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Abstrakt
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Ng§zev disertlates agc®&canti mi Rk obl @il nPedvi g
transportmdm syst ®my

Ffada vIznhmedzv aadtcihmi k rlo®lijespon 2 gdid § n 2

zorganismw y | u laedviBanmi . BoRdoe mk r eprateésmTge doch 8z e
ki nt ersa K memb r § ntanspomiz mi syst®my (transpor
vliedvinn® tk8§AdAiytexpmitm@mowa&rcye. j sou | asto u
| edvinnou exkreci, tak plrodviox§ clk.Rahelzs ob & (

svysokou leexdowiersrP® vial Sfil uante ipdS emraggend i ck ® a
(CATs) , organi ckl®i klaonoantyr RIOICA S phblr ée®sydd@:
aef l uxnz tr an egsCanteRrRsigtaacBRIORIRA) a Pdb/koprotein (Pgp).
PSes vel Kledviamdmthr &a®&port ® T prock® i min
pTsobena iln&leinvzi vin®t ov |, adishuantertakiceSa alyf | e gi t T c h
antimi krob$l8@knewihmil Sttlegknly p o 8t ®0 P O prv@® N1y N
nej souv Em&any

C2 | em t Gylozkopma§ interakces y b r aaniivicotik a antibiotik
sdTl egliitdsthédivi nnT mi | ®k dnvitrapi  ptorsaonusdpi ot r t pRa ty
t Dcthit @n s piorttenr2ackhc 2 provi®kan®mi nt ®F akygeas z
nal ezenich transportn2ch mechanismT pro toc
pr cyd o zaveden? optimalizovanlch metod vy
zvigenout kv a@&rsi2c hs. Tyto metabyp o b vy ®y Tivrytuigh it lyn 2ve f
atransportn2ch experasneanoevcehn 2 Kkkivean® isladu ¢
interakc? stturdanvamdrrcth®d §t@ATHk, OCT2, CNT2
aRgp se st utdkoavmainTbml vakgd um§mybusn Nl nT ch | i
vysokou expres2 tRDchrt®mair atn®tporp®de WYylzk

vivojovg antivirotika ze skupiny anaykl i ck



novDnjg? antiviproot i k®mbuentveéecaw®v I inizeampa® it i
antimykotikum amfotericinB v e formnND koml exu S deoxychc
Ledvi nami vylulovang8 antivirktek8 mdbabavib
vkl inick® praxi pod8v38na bsydual apsonullyistea sptruod ¢
intenzity interakwgbsanbDmivanl ahsstpu@itoe&rnys
izhl edi sk a®kmmgm Ticrist és ab ¢ B h k mimi

B u n Nih vit® studieu k 8 Zz algye e nt e cirhibiioremac B D& r |8 ¢
hOAT1, hCNT2 a hCNT3.EETV i nhi b o ¥ a lu paefokiu |tenofoviu
aci dofoviru prost $emcgi @anshdrtdyldo@ ARz oD ov §n a
agpSkoncentErTa/c2wyhggrrecth j sou ter apeutsircokv@ § i
s adefoviem tenofoviem a ci dof ovir em toppxXiceyonab U RKETV
transfekova® hOAT1. ETV wkazov al m2rnl BORR/ABLCGE n 2 v
aP-gp/ABCBL.

VNDn@gi testovarl ovly zANP ®intael ras kQAT]. iAfinitau
| § tGB9191k hOAT1bylap o mRr n N swryosvonkedingaunrE8 mT ch substr
hOAT1 adefovirema tenofoviem M2 r a akicensh@AM 1 nekoreloval s lipofilitou
t Dcht o alt 8 ime I6GSIMA vylkazovalasiin®inhibil n2 %] i nkRBgpna f ur

a BCRP, | § t HM&ODAPYy inhibovak pouze P-g p . VDt gi naANRse st ov a
zp Tsawlizinamkii ep vi atbrianistfye kboumnadkl ch hOAT1. C
ANPsinvitro,s v 1 ji mkou rel at9vaD, |loppdvaadal |jgejki
interagovats hOAT 1 . Vygag? c y tsoafindox k hOAT1aj eA NnPesp S2 mT m

dTkazzegre tyto | 8t ky jssudbus tnre§jteyn tiorhhoithoi ttorrayn,s

Proved n @k u mu Isa lurd? e potvrdilyBaktoi vhngn Dkt
Kompl e x n2 AmB/D@Q iahibgval jak hOAT1, tak i hOCT2.J ak o asl ogk
odpovhDdng8 DATidlnbegtakcdenti fi kovg§h@ATIDOC. Ar
avgak viraznhD iBuminDh oV aAmph @®Rre@st Sedni ct v2r
ahOCT2 jsme neprok8pali er AmBicEd@kVachk ch i nt

s adefoviem, tenofoviem a cidofovirennb u Rk 8 ch transfekovanlch

Na z8kladhR zjigthRnTch experiment&8&ln2ch
srovn®mredfr et oxi cky pTsob?2c?2mi antiviroti k)
studovanTimi ledvinprmvdOpadspabt @eyohbtuem

transport®ry z ptoxicitsita®e d kioTvtan p ®d kehya dbemt er a k ¢
VpS2 ANPRB byl ynezj i §toRalijtddakce Se d esOD4RLM kt er ®
by mohly m2t viznam prinovivg ejPirolveded®i s ad
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Abstract
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Title of doctoral thesis: Interactions of antimicrobial agents with drug renal

transport systems vitro

A number of important and frequently used antimicrodgants arexcreted from
the body through the kidneys. During this excretory prodesgsmay interat with
different membrandransportsystems ttansporters which are expresseia the renal
tissue. These interactions are often the determining factors for both renal excretion, and
the toxic effects of these drugs in the kidriyereare highly expressadflux transporter
such asorganic anion transporter¢OATS), organic cation transportef®©CTs) and
the concentrativenucleoside transporters (CNTs) and efflux transporter BCRP (breast
cancer resistance prot@irand Rglycoprotein (Pgp) in the kidney Despite the
importance of renal drug transporters for elimination and nephrotoxic effects of drugs and
intensive research in this field, interactions of a number of important antimicrobial drugs
with transporters in the kidney are noiokvn or sufficiently described.

The aim of this study was to investigate the interaction of selected astiaidl
antibiotics with importanhuman renal drug transportensvitro, to assess the potential
of these interactions for drudyug interactionswith selected drugs and determine
the importance ofthe found transport mechanisms for the toxicity of the studied
compounds. An important part ofe¢lwork was the implementatiasf the optimized
methods using cell models with a transient increase inxpeession of the studied
transporters. These methods were used in inhibition and transport experiments, which
served to determine the quantitative parameters of the ineraction of the studied
compounds with OAT1, OCT2, CNT2 and CNT3. Interaction of BCRPRagd with
studied compounds were investigaitusing cell lines stably expressing high levels of
these transporters. The research in this work was centered on the devedbpntestal

agents fromhe group ofacyclic nucleoside phosphonatéANPs),the newer antiviral



agent entecavir for the treatment of viral hepatitis and impoatifungal agent
amphotericirB in the complexe with deoxycholate (AfiBOC).

Antivirals adefovir, tenofovir and cidofovir, which may be clinically administered
simultareously with the studied drugs, were usem compare the intensity of
theinteraction of the studied compounds withesétd transporters and westeidied in
terms of potential drug interactions with the tested substances.

In vitro studies demonstratéldatentecavir (ETV) is an inhibitor and substrafe
hOAT1, hCNT2 and hCNT3. ETV inhibited the cellular uptake of adefovir, tenofovir and
cidofovir via hOAT1.However, the #ective inhibition of transportwas observed at
concentrationsf ETV highly exceedingherapeutic levels. In comparison with adefovir,
tenofovir and cidofovir ETV was lesstoxic to cells transfected with hOAT1. ETV
showed amild inhibitory effect oo-BCRP/ABCG2 and Bjp/ABCBL1.

Most of thetested ANPsnteractedwith hOAT1. The afinity of the substance
GS9191 for hOAT1 was relatively high and comparable to the affinittheknown
substratesof hOAT1 adefoui and tenofovir. The rate ahteraction with hOAT1
correlated with the lipophilicity ofhiese compounds. WhileéS9191 showd strong
inhibitory effecs on the function of Rjp and BCRPPMEO-DAPY inhibited only Pgp.
Most of thetested ANPgaused a significant decrease in viabilityta cells transfected
with hOAT1. Gytotoxic effectof ANPs in vitro, with the exceptiorof the relatively
lipophilic GS9191], corresponded to their ability to interact with hOAT1. Incezh
cytotoxicity of ANPs with theaffinity for hOAT1 is an indirect evidence that these
substances are not only inhibitors but alabstrates of this transporter

Performed aaemulation studies confirmedctive transporbf AmB into cells.
AmB/DOC inhibited both hOAT1, and hOCT®/e identified DOC a the component
responsible for the intaction with OAT1 AmB did not interact with hOAT1, but
significantly inhibited hOCT2We did not findthe cellular uptakeof AmB via hOAT1
and hOCT2. AmEDOC in supratherapeutic concentrations interacted with adefovir,
tenofovir and cidofovir irthecells transfected withOATL1.

In conclusionETV in conparison with nephrotoxiantivirals showedrelatively
weak interactions witthe studied renal transporters, which are not likelye relevant
to transportemediated cytotoxicity nor arde basis for drugruginteractons. Among
the tested ANPs, we found the differencesieractiors with hOAT1. This transporter
could be relevant for theenal excretiorof ANPsin vivo. The performed studies have

demonstratedhe firstinteraction of AmB with membrane transport systemnich is



probably not included isecretionof AmB in reral tubules but its importance for drug
interactions andrug toxicity should beerifiedin the future
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1 Seznam zkratek

ABC ATPAbinding casette
ADME absorpce, distribuce, metabolismus a exk(@desorption, Distribution,

Metabolism, Excretion)

ADP adenosi @denokimeDipHdgphate)

AIDS syndr om z2 sk any®Ahcquiresl enmbng Deficiencyn$yndrome)

AmB amfotericin B(Amphotericin B)

ANPs acyklick® nuk]l (AagydidNdotewos®le Fhasghbnatesg t vy

APS per oxodi s JAmaoniura Pecsulfatd)

ASBT api k8l n2 na sod?2ku z &ysdliy(ApicaltSodam s por t ®r
Dependent Bile Acid Transporter)

ATP adenosi (Adendsified sphoSphate)

BCA kyselina HBicmdhonic Acah ov §

BCRP protein rezistenck r a kpsw(Brenfl Cancer Resistance Protein)

BSA hov&®ek ovi (Bolife Sernimmlibumin)

C kotransport (Cotransport, Symport)

CCD zaS?2 v &man$ m{Chag&€Coupled Device)

CL. | edvi nn §Rendl Elearamace)c e

CMV cytomegalovirus

CNTs koncentral n2 nuk (Cormentrative Nugleosideans port ®r vy
Transpaters)

CYP3A4 cytochrom P450 3A4 (Cytochrome P450 3A4)

DMEM Dul beccovo a Eagl ov(bulbecod Mddifieck Bagldsn ® m®d i u
Medium)

DMSO dimethykulfoxid (Dimethyl Sulfoxide)

DOC kyselina deoxycholov8 (Deoxycholic Aci d

E v T mn(Exchanger)

EDTA kyselina et hyl ¢Ethdenagiaminetetdceti@)ct ov §

EMEM Eagl ovo mi ni m8I n(EaglgsMnmeal Egéntia? Mediu®@nyl i u m

ENTs ekvilibral n2z nuk(Eqibbsiivel Mugleédside Trangpsrgrs)r t ®r y

ETV entecavir

F facilitov a n Tt (Faciiitatqul dransport)

GMO geneticky modi f (GeneticalylModified Qyganism)s mu s

HBV virus hepatitidy BHepatitis B Virus)

HCV virus hepatitidy QHepatitis C Virus)



HEK293 |l i dsk® | edvi nn @HumantEmbryonit@dhey 293 Gellsik k y

HelLa | i dsk® epi tneldio§ lun 2d N (dEyran?Epitelish Cactihoma
Cell Line)

HEPES 4-(2-hydroxyethyl}1-pi per azi net han(4@hytroxpethy}s kysel i
piperazineethanesulfonic acid)

HIV virus lid s km®nodeficiencéHuman Immunodeficiency Virus)

HKA2 | i ds k® | e d(MimanKid@y @elisR k y

HPMP 3AhydroxyA2A(fosfonomethoxy)propyl

HSV herpes simplex virus

CHO ovari 81 n2 b u RKGhindseHarsske®vary GelS)e | k a

ICso i nhi bind @it kac einhipic pr&esmasd %k

Km Michaelisova konstant@Michaelis constant)

LDH | akt 8§t de h(yadtatedDghydrogenase)

LLC-PK1 praseRKy bproxi mg&ln2ho tubulu ledvin (Pi
Line)

MAPK mitogenem aktivova® pr ot e i (Mitogéh AdtivatedProtein Kinase)

MATE transport®r pro mno HMultidrugand Toxidt ok | ®k T a
Compound Extrusioifransportey

MDCK I MadinDar by ho plsa RMaid Darbg @aBine Kidney Cell§

MDR transnpulrtti®r®k o (Multipleddrug Resistence)e

MDR1 gen k- Alykpprotem(MuRidrug Resistance 1 Gene)

MPP 1- methyt 4- fenylpyridinium(1-methyk4-phenylpyridiniun)

MRPs proteiny multi ®k o v ® ((Multidirug Resistamcgssociated Proteins

NaDC3 transport ®r di R(&dibnDicarbo/late Traspaté)® h o

NBTI nitrobenzylthioinosinNitrobenzylthioinosie)

NHE3 vimRDn2k pro i oB{SpdiusibydrdgeruExchangend) 2 k u

NRTI nNukl eosi dov® itmhintsikiuclgosiderReverser z n 2
Transcriptase Inhibitors)

NTs nukl eosi do v(Rucleoside Transponets®r y

@] sirot | 2(orphandaransppr) r t

OA- or gani c kOrganicAnioo)n t

OATPs pol ypephsgov®®t yapr o or igAnon-Tgaksportagii ont y
Polypeptides)

OATs transport ®ry p(QoganicrAgian ransplor@rs)a ni ont y

OC+ or gani c KOrgakicaCatiory n t

OCTN transport®r pr,0 n@ngdesioCatorkTRanspatgkovel)n t y



OCTs transpor tn®@rcyk @ rioegaoia Gatanyransporters)

