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Cytostatika — mechanismus ucinku, terapie a rezistence

Nadory, nadorové buriky a terapie

Klasicka cytostatika

» Genotoxicke latky
» Alkylaéni Cinidla a derivaty platiny
» Interkalacni latky a Inhibitory topoizomeraz
« Latky zpUsobujici rozs§tépeni DNA
« Antimetabolity a hydroxymocovina
* Antimitotika

* Inhibitory syntézy a degradace proteinu

+ Epigenticka cytostatika

*  Hormonalni terapie

+ Diferenciacni a fotodynamicka terapie

Cilena a biologicka terapie
* Inhibitory tyrozinkinaz
* Inhibitory mTOR
» Inhibitory proteinu bez kinazové aktivity
« Terapeutické protilatky a konjugaty

« Vakciny
* CAR-T, bunécna terapie
« dalsi....

 Mechanismy rezistence nadorovych bunék na terapii



Klasicka

Cytostatika

genotoxické
latky

a
antimetabolity

Uéinek na mitotické
vieténko

PosSkozeni existujici DNA PosSkozeni DNA pfi syntéze,
(genotoxicita) interference s ni a dalSi efekty




GENOTOXICKE LATKY

Alkyla¢ni Cinidla a derivaty platiny
Interkalacni Cinidla, inhibitory DNA topoizomeraz
Latky zpUsobujici rozstépeni DNA



Interkalacni latky (antracykliny)

Antracykliny - Planarni molekuly se 4 armoatickymi jadry
(antibiotika izolovana ze streptomycet 1960-1963 a jejich derivaty )
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Daunorubicin Doxorubicin Epirubicin
(Adriamycin) (Adriablastin)
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Interkalace doxorubicinu do dsDNA

Doxorubicin Doxorubicin-DNA structure
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Generovani volnych radikalt antracykliny
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e Interkalace molekuly do DNA zpusobi
inhibici transkripce a replikace
inhibici topizomerazy Il — gvoufetézcové zlomy
e generuji kyslikové radikaly
e vytésnuji histony z DNA a tak ovlivnuji transkripci
(GCinnost nejen v S-fazi)

Table 1 - DNA topoisomerases

Topoisomerase | Topoisomerase Il

100 kDa 170kDa; 180kDa

Makes single-strand Makes double-strand DNA
DNA breaks breaks

ATP independent ATP dependent

Genes located on Gene located on chromosomes
chromosome 20q12 17921 and 3p24

Two types, alpha and beta

Kardiotoxicita - poSkozuji srdec€ni sval



Inhibitory DNA topoizomeraz

Aktivita topoizomeraz — uvolnéni nadsSroubovicovitého vinuti pfi replikaci nebo
transkripci.

Inhibici aktivity topoizomeraz po rozstépeni retézce DNA nedojde k opétovnému
spojeni retézcl vznikaji tak ss nebo ds zlomy, mechanismus neni zcela jasny

DNA topoisomerases

Topoisomerase I Topoisomerase II
100kDa 170kDa; 180kDa
) Makes single-strand Makes double-strand DNA G
DNA breaks breaks
ATP independent ATP dependent
Genes located on Gene located on chromosomes
chromosome 20q12 17921 and 3p24

Two types, alpha and beta

Topoizomeraza l a ll jsou pfitomné
prakticky jen v aktivné se délicich
burikdch — vhodné cile terapie



Inhibitory TOPOIZOMERAZY |.

Derivaty kamptothecinu z kary
stromu Camptotheca acuminata
topotecan a irinotecan

kamptothecin

Vznik a kumulace jednoretézcovych ziomi v DNA

[u Supertwisting resulting from

unwinding of the double helix
DNA double helix

bwwmowmm

Positive supercoiling

Strand separation

B Action of Type | DNA
topoisomerase

&Nick

Topoisomerase| | <== Topotecan

Nick sealed

—\'/ AN\




Inhibitory TOPOIZOMERAZY II.

