Membranové transportéry



Transportéry

- membranove proteiny schopne usnadnit pruchod
molekul dovnitf nebo ven z bunky

- primarni ulohou je transportovat ziviny (cukry,
aminokyseliny, nukleotidy, vitaminy) dovnitf a
vyluCovat endogenni a exogenni toxiny z bunky
ven

- 1é¢iva majici podobnou strukturu s prirozenymi
substraty mohou byt prenasena také — problémy
s biologickou dostupnosti, u€innosti a toxicitou
(substratova kompetice)



Transportéry

Pasivni transportéry (facilitujici transportery):
prenaseji molekuly po sméru jejich
elektrochemického gradientu

AKktivnl transportéry pracuji proti sméru
elektrochemického gradientu

- Primarni transportéry — prenaseji molekuly za
pomoci energie z ATP

- Sekundarni transportéry — vyuzivaji energie
elektrochemickeho gradientu jinych Castic (1ontu....)
-kotransportéry (steyjnym smérem)

-vymeénne transportéry (v opaéném smeru)




Transportéry

V¢étsSina transportéru je exprimovana v bariérovych
bunkach:

- jatra

- ledviny

- stfeva

- placenta

- mozek

L18i se zastoupeni 1 typy transportéru na vnitinim a
vnéjSim rozhrani bunééne bariéry



Klasifikace transportéru

bunécna uroven:

influxni tr.

efluxni tr.

farmakologicka uroven:

absorptivni tr. (absorpce do krevniho obéhu)
sekretorni tr. (sekrece z krevniho obéhu do moce,
zluCe nebo stievniho lumen)

podle konvence, transportery usnadnujici absorpci
do mozku a plodu fadime do absorptivnich



Klasifikace podle substratu:

Organic cation transporter (OCT)
Transportér organickych kationtu

Organic cation/carnitine transporter (OCTN)
Karnitinovy transportér organickych kationtu
Organic anion transporter (OAT)

Transportér organickych aniontu

Organic anion transporter polypeptides (OATP)
Transportér polypeptidovych aniontu

Peptide transporter (PEPT)

Peptidovy transportér

Monocarboxylate transporter (MCT, SMCT)
Transporter monokarboxylatu



Klasifikace podle substratu:

Nucleoside transporter (CNT, ENT)
Nukleosidovy transporter

Bile acid transporter (NTCP, ASBT, BSEP, OST)
Transportery zlucovych kyselin

Multidrug resistance protein (MDR)

Protein lekové rezistence

Multidrug resistance associated protein (MRP)
Protein lekové rezistence

Breast cancer resistance protein (BCRP)

Protein rezistence karcinomu prsu



Klasifikace podle mechanismu:
podle ucast1 ATP na procesu
ABC (ATP-binding casette) — napt. MDR, MRP,
BCRP
SL.C (Solute carrier) — vétSina transportéru



Organic cation transporters (OCT)

1soformy OCT 1, OCT 2, OCT 3
podobna transmembranova topologie
sdilena skupina substrati

spoleCny mechanismus transportu
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Organic cation transporter (OCT)

Blood oct oc*t



Organic cation transporter (OCT)

charakteristika spoleCnych substratu:

celkove nizka molekulova hmotnost

relativné hydrofilni

obsahuji organicky kation

(pozitivni ndboj vSak neni nezbytny — substratem
jsou 1 negativni prostaglandiny nebo neutralni beta
estradiol)




Organic cation transporter (OCT)
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Organic cation transporter (OCT)

TABLE 2.2. Tissue Distribution of Human OCT Isoforms

OCT1 OCT2 OCT3
Liver + 4+ + — +
Kidney — + 4+ + +
Lung + — +
Trachea — — _
Heart + — 4+
Skeletal Muscle ++ — s
Placenta + — 44
Pancreas — — _
Brain — — +
Spinal cord — — 1+
Adrenal gland + — _
Testis — _ -
Ovary — +