PAH kyselinap-a mi n o h i (p-AmninoluppBic Acid)

PBS f osf §t @PhobphateBiifiered Saline)

PEPT pepti dovl (Péptida Trangporter) ®r

PME 2/fosfonomethoxy)ethy2Aphosplonomethoxy)ethyl

PMSF fenylmethansulfonyl fluorigphenylmethylsulfonyl fluoride

PApg PAglykoprotein(P-glycoprotein)

PVDF polyviniliden fluorid (Polyvinylidene Fuoride)

RFU relativn2 f | u@elaiwe Elaorescente Uni®@ dnot ka
RIPA radi oi mu n o pfr(RadioinpmunoprécipitgatiorpBuffer)

SARS t DgkT akut n2 (SeverpAcut@Respiratos Hymdtame)m
SDS dodecyl s {Sodaum Doslery Sulfate)

SDSAPAGE el ekt r pfodry@ka y' amp8dveéemnget it dodecyl s2r
(Sodium Dodeyl Sulfate Polyacrylamide Gel Electrophoresis)

SLC nosile rozpustariedh | §tek (Solute C
TBS tris pufr(Tris-Buffered Saline)
TBST tris pufr s tweenem 2('ris-Buffered Saline with Tween 20)
TCDB dat ab8ze pr o kIl @rsnsdoitekCGassification Ratalsapep r t ®r T
TDF tenofovir disoproxil funar §Tenofovir Disoproxil Rimarate)
TEA tetraethylammonium
TEMED N, N, -tetdaNjethylstiNjlediamin
(N, N, N Nyl Xgtramethylethylenediam)
URAT1 ur 8t ovl tr anTsapsportar ®r 1 ( Ur at e
\Y/AY variceldzoster virus

UKG UK et og (Uketaglutgrae)



2 bvod

Ant i mi Or &bli Btmkdy ISR i wi ckn® jplraasxtijl i®| u ¢Twan T
Jejich pod&8§vg&n2 pacientTm v mnoha pS2pade
I nf ek]| n? @(éekha ¢t @r20lh). Ds pNDgng§ | ® ba mi krobi 81l
vygaidui enezapiwg d ce ¥l PhRYsi Sapoaud DV éemplich k
i nfekl n2chj enemmocvwoydlgdaunliesnmdu zd Tl egi(varga | ed vi
etal,2009).Pig2veEn2 tmdhttuo bli®| ipmci enegs§dgst avie
Yl i pkynoupgeagkhozzen® fedkcaea. Takovs§ Iv®| i va
skupinhD antivirotickyri¥diiknenrh clh@k c® ®@hva pio kk
funkce mT § e me s e t (Maaghton,p 20080 r nIDS§ plkaysetnsc i 81 n 2 |

nefrotoxickIim % inkem se tak® mohou vyskyt

p Tk mi | ®| 1 vy.

Ledviny mohou bilt méemtdmdvkde® mgxlkr ebcl
ki nterakc2m | ® iv s membr&8novIimi transport
transmembr §novl pSenos | ® i v a dal g2ch I

stranspo t ®ry ur |l uj?2 u ISedwi d8dle ka dji esjtirdb uex k n
Transport®ry mohou blt odpovhRdn@&davannégBsoec

buRk&ch a mohou blt m2 st em, na kter ®m doc
| ®l i v, czongammTyeowlli vnit jejich farmakokine
transport®ry velkl viznam pro eliminaci, |
wdaje o interakc2ch s nhRDkterTmi abt8Samdkrob

| 8§t ¢lsome Vathdjee ac2ch s trankspovi®dlybrexipah m
zdroj2ch dostupn® nebonegsdostayebn®mt enaka
dal g2ch t®f ormbtasvi farmakol ogie je prot
amohloboy pSbeppel RNj g2 mu poug2ven2 antimikro

PSedkl|l §dang§ disertaln2 pr8ce experiment
vybranTch | Santeikotikz antibotikalpii gk T mi | ®kovIimi t
kter® se lraovh n@oMREMD wysok® m2Se, a jso
determinanty oslueddw i mrcctha IP®|8icve Vj e zamRDSer
interakc?2 transport®r  Tnpméo laedVimirkowbeée>k m
na pS2padn® | &kycdowr@& nil mh e rbaRkicdlev ysn mognil ch
stoxicitou studovanich | 8tek. Pr&ce uvgd?

dosagen® experiments8ln2 yigledkgy] chlagthoha p T mj



i nter aklcedvi® nlvmis t r amosgoro® ts®xr wyv ias luovs§tdiz zi2 s |
s klinickou prax2. Do pSedkl 8§dan® pré&ce |j
poznatky ve studovan® obl ast.

Experi merewr§§ meéi stt@tdo pr &§ce zahrnuj?2 tSi
vivojov® antiviroticky % inn® | 8tky ze sk
novhDjg? | ®livo pro terapid. chronick® hepa
amfotericin B, resgehovk | i ni ck® praxideoxgéhah®uemor ne
vylulovan8 antivirotika badeaf opvaugi ttae nprfm v
intenzity interakovugbsanidmivanramsp@&rte®rys .
izhl edi ska mogmTicmt d ®kloow2 se studovanlmi | &

<



3 Teoretick8 | §8st

31 Ledviny jako lkroidtinékl ®br y&n

LidsklT organismus je |lasto vystavov§gn mi
organickim pBSdubdn?oBmizumnl ¢ Npdbrioga raiveknll o F
slouleningm mohou patSit nap§. hor mony,
bunhD|l n®ho met abolUigsé m@wnyag alld®lljiiew aoddo dpgov & nt ¢
kagdohb®einmhifok & tutmmohdysu §2 v&n2m vyEbkmichad8% edr

vyt wdS$2annl syst®m organi s mu, kterT | &8st el
potenci 8l nD toxicklch |1 8tek a jejich far.
(Anzaia Endou2007).

Ledviny jsou dTlegitim eliminaln2m orgs§

vudr govsgn? homeostatickl cmi faamkcddmadmSicd
met abol i smu a tchDlzo.r oZl§iclhad 82 efkurzk|l n2 j edno
prob?2haj? hl avn? proc@lsymeremnl§u nadp cBuakdrSeet @ v
doch@z2trkaci krveng$inéehSzdjerd2e,z | 2mg se or
ana plazmatnek®v prza@anlecmyl §t eki acda sly$tt ®kmo vw
| ®l i v, mTge bltzpaktiitwhbilD|l Sehrethok&mpal §r do
(Fagerholm2007 Masereeuw a Russ&l001).

Membr 8§na bunhRk ledvinnlTch proxi m&8ln2ch
prob2haj?2 transpdetoXi pr kae?syoEdpado@Er @us ( A
Membr 8nov® transportn?2 proteinpyoxvaa8®net al
tubulechakt i vn2 transport | S8§tekipfesni§blelho® |
mol i Tr ans pwitz@ragnodi@naveljs?l edn®m f arartakwn2net
| ® i Pokud je rovnov§8har ugemas pmpktod olym sk & ¢t
mechani sml[i nea@E®DrpB® vystupRovE&na laSktuenkul ac
Vv buRkeS8bcohn j e naopak i zxdbbudkdttkng®Prg e pd gk dt e k2
l edvinn® tk§mr4).gmiNsal fenknéy.el pudtt® ns poj en
s nefyziologickoua k t i vi t ou ctorya ms[ger tv® rz FarmakokMetikuv | i v n i
j ak | ®loivva nd Icih mijViermavet ah2008).

Vsou|l asn® dobhD sSeadmaa It@&|huw ,v ypsSkiy tjuejjei ¢ h g
se pacientovi doporuluje pravideln8 kontr
mnoho | 8tek ze skupi ntyo haontta nd Tkw oodou 8jl en 2 wdiml]
obl ast? vizkumu swpTo zdivg w&r 2c h megohg&kmiz e n 2 tn



frekventnhD pougN&salnddnijf abgkt kamiunBke ergd $2hk |
potenci 8§l nN améfirmi tka xibdkignWa lgk®| nvck® pr e
(tabulkal).

Tab.1Ant i mi krobp8tehcl ® n&¢(modi fokoxBonbdbtmw Naughton, 2

Z§stupci Patofyziologickl
ren8l n2ho pogkozer
acyklovir Akutn2z interstici 8
nefropatie
aminoglykosidy Toxi ck® polgklogZrem2c
ampotericin B (for|Toxick® polgklogrem?2c
neg forma | ipidoyvV
betalaktany (peniciliny, cefalosporinyf Ak ut n2 i nterstici §
glomerulonefritida (ampicilin, penicilin
foskarnet Krystal ov8 nefropség
bunnDKk
ganciklovir Krystal ov8 nefropeé
pentamidin Toxicita tubul 8rn3
chinolony Akutn2 interstici §
nefropate (ciprofloxacin)
rifampicin Akutn2z interstici 8
sulfonamidy Akutn?2 interstici §
nefropatie
vankomycin Akutn2z interstici 8
adefovir, cidofovir, tenofovir Toxi ck® polgklogZrem?2c
indinavir Akut n? I nnteefrrsittiicdia
nefropate
32 Ledvinn8 exkrece | ®|iv

Farmakokinetickl profada |l dgmokykubdlpsdmde,s
acel kov® cl earance vgemi el i minal n2 mi or g8

nejvltgZmcpepbdtddDve®mt Kl esn® <cl earance | 8tra



l edvi nami nej |l ®pe char akt en)i.zuljedwienn§ imlae
jedefinov8na jako objem pl asmy, obsahuj 2 c?
ledvinamizajed ot ku | asu 20Ra&ng deDaliemn88 cl earance

gl omerul 8r n2 f krédcé a eeabsorpcegerhalni 2807 nvlaserseaw
aRussel 2001).

Ledvi nami se v¥%l sl oapkerkion dp® bd? viamfl ekl n
onemo c rSani2@ |piddu § 2 v @erapic hf ek| n2ch onemocnin?
tendence vyl ulom8ingb plr FamiSa a@00N.¢ e

Ledvi nxkieBe mg ¢ e bTt ovli vRovEgna transp
vproxi m8l nd ehldvtimbulTegdm t r asntsyplonrTtn®r ym2sset yt,a k
dochkg ®Xkovim jantreahdkw diplotn A@R® neg8&§douc?2 aku
potenci 8l nND tek(fengetat?®10)c kT ch | §

321 VI iv f yezh emgilkDiacsht vost 2 na | edvinnou ex|

Varma et al.(2009) vi o zs 8hl ® ysgud?im satab8ze s 3¢
pow@nl kil iwmwick® pprogxsiatd oskl 8ozga Iti® -wlz ¢ mihygk meiz i
vl astnost mi | 8t ek a el.i dBRedipolvaddv i nBoht oc |
kompl i kkoovngpnlae x no st 2 cel ®ho procesu aktivr
mechaniledVi®w8mdg na@ pnolpksd eidkh 2 z8® pravi del

1) Ledvinng clearancelse@odnildujoas §d8txkwy

2) Ledvinng cl ear ansce ssceh @xpryagwutj 2e tuv d Sit te k
nebopoltem vazeb schopnlch rotace

3y PS2tomnost nS8boje | §tchy amBhe ez v w@d ?ar

sneutr 8l n2m n8bojem maj?2 tendenci se

Vygg?2 lipofilita [&8iRymumpgei d8t mupfBi Fprl
pSes tubul 8§rn2 membr&§ny a pravdhDpodobnn t
tub ul 8 r n 2AvdeefR00&Femy et(al.2010;Varma et al.2009.

33 Mechani smy | ®kov®ho pogkozen?2 | edvin

Pro antimi krobi 8l nD pTsob2c2 | ®l iva je
zpTsobem exkrece. Ovgem n8sl ed kheratoxicita,t enz i v

kter8 se tak st8v§8 I imituj2c2m faktorem |



pTsoladpS. skupiyna¥laimtniTvcihr olt ®@|cikv z i kuenk t le®HK @\h

pogkozen2 |l edvinn® funkce mTgemeiroskgt k at [
i ndukovan®ho pogkozen? |l edvin wuv§8gd? obr .
ovliiwimBnang§! nN tSdmi) ANmHPsdbyou expres2 neb
transport®r T oznalovanlch jako mM@#MRR‘trans
(protd ny mulrteizli®ktoevn® e ) . | nphriebviecrc iOArTe ndSol cnh28hz?
zat 2mco i nhi btiocxei cMKkREBPmuv epdoeg kkozen2 bunbDk t ul
Typi ckT mi pSedstaviteldi takto pTsob2c2zch |

nukl eosidovich f osf anitgg e[n ¢ m NaPkst)i.v q V28 n G kg ri o
( MAPK) dr 8hy mTge doj 2t viedvimwl iewn Rre2l olv&®r ib®&
kask8&8dg vede k program8yYad® nBPBurmRlsn® Pyt
mohoubpzvi nout, pokud | 8t ky negativoxdlacov!| i vR
mastnich kyselin aevIinGwky oeun enregpioeenzyryakku dl e
resphoalSertelbzocemi t ochowdni Bl h2 oDiNdAati vn2z s

anaerbd n 2 met abol i smus zpTsaohrédma M2kt §tro wgad vy c &
(mi kroveziukwli §rSn B2utnddk@akttPi vn2 ch f odrS8dne kys
narugi tndmii t8d ko DNA. Tento mechani smus Yl i

Sad@®t ek,nuvklleetonsti dovTich i nhi bi(NRT), Kt ese®@er zn
vEgou pS2marnd&l mi2t ®dNtAon D8bhhe p$Hedchops&§mbt
pogkozen? napgis@b®ni®y ze skupiny NRTI, mT
pogkodi t, gef poi rpwdEgmaprcejnalvoEm8pé gkkozen?
t u b (zzedine et al., 200%a
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34 L®kov® i ntlerdavrk @8 c\h

Pojem | ®kov ®
dvou
pSevl §d§
1998)

pTsoben?
u nichg
et al .,

mechani smT |

1) Uvol nNDn?2
| ®| i va

nebo

nterakce
v.2,c e2 Of0adr)ma kP §iL ¢sl d urjaansnn @

(interakce | ® i

lgeed wiyrsrk§ t enloiurhi malkeo,l i ke tm

s
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®kovl

ualédvimh ®m¥%e petd hngdugénZz 8k

ch interakc?2:;:

nav 8zani®h,0

¢t®) i vegda| besuaal

pomo%x 2f iglltomaaca.l §r n

2) Kompeti cet ulbfutl kinpg $ismegkzreesaiccdgen2 | edvi

sekrece.

