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necisténi ovzdusi

Table 4.2 Principal Air Pollutants, Sources, and Effects

Pollutant Sources Significance
Sulfur oxides, Coal and oil power plants  Main component of acid deposition
particulates Oil refineries, smelters Damage to vegetation, materials

Kerosene heaters Irritating to lungs, chronic bronchitis

Nitrogen oxides Automobile emissions Pulmonary edema, impairs lung defenses
Fossil fuel power plants Important component of photochemical

smog and acid deposition

Carbon monoxide Motor vehicle emissions Combines with hemoglobin to form
Burning fossil fuels carboxyhemoglobin, poisonous
Incomplete combustion Asphyxia and death

Carbon dioxide Product of complete May cause “greenhouse effect”

combustion

Ozone (O3) Automobile emissions Damage to vegetation
Photochemical | 3

Hydrocarbons, C:Hy Smoke, gasoline fumes Contributes to photochemical smog
Cigarette smoke, industry  Polycyclic aromatic hydrocarbons, lung
Natural sources cancer

adon Natural Lung cancer

Asbestos Asbestos mines Asbeslosis
Building malerials Lung cancer, mesothelioma
Insulation

Allergens Pollen, house dust Asthma, rhinitis
Animal dander

Arsenic Copper smelters Lung cancer

Hodgson a kol., 2004, A Textbook of Modern Toxicology, 3. vydani



»Tuhle ten hoch co ho chce dat obec do ugeni...Dyby jako
obec chtéla aby se vyugil naramng péknymu femeslu v
kominickém zavodg,“ pokracoval pan Gamfield, ,,tak ja
zrovinka ugednika potfebuju a hnedka bych si ho vzal .«

,Je to Seredné femeslo,“ prohodil pan Limbkins.

,Kolikrat se uz mali chlapci v taky v koming udusili,“
piipomenul jiny pan.

,» L0 jen proto, ze mistr slamu namo¢il, nez ji podpalil v
koming, aby dostal kluka dolu,“ odpovédél Gamfield. ,,To je
pak jen samej kouf a zadnej plamen, kout ho jen uspi a to
maj prave kluci radi. Neni nad pofadnej fajr, kdyz je jeden
chce dostat dolg natotata. A je to taky milosrdny, pani, anzto
kdyz kluk v koming uvizne, tak mu pfipict nohy, hned ho to
popozene, aby se koukal vyskrabat ven.“

Charles Dickens, Oliver Twist, 1837, Kap. 3




Sir John Percivall Pott (1714-1788)
Chirurgical Works (1775):
neobvykle vysoky vyskyt nadort Sourku u londynskych

kominikd — 1. publikovany popis nadorového
onemocnéni souvisejiciho s povolanim

od 80. let 19. stoleti za€al byt popisovan vyskyt nadoru kiize a Sourku u
délnikd pracujicich v Anglii a Némecku ve vyrobé uhelného dehtu a
parafinu — souvislost s expozici uhelném dehtu?

1915 — Katsusaburo Yamagiwa — dlouhodoba aplikace do usi kraliku
nebo na pokozku mysSi zpusobuje vznik nadoru

1922 — Sir Ernest Kennaway - aktivni karcinogenni latka je
pravdépodobné polycyklicky aromaticky uhlovodik; syntetizovali radu PAU
a v roce 1930 poprvé popsali dibenzo[a,hlanthracen jako ucinny
synteticky karcinogen

1933 — purifikace ucdinného karcinogenu 2z uhelného dehtu - ‘O

benzo[a]pyren OOO



Metabolicka aktivace BaP je nezbytna pro jeho
karcinogenni aktivitu
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Mutagenita neni jediny a hlavni mechanismus
pusobeni PAU na organismus

vetsina PAU vykazuje jen velmi nizkou mutagenitu;
spalovaci procesy generuji velké mnozstvi ruznych typu PAU;

koureni €i zneéisténé ovzdusi ma radu negativnich dopadt na
zdravi (respiracni onemocnéni, kardiovaskularni onemocneéni,
negativni dopady na reprodukci) — karcinogenita je jednim z
mnoha uéinkl asociovanych se znecisténym ovzdusim
(tabakovym kourem);

samo karcinogenni pusobeni PAU nesouvisi jen s jejich
schopnosti iniciovat nadorové bunky — jsou to kompletni
karcinogeny schopné prispivat k nadorové promoci;




