MU NI
ED

Uvod do radjaéni
patofyziologie



432

Literature review of cancer

dentists

Adam I

This r
denti 5':1

genera
overall

A
Coceo, 1998
5.2(0.9-28.3, 4)
Tt i, 2005
0.9 (0.5-1.6, 10]
—
O Erikssan, 11998 [}
0.4 [0.0-2.2, 2
PR N >
=2 2
v v Orner, 1976
1.5 (0.2-5.3, 2)
Ahlbom, 1986 0
16(04-4.2, 4)
Pocled Pooled
1.0(0.5-1.6,12)
1.5(0.5-4.6, 10
— @ I 4.6 | —_—
L | | | | 1 | 1 | J | 1 | 1 | | |
00 1.0 20 30 40 50 60 70 80 90 100 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
RR {95% Cl, obs) RR {95% ClI, obs)
C D
Eriksson, 1998
1.4(1.0-1.9, 42)
Erikssan, 1958
Rix, 1996 20 [0.8'_—|4.2, 7]
1.6 (1.1-2.4, 28) 1t
a) e o)
% kil %
5 Sanl ia,'lm E4
5 1.5(0.95..5. 17] & Vogero, 1990
2.1{07-49,5)
Ormer, 1976 a
0.2 [0.0-1.2, 1)
—i
Pooled
Pacled
1.0[0.5-1.9, 88) 2ol '53'9' 12
L L | | l | L | | | J I
0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.0 1.0 2.0 3.0 4.0 5.0 6.0

Figure 2 Forest plots and random effects meta-analyses of selected
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es of cancer among female dentists: obs=observed number of deaths of disease

cases. (A) Brain cancer (p for homo%eneiry:O,l ); (B) lung cancer (p for omo?enei'ry= 0.6; Eriksson et al”® not induded because of overlap with other study
populations); (C) breast cancer (p

r homogeneity = 0.0); (D) melanoma (p

or homogeneity =0.9).
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Ionizujici zareni

e Zareni emitovane radioaktivnimi nuklidy
predstavuje proud hmotnych castic resp.
fotonu

e Elektromagneticke nebo korpuskularni
zafeni, které pfi pruniku hmotou vyvoldva
ionizaci (musi mit dostatecné vysokou
energii).

e Energie je v rozmezi keV-MeV

e Soucasné dochazi k excitaci atomd a
molekul prostredi



Druhy ionizujiciho zareni

e Korpuskularni a, B, / i
neutrony i
e Elektromagneticke y .
P
Yrne /|

Paper Aluminum Lead




Ionizace vs. excitace
M— M*+e

M - Mexcit

e Oba typy interakci jsou velice rychlé
e \/znikaji v pomeéru 1:2
e Zareni neni omezeno jen na radioaktivni

nuklidy, ale stejneé se chova i rtg zareni, Castice z
vO n n V 4 7 v Y 4
urychlovacu i kosmicke zareni



Ionizujici zareni

e Pro IZ se velice Casto pouzivaji |
jiné nazvy

e Jaderné zareni

e Radioaktivni zareni



Jednotky

e Energie sdelena latce je podstatou vsech
metod méreni 1Z.

e \eli¢inou vyjadrujici velikost sdélené energie
je davka zareni:

D =dE/dm
(J.kg1) - Gray (Gy)

V praxi se meérené davky pohybuji v sirokém
rozmezi



Jednotky

SIMPSONS GUIDE TO RADIATION

Gray [Gy] Sieverts [Sv]
Hﬁ:q;?rﬁtll [Bg]ur How brightly How many extra
Cesiur?\ I):)\)//vs Cesium will make eyes will you have
. you glow after glowing?

e Davkovy ekvivalent = davka * konstanta
e Konstanta

- Yy le=1
- neutrony = 10
- a=20



Zdroje ionizujiciho
zarizeni?
e Prirozené o Arteficialni

— kosmické — medicina

e expozice roste s e diaanostika
nadmorskou vyskou 9 ) .
terapie, sterilizace

— solarni 5 ,
e zejm. y-zareni — prumyslove
e nuklearni

- pozemskeé zdroje

e radioaktivni rozpad energetika
pfirozenych radioizotopu e zemédélstvi
(pUda a skala) .«

— Radon

e plyn, vznika rozpadem
Radia-226 (z uranu)

e ma nejvetsi podil na
celk. davce ionizujiciho
zareni



Radioactive Seawater Impact Map (update: March 2012)
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Chemickée ucinky ionizujiciho

r v ' 4
Zareni
e Nejlepe jsou o o ———

’ lonizing Radiation -> : .
prostudovany / s
radiacne-chemicke — \
rce v kapalinach water P21~~~ == no:
(méne pak v plynech \\ / \mmgei\o_
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Kyslikovy efekt !!



