Real world in cancer? Epistemology of the origin of cancer:
new paradigm for the majority of cancers

Background: The somatic mutation theory as the origin of cancer (carcinogenesis) was
born some 100 years ago, when Theodor Boveri 1914 suggested that a combination of
chromosomal defects may result in cancer. This was followed by Karl-Heinrich Bauer in
1928 suggesting that mutations could cause cancer. Subsequently, in 1953 Carl Nordling
proposed that a number of mutated genes could cause cancer. Alfred Knudson in 1971
proposed that one hit (one mutation) would result in a clone of cancerous cells. This was
modified to a 2-hit-theory later and it seems that cancer biology has continued to try to
bolster the somatic mutation theory by recently suggesting that ‘driver’ and ‘passenger’
mutations were necessary and when this proved insufficient, others proposed the hyper-
mutation theory in 2014. In the attempt to clothe the Emperor, it was forgotten that
mutations found in advanced cancers are either late events or epiphenomena that occur
after carcinogenesis (cancer development) and especially after the appearance of a pre-
cancerous niche. Reality: Fewer than 10% of cancers are proven to be hereditary (i.e.,
causally related to germline mutations) and this ratio is even lower in cancers of the
stomach (<1%), the colorectum (3-8%) and breast (8%). Infection-triggered cancers
constitute some 15% of all cancers and the remaining about some 80% cancers are
sporadic, meaning their cause is unknown. New cancer paradigm: Findings from the
plant and animal kingdoms, molecular and clinical data over the last 250 years were
critically reviewed and gave rise to a new cancer hypothesis containing a multi-step
process of 6 sequences. These include, (1) a pathogenic biological or chemical stimulus is
followed by (2) chronic inflammation, from which develops (3) fibrosis with associated
changes in the cellular microenvironment. These remodeling changes result in a (4) pre-
cancerous niche, which triggers the deployment of (5) a chronic stress escape strategy,
and when this fails to resolve, (6) a transition of a normal cell to a cancer cell occurs.
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Consequences: This recently proposed cancer model explains the origins of the vast
majority of cancers which are until now were referred to as ‘sporadic’ cancers.
Furthermore, this theory points out the need to establish preventive measures long before
a cancer becomes clinically apparent. The epistemology of the origin of cancer is reviewed

and presented.
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epidemiology and health care
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d CANCER

age distribution and incidence in cancer

females”

Anzahl pro 100.000 Personen
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common disesases In the future

prognosis for 2005 until 2020

(Mecklenburg-Vorpommern)

heart attack + 28,5%
diabetes mellitus +21,1%

colon carcinoma + 30,1%

dementia +91,1%

Study of Health in Pomerania
Access | rec: 1 May 2015, publ: 1 May 2015




{} Diabetes Growth Projections 2012-2030

Diabetes worldwide drug marlgt size $35 billion
Expected to grow to $58 billior'ﬂy 2018

2012 : 371M
2030 : 552M
Increase 49%

Source: Intemational Diabetes Federation Diabetes Atlas 5 Edition: 2012 Update
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Consequences are..

....anenormous
challenge....
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future goals are
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cardio-
vascular

goals

clinical health care
& economics

goals
/ research & science \

cause-based personalized &
individualized

(identify causes)
not symptom-orientated

translational
(the bridge)
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Gene Expression
Profiling
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Immunohistochemistry
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In-situ hybridization

Polymerase chain
reaction (PCR)

Sequencing
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EGFR as blomarker
e e K

Ilhara, 1993 IHC ESCC FFPE post 559.2d

Hickey 1994 IHC ESCC 761 FFPE pre S.r., m.s. 16 mo

Itakura, 1994 IHC, SB R* ESCC 2172 SS FFPE, LN2 post S.rI. n.r. n.s. n.r.
Kitagawa, 1996 SB-hybridization R ESCC 107 SS FFPE post m.s., s.r.+post-s.r. RTx. 18 mo +++ n.r.
Inada, 1999 IHC R ESCC 733 SS FFPE post* S.I. n.r. i n.r.
Koyama, 1999 FC p* GAC,ESCC 954 B,T&NM  RPMI-1640 post RTx n.r. n.r. ++
Shimada, 1999 IF . - : +
e no standardization of "
Hironaka, 2002 IH : n.r.
Miyazono, 2004 aH . . n.s.
Wilkinson, 2004 IH -presel V atlon . n.s.
Chang, 2005 IH . n.r.
Fukai, 2005 I - - t g f m pl nr.
Gibault, 2005 IH S O ra e O Sa eS + +++

Schneider, 2005 qf ot

S -use of methods o

=i+ which histology for which methodology |

Vallb6hmer, 2006  df n.r.

