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Beparteia
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Elocaywyn

Avo Katnyopieg yovidiwyv tou tpoodidouv evaltcbnoia otnv avamtuén Tou KapKivou:

A. lovidua ou emnpealouv TNV KUTTAPLKN avénon: Ta yovidia avtd emtidpovv otnv
KUTTAPLKN avénon HECW TNC IKAVOTNTACG TOUC VA EAEYXOUV TOV KUTTAPLKO
TMOAAATTAQLCLAGHO ] TOV KUTTAPLKO Bavato
. Oykoyovidia (oncogenes)

Il. OykokataotaAtika yovidia (tumor suppressive genes)

B. lNovidia ppovrioteg (caretakers): Ta yovidla avutd dev emtnpedalouv aueca tnv
KUTTAPLKN avénon aAAd eTiidpOoUV 0TV LKAVOTNTA TOU KUTTAPOU va dlatnpel tnv
OKEPOALOTNTA TOU yovidltwpatocg tou. Kuttapa pe petaAlayeg ota yovidla GpovIloTES
epdavidouvv vPNAN HETAAAAKTLKN ocUXVOTNTA o€ OAQ Ta yovidla,
CUMTIEPIAAUBAVOHEVOU OYKOYOVLISLWYV KOl OYKOKATACTAATIKWY YOVISiwyV
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Elocaywyn

I. Oykoyovidia (oncogenes):
o Emnpeadouv BeTika TNV KUTTAPLKA avénon
o Elvairavotnpa eAeyxopeva ota puUCLOAOYLIKA KUTTAPA, OTTOU KAAOUVTAL TTPWTO-
oykoyovidia (proto-oncogenes)
O 2TA KAPKLVIKA KUTTOPA TA TIPWTO-0YKOYyoVvidla cUCOWPEVOLV HETAANAEELG TTOU
odnyouv o€ dladuyr Ao AUTO ToV EAEYXO LE ATIOTEAEOUA TNV ALENUEVN EVEPYOTNTA
TOU YOVIOLOKOU TIPOLOVTOG

II. OykokataotaAtika yovidia (tumor suppressive genes):

Ertnpedadouv apvnTika tnv KUTTAPLKN avénon

Eumodidouv tnv KUTTAPLKN avénon ota pucloAoyika KuTTapa

H (KavotnTtd Toug authn XaveTal oTa KapKIvIKa kuttapa

E€attiag tng dutAoeldoug dUONC TWV KUTTAPWY TWV BNAacTIKWYV Kal Ta duo
AAANAOpOPP A TIPETIEL VA ELVAL AVEVEPYA TIPOKEIPEVOU VA XAOOUV EVETEAWC TN
AelToupyia Toug (UTTOAELTTOPEVOC HNXAVIOUOCG O€ KUTTAPLKO ETTTTEDO)

O O O O
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Elocaywyn

Xapaktnplotika Oykoyovidua OykokataoTtaAtika yovidia
MetaAAaéelg MetaAldaéelg og eva amo ta duo MetaMaéelg Kat ota SUo aAAnAopopda
aAAnAopopda eivatl Ikaveg yla elval artapaitnteg yta yovidlakn
yovidlakn evepyotnta gvepyotnta
MpwTteivikn [MpooBrkn Asttovpyiag “gain of ArtwAela Asttoupyiag “loss of function”
Asetwtoupyia function” mou onuatodotel TToU 0dNyeil o€ ATTWAELA EAEYXOU

KUTTAPLKA avénon

KAnpovopwkotnta O petaraéelg epdavidovral Ol petaAdéelg eival Tapovoeg ota
cwpatika Kuttapa dev YOAUETIKA KUTTaPA KAl UTtopEi va
KAnpovopouvtal KAnpovopouvtal
lotoedikotTnTA Mepikn Lotoeldlkotnta loxupn otoeldlkotnta

Oykoyovidla - OykokataoTaAtikd yovidla - Zuotnpata emidliopbwaong BAaBwy oto DNA - X. AdauotouAog 5



Ovykoyovidla — [NpwTto-oykoyovidla

____CODE for PROTEINS that PROMOTE
PROTO-ONCOGENES CELL CYCLE PROGRESSION

e.3 GROWTH FACTORS or e.3 TRANSCRIPTION FACTORS
GROWTH FACTOR RECEPTORS o

. RECEPTOR TYROSINE ,\

KINASE or RTK
~) |

1 EXPRESSION of CYCLINS
—> 2 GYCLIN-DEPENDENT
KINASES

e.3. SIGNAL TRANSDUCTION PROTEINS e.3. PROTEINS that INHIBIT APOPTOSIS
RAS GTPase CecL-2

N . 0 Oncogenes:
> A A @ mutated or
RAS-GTP RAS-GDP Overexpressed

ACTIVATES CELLULAR PATHWAYS CASPASE proto-oncogenes
|

CELL GROWTH, DIFFERENTIATION, & SURVIVAL https://www.osmosis.org/
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[Tapadelypata oyKoyovidlwV-0yYKOKATACTAATIKWY YOVIO WV
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Tumor suppressors
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https://link.springer.com/chapter/10.1007/978-3-030-11812-9_3

ApPXEC €BLOUOL OYKOYOVIOLOU N UN-0YKOYyoVLIdiov
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Dying —
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Chapter 3: Cell Signaling in
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https://link.springer.com/chapter/10.1007/978-3-030-11812-9_3

Pathways
Ras/MAPK

PI3K/Akt/mTOR

A/

JAK/STAT

Nuclear hormone receptor

Notch

Whnt (B-catenin)

TGF-B (Smad)

NF-kB

Hippo

Hedgehog

DNA repair signaling
(ATM/ATR)

Activated by

Cytokines and mitogenic growth
factors

Insulin; growth factors;
chemokines

Cytokines (e.g. IL-3, IL-6 and IL-7)

Steroid hormones (e.g. estrogen
and progesterone)

Involved

Melanoma; thyroid, pancreatic and
NSCL cancers

Glioblastoma; breast, prostate, colon

and endometrial cancer

Myeloproliferative neoplasms; breast

and prostate cancers
Breast and prostate cancers

Delta-like (DLL) 1, 3 and 4; Jagged T-ALL; CLL; MCL; breast

(JAG) 1and 2
Wnt ligands

TGF-B
Cytokines (e.g. TNF-a; IL-1)
DCHS1, DCHS2

Sonic (SHH), Indian (IHH), or
desert (DHH) hedgehog

adenocarcinoma; SCC

Melanoma; breast and colorectal
cancers

Prostate, breast and pancreatic
cancers

Breast cancer; B-cell ymphomas;
multiple myeloma

Breast cancer; familial and sporadic
schwannomas

Glioblastoma; basal cell carcinoma;
medulloblastoma; CML

Single-stranded DNA (ssDNA) and Breast, colorectal and lung cancers

DNA double-strand breaks (DSBs)
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2 NUATOOO0TIKA PHOVOTIATLA TIOL 00nyouvTal
ATIO OYKOYOVIOLA/OYKOKATAOTAATIKA YoVidla

Available clinical drugs (some..)
Vemurafenib; Trametinib

Buparlisib; MK-2206; rapamycin;
BEZ-235

Ruxolitinib; Tofacitinib

Tamoxifen; enzalutamide
y-secretase inhibitors (RO4929097)
LGK974; PRI-724

Fresolimumab; Galunisertib
Bortezomib

Verteporfin; Dobutamine

IPI-926; Vismodegib

Olaparib; MK-8776



The RTK/MAPK/ERK signaling pathway

MAPK/ERK pathway

RTK RTK
plasma membrane

cytoplasm
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The RTK/MAPK/ERK signaling pathway

