Reparace DNA




Genom vSech organismu je kazdodenné poskozovan mnoha
faktory vnéjsiho prostredi a produkty viastniho
metabolismu. V lidské burice vznika v dusledku toho
denné asi 100 000 poskozeni DNA

endogenni procesy
exogenni procesy




Modifikace DNA po Gcinku mutagent

Modifikace DNA.

Pii reakcich mutagenil, resp. jejich elektrofilnich produktdi s DNA vzniké celd fada
riiznych modifikaci, které Ize zhruba rozdélit na :

i

modifikace bazi

ztraty bazi

o

modifikace fosfiti a deoxyribozy

W

. §tépeni vazeb mezi deoxyribozou a fosfity za vzniku
zlomi (jednovldknovych ¢i dvouvldknovych)

5. krizové vazby mezi DNA

6. kiizové vazby mezi DNA a proteiny




Cetnosti poskozeni DNA v jedné burice

za den

e 50 000 jednoretézcovych zlomt DNA
e 10 000 depurinaci
e 600 deaminaci

e 2000 oxidacni lézi
e 5000 alkylaci
e 10 dvouretézcovych zlomi




e Primarni zmény molekuly DNA vznikajici
disledkem plisobeni endogennich i exogennich
faktortt (mutagenti) jesté nemusi vést ke
vzniku mutaci - pouze I. etapa !!!

e Reparacni mechanismy mohou realizaci mutace
zabranit, event. vznik mutace stimulovat !!!

e Prof Kondo 1969 - model molekularniho vzniku mutaci - mutace jsou
dusledkem chyb pfi reparaci




Vznik indukovanych mutaci je

nekolikastupnovy proces !!!

A) proniknuti mutagenu do bunky

CB) zasah jadra, vznik modifikaci DNA

Obrana bunky — plsobeni antimutagenu + reparace DNA




Molekularni mechanismus vzniku mutaci.

/

1. Zména ve strukture DNA (vznik modifikaci)

2. Vznik metastabilniho predmutacniho stavu

|
. | w e * o = ”
3. Aktzrace reparacnich mechanismii {moZnost bezchybné
repa‘race - plivodnyi stay

4. Fixace predmutaéni zmény((chybnd reparace,)absence
reparace) b

5. Vznik samotné mutace

6. Vyjddreni mutace




Molekularni mechanismus vzniku mutaci

Te
b
®

Obr. 3. Etapy vzniku génovych mutdcii (Auerbach 1976). I - gén a bunka si
normidlne; II - primdrna zmena DNK; III - fixdcia mutdcie, bunka nor-
midlna; IV - gén mutovany, bunka mutantnd; V - odumretie mutovanej
bunky; VI - mutovany klon (zndzornené iba jadrd); a - vniknutie mu-
tagénu do DNK génu; b - vznik predmutainého podkodenia; ¢ - odumretie
ndsledkom nereparovaného po¥kodenia; d - oprava podkodenia na pbvod-
ny stav; e - fixdcia predmutaného poSkodenia ako mutovaného génu;

f - expresia - vznik mutantnej bunky; g - odumretie mutantnej bunky;
h - tvorenie klonu mutantnych buniek.




Reparace DNA - souhrn

A. Reverze poskozeni DNA

1. Enzymaticka fotoreaktivace.
2. Reparace 0°-alkylguaninu.
3. Ligace zlomu

4. Reparace inzerci purini.

B. Excize poskozeni DNA.

1. Excize zprostiedkovana DNA glykosylazami (s uicasti nebo bez ucasti AP
endonukleaz) - base excision repair

2. Excize zprostfedkovana pFimym pusobenim endonukleiz na poSkozenou DNA
-nukleotide excision repair, mismatch excision repair

C. Tolerance poskozeni DNA.

1. Replika¢ni pirekroceni poskozeného templitu s vytvafenim mezer.

2. Transléze poSkozeni DNA.




Poskozeni a reparace DNA - prehled

mechanismui

DNA DAMAGE
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A schematic overview of several, but by far not all DNA damage types. =0 w




Reparace DNA

e monoezymatické systémy (napr.
fotoreaktivace)

e polyenzymatickeé systémy (napr. excizni
reparace)

o konstitutivni mechanismy
e inducibilni mechanismy

e error-free (bezchybna reparace)
e error-prone (mutagenni reparace)




Reverze poskozeni DNA




Enzymaticka fotoreaktivace

(1940 - Albert Kelner - Streptomyces griseus)
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Reparace O0O°¢°- alkylguaninu
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Adaptivni odpoveéd’ vici ptisobeni

alkylacnich latek (1970 john cairns)

Nizka davka

A 4 Ny

lepsi prezivani

Akumulace
adaptaénich FIGURE 2-27

The process of adaptation to alkylation damage is illustrated schematically.

t RN Alkylation damage to DNA activates the synthesis of a special class of pro-
pro el n u teins (1) (adaptation proteins) whose function is to repair O%alkylguanine.
These proteins accumulate within the cell until a pool of several thousand
molecules has been formed (2, 3). During subsequent exposures to al-
kylating agent, the preformed adaptation proteins repair O%alkylguanine
lesions (4) but are inactivated in the process (5). They must then be re-
placed by newly synthesized protein. If the flux of alkylating agent
produces repairable lesions more slowly than protein synthesis generates
adaptation protein, mutagenesis is allayed. If the alkylation flux produces
lesions more rapidly than the rate at which adaptation protein can be syn-
thesized, the pool will eventually be exhausted and the cell will be vulner-
able to alkylation mulagenesis. (After P. F. Schendel, ref. 93.)




innost O¢-metylguanin-DNA-metyltransfazy u

E. coli (ada protein)

CYSTEINE RESIDUE
IN METHYL TRANSFERASE
- -

S-METHLYCYSTEINE
N METHYL TRANSFERASE

Po vystaveni bunék E. coli
metylacnim latkam se jejich DNA
metyluje na O%-guaninu, O*-tyminu
a fosfatovych zbytcich

Ada-protein katalyzuje prenos
metylovych skupin z fosfotriestert na
Cys-69 a z O%-alkylguaninu a O%-
alkyltyminu na Cys-321

Alkylace Cys-69 vede ke
konformacénim zménam proteinu a
preménuje jej na silny aktivator
transkripce

ZvysSena koncentrace Ada-proteinu a
produktu jinych gent ma za
nasledek zesileni opravy DNA !!!