3) Kompetice
l edvi nn®

4) ZmDn a

Zz8vi sl

5 I nhi bice

pad/ mMmeh o

§tek pSi |tumd Bkmtszveghb:
exkrece.
prTtoku, codg mTge zvlg
na pKa | ®|iva

| ®dVii 5 m@dnateRinal. 1928).
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VKl inick® prakitbwtpaptuopmbDepci §l n2 far
al/ nebo f ar mak od grakaemk, ady ® nlin@nkliaova® rizikxicity
nebo nedostatel n® %l innookat.i Na®PISbhy p(rioz zled|
pozitivn2ch pacientT se pSedepisuj? kombi
soul als®INi vsy na pSianriumie n®a mieenmtcia Keshklat, o t r p
2006). NevIihodou mnownT gchap Skt beefpapiddgtanil ch b
kter8 je jsegdjchv &nead S puoxi sl ma@lcacRaybul ect
2013; Lepist a Ray, 2012. PS2 k| adgh zintmdr ak c 2 anti mi kr
smembr §novT1 mi transportn?2nnhiedsvyi snt8&nhy,, |jkstoeur G
vysviDtn8sdydwj2c2ch kwaipndioVi§dch§vh@Wla®@li v T

35 Mechani smy transmembr 8nov®ho transpo

Transport | 8§tek pSes biologick® membr §n
usnadnDn® (facilitovan®) difuze a aktivn?
smDru el ektrochemick®ho potenci 8l u bez %l a
| §tzéks k8vE8 ener gi.i proeekktaonshemiot @Ky §8F 0 z «
vnitSn? a vnhj g2 AktiamB membsPoyt | §t ek
el ektrochemi ak@fyegrmddi elifth® dNsekund§pni m
akt itranspértl §tve/ku g2 v 8zheyrderrod iliz ySeATumd8rn2 aktiv
| 8§t ek prtob®.h §smpS&kyes®mu ntouan g krotuy kter §
transportu poj ejélmekt rochemi ck®m gr adiGaeominoi ( sym
a Sugiyama2011;Hediger et al.2004 Schlessinger et 2l2010.Zj ednodugenl p
membr §novich transportn2ch mechanismT shr
kter§8 tvoS? ahempplre ®r 8 m, kterT po n8sledn:
Ssubstr 8toyu nsat ramwh membr 8§ny. Transport ®ry
transport jec har akt eri zov 8nnhs dtowrad iglhiotyd dini @ ab at
(Giacomini a Sugiyam&011).
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Pasivni transport (po Aktivni transport (proti
koncentraénim spadu) koncentracnhimu spadu)
. elektrochemicky potencial . elektrochemicky potencial
WS_‘_’EV gradient substratu nizky WS‘_’!?" gradient substratu nizky
() — O L) —— (@)

~ M

- |
—
pasivni “ - O (Y o it
difuze '/ Ay -.\l__/,' ) sympol
sekundarni aktivni
transport
'-/ -.\ — .
L) ) antiport

facilitovana LT —

- primarni aktivni
difuze ) | ) P

°  transport

ADP

Obr.2Kl asi fi kace membr 8§novich transportn2ch mechanis
Vel i kost symboh¥l n2% komnperntprkyciuksazhgt2r 8tmldr G oku.
reprezentuj? ionty, k t er ®elikosbjelp8rvoapj 0?r ch manc82l n#)?2 |kw nErem
TmaviD modr ® oV §lay soploa rt anka d3rrk aztvie irfrony BzSugyamg20bln i

Transportn?2 syst ®my poskytuj?2 buRce Sa
specifick®rpnoker n@n®) Nl n® memlhAdEnDmokRerj ¢
vstup (uptakezg 8 k| adn2ch ¢givin do cytoplazmy a n¢
met aboli smus exogenn2ch zdroj T (Pmohod] uhl 2
pomoc.i regul ovat k eknvbeiRt(3e g zipr met Sledkiov Ev h
videfiux) (® i v nebo jinlTch potaytoptazninebB t o x i
zpl azmat i c k & pmoermgbhra§ ey ,zajilg$ovhgtept akeen®
vbuRce udkooce&myrac2ch |ig2c26h peddd2 vad
sekreci dTl egitlTch protcgitmPp,|] agamaha@k ®T ma m
umogRuj2 pSenos nukleovich (7Kyswd n ad Rug§e?s pl
auvol Rovgn?: rTznlTch hormonT, neur ot.,r ansmi
2000).

Transport®ry se od sebe mohiinteragovgti t r T z
sjednotl i vl mi slouleninami. Schaphbatmi v
transport®ry ovgem mohou bl t2010me.ziRaadc2olv
farmakokinetice | 8t ek mTge tak® genggil sobov
k-duj2c2ch pS2slugn® | ®kov® transport®ry,
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2012).Tat o vel mi aktu§8lse ap!Dibd samgpkomekomika kt er o
a personalizowaendnmedipo2mda nd? |lienmh emn?zd kvantD =z
pro dopor ulpaaetbyij et eno®mM® podat dan® | ®|iwv
ne@douc? Y inky. Pro zajigtBhDn2 ¥ innDjs?2 a

znal ost transportn2ch procesT u jednotl!l ivl

Z8kl adn? i nf or marca&n sogho kil méted ii skifa8clie rozc¢
aaktualizuj?2. Z n § m8spojtee Classifipaon Dalabasea @GDBe Tr ¢
http://www.tcdb.org , ktreoerc® WV013 obsahovala v2ce ne

reprezesnotulja?>’sn® dobnD wuvuzn8§van® rodiny trar
transpor tTnPCOB zalsmnuje préteiny gech druhT ¢givich ot
jedinTm univerzg8ln2m klasifikaln2zm syst ®r
bi ochemi e & imoloé¢dralal®20i)S ai

36 Transpoex ®riymoveaernd®iw8ch

Exkrece mrmdias mudljiev zzpr ost Sedkovg&na spec
transpot ®r y expr | mdvhaPrSBokil adem | ®| i v el i mi nova
bTt hydrofiln2 nukleosidov® inhibitory re
hraje measb# mirmwahdantiwrdtig ljago2jcou naps§. i nhibito
anenukl| eosehdbv®ory revdad sn? ®t r aas knroihput §iz 1y
stransport ®ry |leakvd Ini§zc 204KV ss0 ueMasanl® dob D | e
gi rok® spektrum tranppoxi ®§ITnz2exhprt mowlaed fc
reprezent uj 2(superfamibes k ® r aadpoyt ®r T oznal ovan
carrier) a ABC (ATPbinding casette)( vi z . d 8llyd)o { r avnzs8pj oer i @Y

spolupracuj?2, aby umognily pSenos | 8§tek d:
et al, 2014).

Transport organickTlch aniontT a kat i
prost Sedni-310CPtBn OADATP4C1 pSedstavdwjien@r
sekreci . L8t ky,krkwer®o skeunddkstpf gaizmdl8si el r
pSevg&§dhNDny efl uxn?2mi transport®ry um2stiDnl

MRP4,BCRP,Ryp a MATE1) do mollie d VR enaSbcsharropTdgee | bSl1
do bunhknaj iap3 & §1 n nmipCHTL320AT4p URATIRRERTR(

aOCTN12) a ndsh®dn@en nap$S. basol-2aKlassél n2 mi
a Al eksunes, 2010; Lepi st tae xRauy,j s200ul 2t)r.a nF


http://www.tcdb.org/

uvedeny zkratkou.Zr at ky
kapitol 8ch.
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a
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raivel NlucleosidleGank pbr t er

FarComaretnd mr at k @ @ c eNrutcrl &lors

MRP = Multidrug ResistaceAssociated Potein (protein multl ® ®®o wr e z)i NaD@3n=c Sodium

Dicarboxylate TansporteB( t r anspor t ®r
prov o oAk@AT s OrgadikAnionaf ansporter
anionty); OATP = Organic Aion-Transpating Po | ypept i de

3(vimnNn2k

anionty); OCT = Organic CationnTansport err d taragiasmpioc K &@rk gt i onty) ;
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Transporter, ¥ v e |
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UK G -k &t o g l(urtoalri § ti )kepist & Ray, 2042).
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Vnej viDt g2 m nineodjvsitnv&c h szoaus iwOATH-R WRATIt r ans p «
OCT2, MRP4a MDR1 (Rgp) (Nishimura &Naito,2 0 0 5 ) . Srovs8§n2 expres
transpledwWuy8adhA. obr . 4

1.1
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3

0.2+
0.2

Relativni exprese
(transportérova mRNA/PPIA mRNA)

EELLES LGB ERRESERERE g 2
dorEeErEeSnmio000FREEadIaIa = =
S S==S=:=S==puUuwoddooovo000CXKLa O
oo o0 :'&
o

Obr.4Hodnoty mMRNA exprese SILCdakIABIC It ¢ ¢ Mistigr®g h ®r MDR
Resistane (transport ®r y); MRA=Multld@kResisncéssaciated tFoteim retein

mul t i IreRidteoce)®BCRP = Breast Cancer Resistamoeid (protein rezistende r akovi nhD pr s
ASBT = Apical SodiumDependent Bile AcidTansporter (api k8l n2 pma sod?2Kk
g | u lkyseli®); PEPT=PeptideTansport er (pept i Onganit Cation Tanspoper r t ®r ) ;

(transpor b®gami ck® kationty); OCTHNvel Oftgraamn £p oTatt®
ogani ck® kationty, n o vahsporter @A p & rotO®ry gmaine c K®i @ami D nty
=Urate Tansprtef ur 8§t ovl transpr ot ®ransport@gBrIPy pme mtr igdhen i (cp AIny me
transport ®r apantyg); CNT g £oncentkatvve NucleosiderTanspor t er (konce
nukl eosi do®rl) ;txHEhikbmive Nucleoside Tansporter (ekvilibraln
transport®r) (modifikov8no z Lepist a Ray, 2012).

3.6.1 Solute carrier (SLC)t r ansport ®r vy

SLC transport®ry jsoumanenbr@nlhv®u jpr % ev
bunh|l nl upatkb®& sex wekk®ho mnogstv2 substr §t
bunhDdinwWi ny, toXsoyl asn®| debhlD j e zn&mo cel
transport®r T, kter® se odl i @Gchiessingeretog). 2 s ek
2013). Tieodleéeso®®pS2s!| ugnskupinh toding al€a z uj 2
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transpoft®r TozkzaeBv 8§ me-SLCB2). KLE mansp2 t B Chr aj
dTl egipSiu zaojliigt Dn2 mnoMahbunB®enflak®é poiz P
| ®| i v jejiehgabsrpaec distribuce, metabolismu a eliminace (ADME) (Koepsell

2013).

Tvar a themk@k®DvVvI astnosti vazebn®ho
obvykle urluj?2, jbakd&®e meolbeok unleabjusdden Mmvag dmldjn e Iz
nebude transpdmtoav §gnednbg e guydlB2 mol ekuly
na i nhibitory, substr 8ty a sAbranhsasWright,i nhi bi
2009; Karpowicha Wang,2008,Schlessinger et al2013).Sub st r 8ty SLC tr a
mo h o uivemio d| iygzniGk-E&H exmi c k ® Prrloa s§andous t1i®| i v | e
i nt erm@Ykugl2i ksa typy SLC transport®r T. Naps§s.
sSadou SLC tranppoyp®@pT,j dpa®otfsaasgport ®ry
(OATPs), ytrpmeaporg®ni ck® anionty a katior
sekvilibraln2mi a koncentral n2 mi nukl eosi d
al., 2010).Typy SLC trainspomb@nTcl ¢ elpybledat§t T |
vdostupnTch datpaS. § zBicohphp/asdkiogansemémni/

Ledvinn® influxn?2 transport®ry mohou b
vl edvin8ch, ale tak® za -lp®ltiena,i Skthér ® nin@h
vzg&vagn® lzemddniynnd ch exkreln2ch paramentr e«
(Endres etal.,20084¢ | | er ma01Fr om

3.6.1.1 SLC22

Tato pr&censjev Rtagdams?pSoer t ®ry pro organi
SLC22) kp8r ®p dedvia o A ® k a exljregitmmchal 2®| i v ( Koepsel |,
Rodina transper s®ispapPbcam®lAdopbBpsanlich ||
membr 8novicht er®t sienTv,gechny 12ylwelail u§l2nz2 st
transmembr 8§novich dom®n. Rod@fapse 9klgaads
kationty, transport®r T pro organi ck®tR®WITt tperoi c
organi ck®Tgmnioohransport®ry se pod?2lej?2 nej
|l 8tek, ale i na jepscatbtdesudbanfozkbTamukep ci a
2 shrnuje charaktei st i ¢ k @ |velnals trnoodsitniy teramrsipma\t &®miJc
vi edving8ch, jejich dominantn?2 subasatorg&t§y, t
posti ges2poepopem8ni m tTabmarh ktar ©B8a s Bdihg PO U y
SLC22ajejichz n 8sn®b st r 8ty ze skupiny endogenn?2ch


http://slc.bioparadigms.org/
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Tab.2Z28 k| adn?