RTK
inactive
inactive

Oykoyovidia - OyKoKaTtaoTaATikd yovidia - Zuothpata emdlopbwong BAaBwy oto DNA - X. AdapdmouAog

11



The RTK/MAPK/ERK signaling pathway

adaptor proteins
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The RTK/MAPK/ERK signaling pathway

|| O SOS1
Q
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The RTK/MAPK/ERK signaling pathway

ligand v
][Q

e

‘ BRAF
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The RTK/MAPK/ERK signaling pathway

][Q

=le

‘ BRAF
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The RTK/MAPK/ERK signaling pathway

upstream regulators
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The RTK/MAPK/ERK signaling pathway
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The RTK/MAPK/ERK signaling pathway
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The RTK/MAPK/ERK signaling pathway
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The RTK/MAPK/ERK signaling pathway
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The RTK/MAPK/ERK signaling pathway
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The RTK/MAPK/ERK signaling pathway
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Oncogenic alterations
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The RTK/MAPK/ERK signaling pathway

BRAF

BRAF
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The RTK/MAPK/ERK signaling pathway

BRAF

BRAF
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The RTK/MAPK/ERK signaling pathway

BRAF

BRAF

\/

Proliferation, survival, growth
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The PISK/AKT/mTOR signaling pathway

PISK/AKT/mTOR pathway RTK

inactive
subunits

B

active kinase

catalytic regulatory
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The PI3K/AKT/mTOR signaling pathway

RTK

SOST \ras)(RAS
(SHP2

BRAF \ BRAF

i

<
m
A
<
m
A
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The PI3K/AKT/mTOR signaling pathway

RTK

b SOS1 ) ras)(RAS

BRAF \ BRAF
MEK ) ( MEK
ERK ERK
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The PI3K/AKT/mTOR signaling pathway

RTK

S0s1)4
PTEN (shpo iay i

BRAF) BRAF)
MEK ) ( MEK
ERK ) (ERK
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The PI3K/AKT/mTOR signaling pathway

RTK
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The PI3K/AKT/mTOR signaling pathway

RTK

=
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The PI3K/AKT/mTOR signaling pathway

RTK

SOSTRAS (RAS
(SHP2 ,
h BRAF)(BRAF)

MEK ) ( MEK

ERK ) (ERK
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The PI3K/AKT/mTOR signaling pathway

RTK

66 SOSTRAS (RAS
(SHP2

BRAF BRAF 

MEK ) ( MEK

ERK ) (ERK
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The PI3K/AKT/mTOR signaling pathway

RTK

> | >

66 SOST \ras)(RAS
R (SHP2
wa BRAF ) BRAF

MEK MEK

ERK ERK
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The PISK/AKT/mTOR signaling pathway

RTK
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The PI3K/AKT/mTOR signaling pathway

RTK

~ -

(SHP2 S5 URAS)(RAS

BRAF \ BRAF
MEK ) ( MEK
ERK ERK
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The PI3K/AKT/mTOR signaling pathway

RTK

66 SOS1 ) eAs)(RAS
(SHP2

BRAF \ BRAF
MEK ) ( MEK

ERK ERK
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The PI3K/AKT/mTOR signaling pathway

RTK

~ -

( SOS1 )pas)(RAS
> SHP2
— BRAF )Y BRAF

MEK ) ( MEK

ERK ERK
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The PI3K/AKT/mTOR signaling pathway

RTK

> | >

- SOS1 ) eAs)(RAS
- HP2
— BRAF)Y BRAF

MEK MEK

ERK ERK
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The PISK/AKT/mTOR signaling pathway
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The PI3K/AKT/mTOR signaling pathway

RTK
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The PISK/AKT/mTOR signaling pathway

RTK
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The PISK/AKT/mTOR signaling pathway
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The PISK/AKT/mTOR signaling pathway

RTK
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downstream
effectors

metabolism, growth, survival




The PISK/AKT/mTOR signaling pathway

RTK
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metabolism, growth, survival
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Overview of MAPK/ERK & PI3K/AKT/mTOR pathways

PI3K/AKT/mTOR pathway RTK MAPK/ERK pathway

BRAF

\/ AEBP1 Cellular functions
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BRAF
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Deregulation of MAPK/ERK & PISK/AKT/mTOR pathways

MAPK/ERK pathway

Hyperproliferation...
uncontrolled growth
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Targeting the MAPK/ERK & PISK/AKT/mTOR pathways

PISK/AKT/mTOR pathway MAPK/ERK pathway

RTK RAS
inhibitors inhibitors
| BRAF
Inhibitors
AKT
inhibitors ‘

MTOR
inhibitors \"@

Hyperproliferation...
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PI3K
inhibitors

uncontrolled growth



[ovIdlaKEC aAAQYEC KAl CUXVOTNTEC OTOUC AVOPWTILVOUC KAPKIVOUG

RTK/RAS pathway PI3K pathway
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[ovIdlaKEC aAAaYEC KAl CUXVOTN
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Oykoyovidia: ERBB olkoyevela
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HER2 Betik6¢ Kapkivog Tou paotou

About 20% of breast cancer cases are HER2 positive

| \\\W/'/,

Bladder cancer,
gastrointestinal cancers,
ovarian cancer and
stomach cancer

can also be HER2 positive

oo -l
T+ I
X \‘ X FDA-approved drugs
}\ X ’\ o 3 monoclonal antibodies
o 2 antibody-drug conjugates,
Normal HER2-positive o 3 oraltyrosine kinase inhibitors
Breast Cell Breast Cancer Cell

blog.dana-farber.org HER2: human epidermal growth factor receptor 2
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https://blog.dana-farber.org/insight/2016/03/what-is-her2-positive-breast-cancer/

Oykoyoviola: BRAF
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Mnxaviopol evepyottoinong wild-type kat mutant BRAF

a

Wild-type BRAF Class | BRAF mutants Class Il BRAF mutants Class Il BRAF mutants

Signals as RAS-dependent dimers following  (V600-mutant) (non-V600-mutant) (non-V600-mutant)

growth factor stimulation of RTKs Signal as high-activity, Signal as intermediate-to-high-activity, Low-activity or kinase-dead, RAS-dependent
RAS-independent monomers under RAS-independent dimers mutants that signal as heterodimers with
conditions of low RAS activity wild-type RAF; often co-occur with RTK or

RAS mutations or loss of NF1
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[Tapado&o TNG evEpPYOTIOINONG ATIO AVAOTOAELC TNG povopepoug BRAF

