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Somatic mutation theory= 2@ &?

» SEA SHHOE HAMZOE 1S S8 ZXSHCt

High burden and pervasive positive
Science 2018 selection of somatic mutations in

normal human skin

Nature 2019 Thelandscape of somatic mutationin
normal colorectal epithelial cells

Nature 2019 Somatic mutations and clonal dynamicsin
healthy and cirrhotichumanliver

The mutational landscape of normalhuman

Nature 2020 endometrial epithelium

Nature 2020 Tobacco smoking and somatic mutationsin
human bronchial epithelium



Mutations/Mb

Science 2018

Somatic mutant clones colonize the human esophagus with age

1.04

0.8 1

R*=0.67
(P=0.0068)

| I I I I 1 1

20 30 40 50 60 70 80
Age (years)

% mutant epithelium

% mutant epithelium
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1007
B804
60 4
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204

the higher
and lower

bound
estimates

in ESCCs

Daonor age range
(vears)

OtLES

Mutation frequency

Range B

Mutation frequency

=l

IR

In middle-aged and elderly
donors, clones with cancer-
associated mutations covered
much of the epithelium, with
NOTCH1 and TP53 mutations
affecting 12 to 80% and 2 to
37% of cells, respectively.
Unexpectedly, the prevalence
of NOTCH1 mutations in normal
esophagus was several times
higher than in esophageal
cancers.




SMT (Somatic mutation theory)2| = 2?

The end of the genetic paradigm of cancer

(A) The traditional paradigm of cancer as disease of the cell

NORMAL TISSUE ORGANIZATION FIELD CANCER FIELD / TME

'S s
® M) & ":l_n.n :%éi-

am._

(B) Cancer is not a disease of the cell but of the tissue

Implant tumor cells into

{certam] normal tissue Normal stroma
TUMOR
T M 2 Mutated cells
@ / \ ﬂ: ______________ /\’0 F .| behave normally % E I:ﬂ Ol %I- A-” I 7§->| AOI- ; XO-l él- AO-l él-
s £
lmplan non-cancer cells TISSUE ORGANIZATION FIELD determines the cell behaviors —
XM AF Al OF HFAH
NON-NEOPLASTIC ﬂmessed i o o A-” i O | o O =2 o
CELLS Do o P "
,Qo £ |_ ““““ > - (Presumably) unmutated
: & e M | cells become cancerous
oy 1
‘ D Stressed stroma

Normal stroma Stressed stroma
(inflammation, CAF, ... ...)
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Bacteria Archaea Eukaryota
Gram positives Slime molds
Spirochetes Methanosarcina Animals

Methanococtils

Proteobacteria 1
Fungi
Cyanobacteria Halophiles Plants
Planctomyces Pyrodicticum Ciliates
Green Entamoebae
filamentous Microsporidia
bacteria
Aquifex

Phylogenetic Tree of Life.
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Mitochondria
biogenesis

DNA repair
system

Autophagy

Cellular
stress
responses

Antioxidant
enzymes

Glutathione
synthesis

Anti-
inflammation

HriggerJH UL O OF

<FAL BEEE>

*Hormesis

*Mitohormesis

*Stress adaptation

Cellular defense mechanisms
«Stress tolerance mechanisms
Mitochondria retrograde signaling
*Etc..
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Stressors
Default mode [ ] Induced mode

l Internal ‘ l External ‘

-Reactive Oxygen Species
(ROS)

-Misfolded protein

-DNA replication error
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O C|0f £5}Lf?
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Default mode

l Internal \

| -Reactive Oxygen Spemes'

J

S MisTolded protein """
-DNA replication error

I SMHALAO|R

Cancer

Metabollc Disease
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Induced mode0f]l 2 3I= S AEHAS

1. Evolutionary stressors

Induced mode
= .
[ et
§ External
T ——— —_—————
X /’ |
[
| .
1 Evolutional
1
i
© 1 ' ! -Microplastics
Q . T ! -Air pollution
W HztapPd 5 g ! Physical Biological Cremicall | g
qc, xél Egl l‘l:% E°.|=2 = : -Pesticides
SIA S : POP
om 5 -_r" *I A %I ,ggl' é‘! 2" : -Heat/Cold -Virus —Phytochemical# ot e?s
1 UV -Bacteria -Fasting )
: -Hypoxia -Fungus :
I‘ -Dehydration 1
<K| 29K HME8 AN & \ -Physical exertion ,,'
SidS dYotctn LTl 7 N e e ———————— -
=
HE>

»  Oxidative stress

« Bystander effects

» DNAdamage

«  Genomic instability
»  Epigenetic changes

~ Stress response 0f7/&}= 7/ &




Induced mode 0| 2t ol=2 £

Risk

2. Man-made stressors

Diabetes Metab J 2019

Mitochondrial Toxins and Healthy Lifestyle Meet at
the Crossroad of Hormesis

Zone A of low-dose
chemical mixtures
has not been
appropriately
examined in
toxicological
research

Zone B may be
indirect evidence
of hormesis in
humans with
chronic exposure
to chemical
mixtures

/.

