ANERiERE

==

[FENADA DXL
2025.1.17

EX SN2

i

Bk 1

-

=
71

=
=

:%E 70N >




AHOANR

BE ISR 20 A DEE
EMNADT O X
ZERBEFD A
FHD A DOINH RS
HEHA ’E@?b%i_ﬁ?
75§\/\/L_/ Eaj/)%)ﬁ
b Z2E OB EMHFHm A E
IbEZWE & FENADRESE
LRI EYMEDORENA XA =X L

|
|||-UI
N




ERNDHDATERBI E FET I

- 2019 [CER = ICR2M SN F=D A 1999, 07545 (5314£566, 46045
- 2021 IZHNATITE L= AIE381, 505 N (B14222, 467 N, Z£159, 038N)
s BRADN—ED S BICHALZH SN HFESRE (20195)

Bi65. 5% 2AIZTA) =H51.2% 2AIZTAN)

- HARADPDNATITT HHEERIL (20214F)

BE26. 2% ANISIA) &7 7% (BAISIA)
HARBEHBDIELL (20194F)

143 213 313 afi
TS YN fit =5 L=
B AIAZfR KBB = A
g3 A= YN fib 5
BRATETHOIER (20214)
1131 2431 31 4L
B4st fib YN =5 BB
B fib N =5 Ed
o3 YN fib Eir A=

5{iL

RIAZAR

FT Rk
=)

5{iL
AT ek
AT ek

E=

=

AR — £ 2 & Y o

. Z1%432, 607451)

https://ganjoho.jp/



100 50 0 0 50 100
% %

Doll, R. and Peto, R. J Natl Cancer Inst 66, 1191 (1981)




BXICSERTANADES

+ Doll & Peto 1981: 4% of US cancer

- Simonato et al, 1988: 0.640% of lung cancers ({5)

* Leigh et al, 1997 “"WHO Global Burden of Disease” Di
indirect methods: 6-10%

rect &

 Nurminen & Karjalainen, 2001: 8% of cancers in Finns

. Steenland et al, 2003: 2.4-4.8% of US cancers

« Rushton et al, 2008: 4:9% & BEEHFNAEMEIZE

 Micallef 2015 2:8%(1A)
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Table 2 Cancer registrations in 2004 attnibutable to occupation by exposure and cancer sites with at least 14 total attnbutable registrations

Cancer site?
7 el B
o O X S , § Total attributable
: . £ 0| o o e = L
Carcinogen or occupation 5 o x| x| @ S|&l O 5 i p C ‘cancgr b
Sl el 2|55 £ w 9|9 @l g T s £ ] registrations
2l e o/ 5 & 3| </ 8|& = I 3|5 8lvlgl|
80 O e g QO 3 = | e
m|lo| ol O 3| 2| 2| Z|Z2| Z|Z 0 O|&a|lwn|la 0
Asbestos 8 2223|1937 47 4216
Shift work (including flight personnel) 1957 1957
Mineral oils 296 470 902 55 1730
Solar radiation 1541 [54]
Silica 907 907
Diesel engine exhaust 106 695 801
PAHs: coal tars and pitches 475° 475
Painters 71 282 83 359
TCDD (dioxins) 215 74 27 316
Environmental tobacco 284 284
smoke (non-smokers)
Total registrations attributable 550 14| 1969 18| 56| 38| 5442(1937| I5| 2862| 140| 188| 33| 126 27| I57 26 13,598
: to occuEation
Total cancer registrations 9878|3933 43,202 | 2612 (2112|5202 (37,378 | 2037 | 189 | 67,220 | 8236 | 7488 | 6197 | 378| 1063|7970 22,034 339,156™
in GB (2004)K

6
British Journal of Cancer (2012) 107(S1), S3-57 © 2012 Cancer Research UK



Table 2 Cancer registrations in 2004 attnbutable to occupation by exposure and cancer sites with at least 14 total attributable registrations

Cancer site?