Gotoh, 2007 IH -fOl IOW-U p .

Hoshino, 2007 IH

---------------- - -variables to include

Lennerz, 2011 F . n.r.
Luber, 2011 IH n.s.
Wainberg, 2011 FI . n.r.
Yoon, 2011 IH ? . T+
GO L but should be already standard — L
Imamsahan, 2012  IH u S Ou e a rea y S an ar & n.r.
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Wang, 2012 SNP P EAC,GEJ 65 Blood, SS  FF pre S.r. n.r. n.r. n.r.
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Cancer diagnosis & therapy
In the future needs being

outcome orientated
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proposed anticancer strategy

Cancer Classification

: histopathological profile
Personalized molecular profile
Tumor Staging metabolic profile
Strategy immunologic profile
response prediction profile
(by Cancer Classification) calculable risk
Patient Staging life quality
psychosomatic profile

Personalized Therapy stratification

+ therapy A therapy B
Individualized Therapy modification

t % 9

basic laboratory response profile
. . c histopathological response
Individualized Tumor Response imaqing response profile
biochemical response profile
Strategy life quality response

Patient Response

psychosomatic response profile

Response Classification

(CeG R eteZOd dvaikds. il Byay 2015 Z &

(by Response Evaluation)
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what IS cancer
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cancer Is

IS a group of more than 100 diseases that involve the
uncontrolled division of the body’s cells

e

.......

........
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Joseph Joubert

(french moralist)

(* 07.05.1754 - 1 04.05.1824)

molecular discoveries

...understand the past,
to judge the present

If you want to change the future.
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1914 Theodor Boveri

(* 12.10.1862 - 1 15.10.1915)
Bamberg - Wirzburg

1888

he coined the name
,centrosome*

1914

a combination of
chromosomal defects may
result into cancer

imb b Al i e i Al im e T i e N Sl i N a bk ay T o

18 Boveri T: Zur Frage der Eatateh i@ maligngt-hamaian denlag vanQusiav.misehsr, Jena, S. 29-32 (1914)



Karl Heinrich Bauer

(* 26.09.1890 - + 07.07.1978)

Breslau (1933-1943)
and
Heidelberg (1943-1962)

1928

suggested
mutations for the origin of
cancer

mRisielupgy e ksJuli usopringeniverlag 1928



1940

Erwin Chargaff - 1940 - “Chargaff’s rule”
(11t Aug 1905-20t Jun 2002)

- four bases may occur in varying
proportions in DNA of different
organisms

#ofA=#0f T
(w/ two hydrogen bonds)

.=# of G and C are present
(w/ 3 hydrogen bonds)
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1952

Martha Chase and Alfred Hershey
(11t Aug 1905-20t Jun 2002)

- radioactive isotope tracer experiment

. bacterial virus:(bacteriophage T2) infects
a host cell ( bacterium Escherichia coli)

. found that T2 virus DNA, not its protein
coat, enters the host cell

- genetic information for replication of the
Virus
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1950 - 1953

Rosalind Franklin and Maurice Wilkins
(15th Jul 1920-16t Apr 1958 // 15t Dec 1916 — 5t Oct 2004)

. X-ray diffraction study

concluded DNA fibers have
two strands.

Franklin R and Gosling RG: Nature 1953. 171: 740-741.

Wilkins MHF et al: Nature 1953. 171: 738-740.
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1953

James D.Watson and Francis Crick -
University of Cambridge

Francis Crick ==~ James Watson

intellectual debate

and worked on problem of making a DNA molecule
model that was double stranded but also had the
specific A- T and G - C base equivalencies

Solution: double helical structure for DNA

Watson JD and Crick F; Nature 1953. 171: 737-738.
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- Carl O . Norlding

(* 6th 02.1931 — 15th 02.2007)
Finnland

> a number of mutated gene* cause cancerous cells

Nordling CO: A new theorv on the cancer- mducma mechanlsm BrJ Cancer 1953. 7: 68-72.
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1962

20t Oct 1962
Nobel Prize in Physiology and Medicine

Francis Crick M__’- James Watson Maurice Wilkins

not-................. lRosalmd Franklln (she died earlier)
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1971 Alfred G. Knudson

