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Reactome: an Open Source Pathway Knowledgebase
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Reactome: an Open Source Pathway Knowledgebase
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Project Goals
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Provide a web-based app for
researchers to conduct
vaccine response analysis
using gene expression data
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Workflow to Collect Vaccination Metadata From ImmPort
and Manual Annotation

Queried ImmPort
database

Mapped GSM to
ImmuneExposureGene GSE and GPL

Expression_1

Removed samples having
pathogens as exposure
materials

ImmuneExposureGene

Expression_2

Removed DNA
sequencing data

ImmuneExposureGene
Expression_3

Removed non-GSM
repository samples

ImmuneExposureGene
Expression_4

5,817 samples out of
11,692

ImmuneExposureGene
Expression_5

Removed redundant
GSE accessions

ImmuneExposureGene
Expression_6

Removed two platforms:
GPL16791 (RNA-seq) and
GPL16497 (peptide array)

ImmuneExposureGene
Expression_7

Removed GSE41080:
no data

ImmuneExposureGene

Expression_8

Batch analysis
and annotatio
for GSE30101
and GSE59714

ImmuneExposureGene
Expression_9

Removed GSEs with one time
point only and GSE65440 (batch
cannot be explained)

ImmuneExposureGene
Expression_10

Removed GSE22121:
data too sparse

ImmuneExposureGene
Expression_11

Normalized headers and
converted hours to days

ImmuneExposureGene

Expression_12

File: ImmuneExposureGeneExpression_020922.csv;
28 studies, 1094 subjects, 4589 GSMs, 24 GSEs, and
12 GPLs



Statistics of the Vaccine Response Gene Expression Data
Collected at VIGET

Object/Variable Number/Value

Vaccine 21 (by names) or 20 (by VO ids)

ImmPort Study 28
Race 7
Min_Age 0
Max_Age 90
Min_Day -7
Max_Day 84
Cell Type 4
Cell Subtype 184

Biosample (GSM) 4859
GSE 24

GPL Platforms 12



Vaccine Ontology Guided List

Vaccine Vvo_ID Category Races | minAge | MaxAge | minDays|maxDays| Cell_Types | Cell_Subtypes| GSMs | GSEs | GPLs |Studies
2008-2009 trivalent influenza vaccine VO_0004809 inactivated influenza vaccine 1 18.2 40.2 0 14 1 1 848 1 2 1
2011?2012 trivalent inactivated vaccine (A/California/7/09
(HINL,), A/Perth /16/2009 (H3N2), and B/(gésbanelsoll-;’;()s) VO_0004810 inactivated influenza vaccine 3 0.5 13 0 30 1 1 64 1 1 1
ACWY Vax VO_0003138 subunit vaccine 1 30 70 0 35 1 1 44 1 1 1
FluMist VO_0000044 live attenuated influenza vaccine 3 0 47 0 7 1 5 127 1 2 1
Fluarix VO_0000045 inactivated influenza vaccine 3 0 47 0 7 2 6 230 2 3 3
Fluvirin VO_0000046 inactivated influenza vaccine 4 18 85 -7 70 1 176 292 1 1 1
Fluzone VvO_0000047 inactivated influenza vaccine 6 18 90 -7 28 3 1 417 3 3 3
Influenza virus vaccine VO_0000642 viral vaccine 5 21 90 0 43 3 5 1189 6 2 5
MRKAdS5 HIV-1 gag/pol/nef VO_0003133 HIV Virus Vaccine 2 22 43 0 7 1 1 50 1 1 1
MVAS5A VO_0003120 Mycobacterium tuberculosis vaccine 1 18 55 0 7 1 1 96 1 1 1
Menactra VO_0000071 Neisseria meningitidis vaccine 1 18 45 0 7 1 1 51 1 1 1
Meningococcal Polysaccharide Vaccine, Groups A& C, VO_0010725 Neisseria meningitidis vaccine 1 18 45 0 7 1 1 39 1 1 1
Menomune A/C -
Menveo VO_0001246 Neisseria meningitidis vaccine 1 30 70 0 35 1 1 15 1 1 1
Plasmodium falciparum vaccine VO_0000087 malarial vaccine 1 18 65 0 79 1 1 254 1 2 1
Pneumovax 23 (USA) VO_0000088 Streptoccoal pneumoniae vaccine 3 22 49 -7 28 1 1 167 1 1 1
Stamaril VO_0003139 Yellow Fever Virus Vaccine 2 18 45 0 28 1 1 196 2 2 2
Trivalent inactivated influenza VO_0000642 inactivated influenza vaccine 3 22 20 0 41 1 1 79 1 1 1
YF-Vax VO_0000121 Yellow Fever Virus Vaccine 1 19 49 3 84 1 1 144 1 1 1
Yellow fever 17D vaccine vector VO_0000122 Yellow Fever Virus Vaccine 1 18 65 0 60 2 1 142 1 2 1
Zostavax VO_0000124 Varicella-Zoster Virus Vaccine 6 25 79 0 7 3 1 344 2 2 3
live attenuated influenza vaccine VO0_0001178 Influenza Virus Vaccine 4 3 14 0 30 1 1 71 1 1 1
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UMAP Plots of Samples: Batch Correction

