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Evolution of Hallmarks of Cancer

Emerging hallmarks &
enabling characteristics
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Sustaining proliferative signaling

« An oncogene Is a mutated gene that has the
potential to cause cancer.

» Before an oncogene becomes mutated, it is called ...
a proto-oncogene, and it plays a role in regulating
normal cell division.

instability &

Normal oncogene Mutated oncogene
Stimulates cell proliferation when needed Leads to inappropriate cell proliferation
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https.//www.genome.gov/genetics-glossary/Oncogene



Carcinogen

« A carcinogen Is a substance,
organism or agent capable of
causing cancer.

Carcinogens may occur naturally
In the environment (such as
ultraviolet rays in sunlight and
certain viruses) or may be
generated by humans (such as
automobile exhaust fumes and
cigarette smoke).

Most carcinogens work by
iInteracting with a cell's DNA to
produce mutations.
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« A mutagen Is a chemical or
physical agent capable of

iInducing changes in DNA called
mutations.

« EXxposure to a mutagen can
produce DNA mutations that
cause or contribute to certain
diseases, not only cancer.

« Examples of mutagens include
tobacco products, radioactive
substances, x-rays, ultraviolet
radiation and a wide variety of
chemicals.

https.//www.genome.gov/genetics-glossary/Oncogene



Oncogenes

Cellular Location Protein function Type of cancer

oncogene

ABL 9934.1 Protein tyrosine kinase Chronic myeloeid leukemia

BCLT 11g13.3 G /S-specific cyclin D1 Breast cancer, squamous cell carcinoma of the head and neck, bladder
cancer

CDK4 1214 Cyclin-dependent kinase Sarcomas

EGFR/ERBET 7pi2 Epidermal growth factor receptor Glicblastoma multiforme, epidermoid carcinoma, bladder cancer, breast
cancer

ERBBZ(NEL) 17g12-g21 Growth factor receptor Breast cancer, ovanan cancer, stomach cancer, renal adenccarcinoma,
adenocarcinoma of salivary gland, colon carcincema

HSTFT i1913.3 Fibroblast growth factor Breast cancer, esophageal carcinoma

INTTAVNTT 12g13 Probably growth factor Retinoblastoma

INTZ 1i1g13.2 Fibroblast growth factor Breast cancer, esophageal carcincma, melanoma, squamous cell
carcincma of the head and neck

MOAIZ 12g14.2-g15 pS3-binding protein Sarcomas

MET 7931 Hepatocyte growth factor receptor Amplified in cell lines from human tumors of nonhematcpoietic origin,
particularly gastric tumors

MYB 6q22-q23 DNA-binding protein (essential for Leukemias, colon carcincema, melanoma

MYC (c-MYT)

RAYCON
(NMYT)

AMYCLT
LMY C)
MYCLKT

RAFT
{c-RAF)

HRAST
KRASZ
MNRAS

REL

8q24.12-g24.13

2p24.3

1p32
7pi1S

3p2S

11p15.5
12pi12.1
1p13

Z2p12-p13

normal hematopoiesis)

DMNA-binding protein

DNA-binding protein

DHNA-binding protein

Serinefthreonine protein kinase

GTPase
GTPase
GTPase

DMNA-binding protein

Small-cell lung cancer, giant cell carcinoma of lung, breast cancer, colon
carcinoma, acute promyelocytic leukemia, cervical cancer, gastric
adenocarcinoma, chronic granulccytic leukemia

Neuroblastoma, small-cell lung cancer, retincblastoma, medulloblastoma,
glioblastormna, rhabdomyosarcoma, adenocarcinoma of lung, astrocytoma

Smali<ell lung cancer

Non-small-cefl lung cancer

Bladder cancer
Adrenocortical tumor, giant cell carcinoma of lung
Breast cancer

Non-Hodgkin lymphomas

Deregulating

metabolism

Resisting cell
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Mutated oncogene
Leads to inappropriate cell proliferation
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Tumour suppressor genes

« A tumor suppressor gene encodes a protein that acts to
regulate cell division, keeping it in check.

 When a tumor suppressor gene is inactivated by a mutation,
the protein it encodes is not produced or does not function
properly, and as a result, uncontrolled cell division may
occur.

« Such mutations may contribute to the development of a
cancer.

