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Why we built it

To accelerate the transition from Mass Spectrometry data to knowledge generation to inform
validation studies, facilitate new hypotheses and enable more discoveries.

How we built it

Seamless linking of LC-MS data to Gene Set Enrichment Analysis (GSEA) using CAMERA
Integrating knowledge bases including Reactome and Gene Ontology (GO)

Enabling better collaboration between multidisciplinary team members

Designing for easy and quick interpretation of results
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Background

In order to befter understand the differences and mechanisms of diseases, a typical and
standard process is to use Mass Spectrometry (MS) to make complex biological measurements
of disease samples and compare these to healthy controls.

From a proteomics perspective, this encompasses a workflow that includes: design of
experiments, preparing protein samples (protein purification, digestion with enzymes and
sample clean up) and acquiring data using a liquid chromatography MS (LC-MS) system.
Processing of the data results in a list of identified proteins and quantitative abundance changes
between conditions.

Proteins are then interrogated with stafistical analyses, including differential expression, to
deduce insights that describe the biological changes observed.

- Preparing ) . ) ¢ Make Decisions
Designing Protein LC-MS Processing Analysis Generating

Experiment Sample Data Data Insights

o

N~

« Collaborate

The final part of the workflow - generating insights - remains one of the most challenging,

overlooked and time-consuming components of the workflow process. This is because an
analysis would involve multiple steps, depending on the level of understanding of the MS expert
and/or biologist/s undertaking the work, as well as the types of bioinformatics workflows
adopted to achieve the insights. As a consequence, it requires multidisciplinary teams to identify
novel outcomes, publish findings as well as design and iterate on new experiments.

This Application Note describes Mass Dynamics' approach to couple high-quality, streamlined
processing of LC-MS data with the generation of insights and biological understanding through
the use of enrichment analysis.

e Share Knowledge

APPLICATION NOTE: Enrichment Analysis
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Enrichment > NN
What is Enrichment? e A

Enrichment is a bioinformatics method that
identifies enriched or over-represented gene sefs 5 Y . ve s @
among a list of genes, enabling scientists to gain - ' o0
deeper biological insight into MS analyses. e

Mass Dynamics makes Enrichment Analysis more . o
accessible by integrating multiple publicly available
knowledge sources, removing the need to learn e () o

mulfiple tools and handling a variety of file formats. . ' 5

How does Mass Dynamics perform enrichment? o

Mass Dynamics identifies enriched terms from public databases based on comparing protein
intensity measurements in your experiment's dataset using the Bioconductor package LIMMA (1] and
the CAMERA algorithm to perform gene set enrichment using a competitive gene set method
accounting for inter-gene correlation [2].

By using CAMERA, this enrichment analysis applies a modified form of the ‘Gene Set Enrichment
Analysis' (GSEA) [3] method adjusting for correlation in protein intensities and overlap in protein sets.
Since both CAMERA and GSEA are ranked-based, a high absolute Average Fold Change (AFC) is not
required for a protein set to be significantly enriched.

Construction of Gene and Protein Set libraries

W reactome

Gene set libraries are created using data from many publicly available

knowledge bases including UniProt, Gene Ontology (GO) and Reactome GENEONTOLOGY
[4-6]. As the information Mass Dynamics surfaces is derived from M
proteomics assessment of samples, the approach assembles gene set - SRR
libraries using proteins as terms, not genes. Enrichment analysis can be Uni Pro_t .’
performed for human (txid: 9606), mouse (txid 10090), Chinese hamster oo

- Cricetulus griseus (ixid 10029) and yeast - Saccharomyces cerevisiae

S288C (txid 559292) LC-MS analyses.

APPLICATION NOTE: Enrichment Analysis
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Characterising epithelial to ™
mesenchymal transition and

the link to drug resistance

Delving deeper to elucidate mechanisms of disease progression

PXD002057 ("HER2 dataset’) consists of LC-MS data from 2 cancer cell lines, a parental SKBR3 cell
line and another cell line derived from the first which is resistant to human epidermal growth factor
receptor 2 (HER2)-targeted therapy (AZD8931-resistant). Label-free LC-MS was adopted to
investigate regulators/markers of phenotype transition (epithelial-to-mesenchymal, EMT) observed
in resistant cell lines [7].