Biologické ucinky ionizujiciho
zareni

e Primé ucinky = prima destrukce
biomolekul

e Neprimeé ucinky = tvorba volnych
radikalu radiolyzou vody

e Schopnost reparace

e Zasahové teorie matematicky
vztah mezi davkou a ucinkem



Poskozeni DNA

e \/elice zavazny stav

e Poskozeni DNA se
odrazi v synteze
po$kozenych proteinu

e Reparacni
mechanismy DNA

e Rozmnozovaci
schopnosti bunék



http://upload.wikimedia.org/wikipedia/commons/b/b2/Brokechromo.jpg

Eukaryotic Chromosomes

Eukaryotic chromosomes
-linear chromsomes;
-every species has a different number of chromosomes;

-composed of chromatin — a complex of DNA and proteins
-heterochromatin — not expressed
-euchromatin — expressed regions



Cell and Chromatin

Non

wy  dividing In cell division
cell

Hetero __|_
chromatin |

Eu- |

chromatin

RESTING ((QE?};];I;\I;Z{E\IG) CELL CHROMOSOME
INTERPHASE APPEARANCE

NUCLEUS PREPARING TO DIVIDE
CHROMOSOME DUPLICATION
DNA REPLICATION
S PHASE OF CELL CYCLE

<

NUCLEUS DURING DIVISION

unduplicated duplicated
chromosome chromosome



Mechanismy poskozeni DNA

Crdluda L Light lcniming Chamical Heploalion
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IR
WV light

Alkylating agents X-rays UV light X-rays
Oxygen radicals Polycyclic aromatic  Replication Hydroxyurea(Hu)
Spontaneous reaction hydrocarboms (PAMS) ernrors Anti-tumor agents
O, - methyl - Uracil 6-4 photoproducts A-G mismatch Interstrand crosslink
guanine Abasic site Bulky adducts T-C mismatch Double strand breaks (DSB)
8 - Oxoguanine Cyclobutane pyramidine  Small Insertion
Single strand breaks dimers Small deletion
Direct Single Base Nucleotide Excision Repair Mismatch DS8 Repair (DS8R) Checkpoint
Reversal  Strand  Excision (NER) Repair 4 \ Signaling
Break Repair / \ (MMR) Non-homologous  Homologous
Repair (BER) Globatl Transcription- End-Joining Recombination Ceil
(SSBR) Genomic Coupled (NHEJ) (HR) Cycle
Repair Repair Arrest

(GG-NER) (TC-NER)



Reparacni mechanismy

Prima reparace
Excisni reparace

Mismatch
reparace

SSB reparace
(DSB reparace)

DNA

axogenous endogenous

damage ooo Metabolism 23mage
"

- N
repair \,
f -
f \ repair
/ .

' Damage k.
' l

|
|

nuclear \

DNA mitochondrial
 DNA

unrepaired e

\ unrepaired

N

ES
Patholegy

cancer

apoptosis
senesence Pop

healthy cell
rate of DNA damage = rate of repair

up to 500,000
DNA
madification
events per
cell per day

diseased cell
rate of ONA damage >rate of repair

£ Prometheus 2004


http://upload.wikimedia.org/wikipedia/en/6/60/Dnarepair1.jpg

Systém oprav chybného
y 4 y 4 Y 4 Y 4 Y 4 0
parovani bazi u savcd

Poskozeny retézec DNA obsahuje 3 T
nespravné parovanou bazi (T). e
Toto nespravné parovani je rozpoznano
proteinovym heterodimerem MSH6- @
MSH2 (MutS a). wipusz  (CATP
Proteiny MLH1/PMS2 (MutL a) a PCNA
(proliferacni jaderny antigen) utvori na
DNA strukturu smycky (angl. loop
structure).

