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DNS hibdk
DNS hibdk naponta minden sejtben 1000-1000000

esetben torténik amelyiknek hibatlanul ki kell
javitadnia (10 sejtX 10° hiba ibajavi’rés

haponta.

Ez nagyjabdl a teljes human genom 0.000165%-at
érinti (3x10° bdzispdr), a kijavitatlan hibdk zavarjdk a
DNS-en t6rténé folyamatokat (transzkripcid,
replikdcio) és novelik a rakos folyamatok
kialakuldsanak esélyét is.
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A BNS hibdk transzkripcié ledlldshoz
és a reptikdacio sordn bekovetkezd

djabb hibdk kialakulasdhoz jdrulnak
hozzd és igy toxikusak a sejteknek.

Humdn sejtekben kimutattdk, hogy a

DNS  hibajavitds hibdi  nagyban

hozzdjarulnak a tumoros folyamatok

kialakuldsdban novelve a mutagenezis
- esélyet.

SZEGEDI TUDOMANYEGYETEM




A DNS hibak forrasai

A DNS hibak kialakulasanak forrasai

1. endogén hibak ROS normal metabolikus
termégke\kﬁb‘l_(oxidative deamination);
e Replikacios villa hibai
e Joval nagyobb mennyiségl hibat general
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Kiilsé (exogén) forrdsok
UV 200-300nm a Napbdl

Rontgen és and gamma sugdrzds
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+ Kemikalidk - aromatikus vegyiiletek DNS
lancokba éplil be a lancok kozé




A DNS karositd molekulak hatasmechanizmusa
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A DNS szal ionizacioja

Bond breaks
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A viz radiolizis kémiaja
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H-O-H > H"+ OH- (ionization)
H-O-H —»> H'+ OH? (free radicals) __




A DNS torések fajtai es keletkezésuk gyakorisaga
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Szerencsére van DNS hibajavito
mechanizmusunk
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A DNS hibak és javitasi utvonalaik
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Mutacio tipusok

Kromoszoma szam valtozasok

Pont mutaciok, nukleotid cserék(A,T,C,G)
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Inszerciok

_Deléciok




DNS hibak
1. oxidacié 8-oxo-7,8-dihydroguanine (8-
0x06G) amely foként a ROS-bdl keletkezik

2. alkylacio (altalaban methilacid), 7-
methylguanine, 1-methyladenine, O6-
methylguanine
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3. Badzisok hydroluzuse deaminacid,
depurindcid és depyrimidindcio.
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4. "bulky adduct " (benzo[a]pyrene diol
epoxide-dG).

5. mismatch, DNS replikacid, hibas
bdzis beépitése az Gjonnan szintetizalt
DNS lancba
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UV hatasa
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(60% T-T, 30% C-T, 10% C-C dimers)
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lonizalo Sugarzasok altal okozott DNS
atrendezodések

* IR DNS torés a kromoszomakon
Deléciok, Duplikaciok, Inverziok,
Transzlokaciok
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DNS toresek

-
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+F Single-strand and double-strand

0 breaks are produced at low frequency
@ during normal DNA metabolism by

~u topoisomerases, nucleases,

~w replication fork "collapse”, and repair

. processes.

Breaks are also produced by ionizing
. radiation.
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A mutagének elleni védekezés modjai

Fizikalis pajzs: bor €s a melanin

detoxifikaldo enzimek: superoxide dismutase (SOD)
és catalase

szabadgyok megkotOk: vitamin C, vitamin E, bilirubin

glutathione-S-transferases (GSTs)

T e




Melanin pigment shields keratinocyte
nuclei from UV radiation

supranuclear cap
R — (parasol or sun umbrella)
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keratinocyte nucleus
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- 2 utvonal a DNS replikaci6 soran fellépo hibak
javitasara.

