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Microbial communities and microbiomes
contribute to cancer
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Commensal bacteria modulate the tumor
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‘Secretomics’ to identify microbial molecules and host interactions

Proteomics

Proteomics and Systems Biology

Review @ Full Access

Analyzing the Secretome of Gut Microbiota as the Next Strategy
For Early Detection of Colorectal Cancer

Putri-Intan-Hafizah Megat Mohd Azlan, Siok-Fong Chin g, Teck Yew Low, Hui-min Neoh, Rahman Jamal

ed: 17 December 2018 | https://doi.org/10.1002/pmic.201800176

Microbiota-secreted molecules mediate host-
bacteria interactions and may regulate host cells

Secreted molecules:
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Proteins identified via metaproteomics

Peptides may contribute (metapeptidomics); non-
tryptic peptides, LC-MS based quantification

Metabolites are also key: MS-based methods both
targeted and untargeted; guided by metaproteomics
and/or metatranscriptomics

Challenges: sample prep, abundance of secreted
molecules, analytical methods for identification and
quantification of proteins/peptides/metabolites



Metaproteomic re-analysis of clinical cancer samples

* Clinical tissue samples collected for

quantitative MS-based proteomics of host

STUDY SUMMARY: Proteogenomics of Gastric Cancer - Proteome

80 SUMMARY
e=e POCStudyldentiier  PDC000214 Embargo Release Date  N/A
Sty D 386bebS-693a-T1exbfd-Oasd30af8at3 AnalytcalFraction  Proteome
StudyNeme  Proteogenomics of Gastric Cancer- Proteome Disease Types  Early Onset Gastric Cancer
160 Experimental Strategy  1TRAQ4 Project D Human Early-Onset Gastric Cancer - Korea University
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lysis of dif (Cs) in young population. Phosphoproteome data clucidated signaling pathviays associated w tic mutations based Moreover, correlations between mRNA
and protein abundances provided pu\enha oresgenes and tumor suppressors associated with patient sunvival. Furthermore,integrated clustering of mRNA, protein, phosphorylation, oot g\v/‘usv\sﬂnn data identified k:ursubwpes of diffuse GCs. Distinguishing these
subtypes was possible by proteomic data. Four subtypes were associated with proliferation, immune response, metabolism, and invasion, espectively; and associations of the subtypes with immune-and invasion-related pathways were identified mainly by
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Mass Spectrometry Data Sets, Provided Below
Peptides from tumor and tissues of (€

reagent (AB Sciex) according to the manufacturer's instructions. For cach of the first 50 patients, two independent biological replicates of
pepide samples from the pair of tumor and adjacent normal tissues were merged into one peptide pool (.. 800 pg/replicate), respectively, and each of two 800 g samples of normal and tumor peptides was labeled with 114/116 and 115/117 iTRAQ reagents,
respectively. For the rest 30 patients, the peptide samples for two pairs of tumor and adjacent normal tissues from two patients were merged into one peptide pool (800 g each), respectively. The normal and tumor peptides of a patient were labeled with 114 2nd 115
ITRAQ reagents, respectively whils the normal and tumor peptides of another patient were labeled with 116 and 117 TRAQ reagents

There are a total of 65 iTRAQ experiments for global proteome analyses (3.48 T8 raw data, 1560 files), 65 ITRAQ experiments for phosphoprotome (1.19 T8 raw data, 780 files) and giycoproteome (1.35 TB raw data, 779 files)

‘Common Data Analysis Ppeiine (PDC Harmanizatin) data @ Supplementary data @
Data Category Files (n=6246) Data Category Fles (n=4)
Raw Mass Spectra (Proprietary) 1560 Other Metadata (Document) 4
Processed Mass Spectra (Open Standard) 1560
Peptide Spectral Matches (Open Standard) 1560
Peptide Spectral Matches (Text) 1560 Explore protein quantitation from PDC Common
Protein Assembly (Text) N Data Analysis pipeline (CDAP) through heatmaps

STUDY SUMMARY: CPTAC HNSCC Discovery Study - Proteome

SUMMARY

PDC Study Identifier PDC000221
Study ID 96296fd1-89a4-11ea-b1fd-0aad30af8a83
StudyName  CPTAC HNSCC Discovery Study - Proteome Disease Types  Head and Neck Squamous Cell Carcinoma; Other
Experimental Strategy  TMTI1 Project D CPTAC3-Discovery