Fetal liver
Fetal lung
Fetal brain

+ + + +




Organic cation transporter (OCT)

OCT1 OCT2 OCT3

Compound Inhibitor Substrate Inhibitor Substrate Inhibitor Substrate
Acebutolol + N.D. N.D. N.D. N.D. MN.D.
Acyclovir + + N.D. N.D. N.D. N.D.
Agmatine + + + + + +
Amantadine + N.D. + + N.D. N.D.
Aquinavir + N.D. N.D. N.D. N.D. MN.D.
Choline + N.D. + + N.D. —
Cimetidine + N.D. + + + +
Clomdine + - N.D. N.D. + —
Cocaine N.D. N.D. + N.D. N.D. MN.D.
Corticosterone + N.D. + N.D. + MN.D.
Creatinine + N.D. N.D. N.D. N.D. —
Cyanine-863 N.D. N.D. + N.D. N.D. MN.D.
Debrisoquine N.D. N.D. + + N.D. N.D.
Decynium-22 + N.D. + N.D. + N.D.
Desipramine + N.D. + N.D. + N.D.
Disopyramide + N.D. N.D. N.D. N.D. N.D.
Disprocynium-24 N.D. N.D. N.D. N.D. + N.D.
Dopamine + N.D. + + + +
Epinephrine N.D. N.D. N.D. N.D. + +
B-Estradiol + N.D. + N.D. + N. D.
Famotidine + + + - + -
Ganciclovir + + N.D. N.D. N.D. N.D.
Guanidine N.D. N.D. N.D. N.D. + -
Histamine + - + + + +
Indinavir + N.D. N.D. N.D. N.D. N.D.
Memantine N.D. N.D. + -+ N.D. N.D.
Mepiperphenidol N.D. N.D. + N.D. N.D. N.D.



Organic cation transporter (OCT)

OCTI 0CT2 OCT3

Compound Inhibitor Substrate Inhibitor Substrate Inhibitor Substra
Metformin + + + + N.D. N.D.
O-Methylisoprenaline + N.D. + N.D. + N.D.
Midazolam + N.D. N.D. N.D. N.D. N.D.
MPP" + + + + + +

Nelfinavir + N.D. N.D. N.D. N.D. N.D.
NMN + + + + + N.D.
Norepinephrine N.D. N.D. -+ + + +

Phenformin + N.D. + N.D. N.D. N.D.
Phenoxybenzamine + N.D. + N.D. + N.D.
Prazosin + N.D. + N.D. + N.D.
Procainamide + N.D. + N.D. + N.D.
Progesterone + N.D. + N.D. + N.D.
Quinidine + N.D. + N.D. N.D. N.D.
Quinine -+ N.D. + + N.D. N.D.
Ranitidine + + + + + -

Ritonavir + N.D. N.D. N.D. N.D. N.D.
Saquinavir + N.D. N.D. N.D. N.D. N.D.
Serotonin N.D. N.D. + + + +

Tetrabutylammonium + + + N.D. N.D. N.D.
Tetraethylammonium + + + + + +

Tetraheptylammonium + N.D. N.D. N.D. N.D. N.D.
Tetramethylammonium + + + N.D. N.D. N.D.
Tetrapropy lammonium + + + N.D. N. D. N.D.
Tyramine N.D. N.D. N. D. N.D. + +

Vecuronium + N.D. N.D. N.D. N.D. N.D.
Verapamil + N.D. + N.D. N.D. N.D.