Inhibition of monomeric RAF by class | BRAF inhibitors Paradoxical activation of RAF dimers by class | BRAF inhibitors
) ) %
(VEM) VEM) o/
.BFﬁAtI;-monomer i V600 homodimer V600 heterodimer GTP RAS GTP RAS
V600 Inhibitor aC "OUT" (:-'fi /;3‘)-@
monomer A . L — .
VEM ) =)
(o BRAE 3 . (vem) | (atP)
| _— BRAF-monomer e’
BRAF class | BRAF olass Il inhibitor aC "OUT" aC "IN"
Pathway homodimer heterodimer * l
inhibition ,% m m
Y EN/D Paradoxical
| RAF | [ RAF | RAF ) activation
e BRAF class IlI RAF wild-type
FDA-appI’OVGd BRAF InhlbltOrS heterodimer? homo/heterodimer
vemurafenib, dabrafenib and
. . s . pERK PERK
encorafenib selectively inhibit activated e DRCTTY T
_—— —__I
B?AFYE%OAEéWR/D monomers ” - —————— @ %
(c ass . muta_nts). in cancer cells - T T
which underlies their clinical success BRAF(V600E) BRAF{wild-type) Normal cell
and wide therapeutic index... WHY???? “Tumor” Cancer cell “Patient”
https://www.nature.com/articles/s41571-023-00852-0 =
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Mnxaviopol avtiotaoncg armo avaoTtoAeic tng povopepouc BRAF
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Mnxaviopol avtiotaong avaoTtoAeic tng povopepouc BRAF
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BRAFV600E mutation
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BRAF inhibitor resistance

rapid reactivation of ERK signalling, due
to relief of negative feedback
mechanisms, that results in adaptive
(re)activation of RTK signalling, RAS
activation and RAF dimerization, or
through genetic alterations such as NRAS
mutations, BRAF amplification and
expression of BRAF splice variants that
promote RAF dimer formation
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RAS petaAa&elc otoug KapKivoug

a Hypervariable region (amino acids 167-188 or 189)
i KLRKLNPPDESGPGCMSCKCVLS HRAS
(amino acids 1-166) RLKKISKEEKTPGCVKIKKCIIM KRAS4A
| K-EKMSKDGKKKKKKSKTKCVIM KRAS4B
b Normal ¢ Cancer
Off On
RAS
i
& RAS
: GDP
Effectors (RAF, PI3K, © G12,G13 and Effectors (RAF, PI3K,
RALGDS, etc.) Q61 mutations RALGDS, etc.)

https://www.nature.com/articles/s41568-018-0076-6
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ARE DRIVEN BY MUTATIONS OF

RAS GENES
RAS MUTATIONS

@ PANCREAS—KRAS ~ 95%
‘? COLORECTAL — KRAS  45%
AR LN — kras 35%
— AML— NRAS 15%

. MELANOMA — NRAS  15%

BLADDER CANCER — °
HRAS 10%

source: NCl-the ras initiatives
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2.UXVOTNTA KAl KATtavou TwV JETaAAEEWY
RAS otou¢ avBpwrilvoug KapKivoug
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KRAS(ON) inhibitors
G12C

AvaoTtoAeic tng RAS

(" SHP2 inhibitors
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https://www.lungcancerjournal.info/article/S0169-5002%2824%2900420-3/fulltext

Survival Apoptosis
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Resistance is all around again...

o KRAS G12C

o o inhibitors

.
°°° KRAS G12C

GTP’ inhibitors

https://www.sciencedirect.com/science/article/pii/S0163725821002527
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OyKOKATAOTAATIKA Yovidla

Nature Reviews | Cancer

Oykoyovidla - OykokataoTaAtikd yovidia - Zuotrnpata etdlopbwong BAaBwy oto DNA - X. ASauoTouAog
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OykoKataoTtaAtika yovidla: RB1

RB1 — 10 yovidlo AUTO EUTIAEKETAL OTOV OXNUATIOHO TOUL PETIVOBAACTWHATOC, EVOC
KakorBoug oykou otoug vevpoBAdaocteg tou apdlBAnotpoeldouc (=Ttpodpopa KUTTAPA
TWV GWTOUTIOOEKTIKWY KUTTAPWYV). Epdavidel peplkn KAnpovoulkotnta

H Aettoupyla tou yovidlakou ttpoiovtog RB1:

o Hmpwteivn pRB ekppdaletal oe ToOAA KUTTAPA
o PuBpilel Tov KUTTAPLIKO KUKAO

o AsopeveTal KAl ATEVEPYOTIOLEL LIKEC TIPWTEIVEC

https://www.nature.com/scitable/topicpage/tumor-suppressor-ts-genes-and-the-two-887/#
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Mechanisms of RB inactivation
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Oykoyovidia - OyKoKATaoTAATIKA yovidia - Zuothpata emidlopbwong BAaBwy oto DNA - X. AdapdmouAog
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OykoKataoTtaAtika yovidla: RB1

Co-repressors

YA

Mitogens

Phosphatases

RB and E2F gene
expression programme

PoAocg tou RB otnv
pUBULON TOU
KUTTAPLKOU KUKAOU
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OykokataotaAtika yoviola: PTEN

a
l RB loss
I

ATtiAeta Tou RB @% @ (o @

Hyperplasia Apoptosis Genome Deregulated No effect
instability differentiation

proliferative stre

Oncogenic ﬂ@
Anti- mitogens 5|gnals =
: (—V @»
DA i Therapeutic @
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ATOGWOGOPUAWGN Kat \ | / :
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Cel.l cycle inhibition
Sern bl I W

Apoptosis
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OyKkoKaTaoTaATIkeCG Opaoelg tne wild-type p53 (wtp53)

a th53 v v
Wtp53 Metaypadikn épaon
o oete Zecretome e o Apdon we peTaypadlkog TapAayovTag yia Tov
®o o > Lysosome , ' ,
02%°00f22§5 y - | TIEPLOPLOHO TOU TIOAAATIAQCLACHOU KAl TNG ETURiwong
° “j,,f;ﬁ_if N\ TWV KAPKLVIKWY KUTTAPWV

BCL-2/BCLX \
Mn petaypadikn dpaocn
‘ { o Emaywyn tng yrtoxovopLlakmg anomiwaong HEow
“w. aAANAeTtidpaocng Pe HEAN TNG olkoyevelag twyv BCL-2
| QAVTL-ATIOTITWTIKWY TTpwTeVWY (oTtwg BCL-2 kat BCL-

retlculum X), arteAevBepwvovtag Tn dpacTnPLOTNTA TIPO-
53 ATIOTITWTLIKWYV TtpwTteivwy BAK kat BAX
’glrr?;c o To vv'tp53' uTtopel srticr]'c va avénoel 'EO' doptio Ca2+
oS RE HETA aTtO TO OTPEC, ETTAYOVTIAC TNV ATIOTITWONG
o EmumA€ov, To wtp53 eival Evag onpavtikog pubpuLotng

NG avtodayiag

Hassin, O., Nat Rev Drug Discov 22, 127-144 (2023)
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OyYKOVYEVETIKECG OPAOELC TNG pETAAaypEVNCE p53 (Mmutp53)

b mutp53 mutp53
secretome o , «

Metaypadikn dpaon

o Meow aMnAemtidpaong pe aAAAoug
uetaypadikoug tapayovieg (TFX)

o Metaypadikn evepyoToinon mMPWIEACWHATOC
HEOW dECPELONG OTOV PETAYPAdLKO TTapayovta
NRF2 -> mtpwTteO0AUGCN OYKOKATACTAATIKWY
TTPWTIEIVWY

Mn petaypadikn dpaon

o AvaoTtoAr tou utodoxea PGC1a (Baoikog
PUOULOTAC TNC KLTOXOVOPLAKN G BLOYEVEDNC KAL TNG
o&eldwTIkNG dwaodopuAiwong

o AvaoTtoAr tou otpec tou EA (ER stress)

o 'Ekkplon dladpopwyV Hopiwy HECW ETTAYWYNG TOU
microRNA miR-30d kat aAAnAemtidpaong pe tov
HIF1a