The dataset contains Q-Exactive LC-MS raw data for an experiment with 2 samples, each with 3
replicates. We have previously used this dataset as a benchmark of our MD 1.0 Discovery service
(8], which showed the capability to achieve reliable results for protein quantification, emulating
Perseus on benchmark datasets over a wide dynamic range.

bioRyiv

THE PREPRINT SERVER FOR BIOLOGY

bieRuxiv pests many COVID| 9-relaced papers. A reminder: they have not been farmally peenreviewed and should net
guide health-related behavier or be reporced in the press as eonclusive.

Confirmatory Results

Mass Dynamics 1.0:A streamlined, web-based environment for analyzing, sharing
and integrating Label-Free Data

() Joseph Bloam,Aaren Triantafyllidis, Paula Burten (Ngev), Giuseppe Infusini, (2 Andrew Webb
dois https:/idoiorg/10.110172021.03.03.433806

www. impactjournals.com/ oncotarget [ Oncotarget, Vol. 7, No. 10
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Identification of novel pathways linking epithelial-to-mesenchymal
transition with resistance to HER2-targeted therapy
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Enrichment: workflow

Example data process

Clicking "Create Experiment" allows the ability
to upload raw or pre-processed files (e.g.
MaxQuant txt files) to Mass Dynamics. Once
complete, you will then be able to visualise
your results and review the data quality,
selecting modules or pre-defined templates,
such as the 'Quality Control Report'.

Tabs can be customised with mulfiple
modules fo interrogate the results, including
volcano plots for pairwise analysis (Figure 1) to
outline the differential expression results of
proteins.
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The volcano plot allows the user to interactively
explore the results of their experiment,
generate protein lists, and interrogate proteins
in more detail using other modules, such as
the violin plot. Generated protein lists can be
used for over-representation analysis to
identify pathways relevant to the study. The
enfire dataset can also be assessed using
Enrichment Analysis by selecting the 'Gene Set
Enrichment Analysis (GSEA)' template.

Figure 1. Customised Experiment View with Volcano Plot.
Selected proteins in the volcano plot are automatically displayed in other modules that
have been brought into the tab, such as the violin and list table modules.
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HER2 dataset results

What are gene sets?

A gene set usually consists of a list of genes that share common functions or are annotated in the same
pathway or network [8].

Links are provided to gene set/pathway origin databases to enable users to gain a detailed
understanding of the biological meaning of the differentially expressed proteins from the analysis.

How to read the Enrichment Results

Enrichment results yield a series of gene set statistics represented in a linked table/plot format. Each
table is specific to the selected comparison - such as AZD8931-resistant (up) vs parental SKBR3 (down)
in relation to specific GO databases (e.g. biological processes) or Reactome. The statistical analysis
ranks the expression of proteins in each set relative to all proteins in the dataset, indicating sets that are
enriched.

The protein-set volcano plot shows the log,p-value) on the y-axis and Average Fold Change (AFC) on
the x-axis for each protein set. Researchers can sort the corresponding table according to p-value or
select directly in the plot. Unlike a protein-centric volcano plot, the protein-set plot can show significant
protein sets with low average fold change, as protein sets may contain a mix of expression levels but
still many that are ranked highly.

Figure 2. Typical Enrichment Analysis output

APPLICATION NOTE: Enrichment Analysis
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Biological insights into Epithelial
to Mesenchymal Transition (EMT)
linked drug resistance

Whilst HER2 targeted therapies can result in significant tumour
regression in HER2 positive breast cancer, drug resistance is
common (70% developing resistance within 2 years) for multiple
therapeutics, including monoclonal antibody and small RESULTS BY YEAR
molecules targeting HER2. Understanding the mechanisms
behind resistance is imperative to define appropriate therapeutic

Pubmed gov her2 targeted therapy and resistance
1 Croat

Advanced Croate aler o RSS

He? [ oy | | Reset

response, such as the use of combined treatment strategies to || I
mitigate resistance responses. The last 20 years has seen a _..||||II

. : . Oo=—/—""""0
major research focus on this, as highlighted by the number of 2001 2021

arficles in PubMed.

Analysis of the HER2 dataset using Mass Dynamics allows the interrogation of enriched pathways
observed due to AZD8931 resistance, which was previously linked to EMT transition. Enrichment
Analysis of AZD8931-resistant (up) vs parental SKBR3-sensitive (down) LC-MS data, using the
Reactome database, visualised the 123 significant sets involved in cancer progression/EMT transition,
including the 'Regulation of expression of SLITs and ROBOs (R-HSA-9010553)', NEDDylation (R-HSA-
8951664), and Wnt signalling (positive regulation of canonical Wnt signaling pathway (GO:0090263).