Derivaty epipodofylotoxinu z kofene
Podophyllum peltatum

(noholist stitnaty)

Etoposid, teniposid

Etoposid

Vznik ternarniho komplexu s DNA a topizomerazou brani znovuspojeni retézcu a
vede ke kumulaci dvouretézcovych zlomu



GENOTOXICKE LATKY

Alkyla¢ni Cinidla a derivaty platiny
Interkalacni Cinidla

Inhibitory DNA topoizomeraz
Latky zpUsobujici rozstépeni DNA



Latky zpusobujici rozstépeni DNA retézce

V soucinnosti s atomem Zeleza generuji radikaly a zplisobuji stépeni fetézce DNA.
Presny mechanismus neznamy.

Bleomycin
(glykopeptidové ATB ze Steptomyces verticillus)
U&inkem vzikaji ss a ds zlomy




) DNA-bleomycin-Fe**
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DNA-bleomycin-Fe’*

'

Superoxide and
hydroxyl radicals

H H
H O_ H
H
H OH
OH OH
HoN O H Strand breaks

\ﬂ/ in DNA



Klasicka

Cytostatika

genotoxické
latky

a
antimetabolity

Uéinek na mitotické
vieténko

PosSkozeni existujici DNA PosSkozeni DNA pfi syntéze,
(genotoxicita) interference s ni a dalSi efekty



ANTIMETABOLITY a hydroxymocovina

antimetabolity
strukturni analogy vitamind, regulacnich Idtek nebo substrati enzymd,
blokujici (obvykle mechanismem kompetice o vazebné misto) jejich ptsobeni.

Analogy kyseliny listové
Purinové antimetabolity
Pyrimidinové antimetabolity

Hydroxymoc€ovina



Antimetabolity — analogy stavebnich jednotek NA
sInkorporace do DNA, inhibice replikace, indukce zlomu a inhibice oprav

Inhibice kliCovych enzymu
*Metylace DNA

Funguji predevsim (ale ne vyhradne) v S fazi

Analogy kyseliny Purinové Pyrimidinové
listové analogy analogy
Metotrexat Merkaptoguanin Fluoruracil
(Inhibitor DFR) (analog baze) (analog baze)
Fludarabin Cytarabin
(analog nukleosidu) (analog nukleosidu)

+ hydroxymoc€ovina




kyselina listova aminopterin
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Nature Reviews | Cancar

1947 - Sidney Farber (Harward Medical School)

Bylo znamo, Ze podani kyseliny listové obnovi krvetvorbu pfi anemie z nedostatku folatu
Pokousel se kyselinou listovou |éCit leukemii u déti — doslo k rychlé progresi onemocnéni.
Zacal tedy hledat ,anti-folat” — pouzil aminopterin kterym dosahl Ustupu (remise) akutni
lymfoblastické leukemie (ALL) u nékolika déti.
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TEMPORARY REMISSIONS IN ACUTE LEUKEMIA IN CHILDREN PRODUCED BY
FOLIC ACID ANTAGONIST, 4-AMINOPTEROYL-GLUTAMIC ACID (AMINOPTERIN)*

Stoxey Fawsrn, M.D.,T Lovis K. Diasvoxo, M.D..! Roverr D. Mercer, M:D.§

Rovert F. Syuvestex, Jio, MDLY axo Jases A, Worrr, M.DJ|
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Sufficient encouragement was obtained from these
observations to justify further studies on the effect
of more powerful antagonists to folic acid on the
course of acute leukemia in children. Since Novem-
ber, 1947, when a sufficiently pure substance be-
came available, to the time of this writing (April 15,
1948) we have made studies on 16 children with
acute leukemia to whom the most powerful folic
antagonist we have yet encountered, 4-aminopteroyl-
glutamic acid (aminopterinff) was administered by
intramuscular injection. Many of these children
were moribund at the onset of therapy. Of 16 in-
fants and children with acute leukemia treated with
aminopterin 10 showed clinical, hematologic and

pathological evidences of improvement of important

nature of three months’ duration at the time of

" this report. Six patients did not respond well; 4

of these are now dead, and 2 were unimproved.
This paper presents detailed clinical, hematologic
and bone-marrow studies in 5 children selected from
these 10 who showed evidences of important im-
provement — the course in the other cases was
essentially similar. The patients are selected for
the purpose of illustrating some of the problems
concerned with the use of aminopterin and because
they demonstrate the best results that we have

wi,em, e,

AN-FOL A «20mg
MET-FOLB « 20mg
DIOPTERIN. 4 200mg _—
AMINOPTERIN 8 I mg
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Ficure 1. Course of Leukemia in Case 1.

