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AOP koncept

merse Outcome Pathway”

b

o

©  princip zhromazdovani informaci vedouci k propojeni

ju znalosti, které popisuji mechanismus ucCinku urcité
1 chemickeé latky s praktickym stanovenim rizika a
E: nastavenim regulacnich norem

I « komponenty AOP:

o) » MIE — molecular initiating event

B > KE — key event
» AO — adverse outcome
» MOA — mode of action

Carusi, 2018, Sci Total Env



AOP koncept

Predictivity of measurement for AQ decreases
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Deregulace signalni transdukce

/-rf;né uhly pohledu:

b

i: » dle sta;tdia zr’alosti organismu (vyvijejici se vs. dospely
I vs. starnouci)
{r » dle tkané (jatra, nervovy systém, gastrointestinalni

< trakt, plice ...)

[: » dle délky ¢asového okna plsobeni toxické latky

N (akutni vs. chronicka expozice)

» dle typu a povahy toxicke latky (kovy, organické latky,
Castice ...)




Deregulace signalni transdukce béhem
vyvoje

e

» Citlivost plodu vuci pusobeni cizorodych latek se liSi v
prubéhu jeho vyvoje

» béhem organogeneze organy vykazuji své specifické
,OKNo" citlivosti



Deregulace signalni transdukce behem
vyvoje
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Figure 25.1 Sensitivity of the developing mammalian fetus to structural defects by
xenobiotics over the course of gestation. Source: Wilson, J. G. (1973) Environment and Birth
Defects. Academic Press, New York. Reproduced with permission of Academic Press.




Deregulace signalni transdukce v
pozdnim veku

7~

» starnuti vyznamné ovliviuje citlivost organismu vuci
L xenobiotikum

F » oslabeni organovych bariér (strevo, BBB, kuze atp.)
|

L » xenobiotika mohou indukovat chronicky zanét a

: pfispivat k aberantni stimulaci imunitniho systému

» bioakumulace environmentalnich polutantu roste s
vekem




Deregulace signalni transdukce v
pozdnim veku

Functional Exposomics

U%% m*“‘g“

Precision Exposomics

Precision Medicine

2800 B9 AT

Risher, 2010, Rev Environ Contam Toxicol
Tanner, 2020, Int J Hyg Environ Health
Zhang,2021, Environ. Sci. Technol. Lett.




Toxicita v kontextu fyziologie

ﬁharakteru signalni disrupce rozhoduje do

‘ znacné miry intenzita a zpusob metabolizace
xenobiotika a tkan ve které k expozici doslo

F » Xenobiotika mohou spoustét nezadouci
’ toxicitu pouze v urcCitém stadiu vyvoje organismu
Ef_ disrupci specificke signalizace

» Davka xenobiotika se rovnez vyznamne podili
® na urceni typu a rozsahu signalni disrupce




Toxicita v kontextu fyziologie

; » xenobiotika mohou cilit na disrupci specifické
AL drahy Ci bunécneho deje

F » nebo naopak zpusobovat spise
g necilenou signalni disrupci, jejiz povaha je
E_ dana mj. body uvedenymi vyse




Toxicita v kontextu fyziologie

Brain
Bile

Fetus : Pept1 2 Gut

T pr. vizualizace ulozeni
transportéru
xenobiotik
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» expozice xenobiotikim
muze ve zdrave burice
navozovat Ci
ireverzibilni morfologické
zmeny, ktere vedou k
bunécné dysfunkci, pfip.
smrti

Toxicita na morfologické urovni bunky
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Deregulace signalni transdukce xenobiotiky

» povrchoveé receptory — EGFR, Wnt, NMDAR

» prenaseci signalu z povrchu bunky- G proteiny
n » MAPK/p38, MAPK/ERK
F » SRC, mTOR

> JAK/STAT, NFkB

E; » Ca?* signalizace
. » deregulace bunééné komunikace

» regulatory transkripce - HIF1a, AP1, p53

» jaderné receptory, lipidy, apoptdza, autofagie &
oxidativni stres — prof. J. Vondracek