Normal tumor suppressor genes One mutated tumor suppressor gene Two mutated tumor suppressor genes
Slows down cell proliferation Leads to inability to stop cell proliferation
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Gene Chromosomal

Rb

p53

APC

WT 1
DCC
NF-1

NF-2

VHL

location
13914

17p13.1

5q21

11p13
18q21
17q11

22q12

3p25

Cellular
location

Nucleus

Nucleus

Cytoplasm
Nucleus

membrane
Cytoplasm

Inner
membrane

Cytoplasm

Tumour suppressor genes

Mode of
action

Transcriptional
regulator

Transcriptional
factor/regulator

Unknown

Transcriptional factor
cell adhesion molecule

p21, ras. GTPase
activator
Cytoskeleton
membrane link

Inhibits transcriptional
elongation

Neoplasm associated
with somatic mutation

Retinoblastoma,
osteosarcoma,
carcinomas of
breast, prostate,
bladder and lung
Most human
cancers

breast, brain, sarcomas,
leukemias
Carcinomas of
colon, stomach and
pancreas
Nephroblastoma
Carcinomas of colon
and stomach
Schwannomas

Schwannomas,
meningiomas

Renal cell
carcinoma

Neoplasm associated
with inherited mutation

Retinoblastoma,
osteosarcoma

Li-Fraumeni syndrome,
carcinomas of oral cavity

Familial adenomatosis
polyposis coli, carcinoma of

Normal tumor suppressor genes
CO|0n : Slows down cell pr:;eralion :
Wilms' tumor
Unknown
\

i i |
Neurofibromatosis type 1 J/ " ? 7,;]
Neurofibromatosis g }: J,J’
type-2 schwannomas, w
meningiomas >
Von Hippel-Lindau disease,
angiomas and cysts of

various visceral organs
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Epigenetic reprogramming
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A
Transcription factors

@ sox2
Esophageal squamous cell carcinoma
Lung carcinoma
Glioblastoma
Breast carcinoma
Ewing sarcoma

O KLF4
Breast carcinoma
Skin malignancies

@ NANOG
Hepatocellular carcinoma
Glioblastoma
Colon carcinoma
Prostate carcinoma
Ewing sarcoma

© ocT4
Germ cell tumors

O C-MYC
Multiple malignancies

O LIN28
Multiple malignancies

—

Chromatin regulators

A SUV39H1*
Acute promyelocytic leukemia (APL)

A SETDB1*
Melanoma

A G9a*
Lung carcinoma
Breast carcinoma

A UTX
Multiple myeloma
Clear cell renal cell carcinoma
Transitional cell carcinoma of bladder
Medulloblastoma

A PRC2
Follicular and large B-cell lymphomas
Myelodysplastic syndromes
T-cell acute lymphoblastic leukemia

Overexpressed in multiple malignancies

A ARID1A
Ovarian clear cell carcinoma
Endometriod carcinoma
Renal cell carcinoma
Neuroblastoma
Medulloblastoma
Lung carcinoma
Breast carcinoma

* Barrier to reprogramming.

A MLL1
Acute myeloid leukemia (AML)
Acute lymphoblastic leukemia (ALL)
Transitional cell carcinoma of bladder

MLL2

Large B cell and follicular lymphoma
Medulloblastoma

Prostate carcinoma

Renal carcinoma

MLL3

Medulloblastoma

Transitional cell carcinoma of bladder
Breast carcinoma

Pancreatic adenocarcinoma

A LSD1
Acute myeloid leukemia (AML)
Breast carcinoma
Prostate carcinoma

A DOTIL"
Mixed lineage leukemia (MLL)

A KDM2B
Acute myeloid leukemia (AML)

A DNMT3A/B
Acute myeloid leukemia (AML)
Breast carcinoma
Lung carcinoma



Epithelial

o Embryo development e Cancer metastasis
o Wound healing e Fibrosis

EMT :—

e EMT-TFs: SNAIL, TWIST, ZEB
e Cell signaling: TGF-B, FGF, EGF, HGF

|_
< e MIRNA: miR-200, miR-34 '

— >  Mesenchymal

Basement membrane

e Organ formation e Metastatic colonization
® Epithelial homeostasis @ Reprogramming to iPSCs

Wu et al, 2020
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Epigenetic Therapy l ' Anti-angiogenesis / anti-VEGF
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Intratumour heterogeneity

Intratumor
heterogeneity

Intertumor
heterogeneity

Targeting agent Continued . Drug —
Preexisting monotherapy 8 exposure a - withdraw.ala ;
mutation
: Targeting agent Continued Drug
Adaptlve monotherapy exposure ; withdrawal
evolution & > >

© EGFR'#55® (drug-sensitive)

Basal-like
subtypes

Early drug

withdrawal

Luminal
subtypes

Residual tumor
fraction Tumor progression

© EGFR'53R7790M (drug-resistant mutants)

© EGFR'®*s*"*/autocrine or paracrine TGFB2 (activated early-adaptive drug

resistance driving cellular reprogramming)
© EGFR'***/suppression of Warburg genes GPI, PGK1, and ENO2 (proliferatively

-metabolically quiescent due to metabolomics reprogramming)
O EGFR'*5%*/AXL/GAS6-mediated EMT (phenotypically transformed)