Embargo Release Date N/A

Analytical Fraction  Proteome

orkflow @ ous @

Head and neck squamous cell carcinoma (HNSCC) is the seventh most common cancer worldwide, accounting for approximately 3% of all cancers (Chow, NEJM 2020). In the United States it is estimated that in 2020 there will be 53,000 new cases and over 10,01
deaths (National Cancer Institute; NC|, Survefllence, Epidemiclogy, and End Results Program; SEERS). These tumors are challenging to treat because of their genetic complexity and heterogeneous nature (Alsahafi et al, Cell Death & Disease 2020). To advance th
understanding of KNSCC, the CPTAC program has performed integrated c of a108h iloma virus (HPV)-nagative HNSCC cohort. Global proteome and phosphoproteome analysis from an optimized workf
mass spectrometry of tissues using isobaric tags (TMT (tandem mass tags)-11) was used (Mertins et al., Nature Protocols 2018). Proteome and phosphoprateome data from the KNSCC discavery cohortis avallable below along with peptide spectrum matches
and protein summary reports from the CPTAC common data analysis pipeline (CDAP).

‘Gommon Data Analyss Pipeline (PDC Harmonization) data @ [r——l
Data Category Files (n=7)

Raw Mass Spectra (Proprietary) 500 Other Metadata (Document) 7
Processed Mass Spectra (Open Standard) 500
Peptide Spectral Matches (Open Standard) 500
Peptide Spectral Matches (Text) 500 Explore protein quantitation from PDC Commen
Protein Assembly (Text) 6 Data Analysis pipeline (CDAP) through heatmaps
Quality Metrics (Text) 1

]
S TR PRI

Quality Metrics (Web) 1

(Andrew Rajczewski)



Workflow: reducing protein sequence search space for MS/MS data
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Microbial peptides are present and detectable in gastric tumor samples

Species Detected in Gastric Cancer Samples
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Microbial taxa and enriched functions of metaproteins
in gastric cancer

GO Biological Processes in validated microbial
peptides of Gastric Cancer data
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Microbial peptides are present and detectable in head/neck cancer

Species Detected in HNCC samples
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Microbial taxa and enriched functions of metaproteins
in HNSCC

Microbial Genera of Validated Peptides

GO Biological Processes in validated microbial
peptides of HNSCC data

Open Access | Published: 16 November 2017
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Absorbance (mAU)
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Other translational studies:
Microbiota contributions in broncheolavage
fluid from cystic fibrosis (CF) patients
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(Monica Kruk, and collaborators from Lurie’s Children’s Hospital, Chicago, IL)

Generating comprehensive databases of
CF and DC microbiomes:

1) BALF pelleting, lysis, and digestion;

2) High pH RPLC offline fractionation and
concatenation (step omitted for individual
sample analysis)

3) LC-FAIMS-MS/MS on an Orbitrap
Eclipse

4) Galaxy-P/MetaNovo for matching
MS/MS;

5) Generation of a compact microbial
database with taxonomic and functional
information from Galaxy-
P/Unipept+metaQuantome.



Deep profiling of CF BALF cells to identify microbial contributors

PEPTIDE INTENSITY (LOG10)
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Summary: translational metaproteomics offers challenges and opportunities

* Characterizing metaproteins in clinically-relevant samples provides valuable insights into functional
microbe-derived molecules that may regulate host phenotypes

» Complementarity to metagenomics/metatranscriptomics; metaproteomics is helped by availability of
paired metagenomic or metatranscriptomic sequencing data

* Analytical challenges: in many clinical samples the microbial proteins are rather low in abundance
* Requires steps to increase depth/sensitivity
* Enrichment of microbial proteins could be huge benefit

Whole saliva Whole saliva Taxa
3D fractionated + BONCAT-FACS enriched prevotella || G
dynamic range compression (no fractionation) Streptococcus _
Lactobacillus -
Corynebacterium -
Fusobacterium -
. . Pseudomonas -
MICI"ObIal Microbial Staphylococcus -
(23’ 480) Haemophilus .
Capnocytophaga .
\/ 0 900 1800
48.8% microbial PSMs 72.8% microbial PSMs PSMs

(Richard Martinez, Ryan Hunter, Pratik Jagtap, Tim Griffin, unpublished data)