PAU a bunécna signalizace
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Ah receptor (AhR) zprostredkovava toxické pusobeni PAU, ale i
rady halogenovanych aromatickych sloucenin:

» za nadorove promocni aktivitu PAU je zodpoveédna jejich
schopnost aktivovat receptor pro polyaromatické uhlovodiky (Ah
receptor);

 vysledky studii publikovanych v pribéhu posledni dekady
naznacuiji, ze tento protein nejen reguluje expresi enzymu
podilejicich se na metabolické aktivaci PAU, ale zaroven muze hrat
vyznamnou roli v procesech bunécné proliferace, diferenciace a
mezibunééné komunikace;

 PAU mohou prostrednictvim AhR, ale i ovlivhénim dalSich
jadernych receptorti (ERa) ovlivnit Fadu signalnich drah v bunce;



Polycyklicke aromaticke
uhlovodiky a jejich derivaty
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Polycyklické aromaticke
uhlovodiky a jejich derivaty

vedlejSi produkty neuplnych spalovacich procesu;

ruznoroda struktura vede k riznym mechanismum
ucinku;

nizkomolekularni PAU volatilni slouCeniny - v plynné i
pevneé fazi, nizka mutagenita, vysoké koncentrace;

PAU s vyssi mol. hmotnosti — prevazné adsorbovane na
castice poletaveho prachu, nektere z nich vysoce
mutagenni, jiné bez vyraznych genotoxickych ucinku, ale
pomerne ucinneé ligandy Ah receptoru;

metylované a dalSi derivaty — vyrazné odlisné profily
toxicity;



PAU

Table 1. IARC evaluations of certain complex mixtures and occupational exposures involving exposure to
PAH compounds.?

IARC classification

Group 1 Group 2A: Group 2B: . PAU JSOU

" carcinogenic  probably carcinogenic possibly carcinogenic Groupf3:

ixture/exposure to humans to humans to humans not classifiable ’

T— X vyZnamnou

Bitumen extracts X v

Carbon black X S I OZ ko u

Carbon black extracts X

Coal dust X . 4

Coal tar pitches X ka rCInogenn ICh
Coal tars X

ookl X : smési toxickych
Diesel fuels ,
Con ‘ latek;

Marine X
Fuel oils

Heavy X

Light X
Gasoline X
Jet fuel X
Mineral oils

Untreated X

Mildly treated X

Highly refined X
Petroleum solvents X
Shale oils
Soots
Diesel exhausts X
(Gasoline exhausts X
Tobacco smoke
Aluminum production
Coal gasification
Coke production
Petroleum refining X

> >

>< > > >

Bostrém et al., Environ. Healh Persp. 2002, 110: 451-89.
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Toxicita PAU

karcinogenita;

reprodukcni efekty a modulace endokrinnich funkci;
COPD?

kardiovaskularni onemocnéni?

primé toxické efekty na bezobratlé v pudé a
sedimentech;



Mechanismy karcinogenity PAU

 genotoxicita — tvorba stabilnich DNA aduktu;
 oxidativni stres — tvorba ROS;

« aktivace Ah receptoru a dalsi pfime ucCinky na bunecné
receptory;

« modulace mezibunééné komunikace;



Bioaktivace PAU
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BPDE napada baze DNA a vytvari kovalentni DNA

adukty
. OOX
naruseni replikace DNA spojené s
=3  dalSim poSkozenim — delece bazi,
_’g ‘% DNA zlomy, chromozomalni
aberace;

+ oxidativni poskozeni DNA — metabolity PAU a zvysena produkce
superoxidu;
+ tvorba radikalovych kationu plisobenim peroxidaz PN




Cytochromy P450

Cytochromy P450 (CYP) =
velka skupina enzymu
obsahujicich hemovou
skupinu — metabolismus
rady endogennich substratu
a xenobiotik;

RH + O, + NADPH + H* - ROH + H,O + NADP*



Cytochromy P450
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Cytochromy P450

Table 2 | Functions of human CYP enzymes

Family

CYP4

" CYP7
CYP8
CYP11
CYP17
CYP19
CYP20

CYP21
CYP24
CYP26
CYP27

Number of

= e NN =

W W =

[

Number

12

= =W NN

w W = =

[y

Substrates/function

Metabolism of eicosanoids* and xenobiotics;
in addition, CYP1A2 metabolizes melatonin,
oestrogen, uroporphyrin and ~24 drugs

