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Course structure

In-person activities:
» Session 1 — Introduction to course and basic techniques applied in basic cancer research

- Explanation of the question under research - why on earth 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?

* Session 2 — Paper discussion - Are there any missing experimental conditions?

* Session 3 — Paper discussion [~ - Are results interpretable?
» Session 4 — Paper discussion - Do the results support the conclusions by the authors?
~ - Would you have done anything differently?
+ Presentations!! - Are there any missing experiments?

- What are the limitations of the work?
- What experiments could be done as a follow-up to the paper?
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» Session 5 — Guided live research e
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Molecular basis of cancer



CRISPR-Cas immune system
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CRISPR Cas genome editing tools

RNA-guided DNA cleavage
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Mutations in the DNA have functional consequences (or not)

*Some mutations (variants) outside genes

%
Normal Gene MUtated Gene might have other non-direct protein coding

consequences like altering gene expression.
! or E

Normal Protein Abnormal Protein No Protein No changes
(silent)**

A
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(**e.g.: TERT promoter mutations lead to
increase expression of TERT and ultimately
increase telomerase complex function)




Cancer 101: Mutations glossary

Types of Mutations
(At the Chromosomal level)
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Paper discussion
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Paper discussion

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

- Discussion figure by figure — s 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

“Most efforts have focused on the characterization of single-nucleotide variants (SNVs), which typically act as
ON/OFF switches that affect the output of a single gene. An even larger class of cancer-associated lesions are
copy-number alterations (CNAs), which alter the dosage of multiple linked genes... modeling CNAs remains a
major challenge that has impeded their functional assessment... Among recurrent CNAs, loss of chromosome
9p21.3 is the most strongly linked to poor prognosis as well as being the most common homozygous deletion

across human cancers.”

“For the functional study of deletions, CRISPR-Cas9 has been used to engineer these events, yet standard
approaches have low efficiency and thus require the isolation and screening of many clonal cell populations.
Here, we developed a rapid and flexible approach to engineer megabase-sized deletions. We applied this
approach to investigating 9p21.3 deletions in models of pancreatic cancer and melanoma.”
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Figure 2 and Extended Figure 2
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Figure 3
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Extended Figure 5 and Figure 6

UPin AL

Hallmarks

E2F Targets

MYC Targets V1

Oxidative Phosphorylation
G2/M Checkpoint

DNA Repair

Adipogenesis

MYC Targets V2

Heme Metabolism

Faty Acid Metabolism
Wnt/Beta-catenin Signaling

UPinAS

Epithelial-Mesenchymal Transition

Apical Junction

Estrogen Response Early
Cholesterol Homeostasis
Kras Signaling UP
Inflammatory Response
Hypoxia

Interferon Alpha Response
Interferon Gamma Response
TNFa Signaling via NFKB

-4.0 00 40
Normalized Enrichment
Score (NES)

Type | IFN response

E

Avg IFN response

AS

CD45+
(triplicate)
‘Hashing

10X
scRNA Seq

c Immune Signatures

AS AL

—
T CD4 memory (activated)
T gamma delta
TCD8
NK (activated)
NK (resting)
T CD4 naive

T follicular helper

* Macrophages M2

' Monocytes
Eosinophils
Dendritic cells (resting)
Macrophages MO
Plasma cells
B memory
B naive
Mast (activated)
Mast (resting)
Neutrophils
Dendritic cells

o

Type | IFNs
Ifnb1 Ifne
0.0013

0.0001

- 3

°

Relative Expression
Relative Expression
£

°
2
°

3

AS AL

IFN targets
Oasl1 Isg20

or
5

Relative Expression
El

Macrophages M1

o Relative Expressi
.

o

G

F Number of cells
peecy 7560

Number of cells (x1000)

O=-2NWHOOON®

AS

Cell Type Distribution

o 9
@ &

Proportion of Cells
o
)

Type | IFN response

0.00 <0007
10| <0001 <0.001 <At
8 .
205 T
N
o
S00
£ |
5-0.5 | 1
2 T - !
1 H
5—1.0 T ! '
DCs  Macs

W B cells

¥ CD4 T cells
W CD8 Tcells
W DCs

I Macrophages

Mast cells
NK cells
Neutrophils

UMAP2

UMAP2

UMAP2

Pdcd1*Bhihe4o”

CD4s"* cells

- ]
AL

UMAP2

CD45"* cells

IFN response signature

” B cells

UMAP1

Pdcd1

UMAP1

Phenograph

UMAP1

CD8" T-cell neighborhood analysis

Mixed {

Pdcd1*MKi67™ - = -ssxsiss.

Pdcd1*Mki67*

Pdcd1 Tef7* | .@. :
-5 0 5
log fold change

Pdcd1*Mki67 CD8* T cells
Upin AL Upin AS

Haver2

Lag3 <|

logFC
k
100
g 80
€
3 60
g
8 40
g
é 20
2
0

Tox

Incidence (% of mice)

Bel2

AL
0327

>
0&0

Met:

No
W ves

o

4.0

30

20



Extended Figure 6 and Figure 7
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Extended Figure 7 and Extended Figure 8
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Figure 8
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Extended Figure 9 and Extended Figure 10
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Thanks for your attention!

Any questions?
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