(modi fi kovg8no z

charakteristika transpor tmdin]SLE220

2013) .

or gan

Koepsell,

Symbol
I i dsk
genu

J m®n (
proteinu

Do mi n 3
substr

Typ
transportu

Tk 8Rov §
di stribud
exprese

ZpTsober
posti gel

SLC22A1

OCT1

Or gani
kationty

F

J8tr a, t g
| edviny
rn

2
> t
t k8R, bu
I munigyng

Cytotoxicita
oxaplatiny a
picoplatiny

SLC22A2

OCT2

Or gani
kationty

Ledviny
(bazol at e
me mbr 8§na
pr oxi m8I1 n
tubul T),
st Sevo, g
placenta, mozek,
vnitSn2

Cytotoxicita
cisplatiny,
oxaplatiny a
picoplatiny

SLC22A3

OCT3

Or gani
kationty

Srdce, k @
svalstvo, mozek,
tenk® st §
pl 2ce, | €
mol ovI ml
ml ® n® ¢l
kogn2z c®\

Rakovina
prostaty,

i schemi
choroba
obsedant
kompul si
poruchy

SLC22A4

OCTN1

Zwitterionty
organi
kationty

F nebo
E/H*

Ledviny,

slezina, srdce,

kostern?z
mo z e k , ml
gl 8zy, pr
dl chac2z g
varl at a,
plodu, sperma,
buRky i
Ssyst ®mu

mu

Revmat ol
artritida,
Crohnova
nemoc

SLC22A5

OCTN2

Zwitterionty
(L-karnitin),
organi
kationty

C(Na a
L-karnitin)
F
(orga
kationty)

Kostern?
l edviny (
me mbr 8na
pr oxi 81 n

m
T)

o -
<

-5 o
—o =~ —c
mao dNT
N —O O C
Q Dd® D D —
e — . -

m =S M =

Pri m8r nj
syst ®mo
karni ti
nedost at
Crohnova
nemoc
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SLC22A6 | OAT1 Organi|lE Ledviny
anionty (orgal(bazol at e
anionty) |me mbr 8n a
proxi m8I1 n
tubul T),
mozek
SLC22A7 | OAT2 Organi|FneboE |J8tra, | €
anionty (bazol at €
me mbr §na
proxi m8I1 n
tubul T)
SLC22A8 | OAT3 Or g a n i| E/dikarbo | Ledviny
anionty xyl 8t|{(bazol at e
me mbr 8§na
proxi m§l n
tubul T) ,
kostern?
kost
SLC22A1 | OAT4 Organi|FneboE [Ledviny (Sn2gen§
1 anionty membr 8na [pl azmat.i
pr oxi m§8I r hladina kyseliny
tubul T), |[mol ov®
SLC22A1 | URAT1 |(Ur 8§t , | E/organick| Ledviny Reng8l n?2
2 organi|® ani hypour,i |
anionty dna
SLC22A1 | OAT10 |Ur 8t , |E/anionty ([Ledvi ny, |Cyklosporinem
3 organi st Sevo, tA induk ¢
anionty st Sevo, nhyperur.i
srdce
SLC22A1 |OCTL2 |[Neur | g0 Ledviny,
4 st Sevo, t
SLC22A1 | FLIPT1 |[Neur | g0 Ledviny, mozek,
5 j 8tra, ko
svalstvo, srdce,
pl acent a,
slezina
SLC22A1 | OCT6 L-karnitin, | F Var |l ata, |Bipol 8r 1
6 nenabi d S deRkocyty, porucha
sl oul e ledviny
SLC22A1 Pravdll Ledviny (
8 bnhD me mbr 8na
organi proxi m§l n
anionty tubul T)

F-facli i t ovanT

itex amas e t Qv dipmdd tramgport, T kotransport
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Tab.3VT znamn® tsruabnsstprogrtty®r a mroad if n KoeSsHIEeDIB)z

TranspgSubstr8ty, e
sl ouleniny gL®| i va Toxiny
stravy
Metformin, lamuvidin,
acyclovir, ganciclovir,
pentamidinfuramidin,
OCT1 Putrescin, cyklo(HigPro), | berberin, oxaliplatin, Aflatoxin B1,
SLC22A1 | salsolinol, agmatin picoplatin, ethidium bromid
cisdiammin(pyridinchloro
platina(ll), irinotecan,
paclitacel
Acetylcholin, dopamin, 'V'e”f‘a”“.”’ amantadlp,
adrenalin, noradrenalin Oxa"p'?““?" plcop!atlna, )
OCT2 serotonin, histamin, c!splqtlna, |fosfa_m_|d, Aflatoxin B1,
SLC22A2 | putrescin, cholin, C|m_e_t|(_j|n, fa”.‘o“‘?"“’ paraqu § t
cyklo(His-Pro). salsolinol ranltldlln., zaIC|tlab|.n, ethidium bromid
agmatin ’ " | lamuvidin, amilorid,
metformin, berberin
OCT3 A_drena_llin, noradrenalin Lidocain_, chinidiq,
SLC22A3 hlstamlp, agmatin, . metf_orm!n, e‘ulefrln3 _
cyklo(His-Pro), salsolinol | oxaliplatina, lamuvidin
Chinidin, pyrilamin,
OCTN1 Acetylc_:holin, _ _ \{erapa_lmil, ipr_atropium,
SLC22A4 ergothionein, glycibetain, | tiotropium, mitoxantron,
L-karnitin doxorubicin, stachydrin,
betonicin, gabapentin
Mi | dr oalofidin, ¢
OCTN2 N . emetln,pyrllamln,
L-karnitin, cholin verapamil, spironolakn,
SLC22A5 oxaliplatina, ipratropium,
tiotropium
Mastn® kysel
stéeanm-ySet : . Perfluoro
Ketoglutar§t Tetracyklln_, acy_klovw, oktan_0\§
CAMP. cGMP adefc_)vw, qddiovw, . kyselina, 8
OAT1 prosta’glandin’EZ ganciclovir, tenofovir, methoxy6-
SLC22A6 |prostag I’a ndi mdqyu_dm, C|met|d!n, nitrofenanthro
vanil mandl o ranltldln,_ bu_metanld [3,4d]-1,3
sul fatovan® furosemld., ibuprofen, dioxolo-5-
flavonoidT, indometcin, ketoprofen k a r boxyl
hydroxys k 0 Si cov kyselina
cluramsl. 90sali cupetdid, b
orotovs t roi e_rythromycm, _te_tracyin,
OAT?2 . ! zidovudin, ranidin .
hypoxanthin, GMP, GDP, . : Aflatoxin B1
SLC22A7 GTP. cGMP. CAMP 5-fluorouradl, _pachtaxel,
prostaglanoh E2, ?a>|<olo purinol,
prostaglandin F2,
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estron3-s ul f 8§t ,
dehydroepiandrosten
sul fk8at,ogd ut
CAMP, kortisol, Ee?rnazcylgl?r? I(\:/Igllg’c clovir
prostaglandin E2, zidova/dine, adefgvir ' Ochratoxin A,
prostaglandin F2a, cidofovir ténofovir ' perfluoro
dehydroepiandrosteron Y i oktanov
akt i vaseltamivir, :
sulfg t estron| . .. . - kyseling
tradioll 7o-aluk id cimetidin, famotidin, aflatoxin B1
OAT3 tes radl ghu u|r0r§1| t’ ranitidin, fexofenadin, 8-methox 6-'
SLC22A8 i ‘;’: 3 g g ¢ | 0 sul f bumetanid, furosemid, Aitro. ¥
y s u torasemid, indometacin,
gl ukur oni dO\‘saI i ketoprafen fenanthro[3,4
konjugs8ty fI: ’ g’ d]-1,3-dioxolo-
. ibuprofen, pravastatin,
vani | mantinho\ : 5kar boxy
) rosuvastatin .
konjugs8ty Kky kyselina
hydr oxyskoSit ocpotecan, (g
sitagliptin,
Estron3-sul f §t |,
prostaglandin E2,
OAT4 prostaglandin F2, Torasemid Aflatoxin B,
SLC22A11 | dehydroepiandrosteron ochratoxin A
sul f 8t , sul f
hydroxyskoSi
URAT1 Pyrazinkh r boxy |l oV
sicooat | YT B Akt 8T, ) leiina
OAT10 Nikot i Inl8a kt 8t | .
SLC22A13 |sulkci n§t, gl u|CYKIosporimnm
OCT6 L-karnitin, spermidin Doxorubicin, bleomycin A5
SLC22A16 ' '
aVmi nul osti byla identifikov8§na Sada | 8tek jako in

specifita nebyla zkoum8na.

Nejv2ce exprimovanil mi trldrmdsspgkd rcth® rpyr otxyi pm
tubulech jsou OAT1 a OCT2 (Khssen a Aleksune®010) Pr o j ejich vizn
pS2tomneodsvti nvEc®t g i por ¥ci byl a vhRDnov8&na nej\
charakteristika tDcht8cltedansgdémt ®rektjue UV e

Transport®ry pro organick® anionty (OATSs)

OATs hr aj 2 dTIlegd vtiorun ®&%4I eolhiumivn a c i | ®| i v
farmakokinetick® vlIastnosti. OCeAnTiso keteT pzo d 2 |
do moXu, 2005). ©OAVs pel papeécikfickTm tran

gi rokowvsowb stpreEti f ivied kd m mnergad wj2an 12 z k o mo
(do 406500Da) amfifiln2ch organicklch aniontT
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i nteraghiyj&dr dfakl®n 2smi | §t kami , nenmbkttdrmi mimo
or gani c éanty@hn ekad 2009 Burckhardt awolff, 2000, Pritchard a Miller,

1993; Sweet aritchard, 1999 Ullrich, 1997; Van Aubel et al., 2000 Ty pi c kT m
substr §t ekpselijap-a miarmpdSh i (PAH) (Rizwa® a Burckhardt, 2007;

Sekine et al.200§. Tabulka3 mi mo j i n® uvs8§d? nhDkter8 | ast
| ze ol ek §v ®OAT. Vzinlgdenr kiokalizaci ve pi t ehi ®luiRk §ch mnoc
org8§nT 2 mahduOATKa §t v T z n aabsorpciy distributi & elimaci
klinicky V|BRiz&raypenhdl.c2B04; ShugartsBenet, 2009 Sweet et al.,

200)).

VDt gina OAT pracuje na principu aniont
organi ck®ho aniontu do buRky je doprov§gz
ZbuRky vteoormutk dRpBSedeowd28m2d2ky vIimRnh z
UketogluyagBt2m energie >xexjteahaa eil utl 8a meé lhwl
kter8 poh8n2supt8akle (@AT .sB),201Gi acomi ni a

fada potenci 8l nD nefrotioki ealkil 8lhn3 &h ek®]|

l edvin dopravovsgna pomoc? OATs nefro'ik umul e
prost Sednictv2m OAT pak mTge bit pol §tel n?
p o0 g k d@htanet al., 1999; Jariyawat et al., 1998ng et al.2002; Khamdng et al.,
2003 Tsudaet al., 1999 OATs mohou blt tak® m2stem pot
| ®1-i ®loi vo d2ky kompetico sdvegul neabraangpoet
a Burckhard, 2007) . DTl egitTm pS2klademje kIl ini
nampS.eventivn2 str at e denafovirp vpor osxn 2ng8d m?2 cak ut nut
soul apodmmprobenecidu kterT je zn&mim inhibito
organi ck® ,20d3).onty (Hall

Transport®r OATI1

Transport®r tODATSEpepoPuEIme OATBe p@axpr i mo:
transport®r Tm na bazol ater 8l na urbhaBibdfby§ n D e p
etal, 2006 Luetal, 1999. OAT1z aj i gSuPARTI3I pprd wnx Isakreck t ubu
organickljch pféeomod, otzkawiec hSels dmizontwT er §
bunBDk pr oxi mMigwanaBurkhardl, BO07; Wriglit a Dantzler, 20@AT1
interaguje svel kT m mnogstv2m endogenn?2ch i e xo

Z exogennz2ch organickTch ani oan el skupirsyo u t o
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antihypertenziv, statinT, antibiotik, antae
antiflogistik a mnoho dalg?ch | 8tek (Ried
i nt er a @ATl3eavedembabsalce 3. OAT1 akceptujeihydo f i | nr2e |l a8ttikvyn I3
nzzkou mol ekul ovou hmotnost2, kter® nemaj 2
typu acyklickTch TnukMaeeodsai dao vSiucghi yaamtel, o g2 0 1 3
2013) . Substr 8ty |i inhibitwryaOWAT1 hemn

dehydroepiandrosteron ) ,sulpfu§ti no(vHRa s enpa vaa,o |
ahypoxantin (Sugawara et al ., 2005) , | i I
dopaminu a serotoninu (Bahn et al., 2005).
BunD| n® e xip eitroi ke 2 3| gxpree QOAT1 je spojena

scyt ot oxT < deblagi@fokiru a cidofovin (Ho etal., 2000Wp odob n®m mod e |
byl testovs8n efekt =z SakdemaHDAM ynea adSfevie® | ®K
anesteroidn2mi antiflogistikgu| daem®opedkpr?
| ® i v vede ke sn2gen? chuRK® »xH ck®mroi il ji 2nk?
cog potvrdilo dTlegitost zkouman®ho trans,j|
et al., 2000).

Transport®ry pro organick® kationty (OCTs)

OCTsj sou exprimovs8§ny na bazol ater 8l n2 me
|l edvin (Karbach et al., 2000; Motohashi et
gk8ly organicklch kationtT endogenn2ho pT\
a.)iexyenn2ch mol ekul (antiviroti duagetah,nt i di e
2008;Koepsel et al., 2007; Zhang etal., 200 Sehl ed zn&mlich substr
tabul ka 3. OCTs usnadRuj?2 vstup | 8tek do b
s mir transportu je elektrochemicklT gradi €
Ng§sl ednT pSestup organicklch kationtT pSe.
d?2 kpyalon ®mu pr ot ondow® mu3 )g r aSdui besnttrug t(yo OCT | s
organi ck® kationty hydrofiln2ho charakteru
400 Da) (Klaassen a Aleksunes 2010). Tetraethylammonium (TEA)

a 1-methyt 4-fenylpyridinium (MPP) s e ap® uprédypik ® substr 8ty (
(Jonker a Schinkel, 2004).
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Transport®r OCT2

OCT2 epovagovsgn pSedevg2m za |l edvinnl t
|l okalizov8n v bazolater8l n2 membr8&8nhD bunk
1997) OCT2 interaguje Sadou kationicklch | 8tek jako
chinin a chinidin, cisplatina (Koepsell,

transportu mal ® hyme ® f iOQGT1 sduSbvsSt r $tSye,d n oz
ahydr of2anb A I3t k Soldadp € Rasteknglada, 2011; Dresser et al., 2002).

