathway Analysis uses case vs. control DEGs as input

This can be a simple list with arbitrary values

Gene Change
FABP9 2
KRTAP4-4 2
SULT1C3 2
UGT1A6 2
PDE2A -2
RPPH1 -2
RSC1A1 -2
SNORA7A -2



Ingenuity Pathway Analysis uses case vs. control DEGs as input

This can be a differential expression table with ratios, fold changes, or log2FCs

Core analysis results

Significance (optional)

Ratio, fold change, etc.IDs (required)

Nrf2-/-

Knockout vs. wild type



IPA uses your input to calculate enrichment and predicted activity

Annotations in pathways and networks consistently
matching or mismatching literature-reported directionality

are considered significantly activated or inhibited

Annotations over-represented in pathways and
networks are considered significantly enrichedEnrichment (p-value)

Predicted activity (z-score)−2 +2

0.05

UpDown

Observed expression

ActivatedInhibited

Predicted activity change



IPA calculates enrichment and predicted activity for these entities

UpDown

Observed expression

ActivatedInhibited

Predicted activity change

Upstream regulatorsCanonical pathways Downstream effects



Agenda

Perform pathway analysis on your own ‘omics data

Build networks from scratch and explore relationships

Options to tackle differential expression before using IPA

Compare and contextualize your results with other studies



Agenda

Perform pathway analysis on your own ‘omics data

Quickly upload, analyze, and share your IPA results

• Share with IPA Interpret, an online overview of your results

• Data upload, analysis setup, and selecting cutoffs

Dive deep into the biology behind your observed changes

• Identify upstream regulators potentially influencing your DEGs

• Prioritize and interpret changes in Canonical Pathways

• Look at potential downstream effects and functional consequences



Navigating your core analysis results

UpDown

Observed expression

ActivatedInhibited

Predicted activity change

Upstream regulatorsCanonical pathways Downstream effects



IPA Interpret results can be found in the Summary tab



To share, add your results to a shared project, then copy the link

Disease vs. normal: lesional vs. non-lesional atopic dermatitis



Viewing and exporting results from IPA Interpret

Click the download icon to export tabular results 



Viewing and exporting results from IPA Interpret

Choose between various figure styles



Viewing and exporting results from IPA Interpret

Use drop-down menus to filter data



Viewing and exporting results from IPA Interpret

The More filters button lets you filter by
pathways, molecule type, and more



Navigating your core analysis results

UpDown

Observed expression

ActivatedInhibited

Predicted activity change

Upstream regulatorsCanonical pathways Downstream effects



Canonical pathways: highlight key pathways and biological changes

Pathways are scored by
enrichment (p-value) and
predicted activity (z-score)

If your observed changes match curated expectations,
IPA will assign a positive z-score and predict pathway activation

ActivatedInhibited

Predicted activity change

Ulcerative colitis vs. control



Canonical pathways: highlight key pathways and biological changes

ActivatedInhibited

Predicted activity change

Plot results multiple ways,
Bubble Chart for example

Click Customize Chart to
filter, tweak, and prioritize

Pathways are scored by
enrichment (p-value) and
predicted activity (z-score)

PPAR signaling

Cytokine storm signaling
Granulocyte adhesion and diapedesis

IL-10 signaling

Ulcerative colitis vs. control



Canonical pathways: highlight key pathways and biological changes

Click Open Pathway to
view a pathway in detail

ActivatedInhibited

Predicted activity change

UpDown

Observed expression

PPAR signaling



Upstream regulators: discover factors driving your observations

Targets of ELF3

Ulcerative colitis vs. control



https://qiagen.my.salesforce-sites.com/KnowledgeBase/articles/Basic_Technical_Q_A/Legend

What colors mean: predictions vs. your data

ActivatedInhibited

Gene or pathway activity predicted by IPA

Expression observed in your dataset

UpDown

Colors and label positions can be changed under File > Preferences

The legend can always be found under the Help menu

https://qiagen.my.salesforce-sites.com/KnowledgeBase/articles/Basic_Technical_Q_A/Legend
https://qiagen.my.salesforce-sites.com/KnowledgeBase/articles/Basic_Technical_Q_A/Legend
https://qiagen.my.salesforce-sites.com/KnowledgeBase/articles/Basic_Technical_Q_A/Legend


Agenda

Perform pathway analysis on your own ‘omics data

Build networks from scratch and explore relationships

Options to tackle differential expression before using IPA

Compare and contextualize your results with other studies



Agenda

Compare and contextualize your results with other studies

Comparison Analysis

• Load pathway-specific gene heatmaps to focus your biomarker search

• Open as many as 20 IPA analysis results side-by-side

Analysis Match

• Discover conditions directionally similar or opposite to your results

• Compare your results against 260,000+ curated studies



Comparison analysis: quickly view up to 20 analyses side-by-side
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Dupilumab-specific?

