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Kuttapikog KUKAoG - Kuttaptikn dlaipeon

d H dladikaoia tng KUTTAPLKAC dtaipeong cuvioTA avamnooTaoTo HEPOC TOU KUTTAPLKOU
KUKAOU, dnAadr Tou KUKAOU TNn¢ (W TOU KUTTAPOUL atto TOTE IOV TtpwTtooxnuatidetal
ATTO KATTOLO OLALPOUHEVO YOVIKO KUTTAPO HEXPL TN DKM ToU dlaipeon og dLO ved
KuTTapa

d H mapaywyn dUo tavopolOTUTIWY AVTLYPAPWY TOU YEVETIKOU UALKOU Kat n petaBipacn
TOUG OTOUC OUO KUTTAPLKOUC ATTOYOVOUC ATIOTEAEL TNV TTLO BepeAlwdn Asttovpyia tng
KUTTAPLKNG dlalpeonq

d H mapaywyn dVUo tavopolOTUTIWY AVILYPAPWY TOU YEVETIKOU UALKOU Kat n petaBipacn
TOUG OTOUC OUO KUTTAPLKOUC ATTOYOVOUC ATIOTEAEL TNV TTLO BepeAlwdn Asttovpyia tng
KUTTAPLKNG dlalpeonq

XapaKTneloTKO: N HEYAAN TLoTOoTNTA
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Kuttaplkog KUKAOG: evaAAayn HecOdPaong Kal HITWTIKNG daont

1 Mitwon (diadikacia diaipeong tou tupnva) } MutwTikn
d Kuttapokivnon (dtadikacia dlaipeong Tou KUTTApPOoTAAoHATOC) ¢aon (M)
d ®aon G1 -
< J ®aon GO .
- Mecodaon
J ®daon G2 -

= O KUKAOG OUTAacLlacpoU Kat dlaipeoncg tou
KUTTAPOU OVOPAZETAL KUTTAPLKOC KUKAOG

\\]\'\*\05.\5
Gy " H OlapKELa TOU KUTTAPLKOU KUKAOU TIOLKIAAEL

avaAoyda pe To €i00¢ TOU KUTTAPOU
Cytokinesis
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Kuttaplkog KUKAOG: evaAAayn HecOdPaong Kal HITWTIKNG daont

Kuttapikog KUKAOG - Kuttaptkog ToAATAAcLacpog - X. ASAUOTIOUAOG
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KuTtaplkog KUKAOG: paoeLg

®aon G2

Ag ovvTiBevrai
DNA. ZvuvexideTai
n oovOeon RNA
KO TIPWTEIVDV

®don S
H ovvBeon Tov DNA
dimdaoiader Tnv
moooTnTa ToL DNA.
Etriong ouvTiOevran
RNA ka1 rpwTeiveg

Kuttapikog KUKAOG - Kuttaptkog ToAATAAcLacpog - X. ASAUOTIOUAOG

®daon M
H pitwon (diaipeon
TOL TTVPHVA) KAl 1

KUTTOPOKIVNON ®aon GO

(biaipeon Tou Tehikwg diagopo-
KUTTGPOUL) TOINHEVA KOTTTOPX
dnpiovpyoiiv do ATTOOUPOVTAI
BuyaTpIkG ETT XOPIOTOV XTTO TOV
KOTTOpQ KUTTOPIKG KUKAO

—

Inpeio ewavedou
Eva kOTTOPO TTOL
EMOTPEPE AT TNV
GO sioépyeTan o€
mpwipn gaon G1

®don G1
JovTiBevran RNA kan
TPWTEIVES. A€
ovvtiOeTon DNA

Znpeio WEPIOPIOHOU
‘Eva KOTTOpO MOV TTEPVA
aTmd auTO TO ONMEIO
dbeopeveTan va peTafel

oTn paon S



Kuttaplkog KUKAOG: onpela eAsyxou

Inueio eAéyxou G2: G, Checkpoint Znueio eA€yxou M (n onueio
‘EAeyxog BAaBwy oto DNA, EAE£YXOU TNC YLTWTIKNAC ATPAKTOU):
oAoKAPwoNC avilypadnc tou DNA M checkpoint EAEYXOGTNG TPOGOEONE TWYV
(G2 -> M) = 7> adEAPUWV XPWHATIOWY OTOUG
/] HIKPOOWANVIOKOUG TNG HITWTLKAG
atpaktou (Metadaon -> Avadpaon)
Cell
growth
S DNA Cell G,
synthesis growth

Znueio eAeyxou G1 (N onueio mepLoployov):
— ‘EAeyxoc BAaBwyv oto DNA,
dlaBeopoTnTag BpEMTKWY, ALENTIKWYV