Metabolism of eicosanoids*, xenobiotics and
many drugs

Metabolism of eicosanoids*, xenobiotics and
any drugs

Metabolism of eicosanoids*, xenobiotics and
few drugs

hromboxane A, synthase
Cholesterol, bile acid synthesis
Prostacyclin synthase, bile acid synthesis

2E1

Steroidogenesis
Steroid 17-hydroxylase, 17/20-lyase
Oestrogen aromatization

Expressed in gastrula, neural patterning and
somitogenesis, organogenesis, fetus and
nasopharynx

Steroid 21-hydroxylase
Vitamin D, 24-hydroxylase
Retinoic acid hydroxylation

Bile acid biosynthesis, vitamin D,

Box 2| The CYP gene families

Cytochrome P450 (CYP) proteins are arranged into families and subfamilies, which are
derived from per cent amino-acid sequence identity. Proteins that have roughly >40%
sequence similarity are members of the same gene family, whereas those with >70%
similarity are members of the same subfamily. The development and application of this
delightfully logical system of nomenclature® has eliminated the confusion that often
plagues the naming of gene families and superfamilies. The fact that there are 20 CYP
genes in Mycobacterium tuberculosis and seven in Bacillus subtilis emphasizes the
likelihood that the CYP superfamily existed long before the prokaryote—eukaryote split
some 2.1 billion years ago®, and the earliest ancestor probably arose around the time
that the partial pressure of oxygen increased dramatically on the planet. The CYP51
gene exists in bacteria, plants, fungi and animals, indicating that this was probably the
first eukaryotic CYP gene. The human, mouse and rat genomes contain 57, 102 and 87
CYP genes, respectively’. Orthologous Cyp genes between the mouse and rat generally
show 90-92% sequence similarity, human CYP orthologues of rodent Cyp genes are
usually 78-82% similar.

hydroxylations
24-hydroxycholesterol 7-hydroxylase

Cholesterol 24-hydroxylase in the central
nervous system

Lanosterol 14-demethylase

The role of cytochrome P450 enzymes
in endogenous signalling pathways
and environmental carcinogenesis

Daniel W. Nebert and Timothy P. Dalton




Cytochromy P450 a karcinogeneze

Possible pathways of activation of suspected human carcinogens
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Cytochromy P450 rodiny 1
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metabolicka aktivace
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Table 2

Precarcinogens metabolized by cytochromes P450

Enzyme

Activation of carcinogens

CYPIAI

CYPl1A2

CYPI1BI

Polycyclic aromatic hydrocarbons: benzo(a)pyrene,
dimethylbenz[alanthracene, PhIP®

Activation of aryl and heterocyclic amines in
industrial settings and food mutagens: N-nitrosodi-
methylamine, 4-aminobiphenyl, 2-acetyl-amino-
fluorene, N-nitrosodiethylamine, PhIP, 1Q, aflatoxin
Bl

Polycyclic aromatic hydrocarbons: benzo(a)pyrene,
dimethylbenz[a]anthracene, benz[alanthracene,
3-methylcholanthrene, DMBA, oestradiol
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Oncogene (2006) 25, 1679-1691

Mamm Genome
DOI 10.1007/s00335-010-9263-9




Mechanismy karcinogenity PAU

« genotoxicita — tvorba stabilnich DNA aduktu —

tvorba dalSich typu poskozeni — napf. dvouretézcové zlomy

DNA;

« mutace genu podilejicich se na rozvoji nadorovych
onemocneni; ovlivnéni DNA repair; ovlivheni stability
genomu;



Chemicka karcinogeneze jako vicestupnovy
proces

PROGRESSION

PROMOTION

INITIATION

Apply subcarcinogenic Commerjfe continual delivery of promoting agent
dose of initiating agent

' ll&ll$ll$lllll¢$lll
Time: |——

2 weeks ' 10-40 weeks | '

i e )

' . compartment

) of epidermis . B _ _
i Bulge 1. Increased DNA 1. Production and 1. Additional genetic 1. Invasion.
region of synthesis, maintenance of events occur 2. Metastasis.
| hair follicle inflammation. chronic cell stochastically.
2. Altered gene proliferation. 2. Aneuploidy, LOH.
1. Metabolic activation of procarcinogens expression/enzyme 2. Development of 3. Dysplasia.
and covalent binding to DNA. activities. clonal outgrowths 4. Conversion of
2. DNA repair/cell replication and fixation [ 3. Expansion of called papillomas. papilloma to
of mutation. initiated stem cell 3. Diploid lesions. squamous cell
3. Mutation induction in critical target population. carcinoma.