Cytoskelet jako regulator signalizace

The Cytoskeleton Controls Signaling

(A) Mechanotransduction: (8) Plasma membrane:
focal adhesions microdomain formation
1 Plasma
» cytoskelet reguluje s — s membran:
’ . . ’ @‘?‘c@’ GPCR
silu, lokalizaci, délku iy
V4 r . " e =
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Cytoskelet jako bunecny cil xenobiotik

» Xxenobiotika ovlivnujici dynamiku cytoskeletu
‘ dereguluji signalni transdukci na mnoha urovnich

e
je » cytoskelet predstavuje vnitrobunecné leseni klicove
!

E

:
’
I
2
&

mj. pro deleni bunek a jejich motilitu, pro transport
organel a jejich funkci

» pf. mitochondrie - role cytoskeletu v apoptoze
zprostredkovane mitochondriemi, jejich dynamika a
biogeneze

» translokace organel po cytoskeletalni siti —
endoplazmaticke retikulum, vacky




Cytoskelet jako regulator signalizace

Microtubule
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Cytoskelet jako regulator signalizace

Mitochondria

L/
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Mitochondrial apoptosis Mitochondrial dynamics Mitochondrial biogenesis
{ Fission machin Fusion machine
, VDACL i " f Nucleoid
¢ o1 MFN1
. Cytochrome ¢ J MNADH dehydrogenase (complex I}
Drpl oli
a rpl oligomers \ MFN2 ‘; - o ; _—
) Drpl receptors /Il Succinate dehydrogenase (complex
Actin cytoskeleton and ABPs el g L
Coenzyme Q- cytochrome ¢ S| v
‘ INF2 reductase (complex IIi) .,O_‘:
L Dynamin s 5
\ SpirelC ' Cytochrome ¢ oxidase (complex V) o
% F-actin
TP h |
e ATP synthase (complex V)
& -
. Ubiquinone or Coenzyme Q (CoQ)
| Myosin II . Cytochrome ¢

lllescas, 2021, Frontiers in Cell and Developmental Bioloqy




KONTEXT !

Endopiasmic
retieuium (ER)

Urine gt
862 } 25 Moiecuiar Mechanisms of Developmental Toxicity
0]
amatane — ER gwsfing
z
Bile = i cel
ﬁé 5 § }— Functional maturation - aneling —.
=
3|18 £ -
HIER . £ T
g, F E Histogenesis —' o Ky . Micenandrial
2 l by sosommes awslling
(=] ’
mall densiiey
¥ |- Organogznesis | i
Rusture af P i
| Embryonicperiod || Fetal period | jeciongsand
~ Delocis in
coll membiang
Gut Figure 25.1 Sensitivity of the developing mammalian fetus to structural defects by R
e, : 5 8 i tgures
xenobiotics over the course of gestation. Source: Wilson, J. G. (1973) Environment and Birth o
Defects. Academic Press, New York. Reproduced with permission of Academic Press.
" wliwechandrial
sualling
" Large daniies
Karyorrhes
A . o
s A Sliding : TAC
NUCLEUS 1
NUCLEAR ENVELOPE 1
NUCLEOLUS 1 g
ROUGH ENDOPLASMIC CHROMATR 1 /
RETICULUM NUCLEAR PORE 1
1 EB1
PEROXISOME BCSEE : —
SMOOTH ENDOPLASMIC 1
RETICULUM ER Microtubule '
GOLGI APPARATUS ——____
PLASMA MEMBRANE B SOCE
R R

MITOCHONDRION

ok p
SECRETION FROM THE CELL }
! i Fasionucy  Fuslon machinery 7 v
o
IR — s ¢ R e -
) oo s \ . . Ca2+ dapienon independent
EE T — — and STIM1 localization
LYSOSOME 4 Actin cytoskeleton and ABPS. 'T. ey e e § ,eam,,qs,,,em oPM

4 8 _—

CENTRIOLES RN wez reducie comaen ] ]

MICROTUBULE |2 e &

seic [ rer———

W nacive st ) crac cramel
\MM STIM! s ER tubule

QEB e icrotubile

Factn
i A1k b {camples 4]

[ e ——

[ [ Y— Gurent Blogy

—t.ieF
&




Priklady ruznych kategorii xenobiotik

d » Leéciva
NG - androgennni agens, nektera ATB (tetracykliny),
" protinadorova leécCiva, antikonvulsiva...
!
{: » Environmentalni polutanty
T - PCBs, PAHSs, t&Zké kovy, PFAS...
E\ » Navykové latky

- kokain, alkohol, ketamin...




