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Preface

This book begins with sobering news: approximately one in two individuals in high-
income countries will receive a cancer diagnosis during their lifetime, meaning a
malignant tumor will be detected in their body. Yet there is encouraging news as
well: fewer than half of all cancer patients die from the disease, and every second
cancer-related death is preventable. Cancer is not a single disease but a heteroge-
neous group of disorders that can arise in virtually any organ. What they all share is
uncontrolled cellular growth.

Every newly diagnosed malignant tumor in adulthood reflects an individual his-
tory of two or more decades of tumorigenesis. Cancer is traditionally viewed as a
disease of the genome, driven by accumulated DNA point mutations, as well as
chromosomal translocations, deletions, and amplifications. Tumorigenesis also
involves profound alterations in cellular identity, responsiveness to internal and
external signals, and major shifts in the transcriptome. These changes are rooted in
epigenomic dysregulation. In fact, most cancers harbor mutations and alterations
not only in their genomes but also in their epigenomes.

Cells in our body have the capacity to grow when needed: during wound healing
or in the continuous renewal of blood, skin, and intestinal tissues. Because malig-
nant transformation is typically slow, cancer is largely an age-related disease, one
that seems inevitable as we grow older. Yet tumorigenesis depends on numerous
environmental influences, including the ability of the immune system to detect and
eliminate cancer cells. Many environmental factors that either promote or protect
against cancer lie within our own control: avoiding smoking, choosing a healthy
diet, and staying physically active are key examples. Thus, cancer prevention
through lifestyle choices remains the most powerful strategy for reducing can-
cer risk.

Understanding cancer requires insight into ourselves, both in detail and within a
broader context. Basic biology explains the cellular mechanisms of growth, differ-
entiation, and cell death that make life possible. Every human being represents an
intricate interplay of hundreds of cell types, each forming specialized tissues and
organs. These processes must be precisely coordinated during embryonic develop-
ment and maintained throughout adult life to preserve homeostasis. Studying the
cellular and molecular foundations of these processes is deeply fascinating, yet also
demanding. Much of what we know about normal biology has arisen from investi-
gating what happens when these mechanisms go awry in disease.
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Accordingly, this book not only describes the fundamental mechanisms underly-
ing cancer but also aims to offer a more holistic perspective placing molecular
insights into the wider context of the personal and societal implications of lifestyle
choices.

The content of this book is linked to the lecture course “Cancer Biology,” taught
by one of us (C. Carlberg) at the University of Eastern Finland in Kuopio since
2005, alongside related courses in Molecular Medicine and Genetics, Molecular
Immunology, and Nutrigenomics. The biological concepts introduced here are com-
plemented by clinical insights drawn from daily oncology practice, contributed by
one of us (E. Velleuer). This book also relates to the books Gene Regulation and
Epigenetics: How Science Works (ISBN 978-3-031-68729-7), Aging: How Science
Works (ISBN 978-3-031-61256-5), Molecular Immunology: How Science Works
(ISBN 978-3-031-04024-5), and Nutrigenomics: How Science Works (ISBN
978-3-031-85880-2), which may interest readers seeking more detailed information.

Chapters 1, 2, and 3 provide a general overview of cancer. Chapters 4, 5, 6, 7, and
8 examine the molecular basis of the disease, Chaps. 9, 10, and 11 discuss its cel-
lular aspects, and Chaps. 12 and 13 present the principles of effective cancer ther-
apy. By integrating fundamental biological mechanisms with clinical examples, we
aim to make this book not only informative but also personally engaging. A glossary
in the appendix defines key specialized terms; gene and protein name abbreviations
are explained in the abbreviations list.

We hope readers will enjoy this visually rich book and become as enthusiastic as
we are about understanding life, and its malfunctioning counterpart, cancer biology.