1. Proofreading aktivitas a DNS polimeraz enzimen

2. DNS javito mechanizmus: mismatch repair (MMR)
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Proofreading aktivitas a DNS
polimerazon

S
nascent (newly DNA polymerase

synthesized) strand

5'
template strand of polymerization —

elongation of newly
synthesized strand

5'




misincorporated
nucleotide

5]’

3’ 5’
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5’

polymerase moves backward
and degrades recently
synthesized strand

polymerase moves forward again
and undertakes once again to
synthesize proper sequence




Sensing DNA Damage

-
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DNA Replication

damage ﬁﬁ‘ / stress

‘ SENSORS
é>

TRANSDUCERS

EFFECTORS

L

Cell cycle Apoptosis Transcription DNA repair
transitions
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Mismatch repair (MMR) enzimek a DNS
szintézis hibait javitjak.

made strand | pPROOFREADING PROTEINS

; ‘ l DNA SCANNING DETECTS

error in newly lBINDING OF MISMATCH

MutS MutL | NICKIN NEW DNA STRAND

l STRAND REMOVAL

i 1\

1 REPAIR DNA SYNTHESIS

3 fehérje jatszik benne
szerepet, MutS és MutL,
kapcsolddasa

- MutS hibak keresése

- MutL DBs metilaciot
vagy szalak tovabbi toréseit
keresik, annak eldontésére,
hogy melyik a templat szal.
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2 Base-excision repair (BER)
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2 X
chemically altered base cleaved away deoxyribosylphosphate nucleotide inserted,
base, Ij elix cleaved away closure by ligase

dis ion

| Glikozil kotéseket hasitja .. ...
e apurinic/apyrimidinic

endonukleaz




(A) BASE EXCISION REPAIR

dxeaminated (&
- GETUATEE

HERAYEAR | ovsopmre
3 base pairs

CGAGTAGG

-

' SZEGEDI TUDOMANYEGYETEM

URACIL DNA
GLYCOSYLASE

c

GCT ATCC T
elix
Hlﬁiﬂ!iﬁﬁ with missing
base

CGAGTAGG

& AP ENDONUCLEASE AND
. PHOSPHODIESTERASE
REMOVE SUGAR PHOSPHATE
GCT ATCC
DNA helix

s[HOSBEL with single
CGAGTAGG nucleotide gap

DNA POLYMERASE ADDS NEW

I NUCLEQTIDES, DNA LIGASE
SEALS NICK

GCTCATCC

EARATRAN

CGAGTAGG
Figure 5-50 part 1 of 2. Molecular Biology of the Cell, 4th Edition.




Nucleotide-excision repair (NER)

/-_\

nucleotide excision repair (NER)

-
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Lrerrreeeeeeeel NER ~20 fehérjébol allo

-8B BB BB BBBBBB
P8 R komplex
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BB BB
15 'Xj'>i>
filling in by pol-5 or -¢, PCNA:: proliferation-
PCNA and RPA

cell nuclear antigen

" BBBBBBBBEBBBBBBBBBBBBEBBBBBBBBBBBBSB RPA:egyesszélﬁ
 BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

IObeeeRbbSRRsDRsSeREbsbssbmeme > DNS kotd fehérje

closure by ligase
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(B) NUCLEOTIDE EXCISION REPAIR
pyrimidine dimer

A
CTACGGTCTACTATGG

AR EA R RS
GATGECAGATGATACC
NUCLEASE l

] hydrogen-bonded
base pairs

cTMcaTcTACTATAS

L

GATGCCAGATGATACE

A
DNA CGGTCTACTATG
HELICASE O [ | bl

CTA G
= DNA helix
FR%p,  EEE OE B 5 wih 12
GATGCCAGATGATACC nucleotidegap
l DNA POLYMERASE

PLUS DNA LIGASE
CTACGGTCTACTATGG

.GATGCCAGATGATACC

Figure 5-50 part 2 of 2. Molecular Biology of the Cell, 4th Edition.




- NER két atvonala:

transcription-coupled repair (TCR)
global genomic repair (GGR)
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TCReSGGR

|.-,|:"it-‘r D;
g gk l'lt‘h.l LR

Intact DNA

Repair Synthesis
and Ligation

XPDr xre TFBS

XPD xpB TFES



Hibak a nucleotide-excision repair
(NER) és mismatch repair (MMR)
soran rak kialakulasahoz vezetnek

NER hibak: Xeroderma pigmentosum (XP)
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MMR hibak: Hereditary non-polyposis colon
cancer (HNPCC)




Xeroderma pigmentosum (XP) szindroma :

- extrém UV €rzékenzség

- 1,000X valdszintis€g a borrak kialakulasara
- 100,000 valoszintuség carcinoma kialakulasara a nyelv
hegyén.

- Gyulladasok a boron napsugarzas hatasara
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- 8 NER gén (XPA,-B,-C,-D,-E,-F,-G
és XPV) okozza.
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Mi az oka az erzékenzséegnek?