Substrg8ty OCT2 jsou nRhRkter8 antiretroviro
fyziol ogick®m Jpnglet &l.| 20@8nThubent 8tkalg PP07( OCT2 se mT
pod2 | enta trnatkk& erTch | ®kovl ch oimmtf erR®dKdA?)ch N(

i nhi bitory prote8zy (nap§. nel f innvdre i r , r
podm2nk8ch silnD inhibovaly uptake | ami vuc
et al ., 2000) it vinhi OCIT2 m8§ antivirotikum
telaprevir. NovDjg2 doporulen2 wuv§8dDj2z, gc¢
tohoto transport®ru, by mRlo blTt monitor o\

OCT2 je mapntriagwljroviroti kum dol utegravi
stranu, vhodn® inhibitory OCT2 jsou dopor.
specifick® modifik8tory nefrotoxicity zpTS:s

3.6.1.2 SLC28 a SLC29

Li dsknfomgeobsahuj ednyt SLC28 ¢S@28A1, rSLC28A2
aSLC28A3), kter® k-duj?2 tSi koncentral n?
(CNT1-3) a | tySi geny rodiny SLC29 (SLC29A1,
kter® k-duj2?2 |tySi ekorn tl ®rbova® nEF4 ontukd lpelip st et
rodiny transport®r T hraj?2 dTlegitou roli
nukl eosidT a nukl eosi d,®803; ¥dungletes)2018). NTMangr a
jsouvtDl e giroce domDrii@dwhBE8mMIY .se&K NTs mohou n
st SevlD, hematoencef gl8ltirceckc@h baGria®Seet palac,e:

2004)Mi mo jinTch | 8tek NTs transportuj,2 i Sa
1998) a nhDktehi®binudkd poséwdoewv®Bni ntranskript §
Zhlediska |l edvinn®ho transportu | ze pc¢

nukl eosi dov® trandmpdrot ®r yd Tdvadm? n§ e¢aewxd3 .u 2 S
podrobnhj g?2 charaktrefr.i sRrik a¥pglDcdgto itmfamrsm
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nukl eosidovich transport®r T jsou t®¢g uv e

transport ®rech.
Koncentraln?2 nukleosidov® transport®ry (CI

CNTs pSedstavuj2 membr&§nov® pumpRkykter
(Ritzel et al., 1997, 1998, 206WNAd([EWeCNTs p
al., 2006;Mangravite et al., 2003Vl edvi nnTch buRk&ch CNTs vz
aby zprost Sedkovadcghdd arneslneewebrr j§iciacnha | noudkTl . e o
Vgechny tSi typy CNTsr Ttzrna® snp2oSet ua k?c euprtiudjizn ,
Zat2mco CNT1 vykpazoujeyrs erieak tniowi@nunzu k meé &g i
transportuje adenosin), CNT?2 preferuje p
tansportovat jak purinov®,I| @daki nin® ytrki8miid i s
vyskytuj?2 na api k8l n2z membr8&nhD bunhDk prox
| 8§t m&| z Rlkoy b(uK| aassen Mangdvitektsly20@3s, 2010 ;

CNT3 sB m@8frnguje od CNT1 a CNT2 ve dv
transpor t'onukdeosiih mro QNa3 je 21 , zat2mco pro ostat
tentolplomiZra fyziologicklch podm2nek dok§gg
vbuRce pSibligdgnmnN]0 kregt CiNFtlermz CNT2. Tr an
nukl eosidovTlch anal ogT prRgesthSredtni dT 1V & mi tCo
iviedvinn® tk&ni, pSestoge je zde exprese
CNT3 pSedstavuje ontl ®r sqeals® kdhoivk@h 2s utbrsa nrs§pt y
apyrimidinov®ho tvydt 3.2 m1 mtneorgasg wj2en & er ap el
nukl eosidovich anal ogT au rdi% kbgorpti,distibucmT g e |
ael i minaci tBDchto I ®liv (Ritzel et al ., 20

CNT2zprost Sedkov§v§ uptake anjakp ysour ov i ch
kladribin, fludarabine a klofalan (CaneSoldado a Pastekngladg 2011; King et al,

2006; Lang et al. 2001). CNT2 je chopen transportovat -fluorouridin

a 5-fluoro-2 Heoxyuridin (King et al., 2006; Lang et al., 200lGuanosi nov I an:;
ribavirin je zn&8mim substr8tem nejen CNT:
Vinvvopodm2nk8ch byl tak® dok8z8n transport
(CaneSoldado et al., 2004; Lostao et,aP00Q Ritzel et al.,, 199y a didanosinu

prost Sednictv2m CNT2 (Ritzel et al., 199E¢
KCNT3 byla relativnhD n2zk8 (Ritzel et al .,



25

Ekvilibraln?2 nukleosidov® transport®ry (ET

Ekvilibraln2 norktl®@roysi dpwv ®s tt Seathksopv §v aj 2
gi rok®ho spektra nukl eroesliadtTi2v nkdeniekONESn T m ma
ENTs blvaj2 klasifikovg&ny jako n2zkoafini
pracuj?2 jako infmohom?2 zaj agSpoat ®iytrahnespol
zbuRky ven (Baldwin et al ., 20ud; dé&k®ndg ke&tn
gi roce di slterdivbiunoSvcghnys.e VENTs pSevg&gnhD vysky:
epiteli 8l n2clebumrl@bsar pat @s o kdbietals R0 zp Dt
Mangraviteetal.,2003. ENT1 se ovgem vyskytuje i na &
tubul T a He nDamarayuyet ak, 1200 k' y ENT 1 j e expri mo
vmi t ochondri 2 ch, & dkeunslkl nnB[ jJteo ¥Pioidoarhjantes nnt i v i
al., 2009 Lai et al., 2004

ENT1-3 t ransportraj?pypumi donmn®v ®Nurkd leloeso gdio
transport zprolkstaSeAd KD v ajnd fEdNrTma kol ogi cky
nitrobenzylthioinosine (NBTI) a k o r o miSvazodilatancii (dipyridamokem nebo
dilazeem) ( Osses et al ., 1996) .ribaXinngEmtres etsal,b st r §
2009. Ksubstr &t Tm ENT2 patmsin araqgitadin, didahodimo v udi |
azalcitabin rovnhDg <00h)str 8ty ENT1 (Yao et

3.6.2 ATP-binding casette (ABC)t r ansport ®r vy

ABC transport®ry jsou me mbr 8nov® prot
pSeng§get substr&8ty pSes membr&ny proti ko
vyug2vsg reyneralilizyna ADP. DTlceky§ t 8urfkaacenakid
transport®r T je expbunDkem@w®hédiji & isenidrwveima v
bTt spojenantfyketzeirsitme nlc®| ikv Tm (,@014;c\Weiss n i a
aHaefeli, 2010) . Je zn8&mo nej m®n®u 48T tgen
rozdhDleny do sedmi podtS$S2d nebo £003.i n (AL
Rodi na ABC zahrnuje e f-dlywoprotéin (pradukin gepuo r t ®r
MDR1/ ABCB1) , proteiny multil ®kov® rezisten
prsu (BCRPprodukt genu ABCG2)Ho et al., 2005Weiss a Haefeli, 2020

ABC proteiny jogoplazmafic®? t(ovmriyt Sw2) membr §
avpl azmati ck® membr 8nhD a membrm§ mwirlh (dDreg@an ¢
al., 2001;Kis et al., 2010;Shepset al., 2003 ABC proteinyvj ej i ch funkl| n?2
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obsahuj?2 minim8InhD 4 z8kladn? dom®ny: 2 d
prTnik transpoat@veaktebn®ubem®BYTpro nukl e
ATP. Prokaryot i ckhRo uABIC8 tpkryo tteriannys pnor t ov at

zat2mco eukaryotick® ABC proteiny pracuj:
transport®ry jsou |lokalizov8ny ve vel k®&m 1
kde se ¥ astn? abs xrkplen2n@ihc,h dirsotcreisbfu| nT?ycth
exprimovg§dydwap$chy j8&trech, hemat oencef a
mohou ovlivRovat farmakokinetiku pS2slugn
Nejv2ce =zastoupenTl midvind®ou Rglykopretging MRRRr y v

aMRP4. Jsou | okalizov8ny v api k 8dxkieei me mb 1
relevantn2zch substr 8T do mol i (Lepi st a R
ABC t r an s-glykopt ®treyi NP a BCRP dugu xendidtk | e j 2

vpr oxi m8| n 3Mabereuw aRudsed, 2412; Schinkel a Jonker, 3200

ABC proteiny jsou schopny transportovat cukry, aminokyseliny, toxiny, lipidy,

sterol vy, antimi krobi 8l n?2 | 8t ky, gl ul ov®
metabolity ai ont vy . D2ky vel k®&mu mnogstv2 substr ¢
vkl inick® praxi ol ek§gwla®| ilwva.n® interakce t

NejviznamnhDj g2 miodti mgn sApBoOr tt®ranszport ®r T,
uplatnit vorganismyjsou Rglykoprotein a BCRP.Z ohot o dMgededpp? w2

textu uvedena jejich detailnhDj g2 charakter
P-glykoprotein

P-glykoprotein (Pg p ) pat S2 me z i nejviznamnhj g?
Funguj e j ako transmembr 8novs§ efl uxn?2 p L
z intraceluBr n2 ho prodvtudRkly . sedgprzeby | a nejdS2ve
un§8§dorovich bunhRk, u kterlTch tento transp:
terapii (Juliano a Ling; 1976)-8 p se naeh8ddrov® t k8ni (nap
j 8t rechh, plicecdhv,i ngk acentddh rrakmiehanignespot) 2
potenci &8l nD tCoxldarCakdb et all, 990k Biebaut(et al., 198P-gp
exprimovanl na api k8l n2 membr&nhD proxi m§lr
jeho substr gmPRO0d)o mol i (Fro

Subst kg8t ymaH 2 vidDtginou hydrof obn? c ha
spozivin2zm nebo mWmhudkar8tlaln 2009050 8bo-p8 MM e me



27

nal @&atdlv farmakoterapeuticklch skupin viet
analgetik (morfin), antihistaminik (fexofenadin), imunosupresiv (cyklosporin A),
antiarytmik (chinidin), fluorescenl|ln2ch | ¢
kal ci ov®ho kan8l u (ver apamtihypértenziv (propeamoml) d T (|
adal g2ch (Shgpomeg 2808@88) pSPabmnNa tmi vHIZK,umpr
uk8zal o, ge jeho substr8&8ty je Sadavirnantire
nelfinavir, abacavir a raltegraviHashiguchi et al., 2013; Choo et al., 20B0n et al.,
1998;Shaik et al., 2007; Srinivas et al., 1998 Subgpmp rj8$s ogu Pi nDkt er §
ze skulpaknityamb[], fluorochinol onTKraommakjhol i d
I nhibil nhD pTmodbo2uc 2%lhi nin@piiwvnihkitbeorv@a ti nPhi bi t ¢
prote8zy (Storch et al . ,t ®0O0 7 §ldpina@iupeponh o d o b @
ritonavird) naopak indukuje expresi-gp Huang et al., 2001Yishnuvardhan etal.,

2003 . Kardioaktivn?2 gl yekdovsiinda ndii gao X iergptjaek ®e |sil
PS2kladem ih®eéeiabcemTh®| bVo inhibice rens§l |
pSisuzovg&na sou|lasn®mu pod§nz2gpri tTemawpierud i
d8vky antiretrovirotika ritonaviru tedy mo
Pgp (Ding et al., 2004, M¢l I er a Fromm, 2GC

Transport®r BCRP

Transport®r BCRP byl poprv® objeven u |
prsu Poyle et al, 1998) Tent o dktainsmp2omt®frl uxn2z m pr oce s
substrg8ty pSes Padhdid mRygy ailemBPCRPw.eEXpmni el v §

tk8nz2ch, kter® maj? bari ®r ovou funkci, j a
(Schinké a Jonker, 2003)VI edvi n8ch je BG@RP kBDbDkR&al imeoanb§
proxi m8dwl2Tc h( Hwl s et al ., 2008) a mTge t
vprocesu |l edvinn® tubul 8rn2 sekrece | ®|iv.

BCRP transportuje funk]| nll ea ®s tnrouthkotuu rmm?I
pozitivn2, tak negat2®®m3; nGtoekj2005)dBERE k awa
transportuje jak hydrofobn? | §tky (naps§.
organi ck® anionty, zej m®na-gpulmoadtomm BVNzRE | kec
spolupracovat a synergi k] mclefpkebss md Bladhgis
bi ol ogi ck® baod)®ry (Pol i et al
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PS2 k| ade mBCRRIjsos therfdteffapeutika (mitoxantron, topotecan),

antivirotika (abacavir, zidovudin, lamivudin),f | uor escen| n?2 | 8t ky (
Hoechst 33342), KonpBsaglivan)®, amli andiyoi(dkyt
(kyselina |istov§g), ri bovl aChemet @008 ami n I
Krishnamurthy et al.2004; Mao a Unadkat, 200Banet al., 2007yan Herwaarden et

al., 2007 . |l nhi bitory HIV prote8zy ritonavir,

j sou efektivn?2 mi i nh2 ®0 4 )or yBBRRPt dKAumpT @¢e e
“ul ohu pSi i ntdrmdk okaccykdydepacientovi®d p®.d §n nNDkt er

zinhibitorT HIV prote8zy sou|l asnhD se subst
37 Charakteristika zkoumanTch antimikro

Anti mi krobi 8l n2z | 8tky jsou defnov8ny | a
t] . proti Tmaktheoul®8m ai parazitTm. Ant i mi
antibiotika, chemoterapeutika, virostatika (antivirotika), antimykotika aj. (Vokurka, et al.
2007).Ant i mi krobi 8lkn3d ni 8§kRy pjesia ia syt g h @luimv2 v ar
aj eji ch pddofpvastnSe npat S abraRuj 2c2cm/tn@toohdy
skupinhD se vyskytuje pomRzmrlg amias mu eploil meitr
ledvinami (Leekha et @l2011).Vd Ts|l edku vypokpo@Smpdzi akovl
mT § e doavpjitaxic k®h o pogkozenpS:?2 seldwdg minn® d okp8andle s
ledvin Tr ansport n2p Sesatmaphilssrhy ant i mi krobi §1 nn !
bi ol ogi ck ® | nedmnhnnggncsho u d satt 2tne | ynddv ypsovplst8 re ny .
Z2 sk8vs8§n2 dwl®t?oc ho bzlmaasltas tf2ar mabebkpgi alNpg?2m
a racion8ln2mu poug?2vsgn? anti mibylyadi 81 n?2
vizkumn® pr8ce zahrnusttgekipn€d h e dlag skipiy | ®k up &
antimi krobi &8l n2 c hkteristigat @ckn ot $ti rvd Icth§ sdjéuaro v a n

uvedena textuudal g2 m
3.7.1 Antivirotika

Vposledn2 dobhD se znalbwDchvapujei popt &
astr at efga kRtcdr. T K, kter® pSisp2vaj?2 ke zvygu
rostoué vIiskyt chronicklTch virovich infekc?2 |
jako jsou naps§. coronavakuwt nZp Trseodbpijrral2n 2 S
(DeCl er c q, 2 0 OHIY a virZhepgafitidycCdHCW) ] e t er api e zal o
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kombi nac®l i vgstahtIn¥ i r T, hearpaskamplgx sviousHSV),
cytomegalovirus ¢MV), varicellaz o st er virus (VZV), Vvirus
virus hepatitidy B (HBV) a filovirus, spo
j ednot | i viikyrtDe Claerogt 2008) r o

Zaveden?2 ¥l innhDNjg2?2ch antivirotik do kI
potenci 8l nD toxicklich dadiieentd r(ThzampiSch Hd R
i munokompromi tovanlTch pacientT pSimamitransp

zvigen®ho viskytu antivirotiky indukovan®
Acyklick® nukleosidov® fosfon8ty (ANPs)

Acycklick® nukleosidov® fosfon8ty | so
zl aboratoSe APDsoba¥mnaoHgh Bidclehni®wec hemi e Sar ukt
vzorceest ovanl ch bANRS WAWNPE2 pplrsotbi gi rok®mu s
amaj 2 cytostatick® a antiproliferativn? Y]
je jedinelng8 t2mkniukljeospdunPrpSit fefanat:
etheru a dok8ge odol §vat pTsoben? ester §z
2007a,b ) . ANPs jsou vylulovgny pSedevg2m | ed
(Cihlar et al., 1999). Transport ANPsvprogmh nég bl ech | ezdeyyinm®nsap o| 2
vychytpSwsEms2l ater §l n2 méendr BEomi 8§ leptdkeume mb r
vproxi m8ln2gzhpr dsutbSid cekcchv an T SLC transport @
zodpovRdnlT za nefr ot oxiklaagsan antl NIeksusgRd20; h | ar
Minuesa et al., 2011).