Reparace jednoretézcovych zlomu v
DNA

2-4 Repair of Single-Strand Breaks
by Direct Rejoining: A Further Example
of DNA Repair by Reversal of Damage

Agents that promote the hydrolysis of phosphodiester bonds in du-
plex DNA are discussed in Chapter 1. Primary among these are ion- _
izing radiation such as X rays. The repair of DNA strand breaks in
E. coli requires DNA synthetic and/or recombinative events in the
maijority of cases, since such repair does not occur in mutants defec-
tive in these functions (182). However, in vitro, some fraction of
single-strand breaks in DNA produced by ionizing radiation under
anoxic conditions is repaired by simple rejoining of the ends (183),
and such repair may be considered an example of the direct reversal
of DNA damage. In these in vitro reactions the incubation of irra-
diated DNA with the enzyme polynucleotide ligase results in the loss
of a fraction of the total DNA strand breaks as measured by sedimen-
tation velocity in alkaline sucrose gradients (183). Polynucleotide
ligase is a highly specific enzyme that is ubiquitous in its distribution
and plays a role in most known biochemical pathways that require
the rejoining of strand breaks in DNA (184, 185). A detailed dis-
cussion of this enzyme is presented in Section 5-5, where we shall
consider the rejoining of newly synthesized DNA to extant DNA
during the process of excision repair. The enzyme from E. coli has an
absolute requirement for NAD (nicotinamide adenine dinucleotide)
and for Mg** as cofactors (184, 185] All DNA llgases require free
ends in duplex DNA, with no migsiere :

break, and the presence of adjacet 3’
2-29). Thus only strand breaks with rtfCular charactenshcs
produced by DNA damage are subject to repair by direct reversal.
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FiGuRE 2-29

DNA ligase catalyzes the ;oining of strand breaks that contain juxtaposed 3'-OH and 5'-P termini in DNA.
The enzyme from E. coli requires NAD as a cofactor and forms NMN plus AMP. The enzyme encoded by
phage T4 requires ATP and forms PPi plus AMP. (NMN, nicotinamide mononucleotide). (From L R.
Lehman, ref. 184.)




Reparace AP mist inzerci purini

127

SECTION 2-5:
Repair of Sites of

Base Loss by Direct

- - S Insertion of Purines

DNA
PURINE
INSERTASE

FIGURE 2-30 .
' Schematic represeitation of the action of the putative human DNA
purine insertase activity. In the presence of K* the enzyme catalyzes
- the direct insertion of the appropriate purine into an apurinic site in
duplex DNA.




Reverze poskozeni DNA - souhrn.

Reverze poskozeni DNA piedstavuje piimy zpilisob reparace DNA vyskytujici se jak
u prokaryotnich tak i eukaryotnich organismi, ktery se vyznauje témito obecnymi
charakteristikami:

1) Kazd4 z vySe uvedenych reakei (fotoreaktivace, reparace O°-alkylguaninu,
ligace zlomii a inzerce purind) je zprostfedkovdna produkty jednoho genu,
coZ predstavuje vysoce ekonomické vyuZziti genetické informace.

2) Reverzni zpiisob reparace poSkozené DNA je kineticky mnohem vyhodnéjsi v
porovndni s jinymi biochemickymi reakcemi vyZadujicimi nékolik ndslednych
kroki (napf. excizni reparace).

3) Obecné se predpoklidd, Ze mechanismy reverze piedstavuji bezchybny zpiisob
reparace (error-free) vzhledem k jejich vysoce specifickému téinku.




Excizni reparace - vystepeni poskozeni

e bazova excizni oprava (base excision repair BER) -
vystepeni modifikované baze (napr. modifikovane baze,
oxidativni poskozeni, AP mista, jednoretézcové zlomy)

e nukleotidova excizni oprava
(nukleotide excision repair NER) — vystépeni az 30
nukleotidu (CPD, kfizové vazby)

e mismatch repair




Bazova excizni reparace:

(v kazdé bunce téla asi 20 000 x
denné)

Rozpoznani poskozeni DNA
specifickou glykozylazou - vznik
AP mist

Napadeni AP mista 5 “specifickou
AP endonukleazou - zlom s

5 “fosfatovym koncovym zbytkem
5 “fosfatovy koncovy zbytek je
vystépen DNA-
deoxyribofosfodiesterazou
(dRpaza)

Vysledna jednonukleotidova
mezera se zaplni opravnou
syntézou, ktera je dokoncena
DNA-ligazou
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Typy DNA glykozylaz

TABLE 3-3
DNA glycosylases

Enzyme

Substrate

Products

Ura DNA glycosylase

DNA containing uracil

Uracil + apyrimidinic sites

Hx DNA glvcosylase

DNA containing hypoxanthine

Hypoxanthine + apurinic sites

3-mA DNA glycosylase I

DNA containing 3-methyladenine

3-Methyladenine + apurinic sites

3-mA DNA glycosylase II

DNA containing 3-methyladenine,
7-methylguanine or 3-methyl-
guanine

3-Methyladenine, 7-methylguanine or
3-methyladenine + apurinic sites

FaPy DNA glycosylase

DNA containing formamido-
pyrimidine moieties

2,6-Diamino-4-hydroxy-5-N-methyl-
formamidopyrimidine + apurinic sites

5,6-HT DNA glycosylase

‘DNA containing 5,6-hydrated

thymine moieties

5,6-Dihydroxydihydrothymine or 5,6
dihydrothymine + apyrimidinic sites

Urea DNA glycosylase

DNA containing urea moieties

Urea + apyrimidinic sites

PD DNA glycosylase

DNA containing pyrimidine dimers

Pyrimidine dimers in DNA with
hydrolyzed 5’ glycosyl bonds +
apyrimidinic sites




Oxidativni poskozeni DNA

Oxoguanin glykosylaza 1 (OGG1) — odstranuje
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Thymidine glycol 8-Oxo-7-hydrodeoxyguanosine

(8-0x0dG)




Bazova excizni reparace - pri

'AB.ENDONUCLEA

5'- DEOXYRIBOSE -
PHOSPHATE RESIDUE
EXCISED

OLIGONUCLEOTIDE
EXCISION PRODUCT

FIGURE 3-1

Schematic representations of excision repair of DNA are shown in this figure and in
Figures 3-2, 3-3 and 3-4. In each of these figures the relevant region of only one of the
two DNA strands is shown. Some forms of base damage in duplex DNA (e.g., alkyla-
tions at certain positions) are recognized by specific DNA glycosylases that catalyze
excision of the base (1), leaving apurinic or apyrimidinic (AP) sites in the DNA. When
such sites are attacked by 5'-acting AP, endonucleases (2), the resulting 5'-terminal
deoxyribose-phosphate moieties can be excised by the action of either a 3' AP endo-
nuclease (3) or a 5’ — 3’ exonuclease (4), leaving gaps in the affected strands.