Vyvojova toxicita — deregulace signalizace

Period During Development Signaling Pathway Used

Early development (before organogenesis and 1. Wingless-Int pathway

cytodifferentiation) and later (during growth 2. Transforming Growth Factor 3 (receptor
and tissue renewal) serine and threonine kinase) pathway

Hedgehog pathway

4. Receptor tryrosine kinase (small G

proteins) pathway

5. Notch-Delta pathway

. Cytokine receptor (cytoplasmic tyrosine
kinases) pathway (STAT pathway)

o
o

"ie<d 2 N
o

]
. Middle and late development (during 7. Interleukin-1-Toll Nuclear Factor-Kappa B
organogenesis and cytodifferentiation) and pathway
later (during growth and tissue renewal) 8. Nuclear hormone receptor pathway

9. Apoptosis pathway
10. Receptor phosphotyrosine phosphatase
pathway

Larval and adult physiology (after cell types 11. Receptor guanylate cyclase pathway
have differentiated) 12. Nitric oxide receptor pathway
13. G-protein coupled receptor (large G
proteins) pathway
14. Integrin pathway
15. Cadherin pathway
16. Gap junction pathway
17. Ligand-gated cation channel pathway




Lécivo - Thalidomid

g » embryotoxicita zoé

© - nedovyvinuté kondetiny o

0
nm - 1957 — lek Contergan (Griinenthal) @f: C):

!
{:’, » inhibice angiogeneze, indukce sedace a perlferalnl
' neuropatie

» imunomodulator, protizanétlivy efekt

» protinadorova IéCba — mnohocCetny myelom

Mellin, 1962, N Engl J Med
Franks, 2004, The Lancet




vo - Thalidomi

Lec

Therapontos, 2009, PNAS



Deregulace NF-kB a HIF1a signalizace

» pF. thalidomide
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Figure 3: Mechanisms by which thalidomide modulates immune responses and

angiogenesis
Mellin, 1962, N Engl J Med

Franks, 2004, The Lancet




AOP koncept v praxi

Proposed AOP: embryonic vascular disruption
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Tezke kovy - pr. Olovo

m;iem’ vy&&i hladiny olova v t&le v dasledku chronické

expozice - mesice, roky

7 » Prachové dastice ve starych budovach, priumysl (barvy,
'i renovace, baterie)
{' » Vyznamne negativnejSi dopad otravy u déti do 6 let véku

I

: » Organove deposity - CNS, ledviny, krev, jatra, kosti/zuby

» Bunécné specifické signalni disrupce

» mimikuje ionty zeleza a vapniku | Metryka, 2018, lIMS
Singh, 2018, Chem Res Toxicol

WHO
Caito, 2017, Adv Neurobiol




Indukce oxidativniho stresu

» pr. olovo

Cosmetics and
Automobiles Fertilizer and
and Paints Pesticide
Mining and

-au Smelting of ores

L/

N
S
’ - Bioaccumulation 0,

< ® . "

[ B 28

o HO,* [~ Generation of free radicals ———| *OH

P |
% Hocl- | {ro,e
Neurodegeneration Anemia =y DNA damage
damage
J—e .‘ Phytochemicals |
Mitigation

of toxicity




Deregulace Wnt signalizace a G-proteint

» pr. olovo
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Deregulace Ca?* signalizace a aktivace AP1

» pF. olovo
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» pf. specificky mechanismus .
v . 4 o Presynaptic
vyvojove neurotoxicity olova

®» vazba olova na receptory
glutamatu (NMDAR) vede ke
snizeni fluxu vapniku do
postsynaptického neuronu

Glutamate @ @ .