ANPs adefovir, tenofovir nebo cidofovir
virovich a nfeekovi (Dol BEhe Hot®R00B0 07 &l avn?
adefoviru je | ®| b a i nfekc2B,vi cudohfeopvaitri t jdy i ndi |
cytomegal ovirov® infekce a tenofovir je pc

MognTmi neg8&douc2?2mi W inky jsou tRgk® po
zapS2linhNny jejich r en §ldineetmal 2005). Atlefovirn 2 m t r
tenofovir a cidofovii podobni ] ako ostatn?z antivir.
nukl eosidovich fosfagjngoe PMEG minds PMEDAPL vy
al., 1999, Ho et al.200Q Uwai et al., 200y . OAT1 a eflt ®xnadMRPdarmns
viznamnhD pod212 na regul aci hichdi Myarugeao
|l i nnosti OAT 1 terofovirgzutj re§ ttao xfi wcn k lun o snadpak MRP 4
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kzvi gen® r eln®@|l(Kolleréta, 20110.Te¢ of ovi rt sk® pweas gf2ovrsr
ve vodhD rozpustn®ho diesterov®ho prol ®| i ve
zl epguj e biologickou dosptoudp8hn®s t( Ftuenngo featv iarlt

Me z i ANPs eki kt UuBeekDEk efosoriomginoyestyll P ME [ 2
a HPMP [3hydroxy2-(fosbo nomet hoxy) propyl ] S potenci &
r Tzniincfthehd3obenl chet DMAroivigh i nf@kzarthi nebo
etal,2007; Bijsterbosch et al , 1998; Rei ser
cPr PMEDAP, kter8 je zn8m8 jako potenci 8l n!
infekce a infekce zpTsoben® | iSHHFKMPMA prag i | c
gi r okt®manpEeNA virov ® odletnicv i§tly pa o ugit?2 pSi
virovich infekc?2 rezistentn2ch rezistentn
(De Clercq, 2007b). PMED APy a jeho deri vs8ty reprez.
pyrimidi Pesalncthi r&N rr ovi rb&InMm?3 n®k tkiud ittucdie  Bal
2007; Hol J200B.tGS®191 | e | i p ddubldprodug) p rl o8It &|yi vPoME(G
L8t k®163 byl a navr genBMEGSaakuhuagnehwl gniet apo b
vc2lovich KIRMSEac kT vIT znvaSm ptSeetdomiit &tmk yd ad O
(DeCl ercq, 2011; Wol fgang et al ., 2009) . Al
mo gn® i nttrearnaskpcoer ts®ry | edvinnich proxi m§l n?

objasnDny.
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Obr.5Struktury studovanTl-at ykilv ajkd wihc m uard teiowii rdmtvilke h  f

adefovir tenofovir cidofovir

Obr.6Struktury studovanlch antivirotik ze skupiny ac

vkl inick® praxi.
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Entecavir

o}

X

N NH,
HO

entecavir
OH

Obr. 7 Struktura entecaviru

Entecavir (ETV) , synt ebrc BT, gwreanpednt
znej Ul ghn® vysoce seteaichvoAdichk ® ®h éAkd tpivtaiz d
5tri fosf 8t eetreemlviikacii nvhiirbwjhepat(@cotti dy B
aKeating2009) ETV je eliminovg&n pSev§gnhD do mol
s e k r(Matthews 2006; Razonable, 2011Pr o r Tzn® Y%l kl ynimJklec ho
podm2nk8ch ETVda&logtbminoargtni vsi r ot Kokljinace e b o |
ETVsdal gzwy p®dtii HBYV, jako jsou naps§s. ade
vhodn§ u nnRKktreerzlicsh egnacce?ii ekrotv ® ¢ ,8012; Bhienget( Ch a e
al,, 2011)

Na reabsorpci ETV mo | | se podz2l 2 PEPT2 (pepti doy
2013). e studiinvivou pot kanT byl o zjigtRno, ge v i\
m?2 t OATs a OCTs2010)Wa nnxei daSov ne&t dalb.lsplynloe 2 up S
geneticky modid ilkeodvvaing rcthe h@&a@¥k] < TBo 2 10€|T
na transportu EV (Xuetal,2 0 1 3) . Ur | iptoodw bstorsu k tsu rEnT2V. m8§
unNDhog byl o zj i gCNIaaCNT3j§Ganesadads &Paso#Anglgdg e m
2011; Yamamoto et al., 2007)

3.7.2 AmB

Amfot ericin B (AmB) je pS2r @ododaamsti bi ot
AmB jeod roku 196 oporou anti myk®l bk & i # et a pihe o
mykoticklch nafedkejpe HLi® liovgi ck® membr §ny t
k ergosterolu mykotickTch HGuhbihga Amden,hol es't
2005; Laniade. a b or 2 n -Yargas@9.al e s

PSes zmawebeh2 antimykoti k, jako jsou az
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pomoAc®B st §le mognost2 volby u z8vagnTich
syst®movIich onemoyxmrarnlyk @tTisoblemthenpeaaio ge ny
2010;LaniadeL a b or 2 n -¥arg@s@0® al evVs kl i ni ck® pr axi m &
m2 st o u i munokompr omi D%y anplacch teamsplantacepnot T
aonkol ogicklich pacientT, ktieS& wmecdfskouP uy 2
z8vadgnlich mykot i ck,R0l0y Pagamdetd@®d. ( Chen et al

IO

o

NN N

NIZ

nn
Ql
I

Amphotericin B

Obr. 8 Struktura amfotericinu B

Vv l i st® formDn m8§ AmB mal ou rozpust n

fyziologick®m pH. AmB se usdat g2 mokgwmPomen

kterl sloug? jako detewdégen2 PouvpushDBobkodu
byl deoxychol §tKlaassendahleksurfe® 20CQ Lar(adeL ab or 2 n
a Cabralesvargas,2009 . Pro zlepgen? sn8gelny idoslt®| By

zavedeny nov® pS2pravky obsahuj 2c? AmB v
cholesterol nebo fosfolipidy. AmB komplexu s DOC (AmB/DOC) sevgem st 8§l e
vgeobecnhD pou ¥ Bleinbetgh 2006; Sairiet a. 1200 eci 81 nND pr
jeho vygag? Yal i nnost alnebo ekonomick® viho
p S avRyr(Ascher et al., 2012; Bicanic et al., 2012

Jedn2m z | imituj2c2ch faktorT klinickd@
NovDjg?2 | ipidov® f or nBunl2acse AMBE DpOG omb®&n [ en &
U znal n®ho poltu pacientT se ovgem vyskyt.
vlii pi dov®m k ompl el1998;Sdfdaretkake, 2040; Satby &4 Rupont, 2008
AmB pravdRDpodobnD zpTsobmnj emercehm&lin2myp o gak c
mechani smus on epfTrsoot boexni 2c k ® sFar®y & Cataldiz0dLj a s n N n
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LaniadeL a b o r 2Cabralesvargas, 2009 . Koncentrace A mB %
segmentechledlvn mTge blTt dTlegitl mpflasltbemnmem jPghha
kter® url|l uj2| ddyibryg ptrcoit oAm@Ilvw Dblt dTkl adn

G8dn® podrobnhDj g2 informace o ren8ln2ct
mognlch interakc2ch s | edvi n¥ihiedemktormnspor t
gA&AmB obsahuj e substitsentP®s kyselduz &Ksud &i t ou povahou,
i nteragovat s transport®ry pro &atagygni ck®
(OCTs). DOC jakess o u | §rsvtenkm2 ho pS2pravku AmB by t
ovl iat. Rov
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4 C2|l e prs8ce

T Zav ®s't na pracovigtn experiment 8l n?2 n
svybranTmi SLC transpor t ®inyitron@A biu,n NO QT2
“urovimyiugsit2m pSechodnhD transfekovanTch
pSi prawvwbmmotdel T pomoc2 vhodnTch testT
studovanTch transportn2ch syst ®mT a p
metody Western blottingu.

f Svyugit2m bunhRDlnich model T prvoypw®satnTinnh i
antimi krobhBdnmi plT§tkami (asamdSea®i kha,
jejich interakce svy br anT mi l edvinni mi transport
parametry i nterakce a ur | it Yal 0o hu
transmembr §nov®m pSesunu studovanTlch | &

T OvNSitsl estuvizjigtnNnlch i nterakc? zkoun
stranspqgreti®rch S2padnim cytotoxickIm
transport ®r ecltetppsuo uld®ltii @i@n teé Mma k poten

vkl inick® praxi soulasnhD pod8&8vanimi | ®
T Vyhodnotit experiment8&8ln2 visledky, se
relevantn?2 odborn® Yr ovni a vypracovat

pogadavkT.
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5 Experiments8l n2 | 8§8st

51 Materi 81

511 Pougit® pS2stroje a vybaven?

24 jamkov® dessatdiilnkgye n(, T P&,1 cTarras k 0)

96 jamkov® mikrotitraln2z destilky, |ir® (1
96 jamkov® mikrotitraln2z destilky, tmav®
Automatick8 pipeta DBB@GoDlryHTEeri¥ar papaijt
Aut omat i c lsc®Bverny aupdavaple O 000 MO0 MHB®, 05 (HTL,

Var gava, Pol sko)
Centrifuga 3K30H, Sigma (Laborentrifigen, Osterode, SRN)
Destil kovl analyz8tor (TECAN, Infinite M2C

I njekln2 jehly na jedno pougit2 (B Braun,

|l njekln2 stS2kalky, steriln2 (B Braun, Me |
Il nkub8tor (Shel Lab, Cornelius, USA)
Jednor 8zov® plastov® pipety, 2, 5, 10, 25
Kultivaln?2 | 8hve 25, 75 a 150 cm] (TPP, Tr
Labor at or n3 15tC8nérqd, Buhleras nkkSubal n2 m n8§8stavcem T
(Johanna Otto GmbH, Hechigen, SRN)

Lamin8rn2 box: Mi c r oill SAYE 1B 4Bioairanatfureenty, cabi net
Mi | 8§no, 't 81 i e)

Mikroskop OPTIKA Microscopes, XD 1R (OPTIKA Microscopes, Ponteranica,

It 8l i e)

Mikrozkumavky Eppendorf 0,5; 1,5; 2 ml (Hamburg, SRN)

Pi petovac? n8stavec SWI  FTPET (HTL, Var gave

Rukavice | atexov®, nesterilnz (VWR, Radnor
Scintilaln2z | ahvilky vnhDj g2 groubovac?2, 4
Steriynégemed sklenDn® pipety 25 ml, 10 ml

Gpil ky EpRé®n O®rofo2@Mi1poono0®! (Hamburg, SRN)

V8hy Kern & Sohn GmbH (Kern & Sohn, Bal i nc
Vodn2 | 8zeR, TW 12 water bath (Jul abo, Sece
VyhS2nvaagnn®&t i ck® m2chadlo | KA RCT basic saf
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512 Studovan® | 8tky a dal g2 dTlegit® chemik
[*H]amfotericn B (FH] AmB; s peci f i10 i/fimal)Ldinethg-k t i vi t
4fenyl pyri di fHMPR; aspe &t €i ¢k§ r alllaedtechvir i vi t a
PHG)] (PHIETV, speci fick8 r ad)ibodkyt izvdigkgnly0 zCi A
Radiolabeled Chemicals (St. Louis, USAHIp-a mi nohi ppur cHFAHky s el i
specifick8 radioaktivita 4,56 Ci/ mmol) byl
[Adenin2,83H]-adefovir, (fFH] adef ovi r , speci ficks radio
[adenin2,82H]-tenofovir (FH] t e n o f o v i radjoaktvilp&,8 Cifmmal)s-8H]-
cidofovir ([*H]cidofovir, specifik § radi oakti vit &3Haddn Ci / mm

(*H] uri di n, speci fi cQdBmol)rbaydli yo a k t?2 idvorgvelky 6, C
Biochemicals (Bea, USA).
Amfotericin B, AmB/DOC, tetraethlya mmoni um ( TEA) , cidof

probenecd (p[ di propyl sul f amo;PB)]HodclssB 2842 Sakygpetitf
ABCG2 inhibitorKO143b y | vy z 2 s k 8Aldyich (St Lodd, dSApIenofovir
aentecavibyly d o d 8§ n 8anth Cruzmiotechnology (California, USA).

