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* Introduction to proteomics and systems biology

* Clinical proteomics and identifying biomarkers

* Experimental designs

« Recent advances in medical proteomics

* Proteomics In cancer immunotherapy at CUSB and KCMH
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Proteomics

What's the name
of this protein?







DNA mRNA. metabolites
rRNA peptidoglycan
16S -
rRNA 23S tRNA laccharice

protein -

glycogen

A Voronoi tree diagram of the composition of an E. coli cell growing with a
doubling time of 40 min.



Dependency of Cellular Protein Levels on mRNA
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Measuring Proteome S
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Protein ldentification

Peptides MS/MS spectra
Protein (protease fragments) of peptides

m/z

Identified
Matching —» peptides/

/ proteins

Protein Peptides predicted in silico MS/MS pattern
database from proteolysis from theoretical peptides
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Figure 1 General approach used by peptide-centric MS technologies for the identification of proteins in
complex mixtures. After proteolysis of a protein or complex mixture of proteins, the spectra associated
with protease fragments are matched with spectra generated in silico using information obtained from
protein databases.



Protein ldentification %
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Clinical Proteomics and Discovering Biomarkers

What is a Biomarker and why do we care?

d Any molecule whose
presence/abundance is indicative of a
diseased state

PS4
O Quick and accurate diagnosis allow ’D\/
physicians to manage risks and treat
patients more effectively ;‘ :
O Provides insight into the biochemistry of
disease progression /s

1 Detecting diseases when they are at
their earliest stages could result in
better clinical outcomes




Clinical Proteomics and Discovering Biomarkers %Eéjs

@ Clinical proteomics: to define proteins that provide clinically useful
Information about susceptibility to disease, diagnosis, prognosis, and

guided therapy

®Biomarker: Quantifiable molecules or processes indicative of a

certain biological state or condition

€ Detecting diseases when they are at their earliest stages could result in better

clinical outcomes

(immunoassay-based)

sanoidate
PIBMANKErS: J
candidate Targeted quantitative mode
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Global unbiased screening I
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Selected
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Qualification
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Clinical
application




« 2.5 L of plasma in an adult
contains 250 g of proteins

1012-fold concentration range
between proteins

99% = 22 proteins

Serum albumin 35-50 mg/mL
Interleukin 6 (IL-6) 5 pg/mL
Amyloid- ~40 pg/mL

e 10°times less than albumin

Most potential biomarkers are
secreted into blood at very low
copy number, especially in the
early onset of diseases

Approaches
* Depleting high abundant proteins
* Immunoenrichment

IgG Total

Transferrin

Fibrinogen

a2-Macroglobulin

i al-Antitrypsin

Haptoglobin
al-acid
— Glycoprotein
— Apolipoprotein A-l
Apolipoprotein A-ll

Pool containing
low-abundant
proteins

Albumin

Ruiz A, et al, Plos One. 2013
Plasma Proteome Institute




ldentifying HCC Therapeutic Targets S

LETTER

https://doi.org/10.1038/541586-019-0987-8

Proteomics identifies new therapeutic targets of
early-stage hepatocellular carcinoma

Ying Jiang"®, Aihua Sun'#, Yang Zhao*#, Wantao Ying"®, Huichuan Sun®#, Xinrong Yang™>®, Baocai Xing*®, Wei Sun',
Liangliang Ren!, Bo Hu?, Chaoying Li', Li Zhang5 Guangrong Qin®, Menghuan Zhang®, Ning Chenl Manli thmg1 Yin Huang!,
Jinan Zhou!, Yan Zhao!, Mingwei Liu!, Xiaodong Zhu?®, Yang Qiu!, Yanjun Sun!, Cheng Huang®, Meng Yan!, Mingchao Wang],
Wei Liu*, Fang Tian', Huali Xu', Jian Zhou“, Zhenyu Wu’. Tieliu Shi®, Weimin Zhu‘, Jun Qin’, Lu Xie®, Chinese Human Proteome
Project (CNHPP) Consortium’, Jia Fan**, Xiaohong Qian!?* & Fuchu He'*

H. 1l :

is the third leading cause of deaths from
cancer worldwide. Infection with the hepaﬁtis B virus ls one of
the leading risk factors for develop

particularly in East Asia’. Alﬂmugh nu'gicul treatment may be
effective in the early stages, the five-year overall rate of survival after
developing this cancer is only 50-70%?. Here, using proteomic and

A case-by-case review shows that the number of proteins identified
in the tumours is significantly higher than that identified in the paired
non-tumour tissues (Fig. 1, Extended Data Fig. 3a). On average, 5,953
proteins per tumour and 5,114 proteins per non-tumour liver tissues
were identified (Extended Data Fig. 1a). Furthermore, in the tumour
samples, high levels of (x-fetoprotem (APP"‘""’ AFP > 200ng ml~!)