Organic cation/carnitine transporters (OCTN)
Karnitin
zwitterion (amfion)
esencialni kofaktor v metabolismu lipidu
dulezita uloha v beta-oxidaci mastnych kyselin
absorbovan z potravy pomoci OCTN

reabsorbovan v distalnim tubulu z primarni moci
pomoci OCTN
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Organic cation/carnitine transporters (OCTN)

OCTN 1
H™ antiporter

OCTN 2
Na" kotransportér nebo uniporter kationtu

dalSi substraty:

chinidin, verapamil, mal¢ molekuly obsahujici
kvarterni dusik

substraty jsou kompetitivnimi inhibitory a zpusobuji
nedostatek karnitinu v organismu



Organic anion transporters (OAT)

- sekretorni systém organickych kyselin — exkrece
kyselych metaboliti do moce

- vyuziva elektrochemicky gradient substratu nebo
jineho rozpustneho kationtu

- mechanismus:

vymeéna organicky aniont — dikarboxylat

vymena organicky aniont - urat



Organic anion transporters (OAT)

- OAT jsou nejvice exprimovany v ledvinach
spektrum substratu

- specifita je zalozena na obecnych fyzikalng-
chemickych vlastnostech:

* negativni naboj

* hydrofobicita

* schopnost vytvaret vodikove vazby



Organic anion transporters (OAT)

Mechanismus je spojeny s vymeénou iontu:
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Organic anion transporters (OAT)

TABLE 4.2. Examples of Nephrotoxic and Neurotoxic Agents Demonstrated to Interact
with OATs

Nonsteroidal Uremic toxins Antivirals
anti-inflammatory Hippuric acid Acyclovir
drugs Indoleacetic acid Adefovir
Acetaminophen Indoxyl sulfate Azidothymidine
Diclofenac Chemotherapeutics Cidofovir
[buprofen Methotrexate Ganciclovir
Indomethacin Heavy Metals Mycotoxins
Ketoprofen Cadmium Ochratoxin A
Naproxen Mercury Neurotransmitter metabolites
Phenacetin Chlorinated phenoxyacetates 3.4-Dihydroxymandelic acid
Piroxicam 2.,4-Dichlorophenoxyacetic 3.4-Dihydroxyphenylacetic
Salicylate acid acid (DOPAC)
Antibiotics Chlorinated haloalkenes Miscellaneous
Cephalosporins [.2-Dichlorovinyl-L-cysteines Homovanillic acid (HVA)
Penems Hydroxyindoleacetic

Penicillins acid (5-HIAA)



Organic anion transporting polypeptides (OATP)

Mechanismus je rozdilny
vSechny maji mechanismus typu rocker-switch,
vymeénuji vSak rozdilné kosubstraty

Substraty maji relativné velkou Mr (nejmensi
benzylpenicilin 334, nejvetsi cholecystokinin
oktapeptid 1143)

Obecné jsou substraty steroidy nebo cyklicke peptidy
(latky s vice amidickymi vazbami), Casty je negativni
naboj



Gated
rocker-switch

Rocking-bundle

Clamp-and-switch

Two-domain
elevator

Trends in Genetics



Organic anion transporting polypeptides (OATP)

Endogennimi substraty jsou:
* thyroidealni hormony

* zluCové kyseliny

* steroidni hormony

* bilirubin

* prostaglandiny

Substraty jsou cele skupiny l1eciv:
* Statiny

* Sartany

* ACE inhibitory (Prily)

* Kardioglykosidy




Organic anion transporting polypeptides (OATP)

Transporter

Subsmares

Monsubstrates

Inhihitors

Fexofenadine'*?, BSP'%2 715 1727 1,7 E.GY,
E,\ST13 GCAY, TCAY Y DHEASY,
dult[]phinET, DPDPE™, H{_}-IE?-ET, oubhain ™12,
PGES, N-methylquinine™, rosuvastatin®™,
pitavastatin'*®, MTX "7, microcystin-LR'*