observed. The toxic effects are stressed in these
histories, and the temporary nature of the remissions
is emphasized.
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KYSELINA LISTOVA

kyselina listova Donor jednouhlikatych zbytku
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ATF‘ + HCOOH
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Formyl -THF
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THF je donor jednouhlikovych
zbytk (nesenych N5 a N10) pro
nékolik biochemickych reakci

Po formylaci nasleduje postupna redukce
methylentetrahydrofolat dehydrogenazou
(MTHFD1)

a metylentetrahydrofolat reduktazou (MTHFR)



ATF‘ + HCOOH
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Metenyl-THF

THF je donor jednouhlikovych
zbytk (nesenych N5 a N10) pro
nékolik biochemickych reakci

Po formylaci nasleduje postupna redukce
methylentetrahydrofolat dehydrogenazou

(MTHFD1)

a metylentetrahydrofolat reduktazou (MTHFR)
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Metylen-THF Metenyl-THF

F | THF je donor jednouhlikovych
Y’ zbytkl (nesenych N5 a N10) pro
“ “N@_ﬁ nékolik biochemickych reakci
— MH
o Po formylaci nasleduje postupna redukce
methylentetrahydrofolat dehydrogenazou
Metyl-THF (MTHVFD D y ydrog

a metylentetrahydrofolat reduktazou (MTHFR)
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Metylen-THF

ATP+ HCOOH
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Metyl|-THF

Formyl -THF
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Metenyl-THF

THF je donor jednouhlikovych
zbytk (nesenych N5 a N10) pro
nékolik biochemickych reakci

Po formylaci nasleduje postupna redukce
methylentetrahydrofolat dehydrogenazou
(MTHFD1)

a metylentetrahydrofolat reduktazou (MTHFR)
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=/ Po formylaci nasleduje postupna redukce
(Ghin methylentetrahydrofolat dehydrogenazou
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Folic acid (FOL)
e o A;CBI ABCC3 ﬂ ,
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Substrates
— DNA
MTHFDI/'?- Methionine protein

catechols
etc.

De novo
purine
synthesis

o~

o e

Methylated
products

Thymidine 5,10-CH2=THE

synthes‘is f @ 5-CH3-THF. (Homocystei_n’f'eg '

SHMT1 — serinhydroxymetyl transferaza

DHFR - dihydrofolat reduktaza

MTHFDL1 - trifunkCni methylentetrahydrofolat dehydrogenaza
MTHF- methylentetrahydrofolat reduktaza
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Syntéza de novo

Salvage pathway (Sefrici draha, zachranna draha)
predevsim re-utilizace nukleosidu z buriky i z okoli
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Pyrimidine Synthesis
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Metotrexat v aktivnim misté DHFR
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SHMT1 — serinhydroxymetyl transferaza

DHFR - dihydrofolat reduktaza

MTHFDL1 - trifunkCni methylenetetrahydrofolat dehydrogenaza
MTHF- methylenetetrahydrofolate reduktaza
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MTHF- methylentetrahydrofolat reduktaza



Metotrexat

By
j”i[ QH‘H ”

Inhibuje dihydrofolat reduktazu DHFR

THF je zdroj jednouhlikovych zbytkd

Uhlikovy zbytek je vyuzivan thymidilat syntazou (TS)a
dvéma enzymy de novo syntézy purint

glycinamid ribonukleotid —formyl transferazou
(GARFT) a AICAR (amino imidazolkarbxamid
ribonukleotid-formyl transferaza).

