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Application in cancer biology
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Protein Expression Profiling Identifies Key Proteins
and Pathways Involved in Growth Inhibitory Effects
Exerted by Guggulsterone in Human Colorectal
Cancer Cells
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Abstract: Colorectal cancer (CRC) is a leading killer cancer worldwide and one of the most common
malignancies with increasing incidences of mortality. Guggulsterone (G5) is a plant sterol used for
treatment of various ailments such as obesity, hyperlipidemia, diabetes, and arthritis. In the current
study, anti-cancer effects of GS in human colorectal cancer cell line HCT 116 was tested, potential
targets identified using mass spectrometry-based label-free shotgun proteomics approach and key
pathways validated by proteome profiler antibody arrays. Comprehensive proteomic profiling
identified 14 proteins as significantly dysregulated. Proteins involved in cell proliferation/migration,
tumorigenesis, cell growth, metabolism, and DINA replication were downregulated while the protein
with functional role in exocytosis/tumor suppression was found to be upregulated. Our study
evidenced that GS treatment altered expression of Bel-2 mediated the mitochondrial release of
cytochrome c which triggered the formation of apoptosome as well as activation of caspase-3/7 leading
to death of HCT 116 cells via intrinsic apoptosis pathway. GS treatment also induced expression
of p53 protein while p21 expression was unaltered with no cell cycle arrest. In addition, GS was
found to inhibit NF-kB signaling in colon cancer cells by quelling the expression of its regulated gene
products Bel-2, cIAP-1, and survivin.

Keywords: colorectal cancer; HCT 116; SW620; guggulsterone; label-free shotgun proteomics; intrinsic
apoptosis pathway; NF-kB signaling




The Omics Cascade

Proteome - Metabolome
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Proteome & Proteomics

‘Proteome’ forms the entire set of proteins expressed by an organism, tissue or cell at a given condition,

at a given time.

“Proteomics” is a large-scale comprehensive study of a specific ‘Proteome’.

Wang & Yu. 2019
Krishnankutty R. et al., 2017 3



The Complexity of Human Proteome
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about 100000 transcripts

Genome
about 20000 genes
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Mass spectrometry (MS)-based Proteomics

« Mass Spectrometry is a technique for detection and resolution
of a sample of ions by their mass-to-charge ratio (m/z).
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Types of Proteomics Approach
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MS-based Proteomics: Read out

List of Proteins

Proteome
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« Labor intense
»  Workflow optimizations
* Dynamic range

Shirle M. et al., 2012 7



Dynamic range of plasma proteins

span >10 orders of magnitude

in abundance.
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MS Sample Preparation: - 1 Agilent
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MS Measurement Technologies:
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Proteomics: Improving MS acquisitions for in-depth coverage

User defined,
fixed precursor ions
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Pino, K.L., et al, 2020
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Improving MS acquisitions for in-depth proteome coverage:

Data-Dependent acquisition Data-Independent acquisition
DDA-MS DIA-MS
survey scan & survey scan
precursor selection across all isolation windows
= = =
»
E E £
m/z m/z
fragmentation of fragmentation of
selected precursors all precursors in each window

intensity
intensity

MS2

m/z m/z

Lukas K.L & Huang H.P, 2021 12



DIA is spectral library dependent
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directDIA: Spectral library free DIA

« Label Free proteome Quantification (LFQ) with the high quantitative precision

DIA-MS
survey scan
Acq. Methods: across all isolation windows
« DIA segments (m/z isolation
windows)

« Scan range: 350-1650 Th

B | O G N OSYS « ~70 segments (dynamic)

PROTEOMICS - NEXT GENERATION

intensity

m/z

v

_ fragmentation of
» “pseudo-spectra” derived all precursors in each window

from directDIA runs

« avoid the use of spectral
libraries

Intensity

miz

www.Biognosys.com 14



directDIA:

Spectra searched in a spectrum-centric approach analogous to conventional DDA searches

Spectrum-Centric Analysis Query against a database Peptide-spectrum matches
, |  APAEGVLTLR
DDA MS/MS | |
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« Each MS/MS spectrum (DDA/DIA) is queried against a protein sequence database

» Peptides that yield the best scoring N statistically significant PSMs are assigned to the corresponding
MS/MS spectrum

« Typically, N is one for a DDA spectrum and multiple for a DIA spectrum

Ting S.Y etal, 2015 15



directDIA: in-depth coverage with < instrument time

* Reproducible and precise quantification of thousands of proteins in a single
sample without the need for DDA based spectral libraries

- Simple workflow for label-free proteome quantification

« Significant savings in instrument time while maintaining high quantitative
precision

» High reproducibility at the same level as the targeted analysis of DIA data
using spectral libraries

DDA

42 489 pPSMs/Precursors
26,184 Peptides
4,713 Protein Groups

DIA
{Library Search)

64,351 PsMs/Precursors

44 244 Peptides

5,449 Protein Groups

direct DIA 2.0

57,503 PsMms/Precursors

40,390 Peptides

— | 6,297  Protein Groups

Mehta D. etal, 2020  1©




MS data Extraction/ Database search tools

List of Proteins
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Data Visualisation/ Enrichment Analysis

. N Enrichment Analysis/
Data Visualisation tools Predicted Protein-Protein Interaction

Label &

Label B

25 Label © .
‘ Label &
207 Label E B
‘_g Label F
a 157
S * C
@
2 10- __
-
: o ey
I
0 ] : r I The STRING database
10 -5 0 5 | : 3
Log2 FC : T : Gene Set Enrichment Analysis

g:Profiler

Perseus R/ R Studio

18



Applying Proteomics in Cancer Biology

cancers MbPy
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Guggulsterone (GS) inhibits proliferation of HCT 116 cells
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GS treatment resulted in significant
morphological changes in HCT 116
cells with loss of cell integrity as well
as blebbing compared to the untreated
intact cells.
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Proteomics data interpretation and visualization
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Functional annotation and classification of dysregulated proteins by

GS treatment
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Proteomic signatures of GS treated HCT 116 cells
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Biological pathways enriched by GS treatment and their validation by antibody arrays
B C
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GS induced apoptosis in HCT 116 cells but no cell cycle arrest
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Summary of the study:

» Guggulsterone treatment in HCT 116 cells lead to induction of p53-mediated intrinsic apoptosis resulting in
significant cell death. It significantly reduced the cell proliferation and migration as well as inhibited the
NF-kB signaling

« The LC-MS/MS based label-free proteomics approach facilitated comprehensive profiling of protein
expression changes, thereby confidently identifying the proteomic signatures

« The data obtained from functional assays further enhanced the reliability of the GS targets we identified
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Current Trend in MS-based Proteomics: Single Cell Proteomics (SCP)

« Conventional bulk cell experiments mask the cell heterogeneity in the population

proteins peptides
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« Single-cell proteomic technologies will bring new insights into:

signaling network regulation, cell heterogeneity, tissue architecture, disease diagnosis, and
treatment monitoring.

Pham T.etal, 2020 27
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