EiS*. benzylpenicillin, PGES, E. G 7, BSP 7, TY

T E:GY B 187, GCA, TCA™, DHEASY,
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valsartan"®, olmesartan' ™, enalapril' ®, MTX™,

temocaprilat™ , DADLE, microcystin-LR1%,
SN-38™

Fexofenadine' !, BSP?7, T3, T4%, E-G*7, E15%7,

GCAY, TCAY, TUDC', GUDC™S, DHEAS Y,

deltophin®’, DPDPE*’, BQ-123%", oubain™
PGE;, digoxin™ , rosuvastatin™, valsartan'®,
pitavastatin'® , fluo-3'% | docetaxel'™
paclitaxel'™ CCK-8"7_ phalloidin 7514
rifampin™ 4%, MTX, bilirubin®’, repaglinide,
telmisartan™ , olmesartan'’, enalapril'®,
temocaprilat™ | microcystin-LR %%

BSF, T%, T%, E.G°, E, &

Digoxin®’, LTC}’
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Cirapefruit juice
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Cy A FR-506"""  rapamyein "2, glycirrizic

acid "'_ glibenclamide ™, ketoconazole '™,
gemfibrozil'®”, gemfibrozilghicuronide' *,
ciprofibrate™! | bezafibrate®” ' clarithromycin®”,
erythromycin® | indinavi®®, nelfinavi®®,
ritonavir™®, saquinavir®®, probenacid®’, rifamycin
SV digoxin®, verapam il warfarin®,
ME-571"™ | biochanin A", Genistein'*,
epigallocatechin-3-gallawe!'* | hy perforin®

P . 9 e sy 142
M0 alyeirdzic acid'", ifamycin SV 14



Organic anion transporting polypeptides (OATP)

Transporier

Subsirates

Monsubsiraies

[nhibitors

OATP2AL
OATP2RI

ONTPIAL

OATP4 A

OATP4C]

OATPS A
OATPHA

PGEY", PGE}', PGFL, PGDL'™, TXBL

E; S, benzy lpenicillin''®, PGEL', BSPY,
DHEASY, pravastatin®™ , fluvastatin,
rosuvasiatin® | glybenclamide!*
fexofenadine'”

16,121

PGE?!, PGE}
SELL

T, T, TCAY?, E2GM™, benzylpenicillin' ™,

PGE;''%, E,S§!'®
Digoxin "7, oubain "7, T T MTX'Y
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PGDIA, TBX!?!, iloprost 2!,
MTX", TCAM EGM

PAH'®, PGE]™, PGDLY®,
PGF2a!

TCAYW E.G", PGE:'Y, PAH'Y,
pravastatin'*’, temocaprila ',
ASAM salicylare™7, wrate! ¥,
acyclovir'¥ | ochratoxin'® |
benzylpenicillin'*7, cGMP'7,
TEAMT

Furosemide' '™, TGBz T341%

Benzoate™, nicotinate™, phthalate”, PAH'",
indomethacin™, TCA'™ | cimetidine™",
salicvlate™ | valproate™ | rifamycin SV14
grapefruit juice ", orange juice'", naringin
naringenin'*?, quercetin'*?, hergamaottin'”,
dihydroxybergamottin'** I

149

, tangeritin' ™,
nobelitin'® | bilberry!¥, echinacea!, green
tea'™' hanaba®!, grape m:-_l"-",gin kgn"-" ,
sovbean !, mulberry ™!, black cohosh'™!, and

o] ' 5 .l
Siberian glrn-u:ng"'
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BSP!'*

Digitoxin "7, Digitoxigenin "7

106

rGSTI iB-estradiol, testosterone)




Organic anion transporting polypeptides (OATP)
Velky vyznam farmakogenomiky OATP1BI:

TABLE 5.5. SLCOI1B1 Genotype and Pharmacokinetics

PK Effect in
SLCOIRI Comparison with
Drug Genotype Ethnicity Reference Genotype® Ref.
Pravastatin *15/%15 Asian AUCt 187% Y
*1af*5 Caucasian AUCY 143% 0
*1b/*1b Caucasian AUC| 40% 70
W Vi Caucasian AUCY 130% 71
*1b/*1b Asian AUC| 35% 75
Y5, 415,417 Caucasian AUCY 110% 20
variant
haplotype
*153/%15 Caucasian, AUC 192 % unpublished
African
American
Rosuvastatin 321CC Caucasian AUCt 217% T
Pitavastatin Aslan AUCt % 76
Repaglinide 321CC Caucasian AUCY 188% T8
Nateglinide 521CC Aslan AUCY 108% 9
Atrasentan Low-activity  Caucasian, AUCt 73% 8l
genotype non-caucasian
Valsartan *1b/*1b Asilan AUC| 27% 75
Fexofenadine 521CC Caucasian AUCY 127% 80
Irinotecan *15 carriers Asilan AUCY 182% 82
Ezetimibe- *15 carriers Caucasian AUCY 305% 83

glucuronide



Organic anion transporting polypeptides (OATP)
zpusobuji Casto 1ékové interakce:

* zvySeni exkrece fexofenadinu

* potlaceni first-pass efektu u statinu

TABLE 5.6. Drug Interactions Implicating a Role for OATPs in the Mechanism

OATP Interacting PK Impact on

Implicated  Drug Affected Substance Affected Drug Ref.

OATPLAZ Fexofenadine  Grapefruit juice  AUC| 63% U4
Fexofenadine  Orange juice AUC] 705 4
Talinolol Grapefruit juice  AUC]| 44% 156

OATPIBI Pravastatin Orange juice AUCY 152% 157
Pravastatin Cyclosporine A AUCHY Pravachol product

monograph

Pravastatin Gemfibrozil AUCY 202% 158
Rosuvastatin Cyclosporine A AUCY 710% 935
Rosuvastatin Gemfibrozil AUCY 188% 159

Cerivastatin Cyclosporine A  AUCYt 3to5-fold 160
Cerivastatin Gemfibrozil AUCY 559% 161




Mammalian oligopeptide transporters (PEPT)
Aminokyseliny jsou nejvice absorbovany ze streva
ve forme di- a tri-peptidu

Ty jsou St€peny cytosolickymi peptidasami na volne
aminokyseliny, které jsou transportovany do krve
(Jinymui transportéry).

4 1soformy:

PEPTI, PEPT2

PHTI1, PHT2 (peptide-histidine transporters)



Mammalian oligopeptide transporters (PEPT)

Mechanismus:
vyuziva gradientu H" na membrané

- neutralni a anionicke peptidy vyzaduji
H™ kotransport
- kationické peptidy nepotrebuji H*



Mammalian oligopeptide transporters (PEPT)
Vlastnosti molekul substratu:
PEPT1: L-aminokyseliny
kysela nebo hydrofobni skupina na C konci
slab¢ zasadita skupina v a pozici N konce
ketomethylenova / peptidicka vazba
PEPT2: jako PEPT]I
aminokarbonylova skupina v a nebo 3 pozici
PHT: zatim neobjasnéno

Endogenni substraty:
di- a tri-peptidy ze vSech prirozenych aminokyselin



Mammalian oligopeptide transporters (PEPT)
Exogenni substraty:

B-laktamova antibiotika, ACE inhibitory,
proleCiva L-DOPA, valacyklovir, valgancyklovir,
aminokyselinova proleciva bisfosfonatu,
peptidova analoga (napf. linezolid)

Aktivita a exprese PEPT zavisi na objemu
a sloZeni stravy
fizeno hladinami insulinu / leptinu



Monocarboxylate transporters (MCT, SMCT)
MCT1-14 1soformy

MCT1-4 transportuji metabolické monokarboxylaty
(napf. laktat, pyruvat, butyrat, acetoacetat)

ostatni MCT se podili na transportu aminokyselin
MCTRS transportuje T3 a T4 thyroidealni hormony
Mechanismus: H' kotransportéry
Sodium-dependent monocarboxylate transporters
(SMCT)

Mechanismus: Na™ kotransportéry

Exogenni substraty: kysele p-laktamy, statiny,
valproova kyselina — transport pies
hematoencefalickou bariéru