» snizena hladina vapniku ma
za nasledek oslabeni CREB a
MeCP2 transaktivace, snizeni
exprese jejich cilovych genu
(Bdnf), které reguluji
uvoliovani neurotransmitérd v
synaptickych vaccich

Dendritic spine

» podobné funguji disrupce
navozené anestetiky napr.
ketamin

yw TrkB receptors

e

= l[Caz*]l _

Deregulace synapticke receptorove signalizace

l BDNF release

Cell body

.} 5 {1 Phosphatases

| Nucleus -
CREB phosphorylation
pS421 MeCP2

i g Bdnf

JProBDNF

Golgi

Hu, 2014, Plos One

Neurotoxicity of Metals, 2017, Advances in Neurobiology



Deregulace Wnt/b-catenin signalizace

» pr. deregulace
synaptogeneze
developmental
ni expozici
olovem
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. l Hu, 2014, Plos One
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Polutanty - PCBs

. 3 2 3 2
I —_— CI
| /
o 4\ \ /4r
NS _ /
b 5 6 5 6
--'l
!
: » Ruzné zdroje kontaminace jdou ruku v ruce s ruzné
[‘ dlouhou dobou expozice
-
- » AC vyroba zakazana, stale pritomny v prostredi
’ » Ruzny dopad expozice dle délky trvani, davky a stari

organismu




Polutanty - PCBs

=

» Organové deposity - tukova tkan, jatra, kuze

» Signalni disrupce specifické pro bunéCny typ a typ
kongeneru (209)

» PCBs dioxinového (DL-PCB) a nedioxinoveho typu (NDL-
PCB)

ATSDR

WHO

EPA

Wayman, 2012, Environ Health Perspect




Ca?* homeostaza vs. apoptoza

» spusteni signalizace

pro programovanou bunécnou
r smrt pres deregulaci
. homeostazy Ca?* iontl

> » DNT expozice Aroclor1254 a ,;;'-?;--':--,'j--*',.-‘{.,. Ry

1' , , -:_-J:.' .‘. .‘..":1 ! .:. ! '1_: -t;- :
[ detekce apoptdzy S A

:

&8s

¥ Apoptotic cells | 0.06mm2

Yang, 2010, Curr Neuro 0 1

A1254 (mgikg/d)




Ca?* homeostaza vs. apoptoza
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AhR, EGFR, MAPK signalizace

» pr. DL-PCBs a PAHSs aktivujicich AhR




AhR, EGFR, MAPK signalizace

DMSO EGF PCB126

T L o P T - .
- -' s # - + B
L L CE N " . e oty
-
g fh 2 %
L gy T . . - * . s .} -
. - - L - =@
i LA . Pge b . ol
i @ : e -..‘ . p.-<'l
F . . 4 F/ X TR T 7 g
. S s, . Few ] e . s
¥ . ® . . > an b A sd o
. ' - ¥
. * & . "
. L) - - - - '
. P . o' . 1ret 0 FAEM . " "
» ¢ 8 -y T, Pt L " Ty v a'% pota "
* - - D _ . Y- L~ o S L
" . . T L * - N . = *
)
.
b .
.
.
-
B— 54

T *

B =

L >
g » suprese EGFR
W

Hoechst33342

i aktivace MAPK ]
1 &

4 —

3 -

pPERKIHERK
(fold of 0 min)
F-9
]