in GB (2004«

£ | X .
« o » A . 8 Total attributable
. . £ 0| d o e % =~
Carcinogen or occupation . ol x| x| @ S|& U - @ Y N _cancc?r b
ol c| & 3| S S| ol 0|0 & 4| o] 2 ¢ £ U registrations
0 'E ] t‘ 5 c (%] (%] Z I %] ® 0 v c
Kl C bl Q a 0 5 0| o 0 > | C s 8 ]
m | ol O3] 0 2|Z|Z|] 2 Z|0|/0|&A|lwn|an 0
Asbestos 16
Shift work (including i E i\ 1957
Mineral cils HI_EﬂZ, ;E ﬁ j( 75 /\J 1 3 , 5 9 8 1730
Solar radiation — O O 40 1541
e ETDOHA ;
Diesel engine exhau £ 3 3 9 y 1 5 6 [ 4 % 801
PAHs: coal tars and = 475
Painters 359
TCDD (dioxins) 215 74 27 316
Environmental tobacco 184 184
smoke (non-smokers)
Total registrations attributable | 550| 14| 1969| 18| 56| 38| 5442/ 1937| 15| 2862| 140 188| 33| 126 27| 157 26 IEI,598il
to occupation
Total cancer registrations 9878|3933 (43,202|2612 | 2112|5202 | 37,378 | 2037 | 189 | 67,220 | 8236 | 7488 | 6197 | 378 | 1063|7970 22,034 339,156™

British Journal of Cancer (2012) 107(S1), S3-57

© 20172 Cancer Research WK
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HENADAN=_X L :DNADBSA INT A

NATIONAL CANCER INSTITUTE

Q) | (O
[‘%  DNA
| DNA is a molecule in the cell
| nucleus that contains instructions

for making proteins. It is made of

four different bases: adenine (A), — C H A N G E S ——
thymine (T), guanine (G), and

cytosine (C). A segment of DNA that AN D CANCER
contains the information for making

a protein is called a gene. In the
process of transcription, DNA that

T e e el HOW GENETIC
messenger RNA (mMRNA). IN FORMAT'ON
DNA CREATES PROTEINS

RNA

mRNA is also made of four —
bases: adenine (A), uracil (U),
guanine (G), and cytosine (C).
mRNA moves from the
nucleus to the cytoplasm
where it interacts with
ribosomes, the protein
factories of the cell. There,
through a process called
translatlor_r, mRNAis MRNA
translated into amino acids.

A sequence of three mRNA

bases is called a codon, and

each codon is translated into

a specific amino acid. There : b4 i .
are 20 different kinds of ; o | B
amino acids in humans. SRAERN: REA:

)
—— (6)
© @

PROTEIN

As an mRNA molecule
is translated, a chain
of amino acids is
formed. The chain
eventually folds into
a three-dimensional
protein. The shape of
a protein determines
its function. Proteins
have millions of
functions in cells.

Ribosome Growing P
protein chain{

Amino acids

Codons

TYPES OF GENETIC MUTATIONS IN CANCER 12

NIH National Cancer Instititue & )
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MutationD & %8

MISSENSE MUTATION NONSENSE MUTATION
Gon GG M ow Gon TG GG T AL

Original TRP Amino Original TRP VAL | Amino
(leucmel (tryptophan) (valmel | Acids , “’“C'“" (tryptophan] (valine) | Acids
00D Bog |~ {Tc ~
Mtalion | gy} CYS i VAL |Anino Mutation | | 1) @
(leucine)  } [cysteine) : (valine) | Acids (teucine) ' (stop)
A missense mutation is a change of a single DNA A nonsense mutation is a change of a single DNA
base that results in a change in the amino acid base that creates a “stop” codon, which terminates
sequence. Sometimes a single amino acid change translation. The result is a shortened protein that may
can greatly alter the protein’s function. not function or that may have an abnormal function.