Opravna (reparacni) syntéza DNA - vclenovani

nukleotidli do DNA mimo S fazi - diikkaz reparace DNA

Pouziti 3H-dTh
autoradiografie

Neprogramovana
syntéza DNA
polymeraza 3




Short patch BER: excize 1 nukleotidu

Long patch BER: excize 2-6 nukleotidi

Short patch repair Long patch repair
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Figure 3.3 Short-patch vs. long-patch DNA repair
Damaged DNA bases (symbolized by the G with the triangle) can be replaced by short
patch (left) or long patch (right) repair employing the indicated enzymes (in the order
indicated from top to bottom). Long patch repair is preferred or necessary if deoxv-
-ibose is as well damaged and/or a phosphate is lacking,




Nukleotidova excizni reparace

(NER)

E. coli: geny uvrA, uvrB, uvrC, uvrD, kvasinky: geny RAD

Clovék: XP-A, XP-B, XP-D proteiny :l%d;?gwé Ik)mky
. COll

DM A lesion
|}

b1
i} ! 3
a' g
{a) E eaoff b an * rozpoznani
r'.l.vu'.:.u'lc-..'as.—'l | i’:”"i'**1“"""4"' _ pOékOZGnI’ na
_ =8 ' zakladé deformace
(b} ruxluu-nu:ml, - 13 mex J}Nam-l-...-.m..-l._. | o | ad e DNA (UVFA, uvrB)
| « incize (uvrC)
(e} DNA polymerase | [’H""-l-“f-‘ﬁ."'"“'””*':!"l o degradace (Uer)

* polymerizace

[d) DA ligase DA li;.m:nl.'l

* ligace




e globalni genomova oprava
(pomalejsi, eliminuje poskozeni ze vsech casti
genomu)

e transkribcné vazana oprava

(rychla, oprava aktivné transkribovanych gent -
léze v DNA branici transkribci RNA
polymerazou II)

PREFERENCNI REPARACE !!!




Globalni genomova oprava a

transkribcné vazana oprava

Global genome
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transkribované pomoci RNA
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aktivace reparac¢niho komplexu
THFII
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rozvolnéni
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transkrip¢ni faktor
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Figure 3.7 Nucleotide excision repair
Nucleotide excision repair, e.g. of base dimers induced by UVB, can be performed by the
convergent global genome (left) and transcription-coupled (right) pathways. See text for
details.




Preferencni reparace - rychlejsi odstranovani
CPD z prepisovaného retézce DNA

>
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F1G. 2. Time course for removal of CPDs from the transcribed
and nontranscribed strands of RPB2 in the chromosome and plasmid.
Exponentially growing cultures of YSH10 (A) and YSH11 (B) at 24°C
i were UV irradiated (30 J/m?) and incubated in growth medium for the
’ times indicated. Repair was determined from the measured inci-
dences of CPDs in the restriction fragments. O, Transcribed strand,
chromosome; m, nontranscribed strand, chromosome; O, transcribed
strand, plasmid; @, nontranscribed strand, plasmid.




Mismatch array-oprava

chybné zarazené baze
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Mismatch repair - proteiny muts,
a mutL (E. coli)

identifikace poskozeni

nasedaji na Spatné
zarazenou bazi

\
MutL MutH

MutH Incision at
d(GATC) site

ci,

A 1
"

Clly
1

Figure I Model for initiation of methyl-directed mismatch repair. As discussed in th

scheme is based on in vitro properties of the MutH, MutL, and MutS proteins. Since

stoichometry and protein-protein interaction are not understood, those shown are for ¢
illustration only.




Odstranéni useku s chybnou bazi.

xonukleaza
helikaza

spravny
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Obr. 412b
Oprava chybného parovani
(Fizena metylaci)
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Mismatch reparace - odstranuje nejen chybné

baze ale i inzerce a delece

Insertion (or deletion) la@

@gle base mispa@
[E4 ¥
CTAG A m arct Grar M
W GATCC‘@AT W CACACACA

bunkach

CTAGGOTA M GTGTGTGT m
W GAT(‘C:E?'LT W CACACACA

Figure 3.4 Two important pathways in DNA mismatch repair
Left: repair of a T:G mismatch; Right: repair of an insertion/deletion at a microsatellite.




e Mutace v genech MSH2 a MLH1 u
clovéeka - casta u HNPCC -

~hereditary non-polyposis colorectal
cancer !

e predispozice k nadorim strev




Tolerance poskozeni DNA

e pritomnost CPD v DNA - docasna blokada replikace -
replikace pokracuje - vznik mezer v dceriném retezci

e DNA |éze nejsou odstraneny - jde o toleranci poskozeni v
matricovém retézci - opravuje se diisledek poskozeni

e oprava mezer v dcerinném retézci - postreplikacni
reparace (vyzaduje homologni sesterskou
chromatidu)

e transléze poskozeni — SOS reparace




Postreplikacni reparace — vyznam recA
proteinu

FICURE 7-23
» _ I A sectional view of a recA protein fiber
m 5 SESEESEEEEEEEEEEEEEREREEN] surrounding a DNA duplex. Each mono-
. mer is thought possibly to have binding
sites for two to three bases on each
DIMER 2 A strand (three are shown here with small
colored circles), as well as two protein
A{ﬁcgflllllillllIlII]IT]JllIllIlII]I!]] | binding sites (colored dvalds) anda sits
= e A for ATP (not shown). The DNA chain is

/ shown to be qxlcnded to approximately
J]ll.l.LLLl_LL.LLLL - <:Z AT T IIIIIIII 18 bp per helical turn (see Fig. 7-22).

(From P. Howard-Flanders and S. C.
West, ref, 55.)
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- FIGURE 7-24

' Diagrammatic representati@h of recA protein bound to DNA during
(8) EEEE S ER AR AN N ENEE N S RSN IR N T E IR RIS genetic recombination. A inding head to ta]
2 single-strand gap may promote initial confa single-strand

and duplex regions of DNA (A). Once homologous contacts between
TT1 BE T TTTTT the single-strand and the duplex are made, more recA monomers
RN 1111 IllllllIlewll]IIlllll]llll—llllllllllll bind head to tail, extending the complex toward the left (arrow) (B).
ATP hydrolysis may occur at the tail end (right), where recA protein
could undergo allosteric changes that lead to its dissociation. (From
P. Howard-Flanders and S. C. West, ref. 55.)




Postreplikacni reparace
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FIGURE 3141, Tn recombination repair, the gap in 3 newly synthesized DNA strand opposite
a damagr st is Blked by the correaponding segment from it sister duples.
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Oprava mezer v dcerinném retézci DNA-

rekombinacni reparace

1o c— —— 4. Tvorba Hol!iclavova spoje.
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Replikace.