T

0 1 5 10 15 30 0 1 2 3 4 5 0 1 5 10 15 30 0 1 2 3 4 5
2.5 uM B[a]P [min] 2.5 uM B[a]P [h] 1 uM PCB126 [min] 1 uM PCB126 [h]

pERmrzF PR ] |_-.—-_—-—- —| [-—-—___] I.-——--........._._..|

tERK1I2E;;_;;;;J |:..;.—_--—‘-=-=.-.;-_—. li.l-—-...__.__ ] |=--==-|

g-Tubulin | —————— ——— —— — el ——— ———

Vogeley, 2022, Env Int




Aktivace AhR a deregulace Wnt signalizace

48 hr Old Larvae

» pr. AhR ligand TCDD
» disrupce tkanove regenerace

Control MO zfAHR2 MO ZfARNT1 MO

DMSO

TCDD

Mathew, 2009, Biochem Pharm



Aktivace AhR a deregulace Wnt signalizace

» disrupce tkanove regenerace

(A) TCDD
AHR2
v
R-Spon.dim
@
®gee

" G
v

<>

Mis-expression of target genes
v
Impairment
of Regeneration

1 Wnt signaling

Mathew, 2009, Biochem Pharm



Indukce TGFbeta/SMAD3 signalizace a fibrozy

» nefrotoxicita

— ] gy IT Uricacid homeostasis
,' '. :._-:'_-'_,'i.?-"" ¥y & ) By | Vs I ( 7N

1 exposure| Feed normally & e

: I—I—_I Synthesis'r Excretion\b

. | pND3  PND21 7 months Y 4

2 Sacrificed Uric acid

‘S m Mitochondrial

d ti A ;
Uric acid"‘d yslumetion Sy NF-kB activation }Flbrosm"‘
v NLRP3 activation | KSI
N ER stress 7 1~

Ruan, 2022, Env Pol



Polutanty - PFAS

> per- a poly-
fluoroalkylované latky-

of. PFOA, PFOS

» obleceni, nabytek, obaly,
neprilnavé povrchy, kuchynské

nacini...

» karcinogeny (testes, slinivka,

jatra, Stitna zlaza)

» PFOA — aktivace PPARalpha
» PFOS —disrupce beta-oxidace

mastnych kyselin

CDC
American cancer society
Zeng, 2019, Env Int
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Epigenetické zmeény, aktivace AP1 a p53

Pierozan, 2020, Arch Tox

» pr. karcinogenni ucinek PFAS
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Viceurovnova indukce zanetu

phosphorylation and
degradation of IkBa

e 8

(@)
% 4 /
e

of pro-inflammaliory genes

NS~

>

Wang, 2022, |IJMS



Infiltrace buneéek IS

» pr. indukce infiltrace makrofagl do tkané
jejuna exponované PFOS

PFOS 0 mglkg PFOS 1 mglkg PFOS 10 mglkg

F4/80




Lécivo - Paclitaxel

@ Yo oo

DHUE
CH»—

» inhibuje depolymerizaci mikrotubulu
» nasledkem je zastava cyklu
» deregulace signalnich drah napr. p53

« Lim, 2022, Paclitaxel
 Andre, 2002, FEBS Lett
e Shi, 2017, Cancer Chem Pharm




Lécivo - Paclitaxel

a

Low concentration: High concentration:
Inhibit Increase MT
depolvmerization numbers & mass,
& suppress MT causing massive MT
,. dynamics g damage
B! e Polymerized MT Lq‘ Cell
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« Lim, 2022, Paclitaxel
 Andre, 2002, FEBS Lett
« Shi, 2017, Cancer Chem Pharm
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Aktivace IL6, TLR, AP1 signalizace

» pf. paclitaxel

i)
L]

_\ (low cong.)
. pharmacological
%

Pacitaxel (Taxo)

{high conc.)*
Superpharmacological

Cell membrane

—

I'U.'I'iurﬂtu bules

independent
pathway

transcriplional factor

Nuclear envelop

Wang, 2006, Oncogene



Mezibunécna spojeni

e
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' : Gap junction
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Pradhan-Sundd, 2019



Inhibice komunikace GJ
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Coid, Cuagramm & o
L
[ =] ? _:.___,_p"
I'—"enmntrai zona . Mldlnhular Zona . Panpurl.al zone = .
i'_ ' & o I e, ] - -""r""-]."‘.
i