Inhibice obou de novo syntéz vede k nedostatk
stavebnich prvkl pro syntézu DNA a indukci vnitini
(mitochondrialni) drahy apoptdzy nebo nekrézy (zalezi
na koncentraci)




Analogy kyseliny listové
Analogy bazi

Analogy nukleosidu

Hydroxymoc€ovina



Syntéza de novo - puriny (syntetizované na riboze, )
pyrimidiny (nejdrive baze, pak az vazba na cukr

)

Salvage pathway - (Setrici draha, zachranna draha)
interkonverze a reutilizace bazi a nukleosidut z bunky i z okoli
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Purinova ,,salvage* draha

T A
HGPRT | guanosine ;

HGPRT

xanthine
' ~~~~
Salvage -$etfici i
dréha,zachranna . XD H
dréha. Slouzi 3
5 = \J
predevsim k
reutilizaci bazi a uric acid
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Purine degradation

Inosing < adenosine

PRPP

/_\‘l

GMP ¢«— XMP ¢«— IMP ——» sAMP——» AMP

Syntéza De novo

b ]

APRT

adenine

-
-
-—.‘
-

HGPRT - hypoxantin-guanin fosforybosyl

transferaza
APRT - adenin fosforybosyl transferaza
ADA - adenozin deaminaza

Purinové (deoxy) nukleosidy —
postupna fosforylace kinazami



ANTIBAZE
(antipuriny)

0
thioguanin HN
(analog guaninu, inhibuje salvage drahu) |
Terapie leukemiii \
1950s HN N
Guanine 6-Thio-Guanine
6-merkaptopurin
(analog hypoxantinu, inhibuje salvage drahu) K L
Terapie ALL u déti
1950s

PURIN 6-merkaptopurin



6-THIOGUANIN

De novo

TN

GMP «— XMP «—— IMP——» sAMP——» AMP

A
ADA
HGPRT | guanosine ; Inosine < adenosine
I HGPRT I PRT
guanine —— yanthine hypoxanthine adenine
6-thioguanin .. . J
| XDH
v
o HGPRT - hypoxantin-guanin fosforybosyl
uric acid transferaza
| APRT - adenin fosforybosyl transferaza
: ADA - adenozin deaminaza
i RNR - ribionukleotid reduktaza
\

Purine degradation



6-THIOGUANIN

De novo

BthioGMP ~

GMP «— XMP «—— IMP——» sAMP——» AMP

A
ADA
HGPRT | guanosine ; Inosine < adenosine
I HGPRT I PRT
guanine —— yanthine hypoxanthine adenine
6-thioguanin .. . J
| XDH
v
o HGPRT - hypoxantin-guanin fosforybosyl
uric acid transferaza
| APRT - adenin fosforybosyl transferaza
: ADA - adenozin deaminaza
i RNR - ribionukleotid reduktaza
\

Purine degradation



Inkorporace do RNA 6'THIOGUANIN

pRPP
6-thio

GTP
\ 6-thioGMP /_\ l

GMP «— XMP ¢«—— IMP ——» sAMP——» AMP

De novo

A
ADA
HGPRT | guanosine ; Inosine < adenosine
I HGPRT PRT
RNR : I
guanine —— yanthine hypoxanthine adenine
6-thioguanin ®e /
i XDH
6-thio dGTP i
\J
Inkorporace do DNA o HGPRT - hypoxantin-guanin fosforybosyl
uric acid transferaza
| APRT - adenin fosforybosyl transferaza
: ADA - adenozin deaminaza
i RNR - ribionukleotid reduktaza
v

Purine degradation



ANTIBAZE
(antipuriny)

0
thioguanin HN
(analog guaninu, inhibuje salvage drahu) |
Terapie leukemiii \
1950s HN N
Guanine 6-Thio-Guanine
6-merkaptopurin
(analog hypoxantinu, inhibuje salvage drahu) K L
Terapie ALL u déti
1950s

PURIN 6-merkaptopurin



pRPP
De novo

TN

GMP ¢«— XMP ¢«— IMP ——» sAMP———» AMP ‘\

T T |
. . ADA ,
guanosine { | 1nosine < adenosine APRT
I HGPRT A
- | 1 v
guanine — yanthine hypoxanthine adenine
Lo 6-merkaptopurin
| XDH
v HGPRT - hypoxantin-guanin fosforybosyl
o s transferaza
BHGau APRT - adenin fosforybosyl transferaza
: ADA - adenozin deaminaza
i RNR - ribionukleotid reduktaza
\