Kuopio, Finland Carsten Carlberg
Diisseldorf, Germany Eunike Velleuer
December 2025
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NLS Nuclear localization sequence

NO Nitric oxide

NOTCH Neurogenic locus notch homolog protein

NPM Nucleophosmin

NSCLC Non-small-cell lung cancer

NSD Nuclear receptor binding SET domain protein

OCT Octamer-binding transcription factor

(0N Overall survival

PALB2 Partner and localizer of BRCA2

PAMP Pathogen-associated molecular pattern

PARP Poly(ADP-ribose) polymerase

PCAWG PanCancer Analysis of Whole Genomes

PD-L1 Programmed cell death 1 ligand 1, also called CD274

PD1 Programmed cell death 1, also called PDCD1

PDGF Platelet-derived growth factor

PDGFRA Platelet-derived growth factor receptor o

PET Positron emission tomography

PGE Prostaglandin E

PI3K Phosphoinositide 3-kinase

PICS PTEN loss-induced cellular senescence

PIK3CA Phosphatidylinositol-4,5-bisphosphate  3-kinase catalytic sub-
unit alpha

PIN Prostatic intraepithelial neoplasia

PIP3 Phosphatidylinositol-3,4,5-triphosphate

PML PML nuclear body scaffold

Pol I RNA polymerase II

PRKDC Protein kinase, DNA-activated, catalytic subunit

PSA Prostate-specific antigen

PTEN Phosphatase and tensin homolog

PTGS2 Prostaglandin-endoperoxide synthase 2, also called COX2

PTHrP Parathyroid hormone-related protein

qPCR Quantitative PCR

RADS1 RecA-like amiloride-binding protein DNA repair protein 51

RAF1 Raf-1 proto-oncogene, serine/threonine kinase

RARA Retinoic acid receptor alpha

RAS Rat sarcoma

RBI1 RB transcriptional corepressor 1

RECQL4 RecQ like helicase 4

RNA-seq RNA sequencing

RSV Rous sarcoma virus

RT-PCR Real-time PCR

RTK Receptor tyrosine kinase

SAGA Spt—Ada—GenS acetyltransferase

SAM S-adenosyl-L-methionine

SARS-CoV 2 Severe acute respiratory syndrome coronavirus 2



Abbreviations

scFv
SERPINE
SETD
SETDB
SINE
SIRPa
SIRT
SLAMF
SLC
SMAD
SMARC

SNAI
snoRNA
SNP
SNV
SOX2
SP1
SRC
STAB
STAT
STING
SUV39H1
SV40
SWI/SNF
T

TAD
TAM
TCGA
TCR
TERT
TET
TGFp
Ty
THBS
TLR
TNF
TNFRSF
TP53
Treg
TRIM
TSS
TWIST
U
UGDH

Single-chain variable fragment

Serpin peptidase inhibitor, clade E

SET domain containing

SET domain bifurcated histone lysine methyltransferase
Short interspersed element

Signal regulatory protein alpha

Sirtuin

SLAM family

Solute carrier family

SMAD family member

SWI/SNF-related matrix-associated actin-dependent regulators of

chromatin

Snail family transcriptional repressor
Small nucleolar RNA

Single nucleotide polymorphism

Single nucleotide variant

SRY-box 2

Specificity protein 1

SRC proto-oncogene, non-receptor tyrosine kinase
Stabilin

Signal transducer and activator of transcription
Stimulator of interferon genes
Suppressor of variegation 3-9 homolog 1, also called KMTI1A
Simian virus 40

Switching/sucrose non-fermenting
Thymine

Topologically associating domain
Tumor-associated macrophage

The Cancer Genome Atlas

T cell receptor

Telomerase reverse transcriptase
Ten-eleven translocation

Transforming growth factor

T helper

Thrombospondin

Toll-like receptor

Tumor necrosis factor

TNF receptor superfamily member
Tumor protein p53

T regulatory

Tripartite motif containing
Transcription start site

Twist family BHLH transcription factor
Uracil

UDP-glucose 6-dehydrogenase



Abbreviations

XX
UICC Union for International Cancer Control

VCAM Vascular cell adhesion molecule

VEGF Vascular endothelial growth factor

VHL Von Hippel-Lindau tumor suppressor

WAT White adipose tissue

WHO World Health Organization

WNT Wingless-type MMTYV integration site family member
ZAPT70 Zeta-chain—associated protein kinase 70

ZEB Zinc finger E-box binding homeobox
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