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Exam questions examples

Q1. Cancer can arise from genetic and epigenetic alterations. Which epigenetic alterations are
commonly associated with cancer development and progression?

1. Propose an example (3 points),

2. Briefly describe what epigenetic changes can be observed in the tumor (4 points)

3. Describe which experimental method/s in the lab can be used to measure difference in epigenetic
marks (3 points)

Alteration in Histone marks, for example mutations or deletions of EZH2 or PRC2 complex or UTX
alter H3K27me3 and induce gene silencing or over-expression.
ChIP seq analysis

Changes in DNA methylation can contribute to development of cancer influencing gene expression.
Alteration of DNA methylation in CpG island impacts gene expression. It is possible to determine
changes in DNA methylation by methylation array or bisulfite PCR



Exam questions examples

Q.2 What type of sequencing approach is ideal to identify known mutations in tumor biopsies? Please
briefly described this method and mention the advantages and disadvantages compared to other
sequencing approaches.

Targeted exon sequencing or sanger sequencing. By using these methods is possible to identify few
but known mutations with high coverage. The disadvantage compare exon sequencing or whole
genome sequencing is the number the mutations that is possible to detect. This is a pre-defined
panel and will not possible to discover mutations in all genes or non-coding regions using this
approach.



Q3. Alterations in P53 and MDM_2 tend to be mutually exclusive, but they are concurrent with PTEN
deletions, how can you explain this pattern?

P53 and MDMZ2 are in the same pathway and altered one gene in the pathway in sufficient, while
PTEN is in a different pathway and can cooperate with loss of p53 or amplification of MDM2.



AGENDA

Nov 24th: — Major signaling pathways leading to cancer

Dec 1st: Cancer Therapies — chemo and targeted therapies
Dec 8%": Introduction to immunotherapies —

Dec 15%": discussion of unclear points and career development discussion towards a
PhD

Dec 17%: Exam 2-4 PM (room to be decided)
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Input and Output are coordinated
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Sighal can coordinate multiple responses
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Response can be context dependent
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Where does the signal (=input) come from?

Receptor ligand signaling (contact-dependent)

Paracrine signaling (local mediators)

Autocrine signaling (self mediators)

Endocrine signaling (long distances)

Synaptic signaling (in neurons)
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Paracrine signals

The sighal molecule (e.g. interleukins, hormones) is produced by different cell types

normal paracrine signaling
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Autocrine signals

The signal molecule is produced by the same cells that received the sighal

An example

of autocrine signaling in
successive sections of an
invasive human breast
carcinoma.

EGF-R

TGF-a

Target sites on same cell

merged
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Autocrine molecules

Table 5.3 Examples of human tumors making autocrine growth factors

Ligand Receptor Tumor type(s)

HGF Met miscellaneous endocrinal tumors, invasive
breast and lung cancers, osteosarcoma

IGF-2 IGF-1R colorectal

IL-6 IL-6R myeloma, HNSCC

IL-8 IL-8R A bladder cancer

NRG ErbB23/ErbB3 ovarian carcinoma

PDGF-BB PDGF-Ro/3 osteosarcoma, glioma

PDGF-C PDGF-Ro/f3 Ewing'’s sarcoma

PRL PRL-R breast carcinoma

SCF Kit Ewing'’s sarcoma, SCLC

VEGF-A VEGF-R (FIt-1) neuroblastoma, prostate cancer, Kaposi’s
sarcoma

TGF-a EGF-R squamous cell lung, breast and prostate

adenocarcinoma, pancreatic, mesothelioma

GRP GRP-R small-cell lung cancer

dAlso known as HER2 or Neu receptor Weinberg, The Biology of Cancer 2"d ed.