genes (e.g., Ha-ras) of “stem” cells in

bulge region of hair follicle or basal
WpaMent of interfollicular epidermi

Normal skin Hyperplastic epidermis Papilloma SCC
Abel et al., Nature Protocols, 2009




Aktivace AhR:
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Geny regulované AhR

obsahuji v promotorové nebo enhancerové oblasti tzv.
xenobiotic response elements (XRE) / dioxin responsive
elements (DRE):

 enzymy |l. faze biotransformace - CYP 1A1, CYP 1A2, CYP 1B1;

- enzymy ll. faze biotransformace - UDP-glucuronosyltransferase,
GST-Ya, NADP(H):oxidoreductase;

* regulatory bunéc¢ného  cyklu, apoptozy, diferenciace,
senescence — Bax?, p27Xirl, JunD, TGF-g;

« AhRR.



Mechanismy karcinogenity PAU

 aktivace AhR a dalSich receptoru — modulace bunécéné
proliferace, apoptozy a mezibunecneé komunikace —
ovlivhéni prezivani a expanze iniciovanych bunek;



Mechanismy karcinogenity PAU
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Inhibice gap junctions PAU
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Inhibice gap junctions PAU

* nadorove promotory inhibuji GJ prostfednictvim primych
mechanismu — hyperfosforylace a degradace konexinu,
ovlivhéni exprese, transportu a assembly;
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GJIC (% of control)

Inhibice gap junctions PAU

nizkomolekularni PAU — rychla, tranzientni inhibice GJ

komunikace;
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relative
mutagenicity [l
US EPA priority Fluorene (166) n.a.
PAHs Anthracene (178) n.a.
under study Phenanthrene (178) 0
Fluoranthene (202) 0
Pyrene (202) 0
Benz[a]anthracene (228) 0.082
Chrysene (228) 0.017

Karcinogenita PAU —

Benzo[b]fluoranthene (252) 0.25
Benzo[k]fluoranthene (252) 0.11
Benzo[a]pyrene (252) 1

Dibenzo[a,h]anthracene (278) 0.29
Indeno[1,2,3-cd]pyrene (276) 0.31
Benzo[ghi]perylene (276) 0.19

kombinace ruznych ucinku

AhR-activity [2]
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Mechanismy karcinogenity PAU

« tvorba ROS - oxidativni stres — rizné mechanismy -

metabolismus;
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PAU — komplexni uCinky smesi
a castic

Mineral particle Combustion particles

0.5-10 ym 20-30 nm
-—

Endotoxin Endotoxin

/ allergens

Organic \ «— Organic
compounds ' compounds
Y55 - Inorganic
Variable mineral Metals Lil
salts

and metal content

Schwarze a kol. Importance of
Components and Sources for Health
Effects of Particulate Air Pollution

* PAU interaguiji s dalsimi slozkami Castic;



Particle Number

Particle Mass

Particle Size

y v n

Toxicke ucCinky castic
polétaveho prachu

Table 1
Comparison of coarse, fine, and ultrafine particles
Parameter Coarse Fine Ultrafine
Size 2.5-10 pm 0.10-2.5 pm <0.10 pm
Organic carbon content + ++ +i+
Metal content ++ ++ +
PAH content + + +++
Source of ROS Transition metals PAH PAH

I I 1 1 Quinones Quinones

| | | o | |

PM0.01 PMO.1 ng NOS PM10
Ultrafine Fine Coarse

Li et al, Free Rad. Biol. Med. 2008, 44, 1689-99



Oxidativni stres

UFP NP
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chemistry — .
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Li et al, Free Rad. Biol. Med. 2008, 44, 1689-99



Oxidativni stres — soucast
komplexniho poskozeni DNA

Emission Natural Heating Traffic Industry
sources wildfires power plants  cars (vans) coke ovens

dust storms private furnaces motorbikes  waste incinerators

N

Meteorology
Long-range transport [+=++» Measurement of air pollution
Temperature (immission)
lzarlicles‘ Gases
(ultrafine particles. ozone, nitric oxides
PM, . PM,;)

P J \ p\\"L‘n
A Carbon core

Polycyclic Volatile organic  p\atals
aromatic compounds
hydrocarbons (e.g. benzene) Inflammation

'
| Reactive

> \ldahol:sm => oxygen species
Redox-cycling . l

Bulky I)NA adducts Oxidized DNA lesions

Moller et al., Cancer Lett. 2008, 266, 84-97