IE::'.....I

/J

L]
L]
t..
..';

) Zone a

Zone ©)

Low dose range:

No-safe level with non-linearity (A+B)

ZoneC is
the primary model
investigated in
conventional
toxicological
research

nnnnnnnnnnnnnnnnnnn

N

nnnnnnn

Zone(®

High dose range:
Traditional toxicity with linearity (C)

AE

Induced mode

lIHHHIII

= —————

\
1
1
Evolutional 1
1
1
[ = 1
) » I -Microplastics I
Phvsicall chemicay | -Air pollution :
ysica Biological emica )
Mechanical S Nutritional : EDC_S ) :
j| -Pesticides I
: . -POPs
-Heat/Cold Virus -Phytochemicals . :
UV -Bacteria -Fasting |\ - /'
—Hypoxia —FUHQUS ————————
-Dehydration

-Physical exertion
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<Insurmountable \
methodological limitations>
Mixture effects
Non-linearity

No non-exposure group
Low reliability of exposure assessment
Complicated interactions with lifestyle

i \ factors

Unpredictability

Lee DH, et al. Methodological issues in human studies of endocrine disrupting chemicals. Review Endocrinology
Metabolism Disorder 2015

Lee DH. Evidence of the possible harms of endocrine-disrupting chemicals in humans: ongoing debates and key issues.
Endocrinology and Metabolism 2018

Lee DH, et al. Firm human evidence on harms of endocrine-disrupting chemicals was unlikely to be obtainable for
methodological reasons. Journal of Clinical Epidemiology 2019
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Analytical Epidemiology
(Z2E Aq/2A-M=d
by
Of| A gt = 21t

AZ20| M5
CHH?

li
SHEANES 2ot &
=< Sk A —
c| Mo E FE = U

Quality of
evidence

Lower

Systematic reviews and
meta-analyses of RCTs*

Randomized
controlled frials
L
Cohort studies
Case-control studies

Cross-sectional studies, surveys

Risk of bias

Case reports, case studies Higher

Mechanistic studies

Editorials, expert opinion
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BMJ2004  Radon in homes and risk of lung cancer: collaborative analysis of
individual data from 13 European case-control studies

Relative risk (95% floated Cl)

0 200 400 600 800 1000 1200 1400

Measured radon (Bg/m3)
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‘ OUTDOOR AIR POLLUTION

JARC MONOGRAPHS|

VOLUME 109

IARC MONOGRAPHS
EVALUATION

ON THE
OF CARCINOGENIC RISKS

4 Air pollution0j| Ci 2t .= = 0| £H?

=Complex chemical mixtureOf| St ‘&

air pollution

Particle Category  Diameter (um)

Coarse: PM;, —— 2.5-10.0

Fine: PMys —— <2.5
Ultrafine PM <01
(nanoparticles)

OJ M HX| 7t SHE2 O| FE7

Aerodynamic diameter: 10 ym

Industrial zone: 138.43 UE/mg
Commercialzone: 170.44 UEmg

= .
ﬂlm";:.(nhmn:wlﬁ Conterchy palmaloTER w
benzo(g,h,)perylene, Al Si, P, S, Cl, K, Ca, Ti, Cr,

andindene Mn, Fe, Ni, Cu, Zn, Pb
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Rn-222 F Clust I8 Attachment Aerosol
n- ree uster i = achmen 2
Rn-220 atoms  formation : g particle
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-
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"
Pb-212, Pb-214
O Xe;

Neutral — Decay = ————- » Attachment to aerosols

Positively charged ~ ==--------| » Cluster formation ———-— » Neutralization

Ozone
VOCs
CO,
Mould spores
Benzene
Chloride
Lead

Lingering odor
+ Bacteria

+ PM

+ CO

+ CO,

* Methane

* Benzene

* Chloride
Other gases

JAL?