UMAP2

gse vaccine
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Boxplot of Expression Values of Individual Vaccines

i

L enuayje anl|

s

- XeAelsoz

L 1A} MOJ|9A

[ XeA-dA

L ul JuajeALlL

b luewels

+ £2 XeAownaud

- J wnipowse|d

L oanus

+ ead0206UIUBN

- espdeuay

- VS8VAW

F T-AIH SPY AW

L 1A eZUBN|U|

+ suozni4

FuLiAngg

F xuen|4

ISIANI

I XeA AMOV

vaccine

43 ZT0ZTT0T

43 6002-800C

o © ©o < o~
-

anjeA uoissaidxa

A



Software Architecture of VIGET

RESTful API i i RESTful API i i
LimmaAppinR L Spring MVC App in Vuejs App in
Java JavaScript

Linux Server Frontend in Browser

Reactome RESTful APIs

- . . Functional
Analysis Service Content Service ' .
Interaction Service

Reactome Web Services Server




Two-step Protocol to Setup Differential Gene Expression

Analysis for Vaccine Response @ VIGET

© Filter Biosamples

v vaccine
- inactivated vaccine

- inactivated influenza vaccine

[J 2008-2009 trivalent influenza vaccine

Fluarix

[ Eluzone

D 2011-2012 trivalent inactivated vaccine..

[ Fluvirin
v [ live attenuated vaccine

v M1 live attenuated influenza vaccine

ImmPort Studies
O SelectAll
SDY249

O sbyz70

[ SDY&1

Platform Description
Select All

[HT_HG-U133A] Affymetrix HT
Human Genome U133A Array
[HT_HG-U133_Plus_PM]

Affymetrix HT HG-U133+ PM

Day 0 Definition
Select Al
Time of enrollment

= Time of initial vaccine

administration

Gender
Select Al
Female

Male

Age

Race

Select All
Asian
Black or African American

White

Cell Type

O

O

Select All
PBMC : PBMC

PBMC : CD11c hi CD123 lo mDC
cells isolated from PBMCs

PBMC : CD123 hi CD11¢ lo pDC
cells isolated from PBMCs

PBMC : CD14 + monocytes
isolated from PBMCs

Other : NA

PBMC : CD19 + B cells isolated
from PBMCs

CLEAR NEXT



Two-step Protocol to Setup Differential Gene Expression
Analysis for Vaccine Response @ VIGET

o Filter Biosamples o Setup Analysis

@ Create two groups for differential analysis by dragging samples from the first panel and then dropping them into Group 1 or Group 2 in the second pane

Time (days) Samples  Time (days) Samples  Other Options
‘ 7 2 | Group 1 Adjust the analysis by checking the following variables:
0 28 O Vaccine O Age O Gender O Race

Correct the results for:

Platform Batch
Use paired data by checking:
Group 2
Paired
3 26

Name the analysis result

3vs0

BACK CLEAR ANALYZE



Analysis and Visualization Features @VIGET

Gene Expression Analysis

DOWNLOAD RESULTS

PATHWAY ANALYSIS

Q

NETWORK ANALYSIS

]
5 . .
n - e
2 4
o
= " -
o -
s 3 .
= . o * .
o
_n? 2 . e =
. .,
1
0
|
=1 =0.5 0 0.5
Log,FC
Gene Name Average Expression LogaFC pValue Adjusted pValue
PPP1R7 6.85e+0 2.47e-1 4.76e-7 8.96e-3
CBL 5.87e+0 3.23e-1 1.81e-6 1.70e-2
POLR2G 8.2%e+0 2.07e-1 5.02e-6 1.84e-2
TRERF1 4.55e+0 -2.02e-1 6.98e-6 1.84e-2
RNF103 7.07e+0 -4.86e-1 9.19e-6 1.84e-2




Analysis and Visualization Features @VIGET

Pathway Enrichment Analysis DOWNLOAD RESULTS N

Q s @|
5
. * Autophagy
3 . » Cell Cycle
4 * Cell-Cell communication
N * Cellular responses to stimuli
'g A : J e Chromatin organization
E 2 . FREYE s . * Circadian Clock
2 K s DNA Repair
= 2 * DNA Replication
2 * Developmental Biology
S
T ¢ Disease
1 e Drug ADME
» * Extracellular matrix organization
o * Gene expression (Transcription)
* Hemostasis
Pathway
Stable Identifier Pathway Name Entities Found Entities Total Entities Ratio Entities pValue Entities FDR
R-HSA-6798695 Neutrophil degranulation 51 480 3.17e-2 4.13e-5 2.05e-2
R-HSA-3371568 Attenuation phase 12 47 3.10e-3 2.86e-5 2.05e-2
R-HSA-449147 Signaling by Interleukins 66 658 4.35e-2 1.88e-5 2.05e-2
R-HSA-3371511 HSF1 activation 1" 43 2.84e-3 5.97e-5 2.22e-2
R-HSA-3371571 HSF1-dependent transactivation 12 59 3.90e-3 2.34e-4 6.52e-2
R-HSA-69206 G1/S Transition 21 150 9.91e-3 2.73e-4 6.52e-2




Analysis and Visualization Features @VIGET

Expression
and 3
translocation of
olfactory
receptors

View: flattened | hierarchical OVERREPRESENTATION  Showing pvaive ~ 6.0




Analysis and Visualization Features @VIGET

Functional Interaction Network

9]
O

CDKN1C

ANKRD17

Total Genes 225 logFC= adjPValues 1



Comparison Analysis Features @VIGET

3vs0&7vs3 N
Descriptions ~
3vs 0 (a) 7 vs 3 (b)
Vaccines: Fluarix Vaccines: Fluarix
Studies: SDY269 Studies: SDY269
Platform Descriptions: [HT_HG-U133A] Affymetrix HT Human Genome U133A Array, [HT_HG-U133... Platform Descriptions: [HT_HG-U133A] Affymetrix HT Human Genome U133A Array, [HT_HG-U133...
Day 0 Definitions: Time of enrollment, Time of initial vaccine administration Day 0 Definitions: Time of enrollment, Time of initial vaccine administration
Genders: Female, Male Genders: Female, Male
Ages: 0.0 -47.0 Ages: 0.0-47.0
Race: Asian, Black or African American, White Race: Asian, Black or African American, White
Cell Type: PBMC : PBMC Cell Type: PBMC : PBMC
Study Variables: None Study Variables: None
Platform Correction: Yes Platform Correction: Yes
Group 1 (Time: days): 0 Group 1 (Time: days): 3