6-MERKAPTOPURIN

Purine degradation



Inkorporace do RNA

pPRPP
6-thio be novo Inhibice fosforibosyl pyrofosfat

GTP \ amidotransferazy
6thioGMP N

GMP «— XMP «— ™ - SAMP——» AMP
" 6-thio IMP '\
| e ]
HGPRT guanosine HGPRT inosine < adenosine " .~ .
RNR I " | I
guanine xanthine hvpoxanthine adenine
v 6-merkaptopurin
' XDH
6-thio dGTP i
 / HGPRT - hypoxantin-guanin fosforybosyl
Inkorporace do DNA transferaza
uric acid APRT - adenin fosforybosyl transferaza
ADA - adenozin deaminaza
RNR - ribionukleotid reduktaza

-

6-MERKAPTOPURIN

Purine degradation
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George Hitchings and Gertrude Elion
(Nobelova cena 1988 za fyziologii a medicinu)

6-merkaptopurin
Thioguanin

(1950s)




5-FU (5-fluorouracil)

Uracil je nadory intenzivne
pfijiman, atom fluoru ma
podobné rozméry jako H (van
der Waals radius) 5-FU je tedy
prijiman a metabolizovan
podobné.

Funguje jako Inhibitor
tymidylat syntazy, ktera pri
reakci dUMP na dTMP
nahrazuje vodik na pozici 5
metylovou skupinou.

Zaveden v 50-letech

ANTIBAZE
(antipyrimidiny)

0O
O N O
H
U

5-FU

Lécba solidnich nadort: 5-FU nebo se podava se jako prodrug (musi byt
nejprve metabolizovan) - Kapecitabin, Tegafur



PYRIMIDINY

Ribézo 5-P karbamoyl fosfat
Syntéza
De novo
j!

0 7 “NH
I

PP @ Y

UDP

dump  YUTP cr

\;SYNTAZA

) CTP
THYMIDYLAT

SYNTAZA

y

dTMP

)
l

dTTP



karbamoyl fofsat PYRIMIDINY

Rib6zo 5-P )
/ Syntéza
URIDIN KINAza D€ NOVO
Ribonukleotid PPi w 5-F-UMP
reduktaza URIDIN

FOSFORYLAZA
5-F-dupp (d)UDP «—— UDP 5.F.ypp

\ CD
Inhibuje

thymidylat -

syntazu 5-F-dUMP | qUuMP  (d)UTP .
(kumuluje se ﬁ)“\'

dUTP a 5F-dUTP \ N N
(d)CTP I

a ty se chybne

HYMIDYLAT CTP

inkorporuji ; ,
SYNTAZA
do DNA misto SYNTAZA

dTTP)

dTMP

l
1

dTTP



karbamoyl fofsat PYRIMIDINY

Rib6zo 5-P
/ URIDIN KINAza SYNtéza
Ribonukleotid PPi w 5-F-UMP De novo
reduktaza URIDIN ,
(d) e FOSFORYLAZA
5-F-duppP (d)UDP «—— UDP  5-F- \
5-FU
Inhibuje tymidylat
syntazu -
(kumuluje se 5-F-dUMP | gumP | 5-F-dUTP 5
dUTP a 5F-dUTP (d)UTP ﬁ)ﬁ
a ty se chybne HN. _NH
inkorporuji it \ (d)CTP \g/
do DNA misto ymiay -
dTTP) syntaza ’
dTMP syntaza
| do DNA
l ----------...’ apoptéza

dTTP



karbamoyl fofsat PYRIMIDINY

Rib6zo 5-P
/ URIDIN KINAza SYNtéza
Ribonukleotid PPi w 5-F-UMP De novo
reduktaza URIDIN ,
(d) e FOSFORYLAZA
5-F-duppP (d)UDP «—— UDP  5-F- \
5-FU
Inhibuje tymidylat 5-F-UTP
syntazu ~—,
(kumuluje se 5-F-dUMP | JumP | 5-F-dUTP do RNA
dUTP a 5F-dUTP (d)UTP a cten Jiko C
a ty se chybne
inkorporuji o \ (d)CTP Chyby
do DNA misto ymidylat translace
syntaza CTP
dTTP) dTMP syntaza
| doDNA .
-ll"ll... apoptoéza
| T

dTTP



5-FU

Zaveden v 50-letech, vyuZiti: pfedevsim lé¢ba solidnich nadort

Podava se jako:
5-FU nebo jako prodrug (musi byt nejprve metabolizovan) - Kapecitabin, Tegafur