Enzymy DNA exonukleaza a DNA
helikaza degraduji tu cast retézce DNA, B8’ sxosacians
ktera obsahuje chybné parovani.

w o,

5 G
Vznikla mezera je pote doplnéna diky N— —
replikacnimu aparatu spravnou DCNARPA ' | DNAligase
sekvenci bazi. 5 G

3 C



Z3avislost IZ na radé faktoru

e Davka zareni
e Davkovy prikon

e Druh IZ



http://upload.wikimedia.org/wikipedia/commons/4/46/DNA_Repair.jpg

UcCinky ionizujiciho zareni
na lidsky organismus

V 4 Fy Im

e Stochastickeé ucinky (prahova
hodnota)

e Deterministicke ucinky



Deterministické ucinky

e Jsou takove, které se projevi po
ozareni celeho téla, nebo urcite
tkane jednorazove

e Zavislost pravdépodobnosti
vyskytu urcitého poskozeni na
ekvivalentni davce ma esovity
charakter



K deterministickym
G¢inkum radime:
e Akutni nemoc z ozareni (radiacni
syndrom)
e LokdIni akutni poskozeni kuze
e Poskkozeni plodu

e Poruchy plodnosti
e Zakal ocni Cocky



Stochastickeé ucinky

e Jsou dusledkem poskozeni malého
pocCtu bunéek

e Mohou se projevit po
jednorazovém ozareni
podprahovou davkou, nebo pri
chronickém ozarovani tkané nebo
celeho téela



Charakter biologickeho

7 /=

UCIN

Deterministick\'/

zavaznost zavisi (je
determinovana”) na davce

manifestace specificka
e poskozeni typickych tkani a
organu
efekt se objevuje jen
prekroceni pral oveé avky

poskozeni je dusledkem zaniku
velkého mnozstvi bunék

nastup priznakl brzy po expozici
(krétﬁajljlatence)

typy:
e akutni radiacni syndrom (ak.
nemoc z ozarem)
- celotélové ozareni davkou >1Gy
e chronicky post-radiacni syndrom
(celkové nebo lokalné)

- sterilita, katarakta, radiacni
dermatltlda alopeC|e
endarteritis obllterans
pneumonitis, .

e poskozeni plodu in utero

ku

e Stochasticky

pravdépodobnost roste s
davkou (ne zavaznost!)

manifestace nespecificka
e poskozeni ruznych tkani a
organu
plynuly narust rizika bez
‘bezpecné” prahové
davky

k efektu staci poskozeni
jediné bunky

manifestace opozdéna
(dlouha latence, typicky
roky)

typy:
e somatické mutace - nadory
- leukemie, st. zlaza, plice,
ml. zlaza, skelet
e germinativni mutace (oocyt,
spermie) - vrozeny
geneticky defekt



Stochastickeé vs. Deterministicke
ucinky — grafické znazornéni

UCinky stochasticke d¢inky deterministické

mira u&inku
mira ucinku

prah

Davka (Gy) Davka (Gy)
a b



Akutni radiacni syndrom

e postihuje
hematopoeticky,
gastrointestinalni a
cerebrovaskularni

nd Symptoms

Relative Severity of
Signs and Symptoms
Rielative Severity of

Signi a

systém
~ ¢asovy prubéh, rozsah a
zavaznost odstupnovana

Relative Severity of
Signs and Symptams

podle davky >
deterministicky efekt!!!

e 0od nekolika hodin do S
v - v r O
nekolika mesicu po
expozici

3 Relative Severity of
Slgns and Symptoms

|
i
H

gi

ai



Mortality of Chernobyl firefighters

(Y0
Chemobyl 100% = |

workers

dcath ratc 20721
75%
S0%
7/21
] SH
0/140 1/556 2
1 1_f__¢/ 1 | |
0 2000 4000 6000 KOO0 10000

Dose/mSy

above 4,000 mSv 27/42 died in a few weeks Acute Radiation Syndrome
below 4,000 mSv 1/195 died.