TTapayovIwy, HeyEBOULC KUTTAPOU
G, Checkpoint (G1->9)
(restriction)
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KuTtaplkOg KUKAOG: onpela eAeyxou & puBuLoTEG

O puBulotec:
1) KukAiveg (cyclines)
2) Kwaoegmou eaptwvtal
armo TG KUKAiveg i
KUKALVOEEAPWHEVEG
Kwaoeg (Cyclin-
dependent kinases,
CDKs)
3) AvaotoAeic twv CDKs
4) To ev{UHIKO GUUTIAOKO S
APC/C n KukAGowpa

DNA
synthesis
Cyclin A

CDK2

APC/C: Anaphase-promoting
complex/cyclosome (APC/C) -

dpaon Atyaong ouBikitivng
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O TIPOOEKTIKOG eAeyxoc ¢ aviypadng touv DNA

Cell nucleus

Q | DNA
Cell | synthesis

growth G1 S el (replication)
(low (high
g) CDK) CDK)
r ' The cell
' cycle
Cytokinesis | @
(cell division) =
> ‘\\‘A N
Q)
Mitosis y ' Cell growth,
(chromosome . preparation
separation) for mitosis
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H avtiypadr touv DNA Eekiva oto teAog Tng daong

s G1 Tou KuTTapikou KUKAOU:

1. To ocUJTTIAOKO avayvwplong tng 6eong evapéng
avtiypadng ORC (origin recognision complex),
ntpoodevetal o€ pia teploxn tov DNA ttou
ovopacletal Beon evapénc.

2. To ORC mpooeAKUEL HU0 CUUTIAOKA EALKOCWIV.

Ta emtimeda tng CDK1 eival xapnAQ, smitpe-
TTOVTAC OTIG eAlkaoeg vatpoodeBolv oTo
DNA.

3. 2tn paon S ot eAwkaoec EeTuAlyouv to DNA Kalt

ol dU0o aAucideg aroteAoLV PNTPEG YA
avtiypadn. Ta emtineda tng CDK1 sival twpa
PYnAa omote dev pmtopouv va tpocdebouv
ETUTTIAEOV EAIKAOCEC.

4. Ol mmoAUpEPACEC TIPOCOETOLY LKA

VOUKAgoTidla oTic dU0o aAuocideg tapayovtag
dU0o TtavopoloTuTieg OLAEC aAuacidec DNA.
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PuBpuLoteg tou KUTTaplkou KUKAoU: KukALveg

4
Cyclin Cell cycle
Cyclin D1/2/3 G1 phase g
Cyclin D1/2/3 G1 phase §
c
Cyclin E Gl/S.p.hase o
transition c
o
Cyclin A S phase o
. G2/M phase
Cyclin A transition
Cyclin B Mitosis
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PuBpuioteg tou kuttapikou KUKAou: KukAlveg - CDKs

2UpTAoko CDK2-kukAitvng A

Concentration

Etepodiuepn ocvumAoka:

JPUOMLOTIKA LUTTOpOVAdA — KUKALVN

Cyclin A

JKataAvtiki vrtopovada - CDK (ATP)
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PuBpuioteg tou kuttapikou KUKAou: KukAlveg - CDKs

c
2
£
3
5
(&)
Cycli—n 4 Cyclm (Cyclm P G
\ SR L~ S /® “Cyclin‘, /®
/ CDK(——> f:CDKu..V Substrate ——> CDK.:;' Substrate ——>» ~ , < Substrate
| eDK( o “ u cDK(
1 4 y [ L4 r ,
« Ag&opeuon TNg KUKAIVNG geausuon' untogtpupatoq ¢ AmeAevOépwon Tou
r [ ] 1 4
« Evepyomoinon tng CDK vepyortolngn Heaw EVEPYOTIOLNHEVOU
dwodpopuAlwong Ttov UTIOGTPUWHATOGC
UTTOCTPWHATOG
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PuBpuioteg tou kuttapikou KUKAou: KukAlveg - CDKs

Concentration

NO CYCLIN:

CAK s
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PuBpuioteg tou kuttapikou KUKAou: KukAlveg - CDKs
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Concentration

G1/S
KUKAWVN

G1

Cyclin

S
. M
IKUKA“"] KUKAWVN
S G2 M
Peak phase Cdkbinding
expressed partners
G1 Cdk4, Ckd6é
G1/S Cdk2
S/G2 Cdk1, Cdk2
M Cdk1
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Kuttaplkog KUKAOG: PuBpuion peow KUKAvwy Kat CDKs

(&=

CDK

p21, p27, p5
ip/Ki

Mltogen)
—— [p15, p16, p18, p19

CDK4/6 (INK4)

Go T @

E2F/DP

R!D
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PuBpuion twv CDKs peow dpwodopuAiwong Kat T(pwteOAUVoNG

2]