Viyuzivan je rovnéz 5-FU uz navazany na deoxyribozu - FUdR - floxuridin
Ten jen tymidin kinazou fosforylovan na 5-FUdMP a funguje stejné

HN

O N
HOCH2 O

OH



Aza-derivaty bazi budou probrany v ramci epigentickych modifikatoru



Analogy kyseliny listové
Analogy bazi

Analogy nukleosidu

Hydroxymoc€ovina



(DEOXY) NUKLEOSIDOVE ANTIMETABOLITY

Werner Bergmann (1945)

Snaha o izolace steroidu z mofrské houby
Cryptotethia crypta- extrakce do acetonu
(zisk velkého mnozstvi Cisté krystalickeé latky)

base is the same in each
/g thymine /K

\ sugar is sugar is /

deoxyribose arabinose

thymidine spongothymidine
araTl

spongothymldme "3-beta-D-arabofuranosylthymine”
spongouridine is "3-beta-D-arabofuranosyluracil”



-2 carbon

deoxyribose .
DNA backbone arabinose RNA backbone

ribose



DEOXYNUKLEOSIDOVE ANTIMETABOLITY

(PYRIMIDINOVE)



karbamoyl fofsat PYRIMIDINY

Rib6zo 5-F wodo L L
/ " Syntéza
@ UK onon De novo
PPi \uridin Uridin fosforyldza
kys. listova UDP \@
| (d)UDP
DHF / \ DCTP DEAMINAZA
DHFR | Salvage
THF dUMP (d)U< dréha
CTP
] (d)CTP
syntaza
Metylen-THF THYMIRYLAT } NUKLEOTID DIFOSFAT KINAZA
SYNTA

dCDP

TYMIDI V leM P duU f CYTIDYLAT KINAZA
KINAZA
\ dCMP

f DEOXYCTIDIN KINAZA

|
dTTP



Cytarabin (araC, cytosinarabinosid)

V praxi cca od roku 1965
Terapie leukemii a nékterych lymfom

NH, NH,

Vstup do buriky pfes membranu o N-="
nebo transportérem.
V bunce je postupné fosforylovan
salvage draze na araCTP o7, 0 N

O

Hob—" HO
H
OH OH

Deoxycytidine Cytarabine



Human equilibrative
nucleoside transporter 1, 2 A€ Extracellular

Cytarabin( araC,cytosinarabinosid)

Vstup do buriky pres CYTIDIN DEAMINAZA (1 cellufar
hENT transportéry AraC —» Ara-l

DEOXYCYTIDIN KINAZA 2 lT 5'NUKLEOTIDAZA
(pfi vysokych davkach 3
pasivné pies membranu) AraCMp > AraUMP ,
inkorporace do DNA a DEOXYCYTIDYLAT KINAZA l DEOXYCYTIDYLAT DEAMINAZA
zastaveni replikace

Ara-CDP
NUKLEOSID DIFOSFAT KINAZA l

/ Ara-CTP
oﬂ Salvage draha pyrimidinﬁw

. \/:j Nucleus

oH Celf Death

Cytarabine



Gemcitabin (2,2 — difluordeoxycytidin, Gemzar)
di-fluorovany analog deoxycytidnu

Aktivace stejna jako u araC.