CANCER BIOLOGY / FREQUENTLY ALTERED PATHWAYS IN CANCER

One ligand can bind to multiple receptors
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Complex circuits
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Major signaling pathways in cancer

e Cell Death Signaling
e Cellproliferation
* DNA repair

* Ras Signaling

* PIK3A - AKT Signaling
* Notch Signaling

* Hedgehog Signaling
 TGF-pf Signaling

* WNT Signaling

Why is it important that we understand this signaling?
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Receptor Tyrosine Kinases
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Receptor Tyrosine Kinases dimerization

signal protein
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Downstream RTK proteins: the case of PISK-AKT signaling

survival signal
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PI3K activity is controlled by PTEN
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Pl3-kinase activates Akt
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PISK/Akt pathway is frequently altered across

tumors
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PTEN is deleted or mutated in several cancers

Altered in 112 (41%) of 273 cases/patients
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PI3K/Akt pathway

e Survival & Translation
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MTOR downstream of AKT

mRNA translation Metabolism Protein turnover
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The pathway signal is not linear
but can be supported by feedback activations




MTOR re-activates AKT
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The Wnt pathway

* Important during development (patterning
decisions)

19 ligands (Wnt members)

More than 15 receptors: Frizzled, LRP5, LRP6, RYK,...

* Canonical and non-canonical signaling.

* Roles in cancer:

* Cancer stem cells: e.g. self-renewal, TERT expression.
* Invasion and metastasis through EMT.




The Wnt pathway
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Canonical Wnt signaling
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Alterations of the Wnt pathway In
cancer
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The TGF[3 pathway

* Controls: cell cycle, metastasis, invasion, angiogenesis, wound
healing, cancer stem cells,...

* Cell- and context-dependent.

* Integrated in many other signaling pathways (Wnt, Notch, Ras, etc).

* Pleiotropic effects: can exert cytostatic and tumor-suppressive
effects in early stage tumors, but can also induce proliferation,
invasion, and angiogenesis in advanced tumors.



The TGF[3 pathway
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The TGF[3 pathway
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A case of pleiotropism: The TGF[3 pathway

TGF-B in tumor progression and metastasis

Tumor-suppressor signals: Evasion of immunity

Cytostasis Evasion of cytostasis
Differentiation 3 ; S
Apoptosis Autocrine mitogenic signals
Inflammatory suppressor Motility and migration

Stroma response suppressor

Seoane & Gomis, 2017



TGF[3 target genes

Tumor-Suppressing Effects of TGF-B
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The TGF[3 pathway: EMT (epithelia to mesenchymal

transition

(A) E-cadherin nuclei vimentin (B)

TGF-B for 7 days —

(@] (D) TGF- (stromal cells)

a,Pg integrin (carcinoma cells)

Figure 14.19 Control of the EMT by TGF-$ and its effects on epithelial transition (MET). (C) Use of a dominant-negative (dn)
tumorigenic cells Immortalized mouse mammary epithelial cells type Il TGF-B receptor (which effectively blocks autocrine TGF-

How do cancer cells acquire this plastic phenotype?



Epigenetic and transcriptional

Regulation determines cell fate

C. Direct Conversion

otent reprogramming

B. Plurip

A. Normal development

Cancer
EMT
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Metabolic alterations

« Change the use of metabolites (associated with cancer
cell proliferation)

* Synthesis of new metabolites (associated with mutation
in some genes)



Metabolic alterations: The Warburg effect

Differentiated tissue Proliferative Tumor
, I 2 tissue
! N o - ) e
2 N o OF
+Of/ \02 o
+/~0,
Glucose Glucose Glucose
0, Pyruvate l Pyruvate
\ Pyruvate 85%
Lactate l Lactate
Lactate
CO,
Oxidative Anaerobic Aerobic
phosphorylation glycolysis glycolysis
~-36 mol ATP/ 2 mol ATP/ (Warburg effect)
mol glucose mol glucose -4 mol ATP/mol glucose

Heiden et al., 2009



The Warburg effect sl

(-
@
(B) cancer cells 'la
Py genes/proteins _E,)
‘-;"'-.PIBK.-"?-- Ras hyperactive in | Q
PIP3 X 4 many Cancer cells b
*‘i l hyrpnxla

"«PKB}’Akt; |.|||:1

i

glucose - GLUT1 —*glycnlyns —» [ pyruvate

. (\ _PK-ME_ <—|LDH
{2ATP)

P ,
[ lactate |
extracellular = cytosol biosynthesis —

space J

after treatment

Weinberg, The Biology of Cancer 2"d ed.