Aerodynamic diameter: 10 pm
r 1

Industrial zone: 138.43UE/mg
Commercial zone: 170.44 UE/mg

{

Naphthalene,
acenaphthylene,
acenaphthene, fluorene,
phenanthrene,

anthracene,
fluoranthene, pyrene,
ber

andindene

Allergents
*  Mites

*  Toluene

* VOCs

= CO
NOy

Indoor air pollution

Bed room \ol— Bathroom

r"l-“r g = f_\ I =

g v

meamn 1

‘ iR =E

Kitchen ‘ Living r()%( '[1; Garage
A Ll b e i

& !l H
Lo T .
= v

>

X ¥

L
:
* VOCs

+ Formaldehyde

Asbestos
Radon

Humidity
Mold
Bacteria
Aerosols
COo,
VOCs

Heavy metals
Cco
Co,

NO,
Asbestos
VOCs
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<Background radiation>
- Large geographic variation

1
Natural background radiation exposure

= QN xmumw =
-
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90 100
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10 100
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H 2 ZE 1?: INWORKS &7

BMJ 2023

Cancer mortality after low dose exposure to ionising radiation
in workers in France, the United Kingdom, and the United States
(INWORKS): cohort study
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the relative rate of cancer
with increasing exposure to
radiation”
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Annual average natural radiation from ground worldwide
(millisieverts)
MNorway
0.64
|
Germany i
0.44 Slovakia %%T
ko 0.50 Jdapan - o
| " o 0.46 United States
L India < \ 0.41
Italy \ .49
0.65 I'|I L] i .
~ b Yangjiang (China)
Sudan \ e a2
045 & 4
\ O\ by 3
Ramsar (Iran) Kerala (India) 1.8~35 y
0.6~149 \ \

Health Phys 2002 VERY HIGH BACKGROUND RADIATION AREAS OF RAMSAR,
IRAN: PRELIMINARY BIOLOGICAL STUDIES

EVIDENCE FOR ADAPTIVE RESPONSE IN A MOLECULAR
EPIDEMIOLOGICAL STUDY OF THE INHABITANTS OF A HIGH
BACKGROUND-RADIATION AREA OF YANGJIANG, CHINA

Health Phys 2018




Tourist attraction

Things to Do in Ramsar
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Default mode
]
Internal

-Misfolded protein
-DNA replication error Evolutional Man-made

-Microplastics
: ) -Air pollution
Physical/ Biological Chemical/ i
Mechanical ki Nutritional EDC.S .
-Pesticides
] ) -POP

-Heat/Cold -Virus -Phytochemicals efs

uv -Bacteria -Fasting B

Hypoxia -Fungus
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Mitochondria as a Target of Environmental Toxicants

Toxicology 2017

Mitochondrial Toxicity of Tobacco Smoke and Air Pollution

Diabetes Metabolism Journal 2022

Effect of Low-Dose Persistent Organic Pollutants on
Mitochondrial Function: Human and in Vitro Evidence

Psychosom Med 2018

Psychological Stress and Mitochondria: A Conceptual
Framework
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Biogerontology 2021  Low-dose ionizing radiation as a hormetin: experimental
observations and therapeutic perspective for age-related

disorders
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« ZtA 1| X (Gas gangrene)

(Gangrenous tissue

Healthy tissue—‘—

. 280 NS
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4l Q! ClostridiumA|7t & & ¢!
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L Human & Experimental Toxicology 2000

Mortality Rate (%)

u.
1928 1933 1936a 1938bh 1938 1940 1940 * 1940 **
Statistical Reports (vear reported)

Ac-)l IEI Figure 5 Mortality rate since X-ray therapy was introduced in

1928. Note: mortality associated with patients receiving surgery,
serum, and one or more X-ray treatments unless indicated
otherwise; (*) indicates mortality associated with patients
receiving surgery, serum, and three or more X-ray treatments;
and [**) indicates mortality associated with patients receiving
three or more X-ray treatments with no surgery or serum
treatments. Reports: 1933=Kelly;*** 1936a=Kelly:™" 1936b=Kelly
and Dowell;*" and 1938=Kelly et al;*** 1940=Kelly and
Dowell**?
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JRadiat Res 2012  Growth Retardation of Paramecium and Mouse Cells by Shielding Them

from Backeround Radiation

Number of Paramecia per SmL

Health Physics 2024 o B

Protracted Exposure to a Sub-background Radiation Environment Negatively Impacts
the Anhydrobiotic Recovery of Desiccated Yeast Sentinels

wild type rad51A
1 " + 14
. -
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£ -:\: E . g VSl 1 $‘}
g T B LI
@ 3 t
2 2
« -+ Control - = Control -
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JAMA 2025 Projected Lifetime Cancer Risks From Current Computed
Tomography Imaging

Figure 2. Total Projected Lifetime Cancers by Sex and Age at Exposure
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ZLzsall bl Study reveals CT scan overuse could

account for 1in 20 new US cancers
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Environmental Pollution 2018

0000 000 Evolutionarily adapted hormesis-inducing stressors
can be a practical solution to mitigate harmful

effects of chronic exposure to low dose chemlcal
mixtures '
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