Parovéni a zacatek vymeény Fetézcu.
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Obr. 414
Schéma opravy mezery v dcefiném Fetézci
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Obr. 415
Prevraceny posun Hollidayova spoje




2.

dvouretézcové zlomy - exogenni vlivy (zareni) nebo
endogenni (tvorba T-bunécnych receptoril nebo
immunoglobulinovych genil)

rekombinacni oprava

homologicka rekombinace (HR) - poskozeny Gisek DNA
ziska genetickou informaci z neposkozeného homologu
(napr. sesterska chromatida nebo z homologického
chromozomu: error-prone - moznost vzniku duplikace,
delece, translokace)

nehomologicka oprava tzv. ,end-joining", jde o spojeni
dvou DSB bez vyrazné potreby sekvencni homologie mezi
konci DNA (NHEJ) - previlada v savcich bunkach
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Figure 3.10 Repair of DNA double-strand breaks by non-homologous end joining ,
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Figure 3.11 Mechanism of DNA dsuble-strand break repair by homologous recombination
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Reparace krizovych vazeb — FANC

proteiny
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Figure 3.9 DNA crosslink repair during replication
A largely hypothetical outline of DNA repair at rephcatlon forks stalled at an inter- strand
crosslink (bold step in the DNA laddcr BR 0 2 eg]
activity of FANC proteins <u
segment. The final stages of the process can Be a0 g 5Y R system (as n

Figure 3.11) which can preserve the sequence or by NHEJ (as in thure 3.10) which
regularly causes a deletion.




e duleZity bunéény mechanismus, ktery
umoznuje prekonat blok v replikaci
zpusobeny poskozenim DNA

e inducibilni typ opravy DNA, kterym se
bunky vyhybaji letalnimu acinku
nekterych poskozeni

e error-prone reparace !!!




SOS reparace

(koordinovana syntéza enzymu a ¢innost reparacnich
mechanismi indukovana poskozenim DNA)

Uninduced state Chapter 31. DNA Replication, Repair, and Recombination 971

Operator

uvrB

To other genes
controlled by LexA

/

LexA binds to operators,
repressing synthesis of /¢
proteins involved in the &
SOS response e

[N

Induced state
Operator

Damaged DNA

AY
Figure 31-32 . there has been extensive DNA damage (below), RecA is
In a cell with undamaged DNA (above), LexA largely activated, by binding to the resulting single-stranded DNA to
represses the synthesis of LexA, RecA, RecBCD, UvrABC, stimulate LexA self-cleavage. The consequent synthesis of

and other proteins involved in the SOS response. When the SOS proteins results in the repair of the DNA damage.




SOS reparace

v malém mnozstvi, viZe na lexA-operator a na operatory genu recA a jinych
geni regulovanych LexA-represorem. Tyto geny se exprimuji v malych
mnoZstvich proteinti. Proto se RecA-protein nachézi konstitutivné téz v neindu-
kovanych burikach.

* 2. Vlivem poskozeni DNA (napf. vznikem pyrimidinovych dimert blizko
replikaéni vidlice) se aktivuje RecA-protein. Tato aktivace se uskuteciiuje
vazbou RecA-proteinu na jednofetézcové useky v mezerach vytvorenych
diskontinualni syntézou DNA za dimery.

* 3. Interakce LexA s aktivovanym RecA-proteinem vede k proteolytické-
mu Stépeni LexA.

* 4. V indukovaném stavu vede dereprese recA4 - genu k produkei velkého
mnozstvi RecA-proteinu. Téz jiné geny, které jsou regulovany LexA-proteinem,
jsou dereprimovany.

* 5. Kdyz indukéni signal zmizi (pravdépodobné opravou jednofetézcovych
mezer), mnozstvi aktivniho RecA-proteinu klesne, LexA-represor se hromadi a
geny regulované LexA-represorem jsou opét reprimovany.

Indukovatelné geny na obr. 413 jsou napi. geny uvrA, uvrB, uvrC, uvrD,
jejichz produkty jsou tyto proteiny:
* UvrA-protein, ktery se vaze na DNA ozafenou UV-svétlem; tvori komp-
lex s UvrB-proteinem.

* UvrB-protein, ktery se vaze na UvrA-protein. V komplexu s timto
proteinem ma helikazovou funkci.

* UvrC-protein  pusobici v  komplexu s UvrB-proteinem jako
endonukleaza.

* UvrD-protein pusobici jako 3°-5"-helikaza II.




Inducibilni reparace

Inducibilni enzymy zprostredkovavajici adaptivni
odpoveéd'.

E. coli

3 - MeA - glykosyldsa II ( gen alkA )

Odstraniuje: 3 - MeA, 3 - EtA, 3 - MeG, 0% MeC, 0% MeT

_Of- MeG - DNA methyltransferssa ( gen ada )

Odstraiiuje: O° - MeG, O* - MeT, O- MetP




Klastogenni adaptace indukovana nizkymi davkami

ionizujiciho zareni - aberace (Vicia faba)

prises ionizing radiations, B-rays from *H-labelled
deoxynucleotides and some polypeptide an-
tibiotics, e.g., bleomycin.

The intention of the present work was to find
out whether or not S-phase-independent agents are
able to trigger clastogenic adaptation. For this pur-

pose the aberration yields after conditioning and - .

challenge treatments with X-rays and bleomycin
were studied. Both agents proved to be able to trig-
ger clastogenic adaptation. '

Material and methods

Primary root-tip meristems of seedlings of the
reconstructed Vicia faba karyotype ACB (cf.
Michaelis and Rieger, 1971; D&bel et al., 1978)
were used for clastogen treatment.

X-Rays were delivered by a ‘Tu.R.”> T250 X-ray
unit at a rate of 0.75 Gy/min at 20 mA, 200 kV and
-a total filtration equivalent to 0.5 mm Al + 0.5
~ mm Cu. At all exposures, the focus-sample

distance was 42.5 cm with a field size of 20 X 24
" cm. Root tips were X-rayed at room temperature
with a conditioning dose of 0.06 Gy (6 rad) and a
challenge dose of 0.6 Gy (60 rad), with an interval
.of 2 h. Bleomycin sulphate was administered at 0.1
mg/l for 1 h (conditioning) and 10 mg/l for 1 h
(challenge dose), again with an interval of 2 h be-
tween the two treatments.