IL-4 signaling
Dupilumab vs. pre-treatment (AD)

Atopic dermatitis



Comparison analysis: quickly view up to 20 analyses side-by-side
Vedolizumab (6, 12, 28, or 52 wk)
or Infliximab (4-6 wk) vs. control

Targets of IL33



Analysis Match: bringing causal insights to real world data

413,000+ comparisons
Case vs. control results from

over 1 million curated samples
[log2FC, p-values]

Canonical Pathways

Upstream Regulators

Downstream Effects

Differential Expression

260,000+ IPA results
Activity prediction and

pathway enrichment scores
[z-scores, p-values]

Gene

Pathway

Disease

Gene

Comparison information

SimilarOpposite

Comparison information



Analysis Match: use your entire study as a directional query

Comparison information Average z-score
Disease enrichment
Causal networks
Upstream regulators
Canonical pathways

260,000+ pre-computed curated studies
and your previous IPA analyses, all in one query

Directionally
similar

Directionally
opposite

Infliximab response vs. no response (ulcerative colitis)



Drug repurposing and indication selection using curated IPA results

treatment

disease

The directional opposite of disease vs. normal is treatment vs. no treatment

The directional opposite of treatment vs. no treatment is disease vs. normal
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Find directionally-opposite public studies to identify new indications

Dupilumab might be effective for some of these alternative indications

Dupilumab vs. pre-treatment (atopic dermatitis)
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Find directionally-opposite public studies to repurpose drugs

Some of these treatments might be effective for atopic dermatitis

Lesional vs. non-lesional (atopic dermatitis)



Agenda

Perform pathway analysis on your own ‘omics data

Build networks from scratch and explore relationships

Options to tackle differential expression before using IPA

Compare and contextualize your results with other studies



Agenda

Build networks from scratch and explore relationships

Build custom pathways using our biomedical knowledge

• Identify pathways, regulators, and diseases influenced by your network

• Search for the shortest paths between genes, drugs, and diseases

Simulate changes in activity and predict downstream effects

• Pattern Search: use your custom network as a directional gene signature

• Molecule Activity Predictor: simulate changes in activity in silico



What kinds of questions can you answer without your own data?

?



Find shortest paths with Path Explorer

Build networks from scratch and discover potential drug targets



Use filters to selectively Connect or Grow

Build networks from scratch and discover potential drug targets



Predicted effect

Simulate inhibition

Simulate changes in activity with MAP

ActivatedInhibited

Predicted activity change

UpDown

Simulated observation

Build networks from scratch and discover potential drug targets



Grow upstream from selected nodes, then
overlay labels for known drug targets

ActivatedInhibited

Predicted activity change

UpDown

Simulated observation

Build networks from scratch and discover potential drug targets



BMS-986004 could be a potential candidate for atopic dermatitis



2

3

Search for genes of interest using Genes and Chemicals search

1



2

3

Search for diseases, symptoms, or phenotypes using Diseases and Functions search

1

Add nodes only for the selected diseases or functions

4



1
2

4

3

Choose Set A, Set B, and the relationship direction to consider

Build > Path Explorer is for finding the shortest paths between nodes



Don’t forget to check for Shortest Paths + 1

6

5



Build > Connect shows how selected nodes interact with each other

4

3

1
2



Overlay > Molecule Activity Predictor simulates changes in activity

3

4

1
2

ActivatedInhibited

Predicted activity change

UpDown

Simulated observation



Studies are arranged by enrichment (p-value)
and directionality (z-score) of queried genes

Pattern Search: search for your directional network in the literature

directionally opposite directionally similardirection unclear

Compare your signature vs.
260,000+ curated studies

and your previous IPA results



Pattern Search queries pre-computed studies using enrichment and directionality

directionally opposite directionally similar

2

1

Find compounds with similar effects
3



Pattern Search queries pre-computed studies using enrichment and directionality

directionally opposite directionally similar

2

1

Search for drug repurposing targets
3



Agenda

Perform pathway analysis on your own ‘omics data

Build networks from scratch and explore relationships

Options to tackle differential expression before using IPA

Compare and contextualize your results with other studies



Agenda

Options to tackle differential expression before using IPA

QIAGEN CLC Genomics Workbench
• Our comprehensive analysis suite for short and long sequencing reads

QIAGEN RNA-Seq Analysis Portal
• Easy to use FASTQ-to-IPA pipeline

GEO2R
• Quick option for published datasets



Ingenuity Pathway Analysis uses case vs. control DEGs as input

This can be a simple list with arbitrary values

Gene Change
FABP9 2
KRTAP4-4 2
SULT1C3 2
UGT1A6 2
PDE2A -2
RPPH1 -2
RSC1A1 -2
SNORA7A -2



Ingenuity Pathway Analysis uses case vs. control DEGs as input

This can be a differential expression table with ratios, fold changes, or log2FCs

Core analysis results

Significance (optional)

Ratio, fold change, etc.IDs (required)

Nrf2-/-

Knockout vs. wild type



Summary

Perform pathway analysis on your own ‘omics data

Build networks from scratch and explore relationships

Options to tackle differential expression before using IPA

Compare and contextualize your results with other studies
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