Hassin, O., Nat Rev Drug Discov 22, 127-144 (2023)
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KAWIKEC OOKLUEC TTOU OTOXEVOULV TO P53

B Immune-based therapy
B Cene therapy
B Small molecules

2000-2005

2006-2010

Years

2011-2015

2016-2022

I I I [ I |

0 10 20 30 40 50

Number of clinical trials

Hassin, O., Nat Rev Drug Discov 22, 127-144 (2023)
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p53-based small molecules for cancer therapy

a wtp53 b mutp53 C Truncated p53
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AvaoTOAN TNG TIPWILHNG
AvaotoAn ) atodopnon Twyv Avaktnon tngwt p53 dlapopdwaong Kav'r) avacTtoAn ARENC AOYW LETAANQY WV
APVNTIKWY pUOuLoTWYV TOoU p53 ™n¢ GOF evepyotntag tov mut p53 (like p73) TTOU TIAPAYOUY KOAOBEC
like MDM2/4, HPV E6 '
( ) Hassin, O., Nat Rev Drug Discov 22, 127144 (2023) HOPECTOUL P53
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New antibody-based strategies to target p53 in cancer cells

a Non-proliferative normal cell b Proliferative normal cell c Wild-type p53 tumour cell d Mutant p53 tumour cell

TCR-like Emaywyn avooLakng Bispecific

tibod vy " tibod

wtp53 antibo y OLT(OKpLGr] antibo y
peptide .

Proteasome

OYKOYEVETLKO OTPEG -> LETOYPAPLK)
Kall LETadPOOTLKN EVEpPYOTIOLNON P53

* TP53amocwmnuévo  * MikpRmapaywynps3  , £VAAN TTAPay WY Wt-p53 ¢ g/‘e“ptfigtep% ‘ IgrE;lCeBS
* Mnmapaywyn p53 * [lapouciacon pikpng + Mapouaiacn PKEAC
 Mnmnapouciaon TTOCOTNTAG TETTIO WYV 0GGTNTAC TEMTUBiWY p53
remtdiwy Tou p53 ota wt-p53
uépta MHC-I Hassin, O., Nat Rev Drug Discov 22, 127-144 (2023)
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Ettiyevetikog unxaviopocg dpaocng touv BRCAT

e Anpoupyia wtBRCA1- 4 b .
HDAC2 cuputtAOKOU HE BRCA1EEBRCA1 BRCA’EEBRCM mut
tnv HDAC2 (aro- miRNA-155 P miRNA-155
aKETUAAGN) e

 deopeuon otov
UTTOKLVNTH TOU
MIRNA155

 Meiwon tng
OKETUAlWONCG LlOTOVWYV

 EAattwpevn ekppaon
Tou MiRNA-155

C

Loss of the wild-type BRCA1

ﬂEBF?CA1 mut

ransformatior °

F:EBRCM mut \

° Mr] Gxn”atlcuéc GP‘\ mIRNA 155 Gpi\ mIRNA 155
’ Ol \8
OUMTIAOKOU ““ /\//\//\/ ““‘“ ‘ /\//\//\/
 Auénon .
aKETUAlWONG
BRCA1 BRCA1
* Auénon ekdpaong @XX _MIR155 _ ,mix - MIR155
MiRNA-155
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‘Eva aAA\nAopopdo

wtBRCA1 eival
QPKETO va
KPAtNoeL oE
eAeyxo ta emimteda
Tou MiRAN-155

Apacn miRNA-
155 oe
KaBodlKkoug
OTOXO0UG
Metaoxnuatiopo
C Kal avarntuén
OYKOU
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Mnxaviopol eTttdlopbwoncg tou DNA - BpaBeio NoputteA Xnuetlag 2015

The Royal Swedish Academy of Sciences has decided to award the

2015 N OBEL PRIZE IN CHEMISTRY

Ot pnxaviopol

eTLOLOPOWONC TOU

DNA ttapExouyv tnv

arapaitnTn xNUwKn

otabepotTnTaywa tnv

dlatnpnon tng dwng

Tomas Llndahl
Paul Modrich and
Az1z Sancar
3 “for mechanistic studies of DNA repair”

The Nobel Prize in Chemistry 2015. Nobelprize.org

The Official Web Site of the Nobel Prize

Popular information. NobelPrize.org
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...Xaptoypadnon kat
e€nynon twv
KUTTAPLIKWYV

LNXAVIOU WYV
eTdlOpBwoncg Kat
ETTAPNONG TNG
VEVETIKNG TTANpodopiag
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Significance of DNA repair

e Consider the effects of
unrepaired DNA damage...

* If replicated and transmitted
to future cell generations, it
becomes permanent >
mutation (substitution,
insertion, deletion, silent)

* In mammals, strong
correlation between
accumulation of mutations
and cancer

Oykoyovidla - OykoKAaTaoTaATIKA yovidla - Zuotipata etidiopbwong BAaBwy oto DNA

Normal cell

29°
3

First
mutati

LN

Secon_d A
mutation da(oa‘-"
cet
Third
W a mutation
Fourth +
1 l 1 mutation
Cancer cell
Adapted from “Understanding Gene Testing” - NIH 1995
- X. ASQHOTIOUAOG 76



Significance of DNA repair

* During a 24-hour period, the mammalian cell genome
accumulates many thousands of lesions

* DNA repair makes sure that <1/1000 becomes a mutation

* |f DNA repair systems were absent, life would be impossible!

* Number & diversity of DNA repair systems reflects both
iImportance of DNA repair to cell survival and diverse sources of
DNA damage

Oykoyovidla - OykokataoTaAtikd yovidla - Zuotnpata emidliopbwaong BAaBwy oto DNA - X. AdauotouAog

77



MHXANIZMOI ETTIAIOPOQ2H2
AMEZ2H KAl EMME2H EMNIAIOPOQO2H

dwTtoAvaon- dpepwyv T-T
ota puta

Ektoun Baong BER

O%—-peBuAoyouvavivo
ueBuAotpavodepaon
(MGMT)

Ektoun NoukAeotidiou NER

Emtidlopbwon kata tnv
avtypadn 3’-5

AtaiplaoTtog 2uvOouao oG
MMR

OpoAoyocg Avacuvduaopog

Oykoyovidla - OykoKATaoTaATIKA yovidla - Zuothpata emdtopbwong BAaBwy oto DNA - X. AdapoémouAog

78



DNA repair systems

dwtoAvaon- dipepwyv T-T Ektoun Bdaong BER
MGMT NER BER  TDP1 iS::x PNKP MMR HRL?\J:EJ ota ¢Utd
O%-peBuAoyouavivo Ektoun NoukAsotidiouv NER
neBuAotpavodepdaon
(MGMT)
Emdiopbwon katda tnv Ataiplactog 2uvduaopog
avtiypadn 3’-5 MMR
OpoAoyoc Avacuvduacpog

Oykoyovidla - OykoKATaoTaATIKA yovidla - Zuothpata emdtopbwong BAaBwy oto DNA - X. AdapoémouAog 79



MetaAaéelc |

Tpottomtonoelg otn dopn tou DNA TTou TTPOKAAOUV HOVILEC AAAAYEC TWV YEVETIKWYV
TTANPOPOoPLWYV KAAoUVTAL HETAANAEELG