FRAMESHIFT MUTATION CHROMOSOME REARRANGEMENTS
m m M DNA DNA is wound tightly into structures F “

s called chromosomes. Chromosome
gwa LE!J TRP VAL :'t‘:‘d“s“ rearrangements can occur when a
(leucine) (tryptophan) Ivaline) piece of a chromosome breaks and

spsssEEssussEnEELsALEE LS is lost entirely (deletion), moves to a
m ; m @ + DNA different chromosomal location
Mutation LEU ' MET GLY E Amino (translocation), flips directions
(leucine) E(methionine] (glycine] ‘; Acids (inversion), or is repeated (duplication).

These rearrangements can alter
several genes at once. For example,
they can generate fusion genes, in
which parts of two separate genes are
joined together. Proteins made from
fusion genes sometimes cause cancer.

A frameshift mutation results from the addition
or removal of DNA bases that shifts the DNA
sequence and the corresponding amino acid
sequence. The result is a protein whose sequence,
structure, and function are very different from

those of the original protein. CE]HC@F.QOV/QQHEUCS

14
NIH National Cancer Instititue & )
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HEHDPAA LT —R—

FHNAA = T —XZ— (I carcinogenic initiator) & lZ. DA
DERERMED 5> B, HHIEDODNAICEGEZ 52 TRAZTEZ I
CITYMEDZ L xBTS, BNVAA I —Z—F, DADH
FIZBWTRHD—FLERLIYPETHY . DNADEEICKHE
AR B2 RI-TEEZHNT S,

—REDBAYE EEDNAZTIILFILELT S

“REHFAYE
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TS Cosmetics

Environmental

EEN T RR— R —

B, Xenobiotic: £ 1K EY)
Drugs
pollu:&
Mutagenesis

Xenobiotic ‘ Carcinogenesis

oxidatio CYPs
Vi)
E 74|
S V UDPGA (bioactivation route)
O
A 0 Transferases GSH
PAPS
/_\ s J
oA Conjugate ‘-O-GA
(deactivation route)
Phase Ill (extrusion) ABC
?jli H SLC Hepatocyte

v
Conjugate clearance (elimination)

FFHRICEITH2EAREMRBEERRAZTIRIZBITACYPO FILILGZRE], CZTHITRL
feFOXILEIZIMA T, CYPIX, BB A GEKRAE IR RICEMET S, 20
J. Xenobiot. 2021, 11(3), 94-114;



- BEYTHHEFMELRYRAEND ESDRIE

- EYPRHZR DBERIIFREICZCHFE MEEMOBRICLHFET S
- BB EIEDZHRKIEICLTEHELPT TS

-5 1 HREE ¥ 2 OLP450 (CYP) IZ & HE&IEHEE

l:u';'z':

- [EREDEYDOKBTEZEDDIRIET, KEEZEAT HRICHKEKR

o hranpas R ROH  —EfufthnRis% msg
DR P<450 [Fe%]  wpmn
EEORE I
RH-P-450 [Fe3*] RH-P-450 [Fe3*]-0
P-4500 2 T
RH-P-450" [Fe?] RH-P-450 [Fe3*]-0,%
BROHS A v P-4500058 5

RH-P=450-[Fe%*]1-0," B



Cytochrome P450 "Cyto": #iA8 (kytos = &) , "Chrome": €& (chroma = &)

Klingenberg MZyrFED IO — LIC—BEIRFBEFEEL T 450nm [ZHRIRABKZERT
“Carbon monoxide-binding pigment” DFEEZHE R pldET AL