DifluorodeoxycytidinTP se inkorporuje do DNA
kromé toho inhibuje ribonukleotid reduktazu

a

HO

OH

Deoxycytidine

Gemcitabine



Human equilibrative dFdC Extracellular
nucleoside transporter 1, 2

Gemcitabin (dFdC)

y . CYTIDIN DEAMINAZA ,
Vstup do bunky pres

—- dFdU
membranu (pfi dFdC

vysokych davkach) DEOXYCYTIDIN KINAZA 2“ 3 5'NUKLEOTIDAZA
a/nebo hlIENT JEdCMP — dFdUMP
transportery DEOXYCYTIDYLAT DEAMINAZA

DEOXYCYTIDYLAT KINAZA l
Inkorporace do

DNA a zastaveni dFdcDP —, Inhibuje
replikace ] ] ribonukleotid
NUKLEOSID DIFOSFAT KINAZA ¢ reduktazy
Inibitor RNR dFdCTP
M Nucleus

Celf Death



(DEOXY) NUKLEOSIDOVE ANTIMETABOLITY

(PURINOVE)
Fludarabin (Fludara)
MHa NH,
! i N ANY
L/ i (]
" N HD—|F!—O N N)\F
0 0
L!}H _b HO>
H

deoxyadenozin Fludarabin (fosfat)

Diky F na bazi je odolny vuci deaminaci adenozin deaminazou na inozin a
je jejim inhibitorem.

Fosforylovany je lépe rozpustny (lze podavat oralné€), je defosforylovan
plazmatickymi fosfatazami (nebo na povrchu bunék) a vstupuje do bunék
(HENT), kde je aktivovan kinazami (podobné jako araC nebo gemcitabin).
DCK je totiz promiskutini a fosforyluje i puriny

Inkorporace do DNA zabrani elongaci. Inhibice DNA polymerazy, CasteCna
inhibice RNR (malo dATP zvySuje inkorporaci dF-araATP)



NH Fosforylovan na Clad-TP
Kladribin " Ty ,“f‘*\w Rezistentni vuci ADA
. (]
(CLA-dRIB-in) [ | J o P Inkorporace do DNA
1992 o M 0 Inhibice DNA pol
Inhibice RNR
p OH
dA Kladribin
NH,
Klofarabin </N | NN Fosforylovan na Klof-TP
(Cl-F-araA) A Rezistentni vii&i ADA

F-dava cukru zvySenou
odolnost proti pH a

bakterialni PNP

2004

HO N
OFI N™ " Cl

inkorporace do DNA
Inhibitor DNA
polymerazy a RNR




Analogy kyseliny listové
Analogy bazi

Analogy nukleosidu

Hydroxymocovina



HYDROXYUREA (Hydroxymocovina)

Nékdy nepravem fazena mezi antimetabolity

O
O 0
HzN)J\NHz HN)-LNHz N J‘\

| N NH,
MocCovina O H

Hydroxymocovina

Neplést s nitrosoureou!

INHIBITOR RIBONUKLEOTID REDUKTAZY



RIBONUKLEOTID REDUKTAZA

RNR (hetrodimericky tetramer) RNR1 a RNR2
RNR2 ma aktivni centrum s iontem Zeleza

R1 dimer
( Specificity site
(ATP, dATP, R
ostaric | SGTRATTP ADP >  dADP
A.t s < Hexamerization GDP > dGDP
T site (ATP) CDP . dCDP
Activity site UDP S dUDP
3 (ATP, dATP)

Substrate-binding site

dTMP vznika z dUMP tymidylat syntazou
(ATP, GDP, UDP, CDP)

R2 dimer

© 2008 John Wiley & Sons, Inc. All rights reserved,



Figure 22.13 Structure of E. coli ribonucleoside nucleobase 0 0 nucleobase
diphosphate reductase

9 9
HO-P-0-P-0-CHy

HO-P-0-P-0-CH,
OH OH | |

OH OH

ribonucleotide C-1
reductase

a)

thioredoxin

AP, COP, GOP, UDP FADHZ reductase

Dinuclear iron center

glutathione

reductase

(b)

NADP* NADPH + H* NADP* NADPH + H*

Feom Mathews and van Molde: Slochamisdy 2. © Tha Senjamin/Cummings Pubisteng Co, inc.



Vaze kovy (Fe v
RNR) a inaktivuje
tyrosylovy radikal
nutny pro redukci
NDPs

Hydroxyurea, Hydroxymoc€ovina

g
O

O
)LNHZ
H

Produkuje NO a tim stimuluje guanyl cyklazu
a dalSi enzymy