Group 2 (Time: days): 3 Group 2 (Time: days): 7 A



Comparison Analysis Features @

Pathway Enrichment Comparison

A~
Q s @
Immune Syste
10 ‘
8 ( e
— (
g F ta. )
§ 6 Hemostasi
o * Immune System (a)
2 5 . . * Immune System (b)
o .
2 o Mk )
=X
O g . ‘e b
2 9 prote
. WER® B f prote
(Y, A
o A e
Pathway
Py e a b a b
Stable Pahtway Name Entities Entities Found? - Found® pYahig pyaiiie log(pVal*/pVal®) FOR FOR log(FDR?/FDR)
Identifier Found? Found'
2.05e- 3.32e-
ReHSA Neutrophil degranulation 51 40 L Hides 5.11e-3 209 2 : 1 : =21
6798695
2.05e- 1.45e-
Rebion Attenuation phase 12 9 3 2:8085 12188 g 2 ‘ 1 ‘ 085
3371568 P
2.05e- 4.62e-
BeHiSEs Signaling by Interleukins 66 49 v L8%en }:59es2 42 2 ‘ 1 ‘ 432
449147 anzina 2y,
R-HSA- - - " 3 5975 | 264e3 | -165 ;.22e- f‘38e' -1.03 B
3371511




Project Links

Web site: https://viget.violinet.org

Paper: Brunson T, Sanati N, Huffman A, Masci AM, Zheng J, Cooke MF, Conley P, He
Y and Wu G (2023) VIGET: A web portal for study of vaccine-induced host responses
based on Reactome pathways and ImmPort data. Front. Immunol. 14:1141030. doi:
10.3389/fimmu.2023.1141030

GitHub Repos
» The source code for the web frontend app: https://github.com/VIOLINet/reactome-immport-
web
» The source code for the server-side application: https://github.com/VIOLINet/immport-ws

Data: https://doi.org/10.5281/zenodo.7407195
* ImmuneExposureGeneExpression_020922.csv: The meta file describing aggregated ImmPort
studies and related vaccines, GEO information, and some manual annotation
« Immport_vaccine_expression_matrix_mapped_merged_approved_genes_091421.csv: The
aggregate gene expression data

Open source and open access for both academic and commercial use: CCO for data
and CC BY 4.0 for Software


https://viget.violinet.org/
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1141030/full
https://github.com/VIOLINet/reactome-immport-web
https://github.com/VIOLINet/reactome-immport-web
https://github.com/VIOLINet/immport-ws
https://doi.org/10.5281/zenodo.7407195

Software Demo

1. Perform a differential gene expression analysis
1. Use Fluarix as an example
2. Conduct comparison analysis
1. Fluarix response between 3 vs 0 days and 7 vs 3 days



VIGET application

Use VIGET to study vaccine responses to yellow fever vaccines

« Target: Longitudinal human responses to yellow fever vaccines
o 4 ImmPort studies imported
3 vaccines: YF-Vax, Stamaril, and Yellow fever 17D
Samples: 482, collected from whole blood or PBMCs.
Subjects: 18-65 years old, with Asian & African Americans, males & females.
Time: day 0O to day 84 post vaccination.
Focused: Immune profiles during the first 4 weeks post vaccination

O O O O O

 Reactome three categories of immune pathways focused:
o Adaptive immune system
o Innate immune system
o Cytokine signaling in immune system
o Rectome Immune system: https://reactome.org/PathwayBrowser/#/R-HSA-168256

Ref: Brunson T, Sanati N, Huffman A, Masci AM, Zheng J, Cooke MF, Conley P, He Y, Wu G. VIGET: A
web portal for study of vaccine-induced host responses based on Reactome pathways and ImmPort data.
Frontiers in Immunology. 2023. 14:1141030. PMID: 37180100 PMCID: PMC10172660.



https://reactome.org/PathwayBrowser/#/R-HSA-168256
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10172660/