Cyclin synthesis
leads to its accumulation

Cyclin-CDK complex forms, but phosphorylated
Tyr15 blocks ATP-binding site; still inactive

No cyclin
present; CDK is
inactive

(8]

Cyclin is degraded

Q Tyr,

CDK phosphorylates
phosphatase, which

activates more CDOK  _ _ _ _ _ _ _ _________ >
f
\/\ L
@hosphatas@—»\Phosphatas@

T/||||||\®

\

_________________

- ——— i ———————————

v\II7/y
(DBRP)—(DBRP)=
K \\2®
CDK phosphorylates '\
DBRP, activating it

N s,

by proteasome, leaving
CDK inactive

B
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160

Phosphorylation of Thr™ in

T loop and dephosphorylation of
Tyr"” activates cylin-CDK
manyfold

ThiP)

https://www.jmedscienc
es.com/doi/pdf/10.5005/
ip-journals-10045-00138

(7

DBRP triggers

addition of ubiquitin

molecules to cyclin

by ubiquitin ligase
DBRP:
destruction box
recognizing
protein

17


https://www.jmedsciences.com/doi/pdf/10.5005/jp-journals-10045-00138

O evepyotnteg twv CDKs kat tou APC/C eival KaBopLoTIKEG
yla Tn pUOPLoN TOU KUTTAPLKOU KUKAOU (1)

E2F-dependent https://doi.org/10.1038/s41580-021-00404-3
transcription
CyclinB

—
‘ f
: CDK1
— g e I \\ ™\ Favourable = =
( CDK2 | CDK1 \ conditions | Cell cycle exit

| r_,i‘; S
S 'APC/C | ‘ [

Replication Postreplicative

initiation state Mitotic entry | | Mitotic exit Return to interphase
~——y |
Prereplicative Decision Y I Decision ¥ v W Prereplicative
3 S phase Metaphase = Anaphase Cytokinesis
state window state

window
Interphase y M phase ;’
* Accumulation of CDK activity during interphase and M phase drives cell cycle progression
« APC/C in complex with the activator protein CDC20 during mitosis, and then with CDH1 during G1 leads to
the degradation of cyclins, marking the return back to interphase
 Cyclin D-CDK4/6 accumulation allows entry into the cell cycle, thereby preventing cell cycle exit
 E2F-dependent transcription results in accumulation of cyclin -E and -A, decision window to enter S phase
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O evepyotnteg twv CDKs kat tou APC/C eival KaBopLoTIKEG
yla TN pUOPLON TOU KUTTAPLKOU KUKAOU (2)

E2F-dependent https://doi.org/10.1038/s41580-021-00404-3
transcription
{
O \
- I / — Favourable A ;
/" CDK2 conditions Cell cycle exit

<, ’[I! ﬁ -
CD KZ lll ! APC/C

Replication Postreplicative
initiation stat? Mitotic entry | | Mitotic exit Return to interphase
Prereplicative Decision Y I Decision ¥ v SE \ Prereplicati
P 3 S phase : Metaphase = Anaphase Cytokinesis fasasys
state window wmdovxi state

Interphase B ;}“ M phase ;.

* Cyclin E-CDK2 activity further activates E2F-dependent transcription, creating a positive feedback loop
that results in increased cyclin E-CDK2 activity and cyclin A-CDK2 complex, allowing the accumulation of
cyclin A-CDK2 activity and replication initiation and S phase entry.

 Subsequent accumulation of cyclin a/B-CDK1 complex creates a second decision window, following s
phase completion, for mitotic entry.

Kuttaptkég KUKAOG - KuTtapikog TToAAATAACLAoHOG - X. ASapOTIOUAOC 19


https://doi.org/10.1038/s41580-021-00404-3

O evepyotnteg twv CDKs kat tou APC/C eival KaBopLoTIKEG
yla Tn pUOPLON TOU KUTTAPLKOU KUKAOU (3)

E2F-dependent https://doi.org/10.1038/s41580-021-00404-3
transcription

Favourable =
conditions Cell cycle exit

[

l CDK4/6
Replication Postreplicative 5 ¥
initiation statef Mitotic entry || Mitotic exit Return to interphase
e e | — ' i —
Prereplicative Dgcnsuon S phase De;cnsnon Metaphase Anaphase Cytokinesis Prereplicative
state window window

state
Interphase ;. M phase ‘

Accumulation of cyclin A/B-CDK1 activity drives mitotic entry and allows APC/C activation, which is
required for mitotic exit and targeted degradation of cyclins, to complete a cell cycle.