Production of new metabolites

l

Associated with gene mutations

Mutation of IDH1 and IDH2 genes
IDH1 R132X (predominant in glioma; arginine R at position 132
is replaced by another amino acid, giving a missense mutation)

IDH2 R140X (predominant in leukemia; arginine R at position 140
is replaced by another amino acid, giving a missense mutation)



Production of new metabolites: 2-hydroxyglutarate (2-HG)

[ _Glucosg_J [_écetyl-Coé_] > Lfatty acid;l
} |

Ea?:ta@ - Byruvati] LCitrateJ - IEocitrati

1 . NADP
— — IDH1 or
Acetyl-CoA \_IDH2_/

TCA ~——~ | > NADPH NADP
\/ r’ 2-HG

Glutamine or glutamate

2-HG is a new metabolite that is exclusively present in cancer cells

What can this metabolite do in the cancer cells?
Cairns et al., 2011



Production of new metabolites:
2-HG influences DNA methylation

Cytoplasm

W W

Altered epigenetic regulation

Altered differentiation and tumorigenesis

Yangetal., 2012



Many pathways are interconnected (network

RTK/RAS pathway Nrf2 pathway p53 pathway
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Sanchez-Vega et al., 2018



Multiple signals
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Multiple signals

l

Converge  _~—~
Intracellular signaling — wetosn
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Readout
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promote promote
proliferation cell survival

Transcription factors

Epigenetics



A master regulator: MYC

MYC family proteins include c-MYC, N-MYC, L-MYC

MYC is an helix/loop/helix protein leucine zipper protein

c-MYC is frequently amplified or overexpressed in multiple cancers

Chenetal., 2018



MYC is a transcription factor and potent oncogene

Wnt MAPK
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MYC regulates all the hallmarks of cancer

Sustaining Evading growth
proliferative signals suppression

Deregulating
cellular energetics

Avoiding immune
destruction

Escaping T Enabling replicative
programmed MYC O immortality
cell death | 1"

Tumour promoting
inflammation

Genome instability
and mutation

Inducing angiogenesis Invasion and metastasis

Llombart & Mansour., 2021



How does MYC control several biological processes?

(A)
active prollferatlon

mltogemc signals, etc.
Myc

E-box
increased decreased change in
differentiation proliferation state of cell

.\ / _— repression of mitogenic signals,
m mductlon of growth-inhibitory
protelns

MYC forms dimer with MAX

MYC/MAX complex binds specific
DNA sequence (E-BOX)

MYC activates the expression of
many genes

differentiation

Weinberg, The Biology of Cancer 2"d ed.



MYC regulates gene expression

c-Myc Mad1
N-Myc Mxi1
e @B @ T @ yos
A g v / Mad4
¥ !
\ N ’ "
Proliferation ) ' L Differentiation
And Apoptosis ¥ » Growth Amest
% I_A::ﬁvare& Hepress
CACGTG CACGTG
E-Box E-Box

Antagonistic effects of Max partners



MYC targets
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Nature Reviews | Cancer

Kress et al., 2015



IONS IN Cancer

MYC alterat

Most common Myc alterations
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MYC translocation in Burkitt lymphoma

Normal Burkitt's
chromosomes lymphoma
8 14 8 14

R R

-, v, .
] :

Translocation




MYC amplification (copy number increase) in cancer

Normal

MYC- MYC-
binding site binding
site

Regulatéd egbression
of MYC target genes

|~ I

MYC driven cancer

MYC
amplification |

Signalling [ MYC- MYC- ‘
dysregulation binding site binding site |

(RAS activation, [ /
APC loss, etc.) \ /

Dysregulated MYC function and target
gene expression supporting tumour growth

Breast cancer (1,084)

PIK3CA (32.6%)

MYC amplification (15.0%)
EGFR gene family (7.7%)“

PTEN (5.4%)