~Xeroderma Pigmentosum (XP) betegek nem képesek kijavitani a TAT
gﬂlmerizéci(’)t ¢és ami az excizids repair hibajabol ered.
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ockayne’s Syndrome

* 1:10° az el6fordulasa
* UV hiperszenzitivitas (napfény)

 fejlodési rendellenességek, mentalis retardacio,
(de nincs megnovekedett rakos hajlam)

» a NER hibai okozzak
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» Autoszémalis recessziv, ot gén okozza (A, B
és XPB, D & G)




Cockayne Syndrome
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Online Joumal of Ophthalmology - www.
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ouble-strand breaks (Kettos szald DNS tores)

EY ET

ouble-strand breaks (DSBs), a DNS mindkeét
zdla érintett, a legveszélyesebb térés, mert
romoszoma a’rr'endezodesekhez veze’rhe'r

GMANY

6bb Utvonal is javithatja a DSB-t:

ZEGEQ,. TUD

1) non-homologous end joining (NHEJ),
2) Homolog rekombindcids repair (templat szdl
“sziikséges hozza - csak a sejtciklus specifikus
részein)
; W
L - | - \
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Sensing DNA Damage

DNA Replication

damage ﬁ’z‘ / stress

SIGNALS

‘ SENSORS
S

TRANSDUCERS

\ EFFECTORS

LG

Cell cycle Apoptosis Transcription DNA repair
f— transitions f—
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NS sérulées soran a sejtciklust
is meg kell allitani.

DNS sérules utan, a sejtciklus checkpoint
aktivalodik.
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» Checkpoint aktivacio megallitja a sejtciklust és
ezaltal biztositja a szukseges idot a DNS
~ kijavitasara. Ezutan a sejtciklus folytatodik.




INK CDK inhibitors
(p15, pl6, pI8, pl19)

Cyclin B:
CDKI

Cyclin D:
CDK4, CDKé

MANYEGYETEM

KIP/CIP CDK inhibitors
(P21, p27, p57)

7 Cyclin A:
CDKI1

NTIARLM SERGE
ZEGE

[
|

Cyclin E:
CDK2

UNIVERS

Cyclin A: —

- CDK2 .
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DNA Damage Response (DDR)
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Recombinational Repair (HR)

IEIEEGYETEM |

omolog rekombindcidohoz sziikséges egy homolog DNS
empldt.

TUDOMA

9))

zinte ugyanazok a fehérjék vesznek részt mint a
eiotikus crossover soran.

EGIg)I

£z q folyamat a sziszter kromatiddkat haszndlja
templatként (sejtciklus S és G2 fdzisaiban) vagy mdsik
homoldg DNS szakaszt.




DSB

DNA DMNA

DSB recognition and

; ¥ ATM, MRN complex, nucleases
resection

-

Rad51 and Brca2 loading
on RPA coated tails

¥ RPA  ((Brca2 )
¥

v““-«s

Rad5b2 and Rad54

loading Ha‘ﬁg ™ Rads1, Rads1
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ﬂ i paralogs

WRN, BLM, p537?
Had54

Sister chromatid
pairing

Non-crossing over,

Disengage and pair,
Gap-filling

x===—=b

over, OR

Crossi.

Holliday
Gap-filling

tion resolution




DNS hibajavitds kapcsolata
a rakos folyamatokkal

EGYETEM

>
AZDNS hibajavitdsban a szerepet jdtszé fehérjéket kodolo
gének hibdi megnovekedett kockdzatot jelentenek a rdk
kBilakuldsdhoz.

l—@redi’rary nonpolyposis colorectal cancer (HNPCC)
kpalakitdsdban példdul a mismatch repair Gtvonal kiesik.

BRCA1 és BRCAZ, két a mellrdkban érintett fehérje ami a
DNS hibajavitds sordn a DNA damage response-ban
nélkilozhetetlen, és szorosan kapcsolt a kettds szdld DNS
kotés hibajavitasi dtvonalakhoz is.
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Ataxia-telangiectasia ritka, korai gyermekkorban
rieuroldgiai problémdkat okoz az agyban egy
#szében ami a motoros finom mozgasokat végzi.

: Ataxia-telangiectasia mutated
T —

UDORA

Ezen feliil hiperszenzitivitds az ionizdlém
stigdrzdsokkal szemben, pl. réntgen és gamma

/ /

stigarzasok.