ERRR], £, SYMENICEZLGIEFISTF L EYVORBICEE T IREENLIV/INVEDR
—/IN\—D73)—ZERT D,

E3d EN KN ﬂ =N sozyme RIS % T BEETH B,

Rootsymbol A dnity 235 dnity Widiype MR B - HTE - SEERCHR
for CYP genes with other with other identifier most common 7:[ % E%%
Sfepenie | Cfes L7 FrFF—+ (CKM,CKB) "B
Superfamily Family Subfamily  Isoenzyme Allele
K1CYPEKIUEERT A VT A ACK D THREENDEEMDEIR TS RE, ENSDEK
AZLICAS5 Uz,
o —
m':'%;:) = CYPPZAYHA A
— 1B1, 7A1, 7B1, 8B1, 11A1, 11B1, 11B2, 17A1, 19A1, 21A2, 27A1, 39A1, 46A1,
AFO-)b
51A1
Egry=ly) 1A1, 1A2, 2A6, 2A13, 2B6, 2C8, 2C9, 2C18, 2C19, 2D6, 2E1, 2F1, 3A4, 3A5, 3A7
BRAAES 2J2, 2U1, 4A11, 4B1, 4F11, 4F12, 4F22, 4V2, 4X1, 421
:IE4JUJ4 4F2, 4F3, 4F8, 5A1, 8A1
Evy=> 2R1, 24A1, 26A1, 26B1, 26C1, 27B1, 27C1
ABH 2A7. 281, 2W1. 4A22. 20A1

22
=0V — ACYP(WEE TASAE L TOCPR)IR, = 1> RUPCYP(WEE THS

HRELTOT BLJ RS UIT RL I RES U LAY — D) E, PMID: 34206277 J. Xenobiot. 2021, 11(3), 94-114;
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TREVAYE  EFARBICLYKEF GREF) EZFOL5ICH-HD
IRFVR, ZbhLZTOLAF Y AFIVATFAVEERTDEHDOHZ N

7L IV{LE Hac‘n—N=o
H4C
s AIVEKR=Z Y LA F Y R-CH2~ CAFLZFAY T IV
o e 0
- BERFIETRE T F C/_\C 777 x> vB1
H"y \H THEFLR P
H H 3EED T — T}mz%vrﬂw/ﬁm7m
Wy (X2 Fv) 2#EBEXPICFOLLE
W) D HFEFR

7Y—T I LH N+ s NHz
b= LAFY AR-N*-H BF7FNT>

7 —VE  BRIERCEYD 5 FBERE L DKERRFLUEZ RV R T E OREIR

7 5 L% LALH AT RUEL Y
CEEETHEES R @ “
AR OOQ

TIILFILE  BHFEERR(TL—V)ETILFILENMEEGLIZDLD

NADR—=2y o AT L)



WA= T —45— RUVJ[alELY

ZIn B B HER1E7KZE (PAHs ; Polycyclic Aromatic Hydrocarbons) DT &D
FHRERELTCT. AREAVAERBRET S, O—ORETILEZH LOEETOLR , HiRfFEE

AN

BmaET 58 TEERIN AR BEXEOA., EEYH. YRGBT EIZEEND
IARCIZEBEHMETY IL—T1 (EMILTEINAELH D) IZHEINS

Benzolalpyrene

RvYylalgL v

(I

: OH

SH
(-)Benzo|[a]pyrene-7,8-dihydrodiol
RvYalgb v
78-ekrasF—n

O} , 2e~, 2H"

H,O

N

Epoxide- hydrolase

>
CYP1A1 / cvpm
IRF Pk

CYP1A1 "©
(+)aer3zo[a]pyrene-7.8-epoxide ﬁﬁ@ﬁ%?
RvYJalgby 78-TRFIF

£ 5 = O
OO ~N RISHESFLN
\ \’ ,O
CYP1A1/ CYP1IB1 U
OH

CYP1Al =0 (é)H
CYP1B1

(+)Benzola]pyrene-7,8-dihydrodiol-9, 10-epoxide

78-YE FAYF—1-9,10-THF ¥ F

Drug Metabolism L.A. Stanley, in Pharmacognosy, 2017
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ERNHERIC & 2 EDPNAYB ORI EeEBOBEE 5| SR