MetaAAaén (Q petaAAayn, mutation) eivat gua povipn aAAayn otnv aAAnAovxia
tou DNA gvog opyaviopou

MetaAAaéelg ota cwpatika kuttapa MH KAnpovounoLEC
MetaAAaéelg ota yageTika KUTTapa = KANPOVOHNOLUEG

[TpokUTITOLV ATIO:
" AGOn kata tnv aviiypadn touv DNA

= £kBeon oe petaAdadloyova (XNUIKOUC, PUGCLKOUC Kat BLOAOYLKOUC IAPAYOVTE()
odpaApata TwWvV pNXaviopwy emtidtopdwong touv DNA

Oykoyovidla - OykoKATaoTaATIKA yovidla - Zuothpata emdtopbwong BAaBwy oto DNA - X. AdapoémouAog 80



MetaAdéee

= MetaAAA&elg UTTOKATAOTAONG
(substitution mutations):
avtikataotaon evog (evyoucg Bacswv
arto eva aAAo

Starting sequence

.GTCGAGTCTA|§_|CGCTATCGCT. . . DNA

Deletion ...GTCGAGTCTAl CGCTATCGCT. . .
HETAoTPOPEQ A_‘ ) ” C
(transitions) ”
Substitution . ..GTCGAGTCTAACGCTATCGCT. . .
|
T- -G Insertion . . .GTCGAGTCTAT/GCGCTATCGCT. ..
= MetaAAaéelg evheong n armtailolpng
(insertion or delstion mutations): = Jwnnpn HeTaAAaén (silent mutation): pn
TPOGONKN N anaioidr evogn ETIITTWON 0TN AstToupyia evog yovidiou

TteplocotEPWYV {eLYWYV Bacewyv

Oykoyovidla - OykoKATaoTaATIKA yovidla - Zuothpata emdtopbwong BAaBwy oto DNA - X. AdapoémouAog 81



BAAQBeC otoug pnxaviopoug eTiidlopBwong oTov KapKivo

Table 1. DNA damage response alterations in several cancers.

DDR Pathways

DDR Genes

Type of Alterations

Cancer Type

Reference

HR

BRCAI
BRCA2
BRCAI
BRCA1
BRCA2

c.190T>C (cysteine to arginine)
c.6408delA (deletion)

c.4837A>G (serine to glycine)

c.2612C>T (proline to leucine)
c.677delC (deletion)

Breast cancer

Ovarian cancer

Esophagus cancer

Wang et al. [117]

NHE]

Ku80

Ku70

Ku80 polymorphism G-1401T
(SNP rs828907)
Ku70 C-61G polymorphism
(SNP rs2267437)

Oral, colon, gastric, breast, and
bladder cancer

Breast, prostate, and lung cancer

Sischc and Davis [100]

BER

POLE
MUTYH

Missense mutation in POLE
exonuclease domain
G: Cto T: A transversions mutation

Endometrial cancer

Leon-Castillo et al. [110]
Villy et al. [118]

NER

ERCC2

Somatic ERCC2 missense mutation

Muscle-invasive bladder cancer

Mouw [115]

MMR

MLH1

Loss of MLH1, MSH2, and MSH6 due
to MLH1 promoter hypermethylation

Ampullary and colon cancer

Ruemmele et al. [119]

Moon, J et al. Int. J. Mol. Sci. 2023, 24, 4741. https://doi.org/10.3390/ijms24054741
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BAABE2 2TO DNA

* Avtypadn tou DNA: ... OxL 100 % akppng
..QPKETA opalpata og kABe KUKAO avtiypadng

AITIA: Xnuikot Kot puoikol mapayoviec: M.x. eidn dpaotikov ofuyovou,
XNULKEC EVWOELC oTta TpodLpa/meptPailov, aktivofoAia

AMNAPAITHTH H 2YNEXH2Z EMIAIOPOQ2H TOY DNA:
J Apeon embopbwon N amopdkpuvon

J H ovocowpevon Twv peTaAAOywV UITOPEL va 0ONYNOEL OE KUTTAPLKO
Bavarto, yripavon Kol KapKivo

Oykoyovidla - OykokataoTaAtikd yovidla - Zuotnpata emidliopbwaong BAaBwy oto DNA - X. AdauotouAog
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BAABE2 2TO DNA

J H unepuwdng aktwvofoAia (dwc nAlou A AQUMEC LA ploUATOC) CUVOEEL OLLOLOTTOALKAL
TP OKELLEVEC TIUPLULOLVEC KATA UAKOC EVOC KAwWVoU tou DNA yla val oXNUATLOEL Cis-syn
KUKAO-BouTtavikd muptputdivika Siuepn

J H wovilovoa aktivoBolia, cupumepAapUBavopEVWY TwV aKTivwy X KoL TC padlevepyou
Sdlaomaonc, dSnuoupyel pR&etc KAwvwv Kat mapayeL SpaoTtikad l6n oéuyovou mou
BAdamtouv to DNA

X-ray photon
DNA Helix

Oykoyovidla - OykokataoTaAtikd yovidla - Zuotnpata emidliopbwaong BAaBwy oto DNA - X. AdauotouAog 84



BAABE2 2TO DNA

o Ta kapKkvoyova Kot petaddaélyova emnitiBevtol oto DNA. Mepika
EVEPYOUV OQUECA, EVW AAAQ ELVOL TTPOKAPKLVOYOVAL.

o METABOAIKH ENEPTOMOIHZH: Ta mpokapKwvoyova otnv $puoLkn

Touc popdn 6& PAamnttouv to DNA, aAAa pmopel va evepyormotnBouv
arno petoBolikec dtadikaotieg (r.x. va oéeldwBouv amno to

KutoXpwpa P450s) kal va LETATPATIOUV OE KAPKLVOYOVa TToU £lval
eriBAaPn yia to DNA.

Oykoyovidla - OykokataoTaAtikd yovidla - Zuotnpata emidliopbwaong BAaBwy oto DNA - X. AdauotouAog
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KAINIKO2 2Y2XETI2MO2

o XHMEIOOEPATEYTIKOI MAPATONTEZ ENITIOENTAI 2TO DNA:
aAKUAlwoNn Twv BAaocewv N cUVOEOUV OTAUPWTA TOUC KAWVOUC

o Eupew¢ xpnotpomolovupeva pappoka: AAKUALWTLKOL TTApAYOVTE,
dnuoupyouv otaupoeldeic OEoUOUC LECO OTOV KAWVO KAl aAVAUESOL
OTOUC KAWVOUC- OXL LOVO KuTTtapoTtoéLkol aAAd Kat petaAAaéloyovol:
HEUTEPOYEVELC KAPKLVOUC

Oykoyovidla - OykokataoTaAtikd yovidla - Zuotnpata emidliopbwaong BAaBwy oto DNA - X. AdauotouAog 86



KAINIKO2 2Y2XETI2MO2

XHMEIOOEPANEYTIKOI MAPATONTEZ
ENITIOENTAI 2TO DNA

= JiomtAativn: Kopkivol Opxewv Kal
woOnkwv

" Mnxaviopog: H olommAativn avidpd e to
DNA, ta npoodepata YAwpiou
petatonilovral ano atopo alwtou
TToUPLWwWV: ooPfapo TUALyHa otn dour Tou
DNA: epunodio otnv avtiypadn Ko
Hetaypadn