GO: Biological process (BP)

Protein Set Library = Significant Sets (FDR < 0.05)

tramslational initistion o2 00068 LT7T6%9¢-06 Yiew
GOI BP 23 past-transiational protein modification 03 0014 oo Yiew
GO CC 11 Wit signating pathway, planar cell polarity pathway 027 oo o View
pre-replicathve comphes assembly 057 0014 o0 View
GO: MF 0 NIK/NF-kappal signaling 036 0004 on View
Reactome 89 pasitive regulation of eanonicsl Wat signaling patfway o6l 0004 on  View
protein deublquitination o 00114 T80T 4e-06 Yiew
.
Reactome GO: Cellular components (CC)
Axon guidance 02 53926e-06  5.5388e-09 View -249 6.95TIe-06 AN12ie09 Vit
Rervous system development 021 53926e-06  7.0584e-09 -1.85 0.0001 35181607 Vitw

Farmation of a pool of subunits oz 0.0001 A.3422e-07 Yiew 024 0.0002 B.1XredT oW
L13a-mediated trans nal silencing of Ceruloplasmin expression 0.14 0.0001 4.278Te-07 Yiew 211 0.0004 1TTI3e-06 Ve
Signaling by ROBO receptors 001 00001  44375e07  View 0.06 0.0033 00 Yiew
Developmental Biclogy 001 0.0001 3.4480-07 Yiew 0.48 0.0201 0.0002 VW
Regulation of expression of SUITs and ROBOs 01 0.0001 4.64550-07 View o 0.0201 0.0002 VW
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Biological insights into EMT
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linked drug resistance (cont)

Fast and streamlined Enrichment Analysis allows
for rapid investigation into the pathways and
processes involved in EMT transition and breast
cancer progression. Through this approach, it is
possible to identify other proteins to target for
further investigations and/or define new
hypotheses  (based on  the  systemic
measurements of the proteome) for subsequent
experiments [9]. The strategy is also capable of
detecting small up or down regulation in large
sets or pathways of proteins which are unlikely to
be obvious from a manual inspection. This was
achieved without the need for researchers to
manually process/export the results and thus will
expedite visualising key insights and experiment
iteration and validation studies.

Enrichment of 'Regulation of expression of SLITs
and ROBOs' (106 observed proteins out of 170), a
regulator of cell function, was previously reported
to be involved in breast cancer progression.
Previous studies investigating the role of this
pathway have injected exogenous SLIT2
expressing cells into nude mice, which reduced
breast carcinoma size by 65% [10]. In contrast to
these reports one study has implied that SLIT2
may act as a chemoattractant and induce brain
metastasis of breast cancer cells [11]. Analysis
with the Mass Dynamics enrichment feature
rapidly highlighted the potential relationship of
AZD8931 resistance to SLIT/ROBO function and
provided key insights that can be further
validated and used to create new novel
hypotheses, accelerating scientific insights.

Similarly, NEDDylation has recently been
shown to downregulate estrogen-related
receptor beta (ERRPB), through regulation of the
Skp, Cullin, F-box containing (SCF) complex.
thus promoting tumeriogenesis and disease
progression [12].

Enrichment Analysis also identified significant
sets previously described as being linked fo
EMT transition. This includes the Wnt/[3-
catenin pathway, in which impaired signalling
is known to contribute to EMT transition and
cancer progression [12-15]. A recent study
(Wang et. al. 2021, [16]) has shown that
silencing of KIF3B, a sub-family member of
Kinesin super family proteins (KIFs), could
suppress breast cancer progression through
regulation of the Wnt/[-catenin pathway and
thus EMT transition.

Summary

» Seamless linking of LC-MS data to
differential expression analysis with LIMMA
and Gene Set Enrichment using CAMERA

« Faster evaluation of mechanisms behind
EMT transition, breast cancer disease
progression, and resistance

« Acceleration of knowledge generation by:

o allowing fast inferpretation and sharing
of results to a multidisciplinary team

o informing validation studies

o facilitating new hypothesis generation
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About Mass Dynamics™

Our mission is to free humanity and society from the burden of disease by unlocking the magic
of Mass Spectrometry (MS) and the power of existing biological knowledge. We do this by
delivering a powerful software platform that seamlessly connects multi-disciplinary life
scientists to answer biological questions and understand the building blocks of life - better,
faster and easier.

&
=
O
&

www.massdynamics.com
hello@massdynamics.com

github.com/massdynamics

Sign up for free membership, start today: app.massdynamics.com
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