(* 9th 08.1922 -)
Los Angeles

1-hit-theory of carcinogenesis
,Knudson hypothesis

a cell can initiate a tumor - 2 mutant alleles

a person who inherits a m
somatic mutation to initiat

experience a second

for the majority of cancer: this is a non-proven theory

Later: 2-hit-theory — it takes two to Tango

Knudson AG: Mutation anc cancer: statistical study of retinoblastoma.
"PrEC NATFACA S TSALG 7T 684 B2=8 T ! 1oy 2015 pevl 1 Hay 2013



another theory (carcinogen initiate carcinogenesis)

Peter Duesbery

(* 2th 12.1936)
[born in Minster, Germany

}% ) ¥ 1) USA
a8y, | carcinogens initiate carcinogenesis

with a random aneuploidy

g

« did isolate the first oncogene
« does not believe in HIV virus

Aneuploid cells are error prone
» as chromosome segregation and maintenance systems

« are disbalanced as a result of unbalancing of spindle
proteins, repair enzymes, and centrosome numbers.
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180

160

140
Even with an unstable| &
genome, it takes time | 8™
to accumulate the % 100
multiple mutations g
that are required for s %
cancerous S 60
transformation, so -
cancer is much more i
common in older 20
people than in th .
young 10 20 30 40 50 60 75?9(380
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pinion changed to the....dogma

mutation Is ,,the* cause
~ for the majority of cancers
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mutation theory work for some 5% of cancers

let's create it a bit differently — may this fits in (2007)
1-concept of ,drivers® and ,passengers

Nature. 2007 March 8; 446(7132): 153-158. do1:10.1038/nature05610.

Patterns of somatic mutation in human cancer genomes

Christopher Greenman’, Philip Stephens!, Raffaella Smith!, Gillian L. Dalgliesh’,
Christopher Hunter!, Graham Bignell', Helen Davies', Jon Teague'!, Adam Butler!, Claire
Stevens!, Sarah Edkins!, Sarah O'Meara’, Imre VastrikZ, Esther E. SchmidtZ, Tim Avis',
Syd Barthorpe!, Gurpreet Bhamra'!, Gemma Buck!, Bhudipa Choudhury’, Jody Clements’,
Jennifer Cole!, Ed Dicks?, Simon Forbes', Kris Gray!, Kelly Halliday!, Rachel Harrison,
Katy Hills!, Jon Hinton', Andy Jenkinsonl, David Jones'!, Andy Menzies!, Tatiana
Mironenko!, Janet Perry!, Keiran Raine!, Dave Richardson!, Rebecca Shepherd!,
Alexandra Small?, Calli Tofts?, Jennifer Varian!, Tony Webb, Sofie West!, Sara Widaa',
Andy Yates'!, Daniel P. Cahill3, David N. Louis3, Peter Goldstraw*, Andrew G. Nicholson?,
Francis Brasseur?, Leendert Looijenga®, Barbara L. Weber’, Yoke-Eng Chiew®, Anna
deFazio® Mel F. Greaves?, Anthony R. Green'?, Peter Campbell!, Ewan BirneyZ, Douglas F.
Easlon“, Georgia Chenevix-Trench‘z, Min-Han Tan”, Sok Kean Khoo13, Bin Tean Teh13,
Siu Tsan Yuen'4, Suet Yi Leung'?, Richard Wooster!, P. Andrew Futreal'!, and Michael R.
Stratton1?

SNl | CANCER

Drivers and passengers

Daniel A. Haber and Jeff Settleman
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mutation theory work for some 5% of cancers

..creating it even more different..... (2014)
— maybe this fits In

2-concept of ,hypermutation theory*

Nat Rev Cancer. 2014 December ; 14(12): T86-800.

Hypermutation in human cancer genomes: footprints and
mechanisms

Steven A. Roberts and Dmitry A. Gordenin’

Hype Cycle of Emerging Technology

eerj.preprints.1024v1 | CC-BY 4.0 Open Access | rec: 1 May 2015, publ: 1 May 2015

Source: GartnarGroup



or maybe we should create Iin the future t

ne....

(20307?)

ultra-hyper-super-mutation-theory

KEEP

CALM

AND

BELIEVE THE
HYPE

or maybe we just re-think......
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one would expect..........

scientists rest, ....pause and
re-think

Instead trying fitting in (or better:

pressing in) a theory, which did

work for a minority but not for a
majority of cancers.

didnt we have that behavior with cholesterol, salt dietary intake and hypertonus, the
climatic change, etc.?