a 24-h metabolic cages
A 4
Q* BBN | H,0 H,0
C57BL/6J mice
Q&Q ABX-BBN
7 Week -2 9 3 7 1‘? 20
c BBN in drinking water i
357 P=16x10"° BBN d e
< [ . P = 0.61 . P =0.00231 P=0.39 P =0.00233
I Bt AR S . 23 i
I T T 1 x 10% :
25 4 \/\/N\/\/\OH : A
o I .
g BCPN <= ° i
£ 2. Ox T 1x10¢H 5 1x10%7 :
..E \|}| 0 é .. E : Time point
8 151 \/\/N\/\AOH -g % ® : ® 3 weeks
é g 1% 10° - ° . E 1%x10"9 4 Li A . A 6 weeks
101 B Sarcomatoid carcinoma © : A 7 weeks
B invasion é Al H 12 woels
> I carcinoma in situ 1x 102 4 1x1004 & : (S’(;u;N
0 | | Non-cancerous . . h i ] ABX_BBN
EBH = SRX=SEH BBN BCPN BBN BCPN
N- 7FIL-N-(4-E FOFTTFI)-ZFOY T IVBBN)REDZ FOY T
UM EMIEINATFERT B EPAONTWD, RBEYMTHEN-7
7-JI/-N-(3-7'7}1//TﬂF‘/7 OEJL)-= kA7 2 > (BCPN)IZ. DNA{TIIATE 20

REBLTREBLMRZFET 2 KBELEHNEESETIEBOND

Nature 2024 Aug;632(8027):1137-1144.
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N TAOT—X —

ENAZ7OET—X— (IED2HA AT —K—_ Z&: carcinogenic promoter) & (&, D
AR DIBIEZIRES 2MWEDZ L &FET, BVWATOE—X—L. HAMED
TE2FTCOEML7TOLRICESELTEY . PADRECETICEERKRE %
R71=9,

HEKHNAZTAE—X—IE. DNAICEBEEESZ 5 R 2 DITTIEAEWLA, HAMIZIE)E
SHEBHZET, BFONAMBEEZEC L. DNADETEZRET I ENTONT
W5, BIZIE. FFREA’AD—EDRENAZ7OE—X—IL, FFIEOMASIETE % (21
L. DALY LV ERCIBIET 2 L1285 ENREINTWLD

BiE B
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Gastric pit +" | Extracellular

Cell
membrane

oooooooooooooooooooooooo
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CagAR >INy
%17 L 7=CagA X //\7’f'f i’ﬂﬂﬂﬂﬂi )%7_
SRC7Z7IV—DFAIVFF—H (L > TEPIYAERMiL TF O v U VR,
U VB S N7=CagAlSTHIER Y 7 FIIVRESFEHAEERA L. N0 OESZIEEL
KAE. ROS CEMRERERE) MEMML. DNABEIFZRINDS, 5/ I v I/ RE{LHERT S

‘l’ Nature Reviews Cancer volume 4, page5688§6294 (2004)

FEH A



https://www.nature.com/nrc

Tm‘ c BUVE A
~;,‘~’: '-\‘Y)
Sy - SRS

FoygEao=——mik 1

(7 SHFILIRRYTADFEA

BMNA

33
J. Pers. Med. 2023, 13(9), 1325



7/ /NIILEXR—ILDRNE FFlg~ DEE

A TIE, PBIZY T 7T REBOGABARBIRICHEE T 52 &L Y. =2 —0 Y DGABARGE
wiEE L, YT RAEEEXEMNI Y., BIEFEZ LR85, FFETlE. PBIFEENS L O
BENGAHDZALZBLTHZBORSTBREEY b7 v ZFE L, EYRHF., BEL7/ILd—X
DRH. BLOMIBEICEEYT 2 BEFORREZZEILIHE 5,

Phenobarbital GABAA

Receptor
Oﬁ><(o =

N N
H/T\H
o)

¥
: > Py
D >
5 2
3
Promoter // -

¥ 24K :nuclear receptors (NR); #8 R HI7  FO R 22 2R {A(CAR, NR1I3),

TUTFUXZRIKRPXR, NR112), TRFAS U ZBK o (ER o . NR3AT)
CAR (Const1t[13t1ve Androstane Receptor)