(the curve is for laboratory rats, shifted a little)
27 June 2011 Bristol Cafe 10



3 PLANT WORKERS SUFFERED FROM
ACUTE RADIATION SICKNESS




Akutni radiacni syndrom

Haematopoeticky syndrom (>1Gy)

- 1) retikulocytopenie, lymfopenie + granulocytoza
— 2) granulocytopenie (— immunodeficience)

— 3) trombocytopenie (— krvacivost)

- 4) anemie (— hypoxie)

GIT syndrom (>10Gy)

— casny (hodiny) - nevolnost, zvraceni, diarrhea

- pozdni (dny) - ztrata intestinalni integrity

e malabsorpce, dehydratace, toxemie/sepse, ileus,
krvaceni

Cerebrovaskularni syndrom (desitky Gy)

- bolest hlavy, porucha kognitivnich funkci,
dezorientace, ataxie, kreCe, vycerpani a hypotenze

Kozni

- erytém, popaleniny, edém, porucha hojeni ran

— epilace



Priklady nékterych expozic ionizujicimu zareni

v&etné limita platnych v CR

Expozice
{micro sievert - LSV)
200 000
cca. 10 000 WLSvirok
Plaze Guarapari, 100 000
Brazilie
50 000

e 9

10 000

3 200 1L.Svirok Vesmir  Potraviny |
N L 390 290 o
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(osobni davkovy ekvivalent)
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_ 6 900 |LSvitomografie
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1 000 WLSvirok
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43 WSvirok = JE Temelin
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of the body. One sievert (all at once) will moke you
Note: The sose rusber of sieverts obso
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Whole-body absorbed dose (Gy)

Phase Symptom
1-2 Gy 2-6 Gy 6-8 Gy 8-30 Gy > 30 Gy
Nausea and
N 5-50% 50-100% 75-100% 90—-100% 100%
vomiting
Time of onset 2-6h 1-2h 10-60 min = 10 min Minutes
Duration =24h 24-48h <48 h =48h N/A (patients die in = 48 h)
Diarrhea Mone Mone to mild (= 10%) Heavy (= 10%) Heavy (= 95%) Heavy (100%)
Time of onset — 3-8h 1-3h <1h <1h
Immediate | Headache Slight Mild to moderate (50%) Moderate (80%) Severe (30-90%) | Severe (100%)
Time of onset — 4-24h 3-4h 1-2h <1h
IModerate increase (10- lModerate to severe
Fever Mone Severe (100%) Severe (100%)
100%) (100%)
Time of onset — 1-3h <1h =1h <1h
_ _ . Cognitive impairment 6— Cognitive impairment = | Rapid Seizures, Tremor, Ataxia,
CMNS function Mo impairment ) o
20h 24 h incapacitation Lethargy
Latent
. 28-31 days 7—28 days < T days MNone MNone
period
Severe leukopenia
i Mausea
) Moderate to severe High fever S—
Ll mc!derate Leukopenia Diarrhea Severeiliianhea
lliness LEUIKDDEHIa Purpura Vomiting High fever N/A (patients die in < 48h)
Fatigue Hemorrhage Dizziness and g pa
) o ; Electrolyte
Weakness Infections disorientation _
Alopecia after 3 G Hypotension disturbance
pe Y Yo i Shock
Electrolyte disturbance
Without care 0-5% 5-95% 95-100% 100% 100%
Mortality With care 0-5% 5-50% 50-100% 99-100% 100%
Death 68 weeks 4-6 weeks 2—4 weeks 2 days—2 weeks 1-2 days

Table Sourcel®!




RESEARCH ARTICLE

Cancer Incidence Among 10,211 Airline Pilots:
CANCER INCIDENCE AMONG PILOTS—PUKKALA ET AL.

TABLE 1L OBSERVED (OBS) AND EXPECTED (EXP) NUMBERS OF CANCER CASES AND STANDARDIZED INCIDENCE RATIOS (SIR)
WITH 95% CONFIDENCE INTERVALS (CI} AMONC MALE AIELINE PILOTS IN THE NORDIC COUNTRIES,
BY CANCER 5ITE AND TIME SINCE FIRST EMPLOYMENT.

