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How do we study cancer?
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How do we sequence?



PCR: Polymerase Chain Reaction
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Electrophoresis

Gel matrix with dye -

Sample wells

© Electrode

Buffer Capi“qu" 2
@ Electrode L =
Nucleic acid with dye -% TER ] |
—N ti i ; HI .xl .
Buffer egﬂ ve = i R ;.l d-] .s-l -
\ / charge e ——d
LED light source —O




Fluorophores
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DNA Structure

Traditional old school Sanger Sequencing  ~=uo
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Understanding short read vs long read sequencing
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Reversible terminators (lllumina)

OH
Primer:. 5'-T-C-A-G-G-A-C-G-T

Template: 3'-A-G-T-C-C-T=-G-C-A-A-T-G-C-C=G===5"

@—arTP-onr —dGTP-OR
@—crror  @—daTror

3O-reversible terminator

= Primer extension

(DNA polymerase)

OR  Termination
Primer: 5'=T=C=A=-G=G=A=-C~-G=T=T
Template: 3'-A-G-T-C-C-T

Read color
Remove color and 3'-blocking group
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Primer.  5'-T-C-A-G-G-A-C-G-T-T

Template: 3'-A-G-T-C-C-T-G-C-A-A-T-G-C-C-G---5'
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Y . \ /OH
Pnmer. 5'-T-C-A-G-G-A-C-G-T-T
Template: 3'-A-G-T-C-C-T-G-C-A-A-T-G-C-C-G---5"
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Depth vs Breadth

Tradeoffs In Next Generation Sequencing

Additional samples

Breadth Depth Scale l
0 00 2000
S\ S o\ S o\

Space on the flowcell is rationed The total number of targeted loci Depth and breadth is reduced,
to allow for sequencing of is reduced, opening more space opening space on the flowcell for
additional genetic loci on the flowcell for specific targets more samples
Samples perrun: 1 Samples perrun: 1 Samples perrun: 2
Targets covered: 4 Targets covered: 1 Targets covered: 2

Depth per target: 5x Depth per target: 20x Depth per target: 5x



Targeted sequencing

Multiplex PCR
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Paper discussion

- Explanation of the question under research - why did they decide to do this?

- Discussion figure by figure — is this paper not as good as authors think?:
-  What is the point of each figure/panel?
- Are there any missing experimental conditions?
- Are results interpretable?
- Do the results support the conclusions by the authors?
- Would you have done anything differently?
- Are there any missing experiments?
- What are the limitations of the work?
- What experiments could be done as a follow-up to the paper?



Research Question

“The genomic evolution of breast cancers exposed to systemic therapy and its effects on clinical outcome
have not been broadly characterized.”

“In contrast to the abundance of genomic information about primary breast cancer, far less is known about the
genomic alterations in metastatic tumors, the ultimate cause of death in most breast cancer patients.”

What is the impact of the study?

“A detailed characterization of the genomic landscape of breast cancer metastasis could provide important
insights including identifying:

(1) genomic drivers of metastatic disease progression,

(2) the extent and clinical impact of tumoral heterogeneity,

(3) the biologic determinants of variable response of individual patients to different therapies, and

(4)

4) additional potential therapeutic targets.”



Objective and Study design

Objective:
“In this study, we aimed to perform a large clinico-genomic analysis to identify additional genomic alterations that might
mediate resistance to hormonal therapy and provide a rationale for the development of therapeutic approaches to overcome

resistance.” A e

Prospectlve
GeIee p’°ﬂ'"9 Detailed clinical,
Pre- & post- treatment &
treatPI'lent outcome
protilin annotation
Post mortem
prof' ling

Metastatic Re5|stance Evolution
landscape to under
therapy treatment

-9

“While encompassing all breast cancer subtypes, we have focused our efforts on HR+ tumors since they represent the
largest subset and because they are frequently treated with defined lines of hormonal therapy, thereby enabling the study of
resistance mechanisms.”