Adefovir, PMEG {-[2-(fosfonomethoxy)ethyl]guanin}, cPrPMEDAP 9{(2-
fosfonylmethoxyethyBhN(6)-cyclopropyt2,6,diaminopurin}, G9191 {(L-
fenylalaninN , N[[2-[2-amino6-(cyclopropylamino)9H-purin-9-
yl] ethoxy]methyl]bsphinyldenbis-,bis(2methylpropylester}, (S-HPMPA, {(S-9-[3-
hydroxy-(2-fosfonomethoxy)propyl]adenin}, PMEDAPyY {2,4-diamino6-[(2-
fosfonomethoxy)ethyllpurinpyly | askavIim dar e®OLCHBDYR Z. J
vPrazeQuercetin dihydr 8t by | z Katédy farghakologid d o c .
at oxi kol ogi e FaF .Skevci Hi adti ARBHITObYI® hi bi t
dodg8n f i SchmeduMuKichyGdermany).

Pro kultivace bunRDk byHaog]l peodusg intion ikmulnt ie
mediumDul beccods modi fl-gutmiicmeyd s e @muinoigseliy?2u m
(SigmaAldrich, St. Louis, USA af et § ®n PAA, Pasching Rakouskp. DMSO
(dimethybkulfoxid . 9 %),a ypsin (0,25%, Trypsin- EDTA Solution)by | v z2 sk §8n
od SigmaAldrich (St. Louis, USA. Chemi k&lfi§d o ®PAS (Rhosphate
Buffered @line) NaCl, KCI, Nd#HPO4 NaHFPPO4y pH=74byl y z2 sk8ny od
PENTAChrudi m, Lesk8 republika)

Kity pro stanoGeen?2Tit e tastOuexEBotuiiod Cell
ProliferationAssay aCytoToxONEE Ho mo ge n e o u gritylasseybyla ne | n
dod8ny firmou Promega (Fitchburg, USA)
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LidskT OAT1 (SLC22A6) expresn2 plazmid,
(SLC22A2) expresn?2 plazmid, |idskT CNT2 (!
(SLC28A3) expresn? apgliamnmiad,2 tarnan pEm§izpdind 2 v
byly z2sk8&8ny od Ori Gene ) Tec hnn8oslloegdi nels3 a(nRpol ¢
firmou Gener.i Bi otech (Hradec Kr 8l ov®, Les:s

Strukturn2 vzorce test qrgamu ChemBioPrave k by |
Ultra 13.0 (Perkin Elmer, Waltham, USA).

52 Pougit® metody

521 BunBhD|l n® kultivace

Vgechny pougit® bunDIn® |inie byly adh
doporul enTdotavatele s KopTh wRkyY nByIEnyp&agg®v 4 o«
vpS2slugn®m kul thiumall m2&m nm@ekiub\glvllrein® at m
obsahwCocaz37A5C St §vaj2c2 kultivaln2 m®dium
opl 8chnuty fosf8tovbmsabhayrzm2 MPBSTI|I o1BH i
NafHPCOt1a NaHPO1 10 mM. Bubglk y§sNDedmzvol nDny roztok
trypsinf/fEDTALi nnost trypsinu byla zasobavehalm$imc
buRk&m. Zvolen§ | §st tialtyd apefipper i inies® tTonu nal
byl a pSeneskewlat id@a| ndv®ahve, oz i al ean ad 8|l 2es

kultivov8na.
HelLa bunDlIn8 I inie

Lidsk® epiteli&8ln2 buRky =z n8doru dnl
European Collection of Cell Culture (Salisbury, UR)u n Dl n & | i AB0)byla( pas 8§ ¢
rut komhBi vov&knuwl tvi v7iablcntoam NIl a ®vEAgiERinimum
essential medium (EMEM) s-glutaminem 2 mM), o neesenci 8l n2ch an
al0o% f et 81 nkoh os @roav.N z 2

MDCK | I bunBDlng& Iinie

MadinrDar by ho p sk?u RIked vDadgnd@nime kidney cell line,
MDCK 1 1) byly z2sk8ny z EuropeanBGabDl eégtic
linie bylap o u g iptaas §\¢20cMDCK3 | | bulniDdhin& stabilnD tr
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ABCG2 pas §)eaMBCKI | bunhDtaBil nBi eransfekovans
511)by |l y zn2as kzZ8&kyl ad D s p oR SuvpkreS8nc ey farkadlomd . P.
atoxikologe F& UK ( Hradec Kr 8l ov®, Lesk&bywyepubl: i
rutinnh kul7siomo k&ny i vwaln2zch Dla®m®dhu v

Dulbeccas modified Eaglés medium (DMEM) 4 -glutaminem?2 mM) a 10 % f et
hovhDg®ha.

HK-2 bunDlI n8 | inie

Li dsk® | edWHiunmokideey delulifekk2 )( byl y Ameticerk §ny z
Type Culture Collection (ATCCManassas, USABuUu n D] n 8§ leil®klil)ebylal pas 8§ ¢
rutinniD kul tciPvkowl 8tniavladdnve2cchh v bunhD|l n®m m@
sL-glutaminen (2 mM) al0% fet8ih 2 ho hes ®Na 2 ho

LLC-PK1 bunBD|l ng& Iinie

Prasel 2 DbuRky proxi mBK)b2yH o tz@Ewdo&nyl edyv
Collection of Cé | Culture (Sall shueegldIibpbkidgutBumi n .
kultivoe®hal vi v&l n2ch | ahv2ch vglutanimed| n ®m
(2mM)al0%fe@in2 ho hes®Na2 ho

5.2.2 Transfekce

Podle pSedbRgnich funk|ln2ch testT byly
mod el pro pSechodnou transfekeci pl asmi den
buRky vybrg&ny jako nejvhodnhj g2 model pro
HelLa buRky bylltyud salzemiyk vnapoj amku ve 24 | &
MDCK | | buRKky byl y3 HEazuennyk wapglatmk u2 ve 24 |
Ng§sleduj2c2?2 den byly buRky pSechodnhB tran:
studovanl tr ans p vektoredr pPCMVEEDot rpyr §(zpdQINIVIB) s p
tansf ekl n2ho r o z t2@0Q yInvittogem cCarlsbad, dJ®A) nae media
Opt-MEM (Il nvitrogen, Carlsbad, USA) pSesnnDh
Po s®ri.i optimali zaln2ch e>xpydryi npernat Ts tduodpo

transport®ry zvoleny n8sleduj?2c?2 podm?2nky
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f hOAT1040y DNA/ j amka, DNA : transfek| n2z r
T hOCT20,50yDNA/jjamka DNA : trank®Rek|l n2 roztok
f hCNT20,40yDNA/jamka DNA : trankBekl|l n2 roztok
T hCNT3Q40gDNA/jjamka DNA : trankBek| n2 roztok

Kontr &klkry2 btyly pSechepd®Rdnd ann syfekk v @iy z
transfek|n2ch podm2nek jako pStsdogahlah
transport®r T byla ovDSanaspm@vadod uWks nersn
model u byla potvrzena funk| n2mi testy se s
(viz.Pr2ojet)ransportn? experimenty a pro z?2
bl otting byly pougity HeLlh@aATb @4 lpytragieRed c h o d n
nebo MDCK 11| buRky pSechodnh transhfpekovan
transfekci).

Vgechny experimenty s geneticky modi f
prov8dhNny v souladu s pS$2s!| ugnklImg d@Mers ksl mi
a geneticklimi produkty

5.2.3 Western blotting

Homogeni zace bunpXxkotaeiprfSew®haov aextr aktu

Po pSechaekre® tbhrydrysfHela buRkoyy!| &c MDCKy
fosf8tovim pufrem (PB3%ymaagew |AtGawjarthant22c h
z-80AC byl o apli Kyz&nn2m®0?koazt ok albmdRkTagnhem
Lyzaln? roztok obsahoval RIPA pufr s 10 %
a 10 % PMSF (fenylmethansulfonyl fluorid) (Sigr&drich, St. Louis, USA)Po 10 min
inkubace na |l edu byly alyypoworc® bRk pleond
av ultrazvukov® | 8znv.pboaymBAR Holha200@dnrn r i f u
Supernatanby!| pougit jako konelnl proteinovIl ¢
obsah proteinu pomée? pmeot oky hRGAheghtievn?
sl ougi l proteinovl extrakt z bunhNk pSech
pCMV6. Vzorky byly pSed aplikac?2 nd el ekt

vhang§getem, pkterT obsahoval n§sleduj2c?2 sl
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Nan&§gec?2 puf+#0(AlC)adovgn pSi

PSekr Tvac ?i2§mll(Stacking gelibdffer, BiRad, Hercules, USA)
10% dodecyl s 2 SignaAldsioh,dn louis| SRS ,

Glyceroli 2,3 ml SigmaAldrich, St.Louis, USA

2-merkaptoethandl 0,5 ml SigmaAldrich, St. Louis, USA

Br omf e n o lid m@GigmaAldch, St. Louis, USA

MilliQ destilovan8 voda

= =/ 4 4 -4 -2

El ektrofor®za a bl otov§8n?2

Aparatura pro el eTheMnoTransBB® ol fFlaa bz ds by g a
Bio-Rad (Hercules, USA). Pro pS2pravu gel T n
roztoky:

Roztok pro separaln2 10% gel (skladov§g8n p¢
T MilliQ destd9mbvang voda
T Separ al n?2 -x5al(Reparating gef buffer, BiRad, Hercules,JSA)
1 Akrylamid-bis roztoki 2,5 ml (Bio-Rad, Hercules, USA)
1 10% SDS 0,1 ml
T N, N, NdijamétNylethylenediamin (TEMED)0,015 ml SigmaAldrich, St.

Louis, USA
T 10% ammoni um p &,03sml@igmgAldrioh,SP 1Dlis, USA

Roztok prcéd pHeigrellvdg skl adovgn pSi 8 AC)

T MilliQ desi6glbmvang8 voda

T PSekr T vac ?i2§ml(Stacking gelibdffer, BiRad, Hercules, USA)

1 Akrylamid-bis roztoki 1,25 ml

1 10% SDS 0,1 ml

1 TEMEDT 0,015 ml

1 10% APSi 0,03 ml

Roztoky proksdwparcg| m2ela byy$eg napi petov§

skl a. Do pSekrivac2ho gelu byl zasunut hSe

pSipraveh® &g awpkyatmkian) apl i kovg&ny do pSipr
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extrakty byl vy r elekoio Ir ®zy -PA®Bocfel ektr ofc
vpol yakr ylgaeniud ano®mSo s t i dodecyl s2ranu sodn
syst ®mu Mnit-PAR&XTUBANE nTeeplmmale® ekt rof oreti cklI
(Bio-Ra d Hercul es, USA) na pS2smAa20dVpBower
dobu 75 min. Proteinpyl y n8sl ednhD ve stejn®m el ektr
bl ot ov ac? m-RagduHercudes) USABzago nek 100 V a 300 m
90 mi n pSemp&beoyov@my polyvinilidenovou (
(SigmaAldrich, St. Louis, USA).)PS2t omnost pSenesenich pr
bar ven2 m me mbPorgeay (SERVA, tHeidelbeny, Germany.o bl ot ov 8n
bylamenbr 8na 1 h bl ok ov §n abuffered saling) ®0k06 % weehur u T B
20 (TBST) (SigmaAlda h, St . Loui s, USA) a 5((bidttingugen®
grade blocker, non fat dry milk, BiRad, HerculesUSA).P r o t i rbigrhukoblotiing

bylyr ozpugt Dny v5%WBUSgre np&uhfor un 2sz ke mbh mBrha bny I®:
i nkubov&narimgBas po o tSEA2FA6 (AB1YN1:1800,taMELC28A2

1:200, antiSLC28A3 1:200 (SigmaAldrich, St. Louis, USA), amtBLC22A2 1:200

(Abcam, Cambridge, UK) nebo affitact i n ( pr o kontrolu zat 2¢
(SigmaAldrich, St. Louis, USA)Poi nkubaci byl a membr8na |ty
pufrem N§8§s| ednBD byl a membr8na inkubov8na s
konjugovanou $ e r o x i(@ESHeaithcare, Little Chalfont, UK; Siga#drich, St.

Louis, USA podobu hv TBST pufru$%s u glrecm ® 2 zkot ul n®ho ml ®k ¢
se sekund8rn? protil 8t kou byl a membr 8na
pSipraveng8 membr&na byl a pS$Se 8upeSigaal Weste mi | u
Pico Chemiluminescent Substrate (Therna@S8tific, Rockford, USA) VyvZ2j en?2 si
prob2halo v tmav®-rlgmdSd ma, pol §@EPMAY 4 U«
Bohemia, Hradec Kralove, Czech Republi)z ni tkun®r eakt i vn2 )pr ougk
byly skenov§ny na klmdge Quand 408 (GB l#Bd@@D, Likle me Se
Chalfont, UK).

524 TransportnbusBludimi smodel vy

PS2prava standardn2ch substr&8tT pro inhibi

Pro transportn?2 studi ¢HPAHI(LOMADET ¥ mbt an.
pro OATS [BHIMPP*( 1 ,Q@RCi Y pnolOCTs g°HJuridin( 1 ,@8Ci ) prol
CNTs. Standardn? subgi/ABEBlHpechst3BLR2RBYABEG2 ga
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v koncentracBOMSt andardn2?2 substr8ty byly rozpugt
7,4, kter 1 mdNaCh4nmwKEl ImM GaCh, 1 mM MgCk . 6H20, 5mM
gl uk - zmM HEPES.0

PS2prava testovanlch | 8§8tek

Testovan® radioaktivn2 | 8tky byly pSi
koncentrac2ch v fH]aandsepfoorvti m® @i Of, dilitgr@idiif : 1 [
(0,5 O8j / dH]dgdofovif (70 OM, OCi /, fH])amf ot ericin B
10Ci / ml ) .