SMAD2/3/4 (1.8%)

Pancreatic cancer (184) ———

RAS gene family (64.2%)

SMAD2/3/4 (21.2%)

MYC amplification (12.6%)\
EGFR gene family (3.3%)W

PIK3CA (2.8%)I

Colorectal cancer (439)

APC (70.3%)

RAS gene family (47.9%)

PIK3CA (32.0%)

SMAD2/3/4 (22.5%)
EGFR gene family (2 1.8%)\

Glioblastoma (592)

PTEN (33.5%)

EGFR gene family (27.0%)
PIK3CA (9. 6%)‘

PDGFRA (4.0%)

APC (2.0%)

Lung cancer (566)
RAS gene family (30.9%)
EGFR gene family (25.2%)
MYC amplification (8.4%) 1L
SMAD2/3/4 (7.4%)
PDGFRA (7.4%)

—— Qvarian cancer (585)
MYC amplification (33.2%)
EGFR gene family (4.0%) iy
RAS gene family (2.1%) ¥
APC (1.9%)
PIK3CA (1.5%)!

Lourenco et al., 2021



How can we analyze a pathway’s activity?

Visualizing the signaling:

Reporter constructs
Protein-protein interactions (FRET)

Understand the signaling connection:

yeast two-hybrid screen/affinity purification/mass spectrometry



Reporter Construct

To understand if a transcription factor regulates the expression of specific genes

Reporter Gene

(e.g. Luciferase or GFP)
Gene Promoter

DNA

|

- mRNA

}

A reporter protein
. Amount is easily measured
(e.g. GFP by fluorescence)



Reporter Construct

Appropriate Luciferase gene

Promoter (Repocteu).
Luciferase gene h

Reporter vector

Promoter activity = Luciferase activity / Cell number or cellular enzyme activity




E2F regulates the expression
of MYC

Human c-myc promoter (PHXL)

P1 P2
>
E2F site
Spel PvullSma +98 +106 . .
e Luc Relative Luciferase activity
2309 -1398 -349 -101 +68 +102 +163  +532 1 L L L
Xho |
2z [ Tuc_]-2309/+532 Luc 3.0
e {Luc_|-1398/+532 Luc
= {Luc_]-349/+532 Luc
72 Luc | -101/+532 Luc
£ Luc | +68/+532 Luc
wue | +102/+532 Luc




FRET (Forster Resonance Energy Transfer)

Used to study (in living cells): Protein-protein interactions
Ligand binding to a receptor

Molecular dimerization

Em.

>
—
@
c
R0
-
£
J < ;«‘({\ \ ost-translational
N 3 ? tension
: ‘.("....a-'f ’
Wavelength (nm) .-.\/\mm ~ @
Force

Broussard & Green, 2017



FRET with specific inhibitors

REN

F(a)

H[l FRET

F(a)
+ |r|hi]-rtnr
Enzyme




How can we analyze the pathways
activity?

Visualizing the signaling:
Reporter constructs

Protein-protein interactions (FRET)

Understand the signaling connection:
yeast two hybrid screen/affinity purification/mass spectrometry



Yeast two hybrid screen (to discover protein-
protein interactions)

—
Fish Plasmid reporter gene
Bait Plasmid
\ no transcription

Gal4 DBD

RNA Polymerase Il
Bait protein Fish protei~ DBD

transcription

Gal4 AD

Bruckneretal., 2009



Yeast two hybrid screen (transcription activation)

(b)




Protein-protein interaction by affinity purification

N Cell extract
Calmodulin-binding TEV protease cleavage site
peptide - -
Protein A Q Q
Bait protein ) + O O

« « o 0

TAP tag J
Q TEV protease cleavage
Specific binding partner }() . -
2 > lgG beads First affinity
column
Contaminant {) J
. -, Calmodulin Second affinity
. beads column

& Native elution (EGTA)

Huber, 2003



Frequently altered pathways in Cancer

https://www.pnas.org/content/pnas/105/2/692.full.pdf



https://www.pnas.org/content/pnas/105/2/692.full.pdf
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