After clastogen treatment, roots were exposed to
0.05% colchicine (2 h) after various recovery times
(see legends), fixed with ethanol/glacial acetic acid
3:1, and chromosome preparations were made ac-
cording to the Feulgen method. For each recovery
time at least 100 metaphases (from 2 slides) of the
‘first cell cycle after interphase treatment were in-
spected for the presence of the following types of
chromatid aberrations: isochromatid breaks,
duplication and intercalary deletions, chromatid

Results

(1) Clastogenic adaptation after X-ray treatment

Fig. 1 shows the frequencies of metaphases with
X-ray-induced chromatid aberrations as a function
of recovery time. Exposure of root-tip meristems

to the conditioning dose of 0.06 Gy (curve 1)
resulted in rather low aberration frequencies with

a maximum of 4.4% at 3 h and 6 h recovery time,

respectively. Application of the challenge dose of °

0.6 Gy yielded an aberration maximum of 26.3%
at 3 h recovery time. When the test material was
first X-rayed with the conditioning dose (0.06 Gy)
and, 2 h later, with the challenge dose (0.6 Gy), the
yield of challenge dose-induced chromatid aberra-
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Fig. 1. Reduction of the yield of mectaphases with chromatid

aberrations (MWA) by conditioning treatment with a low dose
of X-rays (0.06 Gy) prior to challenging with X-rays (0.6 Gy).
Curve 1: 0.06 Gy. Curve.2: 0.6 Gy. Curve 3: 0.06 Gy, and 2 h
later, 0.6 Gy. RT: recovery time in h after challenge treatment.
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Klastogenni adaptace indukovana nizkymi
davkami ionizujiciho zareni - mikrojadra

(Vicia faba)
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Fig. 2. The induction of micronuclei after a 24 h pretreatment with *H-dTh and subsequent
gamma-irradiation with a dose of 1.5 Gy in Vicia faba root tip cells. Dotted lines show the yields
expected on the basis of additive effects of *H-dTh and gamma-rays.




Mechanismy reparace nékterych typu

DNA lézi

Lesions in DNA* DNA Repair Pathways
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Reparace DNA a gen p53

hypoxie
ubytek ribonukleotidi
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Obr. 1. Funkce proteinu p53. p53 je kli€ovym bodem sloZité signalni sit&, ve kterém se stfetavaji
aintegruji rizné intraceluldmi a extracelulamni signaly. Bun&&ny stres vyvoldva signaly, které
’ vedou k modifikaci p53 a jeho negativniho regulatoru MDM2. Stabilizovany a aktivovany protein
4 p53 pak aktivuje transkripci fady gent, jejichZ produkty vedou k zastaveni bunééného cyklu, in-
dukci apoptosy, opravam DNA a inhibici angiogenese (podle Vogelstein et al. 2000).




Inhibitory reparace DNA

ANDREW R. 8. COLLINS AND ROBERT T, JOHNSON

Base/nucleotide excision

blocked by
novobiocin or ]
nalidixic acid

DNa gamagng
agent

blocked by,

blocked by araC,
aphidicolin (polymerase «),
ddT (polymerase B)

i 1. A simplified scheme illustrating repair o DNA lesions and showing sites of action of
typical inhibitory agemts, Base excision repair involves enzymatic or spontancous removal of
dumaged buse leaving an apurinic/apyrimidinic (AP) site which is attacked by un AP endonuclease,
| followed by an exonuclease; the consequent gap is filled by DNA polymerase and the repair patch
sealed into preexisting DNA by polynucleotide ligase. Nucleotide excision repair follows a similar
route after the incision by a lesion-specific endonuclease (e.g., UV endonuclease al the site of
cyclobutane pyrimidine dimers resulting from UV irradiation). The size of the repair patch tends to

¢ rellect the nature of the lesion. Simple strund breaks may be repaired in a single step by pely-
nucleotide ligase. The extent of inhibition of these various steps by a given agent will depend on such
factors as type of lesion, cell type, and state of growth, as discussed in the text. [For further details of '
repair mechanisms, see the review by Hunuwalt er af, (1979).]




Poruchy reparaénich systému

zvyseny vyskyt malignit

precitlivélost vudi latkdm poskozujicim DNA
precitlivélost vuci UV-zareni

onemocnéni nervoveho systemu

nekteré poruchy imunitniho systemu




Nemoci zplisobené poruchami
reparace DNA

table 11.9

Some DNA Replication and Repair Disorders

Disorder Frequency Defect

Ataxia telangiectasis 1/40,000 Deficiency in kinase that
controls the cell cycle

Bloom syndrome (two types) 100 cases since 1950 DNA ligase is inactive or heat
sensitive, slowing replication

Fanconi anemia (several types)  As high as 1/22,000 in Deficient excision repair

some populations

Hereditary nonpolyposis 1/200 Deficient mismatch repair

colon cancer

Werner syndrome (a progeria) 3/1,000,000 Deficient helicase

Xeroderma pigmentosum 1/250,000 Deficient excision repair

(nine types)

Trichothiodystrophy Fewer than 100 cases Deficient excision repair

(five or more types)




Nemoci zplisobené poruchami
reparace DNA

a.

~ figure 11.15

DNA repair disorders. (a) Trichothiodystrophy (a form called Cockayne syndrome) causes
a child to appear aged. Excision repair fails. (b) The marks on this child’s face are a result of
sun exposure. He is highly sensitive because he has inherited xeroderma pigmentosum (XP),
also an impairment of excision repair. The large lesion on his chin is a skin cancer.




Vrozené defekty DNA reparace a

predispozice k nadoriim

Table 3.2. Inherited deand predisposition to cancer

Syndrome

Xeroderma
pigmentosum

Cockayne

Ataxia
telangiectasia
Fanconi anemia

Nijmegen
breakage
Bloom

Werner

Hereditary
breast cancer

Hereditary non-
polyposis
carcinoma coli

recessive

recessive

recessive

recessive

recessive

recessive

recessive

dominant

dominant

Repair system Gene(s) Tissue with
affected involved increased
cancer risk
nucleotide XPA-G skin
excision repair (ERCCI-7)
genes, others
transcription- CSA4, CSB no significant
coupled increase
nucleotide
excision repair
strand-break ATM multiple
repair
crosslink repair  FANC genes, hematopoetic
BRCA2 system, others
strand break NBS hematopoetic
repair system
strand-break BLM multiple
repair (HRR?)
strand-break WRN multiple
repair (NHEJ?)
homologous BRCAI, breast, ovary
recombination BRCA2,
repair others (7)
mismatch repair MSH?2, colon,
MLHI, endometrium,
PMS2, others stomach,

others




18. Ataxia teleangiectasia

(Louis-Bar syndrome, Syllabtiv-Hennertiv syndrom)

Diagnosticka kritéria: Kozni a spojivkové teleangiektdzie  Cerebeldrni ataxie « Imunodeficience
Chromozomadlni fragilita « ZvySend hladina alfa-fetoproteinu v séru

Klinické projevy:
Hlava: ,Maskovity* obli¢ej « Strabismus, fixaéni nystagmus.
Kiize: Kozni a spojivkové (okulokutdnni) symetrické teleangiektdzie - na kiiZi obli¢eje ve tvaru
motyla, v krajiné uSnich bolte a ocnich koutki « Hyperpigmentace i hypopigmentace (skvr-
ny barvy ,bilé kdavy*), vitiligo, pfed¢asné Sedivéni « KoZni infekce, ekzémy, atrofické kozni
zmeény, snizend vrstva podkozniho tuku.