@ Ef-’@l@ lo 1o fe

aial P e - - ]
Eurm,.-_.... | !lli'lfﬁ ar LYl R i e B R

C:l.?ﬁ C:l.il - ——
TG VOG0T

Portal yain
Nttt o ool
Coedt, Co33 Cod¥

. l o— Sinusoldal endothsia
' Hepano van Kupifer colk B 3 43 :tul ey 1:::12 Crdl), Crd 3™
- endotheial cats Ca2B6, Cu3Z, Cudd' = Cx37, Gkl © ‘3__'"
ﬂﬂﬂ’* #Y i A X
b | L 9. - uuf: OV W W .
. it BTN F':"T“:‘ |ILI LEREn EE SRR fRERE SR 00 I'-,-J"'1" LTSI T ?x

@ .L‘_ e ?_
|®% @EL% ® ﬁiﬁ <4

H n VY
Connexing i, ﬂﬁ'fny"’ v )
! =— (ntercaflular ek, 1_',-! i
channals Hepatic anery o
endottlial ol 1 -
CudT, Cud, Cadd= =

» pf. NDL-PCBs
- vehicle 'PCB 126 \PCB 153

l" 1‘5 l'"‘h"r"" - e Tl ..41,
11_'-* 5“‘“ ..: I.‘ 5 - ;H‘.-
|

50 uM, 1h

50 xM, 1h
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Deregulace komunikace TJ

» pr. Blood-brain barrier

SN e

N1

Bethsholtz, 2014, Nature




Deregulace komunikace TJ

““|  » pF. PCBs
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Seelbach, 2010, Env Health Persp




Deregulace komunikace TJ

» pr. nanocastice s navdzanymi polutanty na povrchu a prostup

pres BBB

PCB153-NPs_s| IL-6, CXCL-8, CCL-2, |-~

_CCL-5, ICAM-1 ]
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Brain

endothelium Tlghtju nction disruption

Brain parenchyma

WL BN |

Neuroinflammation

N1 ..

i
v % Inflammatory mediators

=

Zhang, 2013, Plos One




Disrupce mezibunecné komunikace AJ, GJ

» pr. AhR ligand Benzo[a]pyrene (BaP)

-

Cx43 6

BaP
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I P'Plj-l'.': } _ degradation ”
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_ GSi{i[_?, t _g. ..... - CHIR99021 P ,

phosphorylation
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@ | cx431
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Won, 2021, Cell Biol Toxicol




Pevneé castice (PM)

» pr. dysfunkce epitelialni bariéry plic indukovana pevnymi
casticemi produkovanymi riiznymi zdroji

Small
airway

» deregulace mezibunéénych spoji, EGFR/ERK a AhR
signalizace, indukce oxidativniho stresu, prozanétlivé
odpovédi




Multiurovnova deregulace signalizace
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Nanocastice (NP)

» 100 nm a méné

W . oy
| '. » prumysl, Iékarstvi
!
: » nanocastice kovu/oxidu kovu (pf. Mn, Au, Ag, SiO,, Zn0O,,
| TiO,, C)
I
..; » akumulace v tkanich — pr. plice, gastrointestinalni trakt,

nervovy systém

» indukce oxidativniho stresu, interference
mitochondrialni activity atp.




Nanocastice (NP)

Inhaled -
nancparticles (NPs) @'®
-

Inorganic nanoparticles

Ag nanoparticle

Carbon nanoparticles

Graphene sheet

Figure 27.1 Examples of engineered nanoparticles.

Figure 27.2 Nanoparticle transport across the alveolar epithelium of the lung following
inhalation exposure to enter the circulation and accumulate in various organs. (Source:
Adapted and redrawn from Kreyling et al, (2010). Nat. Biotechnol. 28(12), 1275-1276.)