Under favourable conditions, accumulation of cyclin D-CDK4/6 activity allows cells to re-enter the cell
cycle....
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Cell cycle regulation: G1 to S phase transition

Double-strand
[ When MRN detects DNA break in DNA Intact DNA
damage, it activates protein QAGANG KMRNZ NN NGOG ANT NG AT NG
kinases ATM & ATR > p53 T
phosphorylation & activation (:/{I';I\/I,_A'l;l'f;)
<~y s
[ Active p53 promotes synthesis iE Active

71\

of p21 (CDK2 inhibitor) Transcriptional
regulation Active
leads to T[p21]

: ~ o / /-
[ CDK2 inhibition stops pRb CDK2 021) € —| Cbk2 =
phosphorylation, which Cyelin E -
; i i Inactive :
therefore continues binding & oRD \_, pRb LB
inhibiting E2F o Transcriptional
P =L L 2 regulation Enzymes
. . E2F — Y — for DNA
U Inactive E2F > genes essential /T synthesis
. : Acti
to cell division not transcribed e v
... Passage
& cell division blocked from
GltoS

Cell division blocked by p53 Cell division occurs normally
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Cell cycle progression via GF signa

ing & cancer
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Key sighalling pathways involved in cell cycle control and cancer

DNA damage Growth/mitogens Replication stress DNA damage Spindle assembly

T D
QD @
, @aq@»@a@ @ — @D

—D
1

|

| Cell cycle exit S phase entry Mitotic entry Mitotic exit
l commitment point commitment point | [ commitment point
Exit il S phase LecHon Metaphase Anapha
: window P window P P

neephese D>

@ Proteins frequently mutated in cancer @ Proteins rarely mutated in cancer
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Targeting of Cell Cycle

LRTKSJ
'ERBB2 HRASJ

"MEK-ERK |

l

PI3K

|

AKT

'S6K | 4EBP1

l

Cyclin D1 Transcription — Cyclin D1 Translation

CDK4/6 inhibitors
~\

~

CyclinD

CDKN2A/B ~Y CDKA4/6

mTOR inhibitors

Rb1
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CDK2

E2F

Free E2F ——
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Dlrect Targeting of Cell Cycle

o TR E wm wm e m e . = - - = -

\

‘ CDK1i (RO-3306)

CDK2i (Type Il, CVT 313)

CDK4/6is p35/39

E CDK5

CDK7i (sy-1365, CDKI-73)

T

CDKS8i (B-1347)

©C000 006

CDK9i (1
CDK1/2/5/9i's (dinaciclib)

B T T ™

cyclinT1/K’

' CDK7/12/1 3i's (THZ1) . ' m cyclinc

_______________ =
@‘“

[ro— cyclinK
TF TF ‘
Target gene -\ /‘

Enhancer « » Promoter
MRGT W

0

DNA damage response genes
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Cell cycle-related drugs

Microtubule inhibitors
. Taxanes
« Vinca alkaloids

Proteasome inhibitor Bortezomib — —

DNA cleavage Bleomycin

Mitosis

—— & i :
Double check Dactinomycin

repair
Topoisomerase inhibitors Interphase Duplicate
- Teniposide hd
« Irinotecan

. Topotecan DNA synthesis

Antimetabolites

 Cladribine

» Cytarabine

« 5-fluorouracil — @
» Hydroxyurea

« Methotrexate
Pentostatin

« Thiopurines

Cell cycle—-independent drugs

« Anthracyclines
« Antitumor antibiotics
- Alkylating agents:
o Nitrogen mustards
° Nitrosoureas
o Alkyl sulfonates
° Triazenes
° Ethyleneimines and methylmelamines
° Platinum compounds

Kuttaptkég KUKAOG - KuTtapikog TToAAATAACLAoHOG - X. ASapOTIOUAOC

binding DNA and inhibiting RNA
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Proteasomal degradation
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Direct effects of CDK4/6 inhibition on tumor cells

CDK4/6 inhibitor
Palbociclib [135] ' ‘
Ribociclib [4, 135, 143] [
Abemaciclib [8,49] §

,,/\_--—":':l

(_\1. p—

necrosis N\
7 \\
/i Aalbociclib [19,27] 7\
Abemaciclib [49]

acuolization
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Mechanism of Action of CDK4/6 inhibitors on tumor cells

PI3K/Akt ER/PgR/AR Wnt/B-catenin
CDK4/6 Inhibitors NF-kB

STATs MAPKs
PaIbOCiC“b FGFR
Ribociclib
Abemaciclib \ X / /

Active tumor ]
Cyclin D
suppressor \/

GO
CDK4

CDK6 /\ O

Restriction point T

@ Hippo F— FAT1
Gene

transcription
@ ¢

Inactive
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Mechanisms of Resistance to CDK4/6

PI3K/Akt ER/PgR/AR Wnt/B-catenin
CDK4/6 Inhibitors NF-«B

STATs MAPK
Palbociclib e ’
Ribociclib
Abemaciclib
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