E

y 4
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Untreated Controls

Etoposide treated (10mM)




Az A-T betegek 20%-ban fejlédik ki a rdk, a
legtobb esetben acute lymphocytic leukemia
vagy lymphoma.

Az A-T betegeknek gyengébb az immun
rendszeriik, a class switch rekombindciéo miatt.

., A2

Ight E
Switch recombination

S0 S22 G 2a Se

-

l rvatic hype mutstion
(c) ﬁf
WY 526,25 '2a 2 5

Hype mutated
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ATM mutations are associated
with breast cancer

Researchers have found that having a mutation in

a one copy of the ATM gene in each cell (particularly
— In people who have at least one family member with
v ataxia-telangiectasia) is associated with an

» Increased risk of developing breast cancer.

« About 1 percent of the United States population
carries one mutated copy of the ATM gene in each
cell. These genetic changes prevent many of the
body's cells from correctly repairing damaged DNA.

OMANYEGYETEM
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Nijmegen Breakage Syndrome

-
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Fanconi anemia (FA)

Fanconi anemia (FA) is an autosomal recessive
disease characterized by progressive bone marrow
failure due to defective stem cell function.

FA cells are hypersensitive to DNA cross -linking
agents such as mitomycin C (MMC) resulting in
cytogenetic aberrations, G2-M cell cycle arrest,
apoptosis, and cell death.

Seven complementation groups (termed FANCA -G)
are identified. Group A (FANCA) mutations

are the most prevalent (70%).
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. There are at least seven FA genes: A, C, D2, E, F, G and
BRCAZ2

+  The function of the FANC genes are still unclear.

Ry,




Fanconi anemia
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Fanconi anemia




WERNER’S SYNDROME
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BRELAI, BRCA2
> Homologous recombination repair (HRR) of double-strand breaks and daughter strand gaps Breast, ovarian
g - —
S NHE]J or homology-directed DSBR (HDR) Leukemia, lymphoma and breast cancer
Az‘ \
«{ NHEJ Lymphoid malignancies
IRE] ]
(o) HRR Breast
BEM
—=9 HRRLeukemia, lymphoma, colon, breast, skin, auditory canal, tongue, esophagus, stomach, tonsil, larynx, lung and uterus.
WRN

HRR and NHE] as well as long-patch BER soft tissue sarcomas have a particularly high incidence in WS, but also colorectal, skin,
~ i thyroid, and pancreatic cancers

‘REX Q04 (RECQLA)
- causing Rothmund-Thomson syndrome (RTS), RAPADILINO syndrome or Baller Gerold syndrome likely HRR
- cutaneous carcinomas, including basal cell carcinoma, squamous cell carcinoma, and Bowen's disease (intraepidermal

carcinoma characterized by the development of pink or brown papules and sarcomas are the second most frequently reported
: malignancy, at a frequency of 9% of RTS cases
FANCA, FANCB, FANCC, FANCDI, FANCD?2, FANCE, FANCF, FANCG, FANCI, FANCJ, FANCL, FANCM, FANCN
HRR and TLS leukemia, liver tumors, solid tumors in many_l(_)_c_:_a}j.ons
XPC, XPE(DDB2) XPA, XPB, XPD, XPF, XPG =
NER(GGR type) skin cancer (melanoma and non-melanoma)
XPV(POLH)
(TLS skin cancer (melanoma and non-melanoma)
-hWMSH2, hMSH6, hMLH1, hPMS2
__MMR_(_:_olo'rectal, endometrial and ovarian cancer

MUTYH -
BER of ‘A mispaired with 8OH-dG, as well as mispairs with G, FapydG and C colon cancer
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Table 12.1|I-IuLfamiliaI:ancer syndromes due tg inherited defects in DNA repair
Name of syndrome  Name of gene Cancer phenotype Enzyme or process affected
HNPCC (4-5 genes)® colonic polyposis mismatch repair enzymes
XpPb (8 genes)® UV-induced skin cancers nucleotide-excision repair
AT¢ ATM leukemia, lymphoma response to dsDNA breaks
AT-like disorder< MRE11 not yet determined dsDNA repair by NHEJ
Familial breast, BRCA1, BRCA2 breast and ovarian carcinomas homology-directed repair of dsDNA breaks
ovarian cancer
Werner WRN several cancers exonuclease and DNA helicase®, replication
Bloom BLM solid tumors DNA helicase, replication
Fanconi anemia (9 genes)f AML, HNSCC repair of DNA cross-links and ds breaks
Nijmegen break? NBS mostly lymphomas processing of dsDNA breaks, NHEJ
Li-Fraumeni TP53 multiple cancers DNA damage alarm protein
Li-Fraumeni CHK2 colon, breast kinase signaling DNA damage