Enhancer

Shuaigian Men, and Hongbing Wang Drug Metab Dispos

Copyright 202203;2%513; f’ig -AZn::-(?rican Society for Pharmacology and Experimental Therapeutics ?h S I:l E T M ETABOLISM
AND DISPOSITION



EAALTHAE—X —

OCO(CH_)12CH;

SO 10-0-T NI TH /S A IRILIR—)L-13-7 £ 7 — ~(TPA)
o BIRTHBH/NX (F4: Croton tiglium) DFEF

aEL

U vE{tEEE (PKCa)

f=Z>T— 3V ‘

70— aveERETS .
— o - e o N
RAEC DU B OER T IR YA

¥

o itV o EE{LEEZR(PP6?)
e d

FHREE EEZAHERICLVEEINDIEER
7 04/ 714 X (Halichondria okadai) o #]& T EEk 35




EHPAT7AETE—X— B=ITDIFIR

Article

Lung adenocarcinoma promotion by air
pollutants

Nature. 2023 Apr;616(7955):159-167

https://doi.org/10.1038/541586-023-05874-3  William Hill*'?%, Emilia L. Lim**'?%'7, Clare E. Weeden''?%, Claudia Lee'*?,

) Marcellus Augustine***, Kezhong Chen?®, Feng-Che Kuan®’, Fabio Marongiu®?,

Received: 17 June 2022 Edward J. Evans Jr%, David A. Moore'2'%, Felipe S. Rodrigues™, Oriol Pich', Bjorn Bakker',
Accepted: 21 February 2023 Hongui Cha?'?, Renelle Myers', Febe van Maldegem''%, Jesse Boumelha',

Selvaraju Veeriah?, Andrew Rowan’, Cristina Naceur-Lombardelli?, Takahiro Karasaki**™,
Monica Sivakumar?. Swannanil De?. Debarah R. Caswell'. Ai Naaano'?. James R. M. Black®".

Published online: 5 April 2023

- BUNRI IR B IC L A REVEED ., BAATEICE L TOWSPARENRELRTE
EHROIBEZRET A2 & TCREDEITZR IS W) AIgEEEZ "KL 7=
41 E GEE. 8B, BE. hF4K) TOFMT, BEIN-PM25OEEA LR
ITBHZEELEGFREEMMDADERERN EF T 5

- PM2.5i3. fiAAD2DOD~Y T RETI (EGFRET I EKrasET L) I2HEWT,
KIEZBALSIE, BEOETEZISHIEET D tbﬁméﬂ%

- PM2SAENDVNATAE—Z—C L TIEAL, BICEEL WA EEFEEMREZ 15
JBX 1 5 A EEME

36



bHERBELTFNMEMZXITTHEIR - 1BE - HREICETZ2 /L. TDORBR.
FEMREONAZSIERITIOLGIEDDIEZ WD, TDEE, BiizxT
5 HIDELET & ' AJFREIRF (proto-oncogene)

TR VICHEE DL AT TRT4ILR (LEOT4ILR) HosriehRBDOHD 5

- I8JEKF Simian Sarcoma Viral (v-sis): PDGF

- IBIBRF Lt 7 X — FGFR3: #RMEFMHAIRIER 7L 7 % —
- rasH A BIETF H-ras. K-ras, N-ras: GTPase

- MifgE+*+—+ BCR-ABL FAOY>F),—+

- BRBKF  C-myc : &5 BRHF

TR —=RKZ %7 bel-2

37



MNABIET ras

RAS & > /X7 [2188-189 D 77 I / BEH B R 5 #21kDa DGTP fE& X > /37 T,
KRAS. NRAS. HRAS O 3FEFEDOT7A Y 7 #— LI EFEELF T,

KRAS H'12 FHFZEAR, NRAS '] FFEEAR, HRAS H'11 HERERKIZAET 5
K-ras ©: (Kirsten” v FAET A LX)