Time Since First Employment
Whole Cohort 10-19.9 years 20+ Years
Primary Site Exp SIR O5% Cl Obs  Exp 05% Cl1 Obs  Exp SIR 5% ClI

ALL SITES* 1.02 0.93-1.12 67 691 . 0753123 363 3388 107 0596119
Stomach 0.9 0.59-1.47 36 . 0.17-2.43 16 167 08 055156
Colon 0.94 0.64-1.34 44 . 0.37-2.66 265 084  061-139
Larynx 799 119 0.56-2.29 1.2 . 0.20-6.06 6.0 1.00 0.37-217
Lung 665 077 0.57-1.M 8.1 . 0.00-0.68 559 0.89 0.66-1.18
Prostate 529 1.21 0.93-1.54 19 ; 0.33-4.67 50.4 1.19 0.91-1.53
Testis 106 0.94 0.45-1.73 25 . 0.63-2.87 27 1.09 0.23-3.19
Kidney 185 0.76 0.41-1.27 3.0 . 0.20-2.88 14.3 077 038137
Bladder 338 (.86 0.57-1.23 4.1 . 0.15-2.13 . 093 0.61-1.37
Skin melanoma 24.4 229 1.73-2.98 6.1 1.37-4.04 1.81-3.62
Head and neck" 2.81 1.00-5.14 0.6 , 096137 . 182 038532
Trunk® 13.7 233 1.60-3.30 3.4 1.00-4.58 . 272 1.e94.16
Limbs" 612 229 1.25-3.84 16 0.35-5.42 i 3.29 1.55-6.05
Other skin® 13.0 2.08 1.74-2.79 1.5 017496 1.45-3.36
Brain/nervous system 214 0.54 0.50-1.33 54 0.20-1.90 0.56-1.90
Thyroid 340 0.88 0.18-2.58 0.8 0.00-4.53 . 173 0.36-5.05
Leukemia 123 0.658-2.00 23 . 026374 ! 0.70-2.49
Chronic lymphatic
(CLL)® 388 103 0.25-2.64
Non-CLLY 846 1.30 0.65-2.33
Acute myeloid (AML)® 437 0.52-3.06
Not included above:
Basal cell carcinoma of the
skin® 61 24.8 246 1.88-3.16 14 4.4 319 1.74-5.34 +4

-
li.-.'ll e fd L2 G0 L2 L2 L Se L = R L D

0.5 — 0.00-5.77 . 0.36-3.36
19 . 0.33-4.72 . 0.60-3.08
09 0.28-8.27 . 04340

mm|

Statistically significant SIRs are bolded. For additional cancer categories, see Table A online at www.asma.org.
* Excludes basal cell carcinoma, and in Denmark all non-melanoma skin cancers diagnosed before 1970,

P Subcategory also included in the main category:

“ Only Denmark (1979-1996) and Finland (1953-1997):
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Hematopoeticky syndrom

ozareni kostni drené (>1Gy)
vede k exponencialnimu
zaniku bunék -
hematologlcka krize

- hypoplazie az aplazie dfené +

periferni pancytopenie
(infekce, krvaceni)

subpopulace kmenovych bb
je selektivne vice
radiorezistentni,
(pravdépodobne dlky prevaze
bb. v G, fazi)

- nezbytne pro regeneraci

anemie je pozdnim dusledkem
(erytrocyty ~120 dni)!
masivni stresova reakce
(glukokort|k0|dyP prispivaji k
lymfopenii (cytolyticky efekt)
a paradoxné oddaluji nastup
granulocytopenie (uvolnéni
zasob. granulocytu ze sleziny)

blood elements (%)

Leukocyte Count, cells/mm?

o rrrwrrrrrurnrnra

b

| |
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Time since Exposure, d
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time (days)



Embryo, fetus, germinativni bb.

e Tehotenstvi — poskozeni plodu in utero

- <3 tydny (blastogeneze)

e “vSe nebo nic”
- genové a chromozomové mutace zpravidla vedou k abortu

- 3. — 8. tyden (organogeneze)
e rUstova retardace

e teratogenni - kongenitalni deformity
— mikrocefalie, mikroftalmie, spina bifida, rozstépy, ...

— 8. - 15. tyden (Casné fetalni obdobi)

e mentalni retardace

e zvys. nachylnost k nadorovym onem. u deéti (leukemie)
— pozdéji

e znacna rezistence

e Sterilita

e spermatogeneze - do¢asna sterilita u muzd
e ovaria — nutna velka davka k vyvolani sterility u zen

e Germinativni mutace
— vrozené abnormality



LeCebné ucinky
ionizujiciho zareni

e Teleterapie (°°Co)

e Kontaktni terapie (32P, °0Sr)
e Brachyterapie (°9Co, 137Cs)
e Endoterapie (Nal31ll)

e Radioimunoterapie



Ionizujici zareni a
medicina

Diagnostika RIA