Terapeutické NP

» pr. Abraxane - stabilizace |é¢iva pfi prichodu krevnim
recistem

L/

nab-Paclitaxel nanoparticle Cross section

WL BN |

Albumin
Paclitaxel

a

Fig. 6.1 Schematic representation of a nab-paclitaxel nanoparticle. Albumin-bound paclitaxel
nanoparticle has a mean particle size of 130 nm. The interaction between albumin and paclitaxel is
non-covalent. The cross-section view shows that a layer of albumin molecules with a certain level
of cross-linking forms the nanoparticle surface. which surrounds a hydrophobic core containing
amorphous and noncrystalline paclitaxel

Desai, 2016, Albumine in Medicine




Indukce oxidativniho stresu a apoptozy

» pr. terapeuticka nanocastice EGF-LipoAgNPs

S1133 AHLIV3IH

S1132 H3IDNVD

Skora, 2022, TAAP  Santos, 2021, Int J Pharm




Terapeutické NP

mPs jako terapeutické ,batuzky” proti-nadorovych T-

bunék

» vs. nechténd interakce NP se slozkami IS — imunotoxicita

'l (makrofagy, APC, Zirné bunky, lymfocyty)
||| J| inetiuieor

Technology

Smith, 2014, Tox Sci Mitchell, 2020, Nature Rev



Environmentalni NP

Artificially produced
nanomaterials

le.g- Ag nanoparticles in Hﬁ.l H

shampoao)
APPLICATIONS

(LRSS
INDUSTRIAL —

";!E":f"**-l PROCESSES :
L' A iy fi
sg G el Medical released to the
. smok iches fr Food 2 -
“ampuorsaare W environment
NATURAL Technolo gy
PHOCESSES Etc...

Naturally produced
nanomaterials

[e.0. vinses)

» Sirokeé spektrum NP = Siroké spektrum signalnich deregulaci

» pl. ROX, zanét (TLRs, lipidy), endocytoza (“efekt trojského
koné“), EGFR, VEGFR, ER stres, Ca%* signalizace
Martinez, 2021, Materials



ER stres

» pr. nanocastice

nanoparticles
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Khan, 2020, Molecules Li, 2022, Sci Total Env



Shrnuti kvizem

» mezi nejCasteji deregulované signalni transdukce

W cizorodymi latkami patfi: () doplii pfiklady drah
'l
F 1. signalizace ionty ()

% 2. signalizace spojena s oxidativnim stresem a
L poskozenim DNA ()

- 3. deregulace receptorove signalizace ()

4. deregulace bunecneho deleni ()
5. deregulace mezibunecné komunikace ()
6. deregulace signalizace vedouci k zanétu ()




Obrazovy rejstrik diskutovanych
signhalnich drah




L/

WL BN |

a

EGFR signalizace

EGF, TGF-a, 0
other ligands

EGFR or other
family members

r

Tyrosine
kinase

AT U/
2 &% domain

STAT 4¢*

signaling

Membrane-
tethered
ligands

Survival Transcription

s F

Proliferation

Evasion of
apoptosis

Gazdar, 2009

signals

Hallmarks of Cancer

signals

1
‘1

Sustained Resistance to || Invasion and ||Self-sufficienc
angiogenesis | antigrowth metastasis in growth




Wnt signalizace

Y

a Wnit signaling inactive Wnt signaling active

(OOEREDD

Zhan, 2017



IL-6/JAK-STAT signalizace
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MAPK/p38 signalizace

p38 MAPK :';'j_":_
///. -"

(part) () ......@../.® D,

Cell Signaling Technology ;.rm_.mmﬁ




MAPK/ERK kinazy

L/

WL BN |

N1 ..

Cell Signaling Technology




Signalni draha SRC kinazy

Othar RTKs Met PDGFR IGF-1R EGFR HER2

Zhang,2012 TRENDS in Pharmacological Sciences



MTOR signalizace

Cell Signaling Technology



JAK/STAT signalizace

Cytokine/Growth factor
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Hu, 2021




NF-kB signalizace
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AhR signalizace
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p53 signalizace

DNA damage, hypoxia
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p300
SET7/9 PCAF

PMRTS Tip60 SUMO1-3
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Oncogene activation

Hernandez Borrero, 2021



ER stres

L/

WL BN |

B\

Park, 2017

Metal exposure

/

Misfolded proteins or alterations in ER homeostasis
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