33




IS not synonym of prove apples grow in car's.

a correct observation (mutation in advanced cancers) is not synonym of prove
being the cause for carcinogenesis (= cancer development)

34 — misleadings-in-scieneexebsenvation-versus wieng-conclusion




ons by disease state

Mutation Frequency by Tumor Type

Lung -

Breast-

Colorectal -
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mutations status of selected tumors

Colorectal (N = 74)
IDH1, 1%
GNAS, 1% KT, 195 © TS
0
GNA11, 1% NPM1, 1%
FGFR3, 3% 1 /7

ABL1, 1%

No mutation

ERBB2, 1% _—
gl detected, 24%

| \ 4 PI K3 CA .
| 18%

PIK3R1, 3%

SMO. 3% RET, 1%

RUNX1, 3%

Lung (N = 85)

RUNX, STK11, 7%
5%
PIK3CA. i 1
MET/6% T
MAP2K1, No

2% mutation
detected,
KRAS, 20% ) 55%
4, 15%
KIT, 1%
FGFRS3, 1% BRAF, 1%
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’ms being different where....
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mutations and genetics are.....

of significant importance,
for understanding biology

or even (partially) nature

but don’t explain anything!

38




reality (1): cancer Is triggered in

39

5-10% hereditary

15% inflammation

80% sporadic (=unknown!!)




Altersstandardisierte Inzidenz und Mortalitét in Deutschland 1970-2000
Erkrankungen pro 100.000
Ménner

50 _|
45 _|
40 _|
35
30 _|
25 _|

20 _|

15

T 1T ~rr 1T 1T T Tt T T
1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992

Inzidenz Saarland === Inzidenz DDR

1994 1996

T
1998 2000

=== geschitzte Inzidenz Deutschland == Mortalitst Deutschland
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Reality (2)

DNA alterations are not the sole criterion for phenotypical changes
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genes and important numbers

polymor
phism

chromos
omes

<« how do polymorphisms reflect a disease?

<+ number of SNPs: 62,676,337 (23 Jul 2013)

<+ humans have 23 paired chromosomes (46)

haploid
genes

with 21,000 haploid coding genes

and appr.3.3 x 10° base pairs

chromosome 1 with 249,250,621 base pairs has
4,401,091 variations

mutation
rate

10° to 1019 in eukaryotes
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.....and

mobile
genetic
DNA (1)

mobile
genetic
DNA (2)

other
genomics

43

number of pseudogenes is: 13,000

e.d. Alu has 50,000 active copies

appr.more than 40% of the total genome

e.g.mitochondrial genome

non-coding DNA is about 98% of the human genome

maybe - someday - big data
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real world?

45
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detecting particles in the smoke....




....making nice pictures and to....




..measure particles in the smok
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e and extracellular matrix

Yurchenco PD and Schittny JC, _ Ti o . .
EASER 11990 4 15771500, Strength — Triple helix provides tensile strength

Scaffold — Provides organization and structure for the ECM
Without it, what would happen?
« Loss of cell-cell communication
« Cell migration

1 P S | B I

52 Peer] PrePrints | A oM 87260 ke 1 Iap@pen Access | rec: 1 May 2015, publ: 1 May 2015



Epistemology

of the origin of cancer:

a new paradigm

Epistemology of the origin of cancer a new paradigm. BMC Cancer 2014, 14: 331:1-15
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Sequence Unsuccessful Successful

. . i |
1.Pathogenic stimulus Stimylus
"""""""""""""""""""""" Glycocalyx T T
Normal
Acute Inflammation \.}/ HEEn Gl Wound
/ \ @H k; Healing
Cytokines \
I e
2.Chronic Inflammation
Cytokines i
1T S F|broblasts—> TGFR Apoptosis
IL6, IL8, GM-CSF

e

6.NCCCT

NOI'ma

e . 7 A
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further reading......
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Epistemology of the igm.

BMC Cancer 2014;
Cell-cell communica ment,
carcinogenesis, and
Cell Physiol Bioche

i 24v]1 | CC-BY 4.0 Open Access | rec: 1 May 2015, publ: 1 May 2015




critical blinker-free open-minded discussions

Join the web group

NEW MEMBERS MEMBERS

Like any community, a LinkedIn group mi
brand new or already thriving. Pxplore

you.

NEW MEMBERS LAST
WEEK

TOTAL MEMBERS

Linked [T}
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