Justification for patient selection:

Justification for test selection:

“While not designed for breast cancer gene discovery, sequencing was performed at high depth of coverage (771-fold
average coverage) providing greater sensitivity than typical broader-scale sequencing approaches for the detection of
subclonal mutational events (those present in only a subset of cancer cells)”



Patient and sample selection
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Results#1
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Results#3S
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Results#3S
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How do we study cancer?



Basics about preclinical validation
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Basics about preclinical validation

Patient Tumor
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Basics about preclinical validation

Some pros and cons

Cell lines

- Very easy to work with, quicker and cheaper

- Allow easy genetic manipulation

- Very simplified model, 2D, no tumor
microenvironment (TME)

Organoids

- Relatively easy to work with, quick and
cheap.

- Allow relatively easy genetic manipulation

- 3D system that reproduces fairly well the
behavior of tumors

- Simplified model, no TME

In vivo models

Patient-derived xenografts (PDXs)

Reproduce very well the behavior of tumors (specially in
treatment response)

As close as you can get to an actual human tumor

No TME

Expensive, time-consuming

Very difficult genetic manipulation

GEMMs

Can reproduce well the biology of human tumors
TME

Expensive and time-consuming

Not human!

Cell line xenografts

Allow easy genetic manipulation (cell line) and in vivo
study (xenograft)
No TME

Derived from a very simplified model (cell line)




Basics about preclinical validation

Dysregulating gene expression in cell lines
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\Z g\> \ O0
AN o 4 O A&
\O ‘Q xS QO X 00
D S o St &
= » Gene of interest -— -
i ) (protein) - -
Loading control ... e Cme— — NS S
Overexpression CRISPR/Cas9 KO
vectors,
CRISPRa
shRNA/
SiRNA,

CRISPR-repression



Basics about preclinical validation

Genetic engineering of cells
O Plasmid with element of interest

Element of interest to be
expressed: O Plasmid needed to produce virus

/ - Gene O
lTransfection

- shRNA
@ c.:

. Cas9 Transfection/ l

electroporation
DNA Plasmid
‘ Viruses

/' V\ l Transduction (infection)

Other elements: Selection marker:
- Constitutive promoter - Gene for a fluorescent protein
- Inducible promoter - Gene for antibiotic resistance

- Genetic elements to
generate virus




Basics about preclinical validation

ShRNA/siRNA technology for gene expression downregulation

shRNA 1111111111111:)




Basics about pre-clinical validation

CRISPR-Cas9 technology for gene knock out

Addgene



Basics about pre-clinical validation

= dsDNA
Target c'“"" M
\\\
b
[ S— H_J IZ w
S ——
Donor DNA
Insertion/ |
deletion
R S S — L — g
New DNA New DNA
Non-homologous Homology directed
end joining (NHEJ) repair (HDR)

Loss of
function (KO)

(as in previous
slide)

Introducing
mutations

Other applications of CRISPR technology

Target B

Generation of fusion
genes/proteins

: V" Gene expression
dCas9 ™\ upregulation*
A |

Repressor Gene expression

52 \ downregulation*
- |
\ el

*For these applications,
different Cas9 variants with no
cutting function are used

Adapted from New England Biolabs webpage
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Paper summary

A
.e——— Hormonal _ _ _,
Sensitive Therapy
ESR1 Y
MYC/TF .0

Qe

MAPK Other/
Unknown

© ESR1

*fd l .?18%

@) MAPK
@ @®® 13%

MYQWF
‘% 9%

@
... ..g Other/

O‘.g‘ :O Unknown
‘f . 60%

MAPK Pathway

RTK (EGFR, Erbb2, Erbb3)
1.7% 58% 0.7%

RAS 1.0% NF1 4.6%

RAF 0.6%

MEK 0.3%

ERK



Thanks for your attention!

Any questions?
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