VIGET application

Use VIGET to study vaccine responses to yellow fever vaccines

: oo A
[E] Elizons ImmPort Studies Day 0 Definition Age Cell Type
el ne t 4 SelectAll
[J 2011-2012 trivalent inactivated vaccine Felcctal 5 . Sslectal @
O Eluvirin SDY1264 18.0-45.0 Whole blood : NA
~ [J live attenuated influenza vaccine SDY1289 18.0 - 65.0 PBMC : NA
O EluMist M sSDY1294 M 19.0-49.0
. Platform Description Gender Race
v Yellow Fever Virus Vaccine
S Select All Select All Select All
-Vax
5 ; Human Genome Female Asian
R U133 Plus 2.0
Yellow fever 17D vaccine vector Sustei EENeEon Male Black or African
oW 1e xdCCiRG (R U9 9 American
= RV [ S v Not Specified
@ Create two groups for differential analysis by dragging samples from the first panel and then dropping them into Group 1 or Group 2 in the second panel B
Time (days) Samples Time (days) Samples Other Options
5 5 Group 1 Adijust the analysis by checking the following variables: CO n d i ti O n
8 5 ‘ 0 72 Vaccine Age Gender Race
Correct the results for S et u p
10 15

Use paired data by checking:

21 6 Group 2 Use Case
Paired

28 33 ‘ 7 114
Name the analysis result

60 9 0 vs 7 Days

84 36

- p Platform Batch For the

Fig. 3



Responses to yellow fever vaccines
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Activated at 1 week:
- Interferon a/f
- Interferony
- Innate immunity
- Neutrophil
degranulation

1st four weeks post vaccination



Responses to yellow fever vaccines

Immune Response Pathways Enriched at 1-4 weeks post vaccination

C AllGenes
12.5

Activated at 2 weeks

but not at 4 weeks:
Cell cycle

-Log10(FDR)

e

o N u ow B
o
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Activated at 4 weeks
but not at 2 weeks:

T Interleukin-10

signaling
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-
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signaling
iral

Interferon
Signaling

Interferon
alphafbeta |

signaling

Antivi
mechanism by IFN-

stimulated genes

Interferon gamma

in Immune system

d
Cytokine Signaling

Immune
system

Pathway

Immune response pathways enriched for genes significantly
differentially expressed at 1, 2, & 4 weeks post vaccination (Fig. 9C)



Summary

VIGET: A web portal to study vaccine responses
based on Reactome pathways and ImmPort data

Use case: VIGET was used for analysis of human
responses to yellow fever vaccine



Discussion

Vaccine Ontology (VO) IDs used in ImmPort has been used to
automatically build up hierarchical structures, improving analysis

vaccine

bacterial vaccine

Plasmodium falciparuf.yaccine .
+ Fiavacsine ] An internal tool (Ontofox)

i He;::tjlf;ims vacche was used for the automatic
1 ML Hepatitis B Surface Antigenyaccine 0.02 MGIML Injection [Engerix-B] knowled ge extraction

¥ © HEPLISAV-B
[

patitis B Surface Antigen Vacchme 0.04 MG/ML Injection [Heplisav-B]
Influenza virus vaccine
2008-2009 trivalent influenza
2011-2012 trivalent inactivated Waccine (A/California/7/094H1N1), A/Perth /16/2009 (H3N2), and B/Brisbane/60/2008)

Fluarix

FluMist : :

Eluvirin bacterial vaccine

Fluzone ¥ © Diphtheria-Tetanus-Pertussis vaccine

diphtheria, tetanus and whole cell pertussis vaccine

Fluzone Intradermal Trivale

Influenza A (H1N1) 2009 Mchovalent Vaccine (Novartis) Y "Y;‘::‘:;"“’”'_‘m'““"“'“i’ vaccine
HRIAS HIV.1 aaaieatiel vaccine
FYSVEBOV T ON TM: i ingitidis vacci
¥ © Smallpox virus vaccine e:é‘:ﬂ‘?:‘nm ngitidis vaccine
Dryvax ax
v - ¥ © meningococcal conjugate vaccine
Menactra
Menveo

Meningococcal Polysaccharide Vaccine, Groups A & C, Menomune A/C
¥ © Pneumovax 23
Pneumovax 23 Injectable Product

YF-17D vaccine
Stamaril
YF-Vax

Zostavax



Future Work

Possible inclusion of VIGET in
ImmPort Resources

Expand VIGET with more
comprehensive and updated data

Being used for more use cases

Collaboration with ImmPort
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