H-ras - (HarveyljﬂJEH] 4L R)

N-ras :  (Neuroblastoma)

KRASELETFDERE(FFENAEBEDISUU L THER I N, KBV A, DA, ZF
HEHE. FEEIPALBREDEETHLHERINT LS x1,
HRASEETDZERHINHEREIND Z L IFENTH D, BEIA AL FRRERA AL
DEETHETEIN TS

waLm%@zﬁﬁﬁ INTWBDIE, FENVA (BEEERE) CZREESH
EORBETH B,

* 1 Cox, A.D. et al.: Drugging the undruggable RAS: Mission possible? Nat Rev Drug Discov. 13(11): 828-851, 2014.
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DNA repair

Apoptosis
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Major deleterious DNA lesions induced by methylating agents

H,N
= (";t-i3 IBNA
OG-meG 3-meA 1-meA 3-meC
7 L ILIEDNAIBIE S REER
Alkyltransferase R—
=06 methyl m AAG ABH:AIlkB homolog,
guanine metyl AAG :aII<y$ Tenine DNA glycosylase
transferase + APE1 + 0O,
(MGMT) + XRCC1 + 20G
+ POL B
+ LIG3

cys

m Free 3-meA HCHO
—— + CO, 44

+ succinate PMID: 17112791



DNA X X —< & DNA&IE

X-rays _ X-rays
Oxygen radicals  Replication UV radiation Antitumor agents
Alkylating agents errors PAHs  (e.g., cis-Pt, MMC)

Abasic sites A-G Mismatch  (6-4)-photoproducts Interstrand crosslinks
F 8-oxo-guanine T-C Mismatch CPDs Double-strand breaks
Single-strand breaks Bulky adducts
BER Mismatch NER Recombinational
repair repair

DNAEIE D X 73[R [E & DNAEE 2R (de Laat 51999k UKZE) : BER : IEEREEE. NER: X4
LAF KBREEBE. CPD: o0 JA RBEY) IOV 8K, cis-Pt: OXRTSF  MNC: <
S ¢ 45
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DNA repair

e.g. oncogene activation
mutations in p53 and
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blebbing phagocytosed. No inflammation.
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Plasma membrane rupture.
Cellular and nuclear lysis
causes inflammation.

Cell swelling
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Proteasome
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Epigenetic modifications

Commonly used evaluation methods

Histone modifications

Waestern blot

Mass spectrometry

Chromatin immunoprecipitation (ChIP)
- ChIP on chip (microarray)
- ChiIP sequencing

Methylation-specific PCR (MSP) Whole-genome
bisulfite sequencing (WGBS)

Reduced representation bisulfite sequencing
(RRBS)

DNA methylation Bisulfite pyrosequencing
Combined bisulfite restriction analysis (COBRA)
Methylated DNA immunoprecipitation (MeDIP)
AFIE Mass spectrometry
RISC Single miRNA quantitative RT-PCR
miRNA mm’ \ smallRNA sequencing
. ¥ 3 . .
Non-coding T ——— miRNA microarray
i Single IncRNA titative RT-PCR
ingle Inc quantitative RT-
A messenger ANA M 3 RNA sequencing
L e e e e ——— )’
Abbreviations: Ac — acetylation; Ph — phosphorylation; Me — methylation; Ub — ubiquitination; Su — 59

sumoylation; PCR — polymerase chain reaction; miRNA - micro RNA; RISC — RNA induced silencing
complex; IncRNA - long non-coding RNA

Mutat Res Rev Mutat Res. 2016 ; 768: 27-45.
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M ABUNEREE  (tumor microenvironment, TME)
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FFH AB/NRIE  (tumor microenvironment, TME)
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Tumor exosomes promote cancer metastasis
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senescence-associated secretory phenotype (SASP)
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Oxygen Radical

Guanine
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