?Five distinct MMR genes are transmitted as mutant alleles in the human germ line. Two MMR genes—MSH2 and MLH1—are commonly
involved in HNPCC; two other MMR genes—MSH6 and PMS2—are involved in a small number of cases; a fifth gene, PMS1, may also be
involved in a small number of cases.

bXeroderma pigmentosum, at least eight distinct genes, seven of which are involved in NER. The seven genes are named XPA through XPG
An eighth gene, XPV, encodes DNA polymerase 7.

cAtaxia telangiectasia, small number of cases.

dMutant germ-line alleles of BRCA7 and BRCA2 together may account for 10-20% of identifiable human familial breast cancers.

¢An exonuclease digests DNA or RNA from one end inward; a DNA helicase unwinds double-stranded DNA molecules.

fNine genes have been cloned and at least eleven complementation groups have been demonstrated. Complementation group J encodes
the BACH1 protein, the partner of BRCA1.

9The NBS1 protein (termed nibrin) forms a physical complex with the Rad50 and Mre11 proteins, all of which are involved in repair of
dsDNA breaks. The phenotypes of patients with Nijmegen break syndrome are similar but not identical to those suffering from AT.

Adapted in part from B. Alberts et al., Molecular Biology of the Cell, 4th ed. New York: Garland Science, 2002; and from E.R. Fearon, Science
278:1043-1050, 1997.




= From A.Duval and R. Hamelin, Cancer Res. 62:2447-2454, 2002.

[ ] [ ] [ ]
= discovered in sporadic cancers
o=
LLi
> Table 12.2 Genes and proteins that have been inactivated in human cancer cell genomes because of jmismatch repair defects
8 Function of encoded protein  Wild-type coding  Colon Stomach Endometrium
3= sequence
2 ACTRII GF receptor A X
~< AlM2 interferon-inducible A, X
E APAF1 pro-apoptotic factor A, X X
AXIN-2 Wnt signaling Ay G, C, X
o pro-apoptotic factor G, X X X
Q CL-10 pro-apoptotic factor A, X X X
= | DNA damage response A, X X X
- aspase-5 pro-apoptotic factor A X X X
yo X2 homeobox TF G, X
Q K1 DNA damage response A, X X
L4 pro-apoptotic factor T X X
U -14 signal transduction A, X X
L -1 cell cycle Ag X
N IR decoy GF receptor G, X X X
i A097 unknown Ty X
3 MMR A, X X
3 MMR A, X X X
6 MMR C, X X X
H-UO8 electron transport T, X
glycosylation Ty X
EN pro-apoptotic A, X X
D50 DNA damage response A, X X
MM cell motility Ag X
pro-apoptotic factor Ag Ay X X X
EC63 protein translocation into A A, X
endoplasmic reticulum
SLC23A1 transporter C X
TCF-4 transcription factor A X X X
TGF-BRII TGF-B receptor A, X X X
wisp-3 growth factor A, X



ZDNA Repair and Clinical Syndromes: Increased

=

m L) L) L) L) L)

> Sensitivity; Chromosomal Instability and Increased
O =

W Cancer Risk

2

¢ Table 1 Human syndromes with defective genome maintenance

= Syndrome Affected Main type Major cancer
O maintenance of genome predisposition
g mechanism instability

= Meroderma NER (= TCR) Point mutations  U\V-induced

E pigmentosum skin cancer

Ww Cockayne syndrome TCR Hoint mutations  None®

8 richothiodystrophy NER/ TCR Foint mutations  None”®

u Ataxia DSB responsafrepair Chromosome Lymphomas

telangiectasia (AT)

aberrations

Al-like disorder

DSB response/frepair

Chromosome
aberrations

Lymphomas

Nijmegen breakage
syndrome

DSB responsafrepair

Chromosome
aberrations

Lymphomas

BRCA 1/BRCAZ HR Chromosome Breast (ovarian)
aberrations cancer

Werner syndrome HR?/TLS? Chromosome Various cancers
aberrations

Bloom syndrome HR? Chromosome | eukaemia,
aberrations lymphoma,

[SCEN

others
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