Nervovy systém: Progresivni cerebeldrni ataxie, abazie, choreoatetéza, intenénf tremor
Monotonni skandovand fe&.

Imunitni systém: Porucha bunéné imunity, sniZzené hodnoty imunoglobulini (IgA, IgE, IgM)
* Hypoplazie tymu, hypoplazie tonzil, lymfopenie * Recidivujici infekce ¢ Sklon k malignité
(ktize a lymforetikuldrn{ systém).

Laboratorni ndlezy: Chromozomdlni fragilita (zvySeny pocet zlomii a pfestaveb - prestavby
mezi chromozémy 7 a 14) » SniZzend odpoved na stimulaci lymfocyti fytohemaglutininem,
zvySend radiosenzitivita. ZvySend hladina alfa-fetoproteinu v séru.

Jiné: Endokrinni poruchy (dysfunkce hypofyzy, hypogenitalismus, diabetes mellitus) ¢ Dys-
trofizace « Mentdln{ retardace « Maly vzriist « OpoZdény kostn{ vék.

Manifestace klinickych projevi je riznd. Ataxie se manifestuje asi ve 2. roce Zivota, tele-
angiaktdzie mezi 2. - 5. rokem, mentdlni deficit je zfetelny asi kolem 10. roku Zivota. PostiZzeni
je letalni.

Diferencidlni diagnostika: Seemanové syndrom II (155), Friedreichova ataxie, hepatolentikuldrni de-
generace.

Genetika: D&di¢nost autosomdlné recesivniho typu (McK:%208900). Lokalizace genu: 1 1q22-q23.
Prenatdilni diagnostika: Chromozomadlni vySetieni a ur¢eni hladiny alfa-fetoproteinu v plodové vodé.
Prvni popis a vyskyt: Syndrom byl poprvé popsdn Syllabou a Hennerem v roce 1926. Popis Louis-

Barové je az z roku 1941. Oznaceni ataxia telangiectasia uvedli Boderova a Sedgwick v roce
1958. Vyskyt mezi novorozenci 1:30 000 - 1:100 000.

Literatura:
Fiorilli, M., Businco, L., Pandolfi, F., Paganelli, R., Russo, G., Aiuti, F.: Heterogeneity of immunological ab-
normalities in ataxia-teleangiectasia. J. Clin. Immunol. 3, 1983, 135-141. «Jaspers, N. G. J., Gatti, R. A., Baan, ]

C., Linssen, P. C. M. L., Bootsma, D.: Genetic complementation analysis of ataxia telangiectasia and Nijmegen
breakage syndrome: a survey of 50 patients. Cytogenet. Cell Genet. 49, 1988, 259-263. « Schwartz, S.,
Flannery, D. B., Cohen, M. M.: Tests appropriate for the prenatal diagnosis of ataxia telangiectasia. Prenat. ¥ = 3:
Diagn. 5, 1985, 9-14.
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23. Bloomtv syndrom

(Bloom-German syndrome, Congenital telangiectatic erythema)

Diagnostickd kritéria: Teleangiektaticky erytém « Fotosenzitivita » Maly vzrist « Chromozomalni
fragilita (instabilita)

Klinické projevy:
Hlava: Mikrocefalie, akrocefalie (i dolichocefalie), tizky oblicej (hypoplazie licnich kosti) ¢
Kritky nos * Nepravidelnd dentice, klenuté patro, ustupujici doln{ celist * Prominujici usni
boltce.
Skeler: Tuxace ky¢li, pes equinovarus, syndaktylie, klinoduktylic, nadpocetné prsty « Maly
vzriist (prenatdln{ i postnatdlni ristovd retardace).
Kiize: Teleangiektaticky erytém (nos, tvdre, rty, usi, pfedlokti, dorza rukou) * Fotosenzitivita,
cheilitis actinica bullosa ¢ Nepravidelné pigmentace, skvrny barvy ,bilé kdvy" * Atrofické
i ichtyotické kozni zmény * Hypertrich6za.

ISR S 2 L 1 1 L - 2 1 foc WO 1

ey por pop ¥ .
Laboratorni ndlezy: Chromozomdln{ fragilita (zvySeny pocet chromozomdlnich zlomt a pre-
staveb, zvySeny pocet chromatidovych vymén), porucha reparace DNA (sniZend aktivita DNA
ligdzy) * Snizeni imunoglobulind (IgG, IgA, IeM).

Jiné: Sklon k respira¢nim, infek&nim onemocnénim « Zvy3eny vyskyt leukémii, lymfomd,
solidnich tumorti ( nddory jazyka, hrtanu, plic, jicnu, tlustého stieva, délohy, prsnich Zlaz,
koZni tumory) * Vysoky (infantilni) hlas * Mentdlni retardace.

KoZzni zmény se manifestuji nejCastéji az po oslunéni, zcela vyjimecné jiz u novorozence.

Diferencidlni diagnostika: Cockaynelv syndrom (26), Dubowitzav syndrom (40), Dyskeratosis
congenita (42), Progeria (138), Rothmundtiv-Thompsoniv syndrom (148). Syndromy s chro-
mozomaln{ instabilitou.

Genetika: Dédi¢nost autosomdlné recesivniho typu (McK:#210900).
Prenatalni diagnostika: Ultrazvuk (rustovd retardace), karyotyp plodu (chromozomalni instabilita).

Prvni popis a vyskyt: Syndrom popsal Bloom v roce 1954. German a spolupracovnici demonstrovali
v roce 1965 chromozomdlni zmény a sklon k malignimu bujeni. Relativné asty vyskyt v Zi-
dovské populaci. Registrovdno vice nez 130 jedinct.