phospho-proteomic profiling, we characterize 110 paired
and non-tumour tissues of clinical early-stage hepatocellular
carcinoma related to hepatitis B virus infection. Our quantitative
proteomic data highlight heterogeneity in early-stage hepatocellular
carcinoma: we used this to stratify the cohort into the subtypes S-1,

and mi positive (MVI™) patients have a
higher level of protein identification than AFP°* and MV patients
(Extended Data Fig. 3b). This association is also supported by the
distribution of the RNA-seq results (Extended Data Fig. 3c-e).

S-1I and S-I11, each of which has a different clinical outcome. S-III,
which is characterized by disrupted chol 1 h is, is

A pathway enrichment analysis reveals that the cell cycle, integrin,
PDGF sxgnallmg, MAPK, TNF MET and other pathways are over-

associated with the lowest overall rate of survival and the gr

d in the upregulated proteins, and that PPAR signalling
and are ov d in the down-

risk of a poor prognosis after first-line surgery. The knockdown of

sterol O-acyltransferase 1 (SOAT1)—high exptession of whichisa
signature specific to the S-III subtype—alters the distrit of

Yo Jated nath:
regulated proteins in early-stage HCC (Extended Data Fig. 4a,
Supplementary Table 6). Compared with the p data, the

oellnlnr cholesterol, nnd effecﬁvely suppresses the proliferation and
ion of hep Finally, on the basis of a
pnﬁent derived tnmour xenograft mouse model of hepatocellulu

p data additionally show the hypcr phosphorylation
ofsngnallmg, hways—including the p38 pathway, RHO regulatory
pathway, myosin pathway, RB1 pathway and IL1 signalling pathway
(Extended Data Fig. 4b, Supplementary Table 7)—in HCC, which

a Proteomic subtype
- S-1lI
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ldentifying HCC Therapeutic Targets S
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A new global way to detect drug targets - DARTS -’

Drug Affinity Responsive
Target Stability (DARTS)

Drug binding reduces protease
susceptibility

Protein target stabilized either
globally or locally

Does not require modification
or immobilization of the small

molecule
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Huang, Lomenick et al., PNAS 2009



Precision Medicine

Sample preparation
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Experimental design considerations

Multidimensional proteomics for cell biology
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NeuCode SILAC
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Tissue Dissection
distribution

Interactions

Post-translational
modifications
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Isoform
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Tertiary
Structure

FACS (for cell-type-specific markers)

Affinity-enrichment (endogenous immuno-
precipitation or tagged fusion protein pull-down)

Protein correlation profiling
Proximity-labelling

Affinity enrichment: TiO,
Affinity enrichment: IMAC
Modification-specific antibodies
Chromatography: IEX
Chromatography: HILIC
Chromatography: ERLIC
Centrifugation

Protein correlation profiling
Proximity-labelling
Detergent solubility
Metabolic pulse-labelling
Cycloheximide treatment

* High sequence coverage to identify
isoform-specific peptides

* Targeted mass spectrometry analysis may be used
to detect isoform-specific peptides

Thermal denaturation followed by differential
centrifugation

Analogue-sensitive kinases
Activity-dependent binding domains
Protease sensitivity

Crosslinking

Refs
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4
3,5,6,55
4
136,137

138

139
140
141
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ERLIC, electrostatic repulsion hydrophilic interaction chromatography; FACS, fluorescence-
associated cell sorting; HILIC, hydrophilic interaction chromatography; IEX, ion-exchange
chromatography; IMAC, immobilized metal affinity chromatography; iTRAQ, isobaric tags
for relative and absolute quantification; LC-MS/MS, liquid chromatography followed by
tandem mass spectrometry; SILAC, stable isotope labelling by amino acids in cell culture;
TiOZ, titanium dioxide; TMT, tandem mass tag.



Experimental design considerations

* |dentification & Quantification
« Sample heterogeneity
» Database availability/completeness
« Dynamic range of sample source

» Loading considerations e.g. per cell vs. per protein amount; use ‘per unit of time’ for
highly dynamic system such as urine

« Relative vs. absolute quantification

* Types of control
* Time control
 Vehicle control
« KO control
« Physical control e.g. pressure, flow rate, temperature



Experimental design considerations 5%:%%

« Normalization
« Based on assumptions e.g. expecting highly skewed data from AP-MS vs. control
bead
« Sample size
* ‘missing value’ problem
 Statistical power