Basal-ke
breast cancer cells

Luminal
breast cancey celis

O EGFR'**3"/mutations in RB1, TP53 or PIK3CA (small cell histologically transformed)
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< Local invasion
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Polymorphic
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Polymorphic microbiome

;Q\sﬁavgjllus spp

Balanced bacterial microbiome Impaired bacterial microbiome assembly
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Polymorphic microbiome
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Gut microbial
composition

N

) g NESSRED NT

Cancer patiéht;
with immunotherapy

Responders

Nonresponders

- i >
Metagenomic data I——-P . &) \ Correlation
P = e analysis
Metatranscriptomic data B I j—
Spatial
Host reads Spatial-specific
| Bulk| —— — signatures
Microbial reads Tissue-specific
—> microbial .
signatures
Single-cell ol
s Dendritic cell @ T cell N O Cell-ty,pe-gpeiciﬁc
& Cancercell @ Tg cell — — — ’ s?g}lg;?ugzs
# Macrophage @ NK cell

b

H_ost—miq robe
interactions

(i) r"}u\v.\\?

/ Y
-
‘N 3

/
J
o

(i)
T

’ . ]
‘
>

S S

b

Clinical application

@//f
&

Novel microbial anti-cancer products

Novel microbial cancer-targeting approaches

Distant tumor metastasis treatments

Microbial-based asymptomatic cancer detection

Trends in Microbioloav
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Activating invasion and metastasis

SUSTAIN DORMANCY

“ Angiogenic Dormancy
Angiostatin®, TSP-11, VEGF-AL
Hypoxic Dormancy
LIER, STAT3, SOCSH
Immunologic Dormancy
IEN-y ™, IL-121

CSC Dormancy
FBXW7 D, Cychin EJ, ¢-Myc 4,
BMP-7, p38MAPKT, GDF-10T
PRRX1P,TGF-B21, miR-642-3p L., p381
- ced
MSKIT, [ERK/p38]L, MKKAT, Nanog T,
S ATG7 4, N2RF1D, p38, COKAD

Micrometastases

T-cells

Endothelial cells

Platelets

Neutrophils

Extracellular Matrix

Fibroblasts

Epithelial cells @

Cancer cells : V\)
BRAIN METASTASIS
Angiogenesis

Macrophages MMP-91T, VEGF-AT
Cell Adhesion

CYR61.L, PRAMET
Basement Membrane

Blood Vessel

ESCAPE FROM DORMANCY

/ Angiogenesis
Angiostatinl, VEGF-AT, POSTN,
TSP-1d
Cell Adhesion
COL-1D, FNT, POSTN, Annexinli ],
AXLL, GASEL, aSB1 integrin,
uPART, ERKT
Hypoxia-mediated escape
LIFRY, LOXL2D

Inflammation-mediated escape
_ERK, IL-81, MCP- 11t

.

" LUNG METASTASIS
Cell Adhesion
POSTNN(Wnt1, Wnt3A), TGF-B2 4.,
VCAM-1, Akt ™

LOXL2D, LOX

TBK1 (GSK-38B, 2EB1)

CSC Dormancy Inhibition

COCOT, BMP-74

Stress-Induced Dormancy inhibition
\_CDK4, p27., [ERK/p38] P,

/ BONE METASTASIS
Cell Adhesion
MLCKP, CXCLI2D, CXCRAMD, CXCLS TP,
TGF-B2.l, E-Selectin®, VCAM-11

LIFR.L, STAT3.L

Stress-induced Dormancy Inhibition
MSK1.L, GATA3 L, FOXA1L

PTHRP D, TNF-a T, RANKLD, IL-67,

1117
\:11
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Inducing or accessing vasculature

* Angiogenic switch - the point where the number or
activity of the pro-angiogenic factors exceeds that of the
anti-angiogenic factors, giving rise to new blood vessels
accompanied by increased tumour growth, metastasis,
and potential drug resistance.

Anti-Angiogenic Factors Pro-Angiogenic Factors

VEGF-B Ligands .ot " VEGF-E
Y o w—b.

W g % > DN\

E',VEGF-A%-; HpigE MEGES/D i [J
'S \" /. o
I/
_— s
e &9 BB
0 2. s
Endothelial cells Q%Q%Oa% _ e X o> B VEGFR-2
- R TS
@ Tumor cells Q éco @ ; &‘i

eeeee

Mabeta et al, 2022
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Senotherapies — drugs that interact with senescent cells to interfere with their pro-aging
impacts. Two main categories: senolytic drugs (selectively destroy senescent cells) and
senostatic drugs, (inhibit their function).

* Navitoclax interacts with the BCL-2 pathway and prevents it from inhibiting apoptosis.
* Quercetin / Fisetin (a flavonoid) may act in part via senescence induction.
 Metformin has senostatic properties and reduces the stimulatory effect of SASP.
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