Nukleosidové transportéry (CNT, ENT)
Nukleosidy jsou hydrofilni a maji nizkou
membranovou permeabilitu

Dv¢ tiidy transportéri:

Concentrative nucleoside transporters (CNT)
Equilibrative nucleoside transporters (ENT)

Schopnost priniku vétSiny nukleosidovych analogti
do bunék zavisi na téchto transportérech



Concentrative nucleoside transporters (CNT)
mechanismus: Na" kotransportéry

3 1soformy:

CNTI, CNT2, CNT3

CNT1

* typicky se vyskytuje v epitelu stieva, ledvin a jater
* substratem hlavn€ pyrimidinové nukleosidy,
omezené adenosin

* protirakovinné gemcitabin, cytarabin, capecitabin
* antivirotika zidovudin, lamivudin, zalcitabin

* kotransport nukleosid : Na* (1 : 1)



Concentrative nucleoside transporters (CNT)
CNT2

* Siroce rozSifene v celém organismu

* substratem purinove nukleosidy, omezené uridin,
ribavirin, 5-fluorouridin

* kotransport nukleosid : Na™ (1 : 1)

CNT3

* Siroce rozSifené v celém organismu

* substratem purinove and pyrimidinoveé nukleosidy
* vétsSina nukleosidovych analogu je take substratem
* kotransport nukleosid : Na* (1 : 2)



Equilibrative nucleoside transporters (ENT)
mechanismus:

facilitovany transport zavisly na koncentraci
ENT1

Siroce rozsifené v celém organismu

substratem purinove 1 pyrimidinove nukleosidy
gemcitabin, fludarabin, cytarabin, ribavirin

I dipyridamol je silnym inhibitorem ENT1
ENT2

nejvice ve svalech, ale 1 v jinych tkanich

ni1z8i afinita ke guanosinu a cytidinu
transportuje take volné nukleotidove base



Equilibrative nucleoside transporters (ENT)
ENT3

Siroka specifita pro vsechny nukleosidy

1jejich analoga

exprimovan v lysozomalni membrané

ENT4
ve skuteCnostt OCT, transportuje selektivné adenosin



Transportéry zlucCovych Kyselin
primarni zlucove kyseliny: cholova

chenodeoxycholova
sekundarni zluCové kyseliny: deoxycholova
lithocholova

(produkovany z primarnich stfevni mikroflorou)
amfipatické detergenty nezbytné pro absorpci lipidu
hepatobiliarni ob¢h — jedna molekula ZluCoveé

kyseliny je vyloucena reabsorbovana priblizné
12x denné



Transportéry zluCovych Kyselin

HEPATOCYTE
Na” BSEP A
— NTCP
MRP2
OATP1B1
MRP3 MDR3
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Transportéry zlucCovych Kyselin

Bile salt export pump (BSEP)

vylucuje jednomocne soli z1. kyselin do zluce
ATP binding casette transporter

Multidrug resistance protein 2 (MDR2)
vyluCuje dvoumocne¢ soli1 a glukuronaty zl. kyselin,
glukuronaty a sulfaty Ieckovych metabolitu,
chemoterapeutika a antibiotika

ATP binding casette transportér

Multidrug resistance protein 3 (MDR3)
vylucuje fosfolipidy



Transportéry zlucCovych Kyselin

Apical sodium-dependent bile acid transporter
(ASBT)

absorbuje zZluCové kyseliny z 1lea do enterocytu
Na™ kotransporter

Organic solute transporter (OSTa/OSTP)
transportuje z1. kyseliny z enterocytu do krve
Sodium-taurocholate cotransporting polypeptide
(NTCP)

transportuje zluCove kyseliny do hepatocytu
Na" kotransporter

Organic anion transporters (OATPS)

7lucove kvselinv 1sou také substratem



Multidrug resistance protein (P-glycoprotein)
dve€ hlavni humanni isoformy: MDR1, MDR2
pritomny ve vsech tkanich, nejvice v sekretornich
organech