Literatura:
German, J., Takebe, H.: Bloom's syndrome. XIV. The disorder in Japan. Clin. Genet. 35, 1989, 93-110. «
Hustinx, T. W. I, Ter Haar, B. G. A., Scheres, .M. J. C., Rutten, F. J., Weemaes, C. M. R., Hoope, R. L. E.,
Janssen, A. H.: Bloom™s syndrome in two Dutch families. Clin. Genet. 12, 1977, 85-96. « Sperling, K., Goll,
U.,Kunze, J., Ludtke, E. K., Tolksdorf, M., Obe, G.: Cytogenetic investigations in a new case of Bloom’s syn-
drome. Hum. Genet. 31, 1976, 47-52.

(53]

Obr. 23.1. Divka, std¥i 4 1/2 roku. Typické kozni zmény na kiZi obliceje. » Obr. 23.2. Chlapec, stdri 12 rokit. Suchd kiize
s Cetnymi teleangiektdziemi na kiiZi obliceje. » Obr. 23.3.a, b. Divka, stdi{ 8 rokii. Maly vzriist, zmény na kizi obliceje.




173. Xeroderma pigmentosum

(Atrophoderma pigmentosum, Lentigo maligna)

Diagnosticka kritéria: Fotosenzitivita « Hyperpigmentace * Teleangiektdzie * Aktinické kozni nadory

Klinické projevy:

Hlava: Nadmérné slzeni, zdnéty spojivek, zanéty o¢nich vicek, ektropium, entropium, zdnéty

a ulcerace rohovky, fotofobie ¢ Defektn{ dentice.

KiiZe: Fotosenzitivita a ndsledné koZni zmény: erytém, ve-
zikulobulozni exantém, nepravidelna loZiska hyperpigmen
tace a depigmentace, atrofické kozni zmény, teleangiektd-
zie, hyperkeratézy. Nejeitlivéjsi je kiize obliceje (o, rty).
Zmény na kiiZi jsou patrné zprvu na nekrytych mistech ,
pozdéji i v jinych lokalizacich ¢ Aktinické koznf i jiné nd-
dory (spinoceluldrni karcinomy, maligni melanomy, ke-
ratoakantomy, fibrosarkomy, angiomy, angiosarkomy).
Fotofobie je patrna od narozenf, koZni zmény vétSinou po
prvni expozici slunci. Vét§ina postizenych umird do 20.
roku Zivota. Dnes je zndmo jiZz 9 typtu xeroderma pig-
mentosum, které je mozno odliSit na bun&tné drovni.
Existuji formy tézké, asné zacinajici s mentdlni retardact,
ale i formy s pozdé&jsi manifestaci, normdlnim intelektem
a leh¢im pribéhem.

Diferencidlni diagnostika: Cockaynetv syndrom (26), Dyske-
ratosis congenita (42), Rothmundév-Thompsontiv syn-
drom (148), Sanctistiv-Cacchioneho syndrom.

Genetika: Dédi¢nost autosomdlné recesivniho typu (McK:
%278700). Lokalizace genu: 9q34.1.

Prenatdilni diagnostika: Defekt spocivd na drovni mechanismi
reparace DNA a lze testovat prenatdlng v tkdnovych kul-
turdch.

Prvni popis a vyskyt: Xeroderma pigmentosum poprvé popsali
Hebra a Kaposi v roce 1874. Vyskyt v rozmezi 1:100 000
- 1:250 000. V Japonsku 1:40 000.

Literatura:
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telangiectasia, Fanconi anemia, and xeroderma pigmentosum fa-
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Obr. 173.1, 173.2. Chlapec, stdri 12 rokii. Nepravidelné skvrnité hyperpig-
mentace a depigmentace s maximem na obliceji, na krku a horni &dsti hrudniku,
Cetné hyperkeratdzy, atrofické koZni zmény, tumordzni zmény na bradé a na
uSnim bolici (spinoceluldrni karcinom). « Obr. 173.3. M stari 30 rokii.
Loziska hyperpigmentace a depigmentace, atrofické koini zmény a hy-
perkerdtdzy s maximem zmén na obliceji. « Obr. 173.4. Chlapec, stdfi 12 rokil.
Tumordzni zmény na kiZi obliceje.
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Obrazek C.29 Kozni a oéni priznaky xeroderma plgmento—
sum. Zaznamenejte pihovité hyperpigmentace a verukozni g
ze na kiizi a spojivee. (S laskavym svolenim M. L. Levy, B,
College of Medicine and Texas Children’s Hospital Hogfton.)

dové excizni opravy pfi reparaci spojené s transkrigei. XP
i Cockaynetiv syndrom byly rozdéleny do 10 biocI§
kych komplementac¢nich skupin: kazda skupina je odNg-
zem mutace riiznych komponent nukleotidové excizn
opravy nebo postreplikaéni reparace (tabulka).

Redukovana nebo chybéjici kapacita globdlni genomo-
vé opravy nebo postreplikacni reparace vede k nahroma-
déni mutaci uvnitt bunék. Kozni neoplazmata u pacientii
s XP maji vy8si hladinu mutaci onkogenti a nadorovych
supresorovych genti nez nadory v obecné populaci. Zda
se, Ze tyto mutace jsou vysoce UV-specificke.

Fenotyp a jeho vyvoj, priibéh choroby

Prvni priznaky se u pacientt s XP projevuji v pribéhu
1.a 2. roku, tfebaze asi u 5 % pacientti choroba zacind po
14. roce. Pocatedni priznaky jsou obvykle snadné spalent
na slunci, akutni fotosenzitivita, pihovatost a fotofobie.
Stalé poskozovani kiiZe vede k jejimu predéasnému stdr-
nuti (ztenceni, vrascitost, slunecni pihy, telangiektazie)
premalignim aktinickym kerat6zam a benignim i malignim
tumortam (obr. C.29). Témét 45 % pacienttt ma bazaliomy
nebo skvamoézni karcinomy, u 5 % se projevi melanomy.
90 % koznich karcinomt se nachédzi na kiZi exponované
UV zafeni — obligej, krk, hlava a spicka jazyka. Pfed zave-
denfm preventivnich opatfeni byl praimérny vék manifes-
tace koznich nddort 8 let, tedy o 50 let dfive neZ v ostatni
populaci, a frekvence nadort byla vice nez 1000krat vyssi
neZ v populaci.

Kromé koznich priznakti ma 60-90 % pacientt ocni
problémy, které zahrnuiji fotofobii, konjunktivitidu, blefa-
ritidu, ektropium a nadory. Rovnéz zde koresponduii pro-
jevy s misty nejveétsi expozice k UV.

U asi 18 % pacientt se projevi neuronalni degenerace.