= Qepareia: TPOYPAUMUATIOUEVOC
KUTTOPLKOC BAavatog

= OxL elOLKN yla T KOPKLVIKA KOTTOPO -
ToAAA ducLoAoyika rtebaivouy

2iomAativn aAAadel tn dopn tou DNA- kuttaplko 6avato

/NH3

DNA Double helix

Cisplatin FDt‘~.,_-‘
HN" o . ot i
H3N \ Pt O Guanine (G)
H3N/ O Adenine (A)

Intra-strand G-Pt-G
Crosslink
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MHXANIZMOI ETTIAIOPOQ2H2
AMEZH KAl EMME2H ElNIAIOPOQO2H

dwTtoAvaon- dpepwyv T-T
ota puta

Ektoun Baong BER

O%—-peBuAoyouvavivo
ueBuAotpavodepaon
(MGMT)

Ektoun NoukAeotidiou NER

Emtidlopbwon kata tnv
avtypadn 3’-5

AtaiplaoTtog 2uvOouao oG
MMR

OpoAoyocg Avacuvduaopog

Oykoyovidla - OykoKATaoTaATIKA yovidla - Zuothpata emdtopbwong BAaBwy oto DNA - X. AdapoémouAog
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AME2H ETTIAIOPOQZH- ®OQTOENEPTIOINOIHZH

P
(o) H s | 0 H —
=C~—__ / t =Cu \
,/l\/\'\ =N—4 > (Glu),, L—. J\ N =N={ /\ (Glu),,
HN ¢ \ / HN C \ 4
J\ 7 o ,L | HJ ) W—
e NN SN
HoN !\i |\| Eva poTévio pine-paTog H:N ;\l H
(300 pe 500 nm) ;
*

O O

A

0” >N N

\
o
— L~

Aipepés kukdofovTavotrupipibivng

To bieyeppévo @Aafivo
(*FADH-) bwpiCer éva
NAEKTPOVIO 07O Bipepés
TS TUPIIBIVIG Yio var
Tapayel fva aoTabs
Bipepés evepyous pidag

=

e
HN Y [ “NH ks

MTHFpolyGlu aTmoPPOPAaTHl A6 TO

MTHFpolyGlu I

- / H evépyeia bifyepong
e} 5 € nepvaoro FADH oto
< EVEPYO KEVTPO

R y
H,C NO CNZD er
00 01
NH
H;C N \
SN K
HsC N.__N_O
*FADH
R ]@ I \'K'
‘ HsC N
H;C NS ND SO o)
=
HsC N
H oo

Pila pAafivng
FADH*

Hr\/j%’\f\ ’i‘\u
()(J\N/ L\/J\()

H avadiopydavwon Tou
||.\t KTPOVIOL arrokaioTd

o

e

To NAEKTPOVIO pETaPEpETON
miow oTny evepyn pida

Xwplc adaipeon ylag faongn evog
VOUKAeOTLOl0U

Apeon dwTto-evePyoTIOiNON TWYV OLHEPWYV
KUKAoBoutavo-ttupludivng: DNA
dwTtoAuvaoeq

Yriepuwodeg pwce emtayet avridpaon:
TTapaywyn dLHEPWYV TTUPLLDIVNG
dwTtoAuvdoec- evepyela arto To dwc:
avaotpePouyv tn BAARN

2 XpwHodOpA: CUPTIAPAYOVTEG

TIG HOVOpEPELS TTUPIBIVES PAaPivng yia va
O ) (D O mapdyer FADH™ O (o]
H\)\‘j /{\E "NH H\I/){E] ¢ NH u\v’/\’\u  SNH
()"""L" N N /L‘x) o ()""J\ N” s N0} P ()""’J\ N7 SN"Yo

Movopep€g Trupipbivng
o010 £mdlIopBwpivo DNA

EIKONA 25-26  EmB16pBwon Sipepuv mopiudivng amé 1 pwtodudon. H evépyeia Tou gaT6s XpnoIHoTIoEiTal yia TV avaoTpopl Tng uwToavtidpaons n omola ey
mpoxakéoer T BAGHN. Ta dbo xpwpopdépa g paTodudons Tou E. coli (MB 54.000), N, N -pebulevotetpadbpogpuliké-roduylovtapiviké (MTHF poly Glu) ki FADH, em-
TEAOUV oupTIANpwpaTikéS Aerroupyies. To MTHFpolyGlu Aaitoupyei wg ékTng pwrovimv. To FADH- Sieyeipetar kan n dieyeppévn gMapivn) (*FADH") rpoogéper £va re-

KTpovio o1o bipepés Truppubivng, rpokaddvrag Tnv emdidpBwon o ateikovileTan £,

aroppodnong pwtocg: FADH, kat puAAIKO
o&L
2 NUAVTLKH yla TTOAAOUC OpYaVvVIOHOoUG — OXL
yla ta BnAaoctika.
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AMEZH ETIAIOPOQ2H

O6 —peBuAoyouvavivo peBuAotpavodepaon (MGMT)

* BAaBeg aAkuvAiwong

* 0°-pebBuloyouavivn
oxnpotidetal:
uetaAAaloyovog BAABN

Zeuyapwpuo pe Oupivn avti
tn¢ Kutooivng: dnuoupyel
LETAAAAEELC

Apeon emdLopbwon tng amno
T pebulotpavodepdon tng
0% —pebuloyouavivng DNA

(a) T

N PiHEN,
/ < /,}‘ §
lovavivn /\|< N—HIIIN > Kvutoaivn
/ \ /
R N= )N,
N—HmO

‘pt()u\l’m(u] KO avTrypopry

_N ,OCH; ()\\ /CI 13
}\J 4 <:;\ /‘} $§.
0°-MeBuloyovavivn R - < NITH— N\ > Oupivn

EIKONA 25-27 “Eva wmapadarypa yia 1o wag o1 BAdpeg tov DNA wpokalouv pe-
TalGeis. (a) H peBuliopévn O6-peBuloyovavivy {evyapaver pe Bupivn avTi yia
kutooivn. (B) Av auTé dev embiopBwOer, odnyel ot piat peTdAaln G=C mpog A=T.

Oykoyovidla - OykoKATaoTaATIKA yovidla - Zuothpata emdtopbwong BAaBwy oto DNA - X. AdapoémouAog

peOuNiwon

H3C - GI--{C

avriypagpr)

HiC - G T G C

avrypagpr

IwoTa

Zevyapwpévo DNA

(Ox1 peTaANGEEIG)
HiC - GH--T AT
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AMEZH EMIAIOPGQZH
2UUTIAEYHA avTypadng

2€ BAABN 1Tl EVOC KAWVOU EKpAyEiov: oTapata

EEEAEN avTiypadnc:
1. AmoouvappoAoynon n omoBoxwpenon:

eTidLlopBwon BAABNG
2. lMapakapttiplog ocvvBeon

3. Ymepmnonon BAABNC Katl EK vEOU ocuvBeonN
TEPA AUThC (KEVO 0TO BuyaTPLKO KAWVO)

Oykoyovidla - OykokataoTaAtikd yovidla - Zuotnpata emidliopbwaong BAaBwy oto DNA - X. AdauotouAog
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EMIAIOPOQ2H EKTOMH2 BAZEQN (BER)