ATP binding casette transportery

systemy se mohou nasytit — omezena kapacita
MDRI1

transportuje Siroké spektrum xenobiotik
substraty obecné€ nepolarni, slab¢ amfipaticke
MDR2

transportuje acetylcholin a ostatni fosfolipidy
do zluce



Multidrug resistance protein (P-glycoprotein)

Substrates

Modulators

Vinca alkaloids
vinblastine
vincristine

Anthracvclines
doxorubicin
daunorubicin

Taxanes
paclitaxel
docetaxel

Epipodophvllotoxins
etoposide
teniposide

Steroids
aldosterone
dexamethasone

HIV protease inhibitors
indinavir
saquinavir
nelfinavir
ritonavir

Analgesics
morphine

Cardiac glycosides
digoxin

Antihelminthics
ivermectin

Detergents
Triton X-100

nonylphenol ethoxylate

Fluorescent dves
rhodamine 123
tetramethylrosamine
Hoechst 33342
LDS-751

calcein acetoxymethyl ester

Linear/cyclic peptides
ALLN
NAc-LLY-amide
leupeptin
pepstatin A

lonophores
gramicidin D
nonactin
beauvericin

Cvtotoxic agents
colchicine
actinomycin D
mitoxantrone

Miscellaneous
loperamide
cimetidine

Ca?* channel blockers
verapamil
nifedipine
azidopine
dexniguldipine

Calmodulin antagonists
trifluoperazine
chloropromazine
frans-flupenthixol

Cvclic peptides
cyclosporin A
PSC833

Steroids
progesterone
tamoxifen
cortisol

Miscellaneous
GFI120918
LY335979
XR9576
0C144-093
disulfiram
quinidine
chloroquine
reserpine
amiodarone
terfenadine
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Multidrug resistance proteins (MRP)

12 1soforem

MRP1-9

cystic fibrosis transmembrane conductance regulator
(CFTR)

sulfonylurea receptors (SUR1, SUR2)

- vSechny ATP binding casette proteiny

- vyluCuji mnoho endogennich a xenobiotickych
lipofilnich organickych aniontu

- predominani v renalnim epitelu,
hepatocytech a v barierach krev-tkan



Multidrug resistance proteins (MRP)
MRP1

ubikvitarni transporter

substraty:

glukuronaty leukotrienu, estradiolu, bilirubinu,
kyseliny cholove, methotrexatu

MRP2

hlavni hepatocytarni transporter
podobne¢ substraty jako MRP1

MRP3

hepatocytarni transporter

podobn¢ substraty jako MRP1 a MRP2




Multidrug resistance proteins (MRP)

MRP4

ubikvitarni transporter

substraty stejné jako MRP1, navic prostanoidy, urat,
topotekan

MRP5

urogenitalni trakt a epitel vaskularniho systému
substraty: cAMP, cGMP, fluorouracil, methotrexat
MRP6

jatra, ledviny

nizka afinita, stejné substraty jako MRP1




Multidrug resistance proteins (MRP)
MRP7, MRP9

zatim nedostatek informaci

MRPS

predominantné v perifernich neuronech
substraty stajn¢ jako MRP1,

navic cCAMP a cGMP



Breast cancer resistance protein (BCRP)

* ATP binding casette protein

* nachazi se v GIT, genitaliich, placent¢, jatrech

a v hematoencefalicke baricre

* vyrazn¢ vice exprimovan v n¢kterych
karcinomovych bunkach

* substraty:

cytostatika: mitoxantron, etoposid, topotekan,
irinotekan, methotrexat

inhibitory tyrosinkinazy: gefitinib, imatinib
fotodynamicka léCiva: portyriny, chloriny

steroidy, antivirotika, inhibitory HMG-CoA reduktasy:.
antibakterialni chinolony, makrolidy, nitrofurantoin