Piznaky jsou neurosenzoricka sluchova porucha, mentalni
retardace, spasticita, hyporeflexie az areflexie, segmentalni
demyelinizace, ataxie, choreoathet6za a supranukledrni of-
talmoplegie. Zavaznost neurclogickych piiznaka obvykle
koreluje se zavaznosti poruchy reparace nukleotidové ex-
cize. Neurodegenerace mize byt dusledkem neschopnosti
opravit poskozenou DNA endogenné vznikajicimi kysli-
kovymi volnymi radikaly.

Reparace nukleotidovych excizi také opravuje DNA
poskozenou mnoha chemickymi karcinogeny, jako jsou ci-
garetovy kout, prepaleny tuk v potravé a cisplatina. V dii-
sledku toho maji pacienti 10 az 20krat zvySenou incidenci
vnitinich nadort, jako jsou tumory mozku, plic, zaludku
nebo leukémie.

Pacienti s XP maji zkracenou délku Zivota: bez preven-
tivni ochrany pred UV Zarerum ]e jejich Zivot o 30 let krat-
5i neZ osob bezX gelanom a skvamozm

omy jsou ne]casté]:;l prENOU™

Potvrzeni diagnézy XP spocivd na funkénich testech repa-
race DNA a UV senzitivity, které se provadi v koznich fib-
roblastech. Identifikace odpovédné mutace neni vzhle-
dem k fadé komplementacnich skupin, odpovédnych
genfi a pfemnoha mutaci dostupna.

Péce o pacienty s XP predstavuje pfisnou ochranu pred
UV zafenim ochrannymi odévy, fyzikalnimi i chemickymj
sluneénimi clonami, mastmi, peclivym sledovanim a g

gznich malignit. Zadné léky nejsou dostup

Dédicnost a ge
XP je autozomalné recesivni choroba, a proto mnoho pa-
cientti md negativni rodinnou anamnézu. Rodice maji pro
dalsi reprodukei 25% riziko postiZzeni dalsich déti. Prena-
talni diagnostika je dostupnd vyuZitim funkénich testd
DNA reparace a UV senzitivity v kultivovanych amniocy-
tech nebo buiikach choria.

Otdzky k diskusi

1. Definujte komplementa¢ni skupiny a vysvétlete jejich
vyuziti pro definovani biochemické podstaty chorob.

2. Porovnejte podobnosti a rozdily XP a Cockayneova
syndromu. Pro¢ neni Cockaynetv syndrom provazen
zvysenym rizikem malignit?

3. Pacienti s XP majf defekt koZni buné¢né imunity. Jak
miize senzitivita pacientii s XP k UV zafent vysvétlit je-
jich imunodeficienci? Jak pfispiva imunodeficience ke
sklonu k nadortm?

4. Wernertiv syndrom, Bloomtiv syndrom, XF, ataxie te-
langiectasia a Fanconiho anémie jsou dédi¢né choroby
genomové instability. Jaky je molekuldrni mechanis-
mus kazdé z téchto chorob? Jaké typy genomické insta-
bility jsou spojeny s kazdou z téchto chorob?

Odkaz
De Boer |, Hoeijmakers JH] Nucleotide excision repair and
human syndromes. Carcinogenesis 2000;21: 453-460.




26. Cockaynetliv syndrom

(Neill-Dingwall syndrome, Progeria-like syndrome)

Diagnosticka kritéria: Mikrocefalie * Senilni facies « Retinitis pigmentosa * Kloubni kontraktury *
Disproporciondlni maly vzrist » Fotosenzitivita

Klinické projevy:
Hlava: Mikrocefalie, senilni facies * I:Tzky a zahnuty nos * Anomdlie slzného ustroji, en-
oftalmus, dystrofie rohovky, kornedlni opacity, katarakta, nystagmus, retinitis pigmentosa,
atrofie optiku » Kariéznf chrup, piedasnd ztrdta trvalého chrupu, klenuté patro < Nizko
nasedajici a dysplastické usni boltce.

Skelet: Zesilend lebe&ni klenba, anomadlie obratlf, kyfoskoliéza, krdtky trup (relativné dlouhé
kon&etiny) » Fleké&ni deformity kon&etin, kloubni kontraktury, kritké metakarpy, krdatké me-
tatarzy a falangy = Osteoporéza = Disproporciondlni maly vzrist.

KiiZe (adnexa): Fotosenzitivita, dermatitis, motylovy exantém. koznf atrofie (lipoatrofie) =
Ridké vlasy, predcasné Sedivéni.

Nervovy systém: Ataxie, intencni tremor, choreoatetéza, intrakranidlni kalcifikace « TéZkd
mentdlni retardace.

Jiné: Hepatosplenomegalie * Nefropatie « Kryptorchismus
* Porucha sluchu » ,,Hruby* hlas.

Klinické symptomy se manifestuji mezi 2.- 4. rokem Zi-
vota, progredujici symptomatologie, letdlni prabéh. Jedinci
s prenatdlni symptomatologii se nékdy také oznacuji jako
Cockayneay syndrom II (B).

Diferencidlni diagnostika: Bloomuv syndrom (23), Progeria (138),
Rothmund@v-Thompsontv syndrom (148), Xeroderma
pigmentosum (173).

Genetika: Deédi¢nost autosomdlné recesivniho typu (McK:
216400). ZvySend bunécnd senzitivita k UV zdfeni, de-
fekty v procesu reparace DNA.

Prenatdlni diagnostika: Citlivost amniovych bunék k UV zifeni.

Prvni popis a vyskyt: Syndrom poprvé popsal Cockayne v roce
1936. Popsdno vice nez 60 jedinct.

Literatura:

Alton, D. J., McDonald, P., Reilly, B. J.: Cockayne’s syndrome. A
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Obr. 26.1. Dévédtko, stdri 12 1/2 roku. Charakteristicky vyraz obliceje: izky a zahnuty nos, nizko nasedajict dysplastické
usni boltce. » Obr. 26.2. Chlapec, std¥i 15 1/2 roku. Vyraz obliceje pFipomind divku na obr. 26.1. [5‘




V lidskem téele za zivot -
1016 bunécnych déleni

V prostredi bez mutagenu je
10-6 pravdépodobnost

vzniku mutace na bunééné
déleni a gen, takze za

zivot 101° mutaci na

kazdy gen.

1?10tazka neni proc

rakovina vznika, ale pro¢
vznika tak malo casto?!?

Vyskyt rakoviny jako funkce véku !!!

1 mutace nestaci; vetsina mutaci je opravena

Vyskyt rakoviny na 100 000 zen

180

160

140

120

100

80

60

40

20

10

20 30 40 50 60 70 80
Vék v rocich