» Replication

 Biological vs. technical
- Statistical analysis

* ldentification level

* Quantification level
 Biological interpretation level



What Should We Avoid in Proteomics Sample Preparation /’%UB

* Detergents
e Suppress ionization of peptides
 Bind to the column

* Polymers, PEG, plasticizer E ]
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Recent advances in Medical
Proteomics



Dynamic SILAC with chemical labeling using neutron-encoded
tandem mass tags (TMT)

Cell

Multiplexed Proteome Dynamics Profiling Reveals
Mechanisms Controlling Protein Homeostasis

Graphical Abstract
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In Brief

Tracking both protein synthesis and
degradation across thousands of
proteins yields insights into functional
regulation by protein degradation.
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Global, quantitative and dynamic mapping of protein U
subcellular localization
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BoxCar acquisition method enables single-shot proteomics at a

depth of 10,000 proteins in 100 minutes
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Metaproteomics
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De novo peptide sequencing by deep learning

A Spectra Batch of Intensity Vectors spectrum-CNN Features
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Tran NH, Zhang X, Xin L, Shan B, Li M.
Proc Natl Acad Sci U S A. 2017 Jul 18.




Interaction Proteomics and Structural Proteomics SB

a Affinity-purification mass spectrometry b Integrative structural analysis
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Aebersold R, Mann M.
Nature. 2016 Sep 14;537(7620):347-55.



Single-cell Analysis by Mass Cytometry

Time-of-flight
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[l Mass cytometry elements: the stable isotopes of these 24 elements
provide over 50 unique tags for use in mass Cytometry experiments.
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Single Cell Proteomics — Are We There Yet?

 Typical experiments
need >10,000 cells for Sensitivity

Throughput
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Specht H, Slavov, N, J Proteom Res, 2018



Integrated data set of multi-omics analyses

12 tumor types
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} ooty Omics characterizations
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Proteomics in Cancer Immunotherapy S

Precision Medicine

Induce
tumor cell
destruction

Provide
checkpoint blockade

Cancer Vaccine

Identify potential

neoantigens \

Create
synthetic vaccine
(RNA, DNA, peptide)

\ Provide in combination

with adjuvant and
checkpoint blockade

SB

Identify potential
neoantigens

Induce or expand
neoantigen
specific T cells

\Provide in combination

checkpoint blockade



What Are Neoantigens?
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Computational prediction and genomic sequencing

approach tumor neoantigen identification
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Neoantigen Prediction

WES, WGS
or RNA-seq

y
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Peptide-MHC
immunoprecipitation
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Cell Line Model: HCT116 %

« Human colorectal carcinoma cell line

« Starting with 108 cells, approximately 10 plates,
>90% confluence

* HLA genotyping e e
« A*01:01, A*02:01 R B
« B*45:01, B*18:01
 C*05:01, C*07:01

(e §
C) . i o ) O
Low Density le Bar = 100um

‘Scale Bar= 100pr;\

High Density



HLA Peptidomes -

ive
_ _ o Include 1+ > 2+
« 2325 peptides were identified at 1% FDR
« Corresponding to 1725 proteins
« 8 phosphopeptides
* 4 neoantigen peptides
CUSB Mann MCP 2015
TaBLE Il
. . List of MS-identified mutated HLA-I peptides purified from HCT116 cell line. Potential mutation bearing peptide sequences were obtained from
Gene Peptide Mutation (60) and they were added to the UniProt database for MaxQuant search. The mutated positions are marked in bold
s \ Identification HLA Allele best fit
Calulot QTDQMVFNTY Aoz Reatis DL RixiGHange Letgth score (NetMHC 3.4 predicted affinity, K, values in nM)
RBBP7 EERVIDEEY N17D =) CHMP7 QTDQMVFNTY  p.A324T 10 166 A*01:01 (39), Cw*05:01 (23)
BCL2L13 EEEYPGVTA p.l216V 9 148 B*45:01 (20)
RNPEP ALFEVPDGFTA 1195F NR1D1 YSDNSNDSF p.G39D 9 134 A*01:01 (36), Cw*05:01 (2)
RBBP7 EERVIDEEY p.N17D 9 116 B*18:01 (149)
UQCRB EEEKFYLEP N88K UQCRB EEEKFYLEP p.N88K 9 {194 B*45:01 (54)




Comparing Motifs with IEDB i
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In Vitro Testing - ELISpot

IFN-g ELISpot (SFU/10"6 PBMC)
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Summary e

O

* Proteomics Is not just an identification tool

« Multi-dimensional proteomics provide more in-depth information
about cells, disease stages, multicellular organisms

« Quantitative studies need to be carefully planned and
appropriately controlled

 Bioinformatics is an important step

* Multi-omics data are important for precision medicine and
cancer immunotherapy
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