2200222
+ Yrapxouv Fo }é‘ 3.4 .3 F’m i o

TouAdaxlotov 8
5la¢op8TlK8’C (yAukolo \uu uqkm’ﬂ Ir‘.o

YAUKOJUAACEC: (i (i 2% o i (;(;r Tiifh

avaVVLlupiZOU\’/ &'éﬂ };! géﬂgéﬂé‘
OpLoHEVOUG TUTIoUG ;é@ ? } ;éﬁ?é@ } }

BAadOevTIwyY Baocsw -

Evrou
Nrn DNA 0} q

AP evbovo \(”le

* DNA yAukoluAaon %,, 3.,,\ O, Ti\{‘(;ii o Aioicfm% %l

TNG OUPAKIANG B a8 pLe FIiEE O

FEXSIEXSE
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EMIAIOPOQO2H EKTOMHZ NOYKAEOTIAIQN (NER)

BAGfn DNA

£ ool Nispumos 1.  Adopa oe peyaAeg
. lo ‘0 EVWOELC TIPOCBNKNG N tapapopdwon
NG OUTANG eAtkoeldoug dopung touv DNA

o F P P i 2. Apepn Tng TVPBIVNG/
o Bevlomupevio/ apAatoéivn/
olomtAativn: adpatpovuvtal pe MER

\ o 5)
3. H BAABNn adalpeital amo eva
eV{UULKO CUMTIAOKO: ATTOKOTITEL APKETA
o aion | © VOUKA£OTIOLa-BAGRN: ATTOPNAKPUVGON WG
. OALYOVOUKAEOTIOLO

EIKONA 25-25 Embiopbwon tov DNA pe extopr voukAeomiiwv oo E. coli kar Tov GvBpwro. O yevikds pryaviopds embiépbwong pe extopr voukheomidiow eivan mra-
pépoiog oe GMoug Toug opyaviopols. @ Mia voukhedon) ektopris poabévetan o Béon piag peyéng PAGPNS Tov DNA kar k6Ber Tov KAdwvo exarépwbev Tng PAGPns. @
‘Eva tprjpa DNA 13 vourdeoTibiwv (13pepés) 1 29 voukAeomibimv (29uepés) apaipeitan pe T PoriBeia piag ehikdong. © To kevd yepiler amrd T DNA olvpepdon kan @ n)
evropr] o amopéver «ogpayileTon amd ) DNA Aiykdon). [Mnyr: Aziz Sancar].
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EMIAIOPOQO2H EKTOMHZ NOYKAEOTIAIQN (NER)

BAGfn DNA

E. coli AvBpwrog

\? 13pepes \9 HEPES [

/ °

(3 (3 L
(4] (4]

EIKONA 25-25  EmSiopbwon Tov DNA pe extopr) voukAeomibiwy oo E. ¢ I Tov GvBpw 0. O YEVIKGS praviopds € 6 p(!uxlrr, pe exTopr] vourkheoTibiw | T
pépoiog e GMovg Toug opyaviopois. @ Mia voukhedon ektopris PoodE ] 8éon piag peyddng G ﬁ]g v DNA k [3 \u) ) EKQTE pu)H: ™ms ﬁ\( [ng O
“Eva Tprpa DNA 13 voukheoTibiwv (13pepés) 1} 29 voukAeomibiwv (29pepés) oxpanpefron pe ) BoriBerar piag ehikdGong. © T 6 YE p'i 6 T DNA mroAvpepdon ke @ n)
EVTOI] TTOL ATTOpE Vel wquuytf). 1o oamd T DNA }uyx(’x(m [Mnyr: Aziz Sancar].

[MoAvpepecg evlupo (VOUKAEQOH EKTOMNC)

VOPOAUEL OVO PwoPpodlecTEPLKOUCE OECHOUC TTOU
Bplokovtal ekatepwOev TNG oTpEBAWONC TNV OTTolA
- [o 0 TtPoKaAel N BAARN

AtteAeuBepwWOon VOUKAEOTLOIWYV
2UUTIANPpwon KevoL pe DNA TtoAupepaon-€
Etavacuvdeon eviopwyv arto DNA Awyaon
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EMIAIOPOQ2H ATAIPIAZTQN ZEYTQN (MMR)

 Adalpei ta opaApata aviypadng

 Ta ataiplaocta levyn (mismatches) oxedov tavta emdlopbwvovtal EToL WOTE va
AVTIKATOTITPI{OVV TIGC TTANPODOPIEC OTOV TTATPLKO KAWVO(KAWVOC-EKUAYEILD)

e 10 cUOTNUA EMLOLOPOWONC TMPETEL LE KATIOLO TPOTIO VAL SLaKpivel ToV KAwWVOo-EKHayELlo armo To

veoouvteBelpnevo kKAwvo. To kUTtapo ta kKatadepvel «onuodevovtacy to DNA ekpayeio pe
neOuAo-opadec wote va To SLAKPLVEL ATtO TOUC VEOCUVTEDELUEVOUC KAWVOUC
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EMIAIOPOQ2H ATAIPIAZTQN ZEYTQN (MMR)

avTrypagr)

CHy
. GATC
2 | | !
o 2to E. coli, To cuotnua etttdlopbwaonc 37 ]
Twv ataiplactwy Zeuywy (mismatch SN
repair system) teplAappavel S
TOUAQXLOTOV 12 TTpWTEIVEG TTOU HPOULV
elte otn dLAKPLON TWV KAWVWYV £lTe OT
dlepyaocia emdlopbwonc.
o Adkplon Twv KAWVWV: yeBuAdon Dam CHy
n ortola, oTtw¢ tpoavadEpape, e G B T C
HeBUALWveL To DNA otn 6€on N6 0Aw\ v |
: CTAG

TWV KataAoinwy adevivng ou
Bpiokovtal yeoa o aAnAouxieg
(5")GATC. ¥

T

EIKONA 25-21  MeBoliworn kar em&iopbwon ataipiaorwy {guywv. H peBulinon
Tav kMdvav Tou DNA fonda ot Sidkpion Twv rarpikav kKMvev (expoyeia) amé
TOUS vEooUVTEBEIpévoug kKAdvous oto DNA Tou E. coli, Aaitoupyia ammo@aoioTikig
onpaoiag ya v emdidpbwon Twv arapiaotav Jevyav (B, Eikéva 25-22), H pe-
Buliwon cupPaiver oto N* Tov kar@ormrov abevivng omis aMnhovyies (5) GATC.
Auti) n alnhovyia eiven malivbpopo (BA. Eikéva 8-18), dnAabr] utrdpyer kar oToug
800 KMdVOUS cAMG pe avTiBETO TTpocavaToNOpG.

N oUvVTOpO XPOVIKO
SiaoTnpa peTG TNV
avTiypagpr], 0 KAOVOS-
EKpayeio eiven peBuli-
WPEVOS, EVED O VEOS
KAMDOVOS Gy
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CTAG
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Hemimethylated DNA
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3
l | ; Sl
CTAG
CHy
MeTa amd Mya Aenrra
- 0 VEOG KADVOS
Dam peBoMion pleUAJ(;)VtT(ll X
mALov 01 B0 KAWVOI
be dakpivovran
la‘ls
GATC =
| | 3
TR TR A 5
CT /'\ G
CHy
f"s
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= Lo
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|
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EMIAIOPOQ2H ATAIPIAZTQN ZEYTQN (MMR)

CH3

Nw¢ opwc katevBUveTAL N Siepyacia emdLOpOwon¢ Twv ataiplactwv GATC
. ’ ’ ’ ’ ° = f\Tm' IAOTA NG CrITTAIG TS
{EUYWV OO TLG OXETLKA AMMOMOKPUOUEVEG aAAnAov)ieg GATC, o 0N féoeav % .
{ =

1. H mpwteivn MutlL oxnpotilel cUUTTAOKO LE TNV ITPWTEIVN =
MutS mou poodévetal o€ OAa ta ataiplaota (evyn Bacswy ADP + P,
(extoc amo to C-C). CHy cry

. ) S ¥opmAoko
2. H mpwteivn MutH npoodevetal otnv MutL ko otig Mutl-Muts

aAAnAovyiec GATC tic omoleg cuvavtda to cUpnAoko MutL-MutsS. AR
ADP + P;
3. H MutH éwaBeteL dpaon tomoeldikrnc evbovoukAedonc Kol

elvoll avevePYOC €wC OTOU TO CUUITAOKO CUVAVTHOEL HLaL

NULULEOUVALWHEVN aAAnAouyia GATC.

|CH3 _ ;,‘, CHj
4. ErudlopBbwon: e autn tn B€on, n MutH kataAvel tn dtdomaon _\m,,,’
TOU pn peBuliwpévou katahoinou G otov 5' KAWVO TNG epomSarop o B
aAAnAouyiac GATC. - -
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EMIAIOPOQ2H ATAIPIAZTQN ZEYTQN (MMR)

Ta eukapuwTtTika Kuttapa OJOlabeTtouv  ocuoThuata
eTudlopbwong TWYV ataiplactwyv levywyv
XPNOLUOTIOLWVTAC TIPWTEIVEG TIOU €XOUV OOMIKEC Kal
AEITOUPYLKEG OHOLOTNTEG ME TIC Baktnplakeg MutS kat
MutL (oxt opwg Kat pe tn MutH).

Ol petaAAGéelc oe avBpwrTtva yovidla TTou KwOLKOTIoLoUV
TIPWTEIVEC AUTOU TOu €idoug euBuvovtal yla oplopeEva
Ao TA TIO Kolva cuvOpopa KANPOVOULKNG euttabelag o
KAPKivo

2TOUC TIEPLOCOTEPOUC EVKAPUWTEC, Ao TN VN Ewg ToV
avbpwro, ol mpwrteive¢ MSH2, MSH3 kat MSH6 eival ot
KUPLlEC opoAoyeg tng MutS (MutS homolog).

Ae yvwpidovpye TOV AKPLB HNXAVIoHO HE TOV OTIOIO
avayvwpidovtat ot veoouvteBelpevol kKAwvol DNA.
Qot1000, N OXETIKN €peuva aAmokaAuge OTL autn n
avayvwplon dev teplhapBavet aAAnAouxieg GATC.
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CHy

CH3

CHy

CHy
GATC

2 ;\Tml)(uxmu " CTAG /J
Cevyn paoswv \ /

ATP

ADP + P;

CH3

\}_D}m,\nxo
MutL-MutS

ATP

ADP + P,

CHj o CHj3
| ’ @
MutH

H MutH diaomré Tov pn
TPOTIOTTOINHEVO KAWVO

CHy
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EMIAIOPOQ2H ATAIPIAZTQN ZEYTQN (MMR)-
KAINIKOZ 2Y2XETIZMO2: KAPKINO2 TOY MA2TOY

e 10% twyv TEPUTTWOEWV oXetTidovtal e KAnpovoulkeg BAABeg ota yovidla
BRCA1 kat BRCA2

e OUL avtiotolxec Tpwrteiveg €xouv peyaho peyeboc (BRCA1:1834
apwvoéea/BRCA2: 3418 apwvoéea). Kat ot OU0 AAANAETILOPOUV HE TIOAAECQ
AAAEC TIpwTEivEC TIOU ePTIAEKOVTAL OTn petaypadn, tn datnpnon Twyv
XPWHOOCWHATWY, TNV eTIOL0OPOwon Tou DNA Kal Tov EAeyxX0 TOU KUTTAPLKOU
KUKAOU

O yuvaikeg pye BAABnN eite oto €va £ite 0TO AAANO YOVIOLO £XOUV TTAVW ATIO
80% miBavotnta va avamtuéouyv KapKkivo Tou Haotou

Oykoyovidla - OykokataoTaAtikd yovidla - Zuotnpata emidliopbwaong BAaBwy oto DNA - X. AdauotouAog
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EMIAIOPOQZH ATAIPIAZTQON ZEYTQN (MMR)-
MSI (ActaBela Mikpodopudpopikou DNA)

MSI sival evag poplakog ¢avoTuTtiog OYKWYV TTOU TIPOKUTITEL ATTO avénuevn cuxvotnta
HeTaAAaéewyv oto yovidiwpa.

To dLayvVWOoTIKO XapakKTnNELoTIKO TNG MSI elval n tpooBnkn N arntwAela VOUKAEOTIOIWY
arto HIKpodopudopLkeg TIEPLOXEC—OoTOoLXeia Ttou DNA ttou ammtoteAouvtal amo cuvtopa
ertavaAappBavopeva potifa: MPOINQITIKOZ MAPATONTAZ

Avutecg ol aAayeg epdavidovtal we veeg aAAnAopopdeg akoAouBieg dladopwyv PHNKWV:
deV KWOLKOTIOLOUV/dLAOTIAPTECG OTO yovidiwpa
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EMIAIOPOQZH ATAIPIAZTQON ZEYTQN (MMR)-
MSI (ActaBela Mikpodopudpopikou DNA)

2uoxetion MSI pe kapkivo

H MSI oxetidetal KAAOIKA HE KAPKLVOUG TOU TTAXEOG EVIEPOU OTIWG KaL:

Eviopuntplako Kapkivo
Qo00OnNKWKO KapKivo
faoTpLKO KapkKivo

NMpootatiko Kapkivo

O O O O O

MowoBAacTtwua
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ANAZYNAYA2MO2

O avacuvduacopog eival pia BepeAlwdng dladikaoia yia tnv avtaliayn Kat
aAvVavEWON YEVETIKNG TTANpodopiag kat dlakpivetal oe VO KUPLOUC TUTIOUG: TOV
OHMOAOYO KOl TOV [ OHOAOYO avacuvduacoHo.

O avaocuvduaopog, EITE HEOW OPOAOYWYV ELTE PN OJOAOYWYV PNXAVIOH WYV, Elval
(WTIKNG onpaoiag yla tTn YEVETLIKN TIOLKIALQ, TNV eTidLOpOwon tou DNA kKat tn
AelToupyla Tou yovidlwpatoc.
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OMOAOIO2 ANAZYNAYAZMO2

O opoAoyoc avacuvduaopocg cupBaivel peTa&u YEVETIKWY AAANAOUXLWYV TTOU
elval TTAPOPOLEG N TAUTOCNHEC, OTIWCE AUTEC TTOU BploKovTal oTa Xpwppoowuata
TWYV YOVEWV.

Autn n dladlkaola eival Kpiolpun Kata tnv avarmapaywyn, kKabwce eEaocdaiidel otl
TA YEVVNTIKA KUTTapa (yapeteg) AapBavouy pla artAoeldn ospa
XPWHOCWHATWV.

Kata tn diapkela Tov ogoAoyou avacuvouaopou, ol aAAANAOUXIEC TWV
XPWHOOWHATWY avaplyvuovtal, ONUIoOUPYWVTAC YEVETLKI TIOLKIALQ.
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