AmB/DOC, DOC, adefovir, tenofovircidofovir, cPrPMEDAP, PMEEDAPyY
a(S9-HPMPAbylydoz 8 sobn2ho rozMbklui Qodpsesgt Doyanwn®
AmB, entecavir PMEG, GS9191, quercetin a probenecid byly do8 s oob n 2 h

roztoku r ozp sgdfexiBunn(MSO). di met hyl

Z8§sobn2 roztoky testovanlch | 8tek byly
vtransportn2m roztoku obsahuj2c?2m pogado
koncentraceMiliQzeotuigltdwdaend ® yw dtyr anresbopo rDtM520m
nepSed9€hl a 1

Akumul al n2 a i nlsiLICi tmaanstpwdit®ry

Experi menty btyrliyplpirlo&t§8adddmyves 24 jamkovl
buRk§ch pSechodnhN transfekovanlchdnBOATI1,
transfekovanich hQCCTrRa HKECMNITR2g | rm2CNiT 3bu Rk § ¢
pr&8zdnim vektor emyl( p CMVdh BuRuRBthr ansport n?
apreinkubovgny ve steAC®mMPrezn&kibal @2 mt n a|
byl odstratih , ng8sl ednhD byl pSid&n inkubal n? ro
substr8tem asbbRkammKkfudlotviSwi ta transfekce b
porovngn2 akumulace standaram3fiekoadnobdbakt i
VTl i akbmRk&cih v ransfekovawiaohipi §gndechmsy
bylaintraceluf r n2 akumul ace standargdmidhpov ormadi pa@akt
se zvyguj2c?2mieskovaeadtchademiek, Iemgobagh@
| §tkkpyS2 sl ugn®muKdnmtarnslpm2r t ®uBky byly inkubo
koncentrac? testovan® | 8t ky/ rozpougtDnDdl a
pS2slugnim trakspben®reitmnkubBace byl y buREK
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opl 8chnuty | edafl U me3¢roMntNoak@®Im ao blsO mM HEPES
(STOP roztok). BuRky byly ngsllediny)zad M2 m
roztoku/jamkak t er T o bs ahowvel 00T rmM oMaXOH., 5Ze zl yzov
byl o odebr&8no 10 Ol prgemhRDSgnhyteksgd®O® Ol 9t
do meS2c2ch lahvilek s 1 ml S cAldtich,tSt. | a| n 2 |
Loui s, USA) . Radi oaktivita takto pSiprav
(i nkubal n?2 roztok + sci nt ispeltrometru TFiCarbt o k )

2900TR (Perkin Elmer, Shelton, USAR.adi oakti vita vzorkT byl a

DPM1 (desintegrace za min). Visledky byl.y
standardi zovan® v Ttesiova® bpamoe.prvipmhet vby
vprogramu MS Excel. K vipoltu byla pougita
I'3pmm
8 g

Aé. akumul ovang8 d8vka
Dé. podan8 d8§vka

mé. mg proteinu

Pro grafick® vyj§dSen? byl a hodnota %
buRk&8ch odeltena od hodnobyRKSEcak uenug raicreu
testovanl transport®r. Afinita testovanT
vyj8dSena jako i mhobBeEhhnSkkecentgane &KumtL
Ssubstr8tusmpal &0vympoll2Ct 8na pomoc?2 nelines8ri
GraphPad Prism (verze 5 a 6).

Zj i gt Dn2 s ub sytemeBavimVE®V)s peci f it

Experimenty btyrliyplpirlo&t§adddmyves 24 jamkovl
buRk§ch pSechodnMOATIa,ns fMDkCKv ahT c hbuRk §ch
transfekovanich hOCTayllyCNVAkrBENDOP.! SRR
roztokema r ei nkubov8&ny ve st efQ.®nPrreoiznkoukbua |1r02 nt
rozt ok brykb uoRlks§&tm abnyl [HETW@H0 G o@M ka i nkubo
dobu 5 nmionh pP%i inZkubaci byly buRky omyty d
Lyzace bunhRk, odebr&n2 vzorkT na mhRSen2 ob
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% akumul ovan® d8vky standartdszowam® jvidmece
proveden stejnim zbTVlopboel net p okpisnaentTihtnk ®h @ e .y
entecaviru byl provedem?2 pamaod? zyneldilrmre§

MichaelisMe nt e n o v ® GraplpPadrigm(\zrmmeaib).
Stanoven? proteinu

Stanoven? proteinu byl o BQA RrotendAssayo Kk o m
(Pierce™ BCA Protein Assaxit, Thermo Scientific, Rockford, USA) | e dopor ul en
postupuv 1 r obcemet Daltao | e zal ogena na reduk] n:
val kalick®m prost Semh2C*. kKgs el irea (BENF BEn Cho
chelatuje Ci a t voS? v e vodhD rozpustn? fialov
kol orimetricky detekov§gn.

1001zl yzovanl klmgd®hBk vzorku z tramsport
pipetovg8§no do 96 jamkov® destil ©OYy.i nDal laag
zpougit®ho kitu a destilka byla inkubov§gn
barevnich komplexT ve vzde&dclsthypdar ih5ep
kalibra | n 2 kSi vku bsy@ir opyd u gail tb utmd-AidAc 2BtSLdyis, Si g ma
USA)vk onc ent-20808/ml.lNamNSem8b armse kagd® konce
ang8§mi pSipravenich vzorkT byla sn2gena o
kalibraln?2 mk&pwkoyr gprSi pMavExcel byla stano
pSipravenlich vzorkTkada®sti essnd®v amg®pjr@amee n

Studie | ® ovich interakc?2 na hOAT1

Studie interakc? adefoviru, tenofoviru
provsg8§dnNny hv vter ip4 ijk&mleavich destil k8ch s
pSechodnhD transfekovani wmal m2OAMadi(wm zb wilaj e
abuRky byly dvakr 8t opl 8chnuty transportn
roztoku 10Cmi Rapl&ima®leawn h D v Hadefovir OILGM)[ ,
[*H]tenofovir (05 OM) SHledbioddf ovizp U FtONNOM)v rtor anspor
spogadovanl mi inkubal nemor KopEEYt r Aen8mMni bl
kbuRk&m a inkubov&€o EntmémavmdFit by1 i nkube
koncent-1@@@ c®MO AmB v -3k&n devht rPaoc 2icrhk udb a ¢ |
okamgitn dvakr §t opl §chnultyz akedobvdmkST Of
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radioaktivity akwmkiTowanw® pbfwky % jamegen® n
pr obNhl o stejnl mkapitgeRkabmnaima] ako av i nhi bi | n?
transpBro®rgyrafi ck® wvdgotad % Sakumtlace/my |pmteintn o
vkontroln2ch buRkS&8ch odeltena od hodnoty
exprimuj2c2clrtte®st.ovAdrilnittraansemstovanlch ET
vyj 8§dSena jako i mopioliiSlebn §k krec smt2rjeecne lak un
znal en®ho anti wbylbai kppoh268n&. pb@oc?2 nel
v program GraphPad Prism (verz a 6).

Stanoven? pod?|lu aktivn2ch procesT na trar

SHK-2alLLC-PK1 buRkami

HK-2 buRky bynay 2ndasjazmkoypoullttdedunhDkuna
jamkua LLC-PK1 bumR&lyt3ul0*5unnNk na Koanmfkluuent n?2 bul
dvakr 8t opl 8chnuty transportn?2m roztokem ¢
stejn®m r o PHJAMB (1 Oyl imi lknu bso vb8unRk ami  WEIC 4 AC
v |l asovTichOo6dDminwertvmi elokutkagetbgacznt avena opl §chi
bunhNk | edovim STOP rozt okem.[*HRmBd kamhni® ) a
ods8&8n (inkubalsn2ougnitleyr vjaalk o0 knoinnt)r ol a nespe
a jako pozadRyzraacdei olmkn Dk, t mNSen? radi oakH
%akumul ovan® d8§vky viamdgen® obNDmgopsbeéeenhm
vkapitoleAk umul al n2 a inhibil n?1 slteuddki ye bsy ISyL Cv ¢t
jako %akumul ovan® dSaekh®w sTandabéiabd@ pr aeamenage
o%akumul ovan® d8§8§vky standarldagevan@ipwTleit

byl proveden v programu MS Excel. K vipolt

l @pmm !T3pnm

8 51 e
t = 30 min, nebo 60 min
At é. akumul ovan8 d8vka v | ase t
Aoéakumul ovan8 d8vka v | ase O

Dé. podan8 d8vka

mé. mg proteinu
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S Hela buR&kahi dsaiffe k o \a@OATIMI

Studie byly provg&§dhDny ve 24 jamkovlIch
buRkami pSechodnhD trapsgeédovemnimkt 6OAMm1 ( p
vige). Kultivaln2 medium bylo odstranhno a
roztokem ACtrepA@®t&7ve stejn®m roztoku byl
Radi oaktivnh zn &Claefd®ir (290 Mhebd [iCltenofowir(190 NI)
rozpugtnhNDn® v transportn2m m@edi u Al metpdsSid
37AC v Jasovich interval echo 2i,nklusb aaci 3 b yrhiy
okamgitn dvakr §t opl §chnultyz akedobvdmdk ST Of
radioaktivity akwmkiTowanw® pbfwky % jameedgen® n
probRNhl o stejnl rkapiblpAlswmelmaljna?2k oa vi nhi bi | n?2
transpBro®rgyrafi ck® wvdgotag % Saumtlace/my |pmteinin o
vkontroln2ch buRk&8ch odeltena od hodnoty

exprimuj2c2ch testovanl transport®r .
Studie interakc?2 tABCtavamisplrit®regk s

MDCK II-ABCG2 a MOCK II-ABCB 1 hyyRksszeny vp o | t3ul0® 2
bunhNk nae j2admkupamkov@Sdesekbpeei tidnthe m. Kul
byl o odstranhRDno a buRky byly opl 8§cAgGuty d\
BuRky byly p&u®o8@nmi n prapSpbomnsé st medsu
koncentrat8tkgAPBWEB® K preinkubaci byly r
| 8§ tPMEG, cPrPMEDAP, GS191, PMEGDAPY,(S-HPMPA, ETV v koncent
500M, 500 OM aN89DI0&Od®OM byl do testovac2ch |
Hoechst 33342 ®M)Rel ati vn2 jednotky fluorescence
360 nm a emisn?2 vlinov® d®l ce8mM%6 5Hamanc hygytl y3 3
vimini nterval ech ag do 30 AG n( Gennkiuocbsa cRl upsS,i
Salzburg, Austria)kO143 (2 0 nM) , speci ficklT inhibitor /
specifik T i n ABCB2liylry pougity jako kompar 8tory.
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5.2.5 St a n o eyomoXicity

Cel |l Titer 96E AioreQelRrolif2raton Sssay

Experi ment byl proveden p o QellTiter 9&k o me r |
AQueous One Solution Cell Proliferation Assay (CellTiter 96, Pomegdlfitg, USA)
dedoporul enPedvn& obeceo typ stanoven2, pSi Kk
stav givich POiudmddk® -(45dimethylthiazol2-yl)35[3-

(karboxymethoxy)fenyH2-(4-sulfofenyl}2H-tetrazolum (MTS) | s o u gi v® bul
schopny redukovahab ar evnl fpromdulan, kterT je n8sl e
stanovov§&n.

HelLa buRKy byly sazeny na 3B‘'bjuamkownau
jamku abylyp Sechodn D thrOsAnTslf enkeobvo§ npyr §zdnT m vekt o
vige). 48 h po transfekci byly k buRk&m pS§
cidofovir, PMEG, cPrPMEDAP, GS191, PMEGDAPy nebo §-HPMPA
vkoncent rla0c?20c h®MiOp hi k &t edcal g2 m experi ment
interakce | 8tek mezi sebou byly stejn® tes
soulasnhN s probenecidem (500 OM) nebo quer

MDCK |1 buRky byly sazeny 47d0®6n Pk mka v «
jamkuabyly pSechodniOCGTr2an sif @NkTo §mggbo hCNT3 r
vektorem pCMV624 hpo transfekci byl y nk® b uSRkk8m EpTS
vkoncent 5802w ilpd i k§t ech.

Soul asnh bylontolp DY wiakvleintyy k( buRky, ke k
pSi dI§¥%dMMSO), 100% toxicity (buRky, RMSOkter  r
vkoncentraci1l0% a kontroly pozad?2bufPaditinksbacal ¢ h |
byl o k buRk§m imdlaMeIz &itu GefiTiter Z50PanfuUbaci 1,5 {HelLa
buRky) nebo 40 min @AKD®HKISel n ab uaRbkgyo) r Bpdsi o @3 7
desti| kov®m (Geniosaa Plysz Eecam,r Salzburg, Austrip)$ i 490 nm.
OdnamNSenT ch hodneostt cavbasnoircbha njcaemkv§ c h ylab u Rk y
ode| tena hodnota absorbance pozad? testov
+testovan8 | 8tka) a hodnota absorbance kor
vyj§dSena v % bunhln® ¢givotaschopnosti (v
absorbance namhDSen& u bunhRk ogetSenlch p

absorbance kontroly 10% toxicity.
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CytoTox-ONEE Homogeneous Membrane Integrity A

Experi ment byl proveden poQytocToRONE&mer | n
HomogeneouMembrane Integty Assay (CytoT&-ONE, Pomega, Fitchburg, USA)e

doporwvfieofiaeéo fluorescenl| n? met oda | e Z a
|l akt 8t dehydr dgeaipfezgk o zLeblH))u zme mbr §nou.
MDCK 11 b uaRzkeyn yb ynlay 9s6 | a pnd |o t¥ @Ot udnelBkt inl ak u

jamku a byl y pSechbhOCh2hebtprra8resdfnd ko wrkyt chr em p C
po transfekci Dbyly byRky dvakr 8t Al §chnt

apreinkubov8ny ve stejn®m m®di u 10 min. Po
AmB (1-100 OM), AmB/ DOC (100 QKo kontela 800 ®OC ( 1
gi votnosti slougily buRky, ke kterTm byl c
Mi Il li Q dest ikoonvcaenn§t rvaccda)l v%, jako porovns§

maxi m8ln2 tosioutul Y10QRRyY, ke kterTm by
zpougi t a ykiptouupl ynut?2 i nkubal n2dhedri§mtoer v
v2cekan8§lovokupapetedbo media 10 Ol a pipet
desti | ky. Ke kmn@ud®muz draka obyglRPesk@lgsl ednbl a
CytoToxONE a n§8sl edoval a Ak uKbea cvez olrOk Trm nb ypl Soi
|l inidla z pougit ®hFol Wka rteus cke nzcaes t (aR/Felh)2 vr zeoarkks
560nm /590nm na dra@&enio$ Hus, WeRan, Salrbard, pust8a). o

526 St atistickg anallza

Visl edky Tejxspoeur i mejn§dSeny | aksmlarroidtanentS§i
odchylka €D). St at i st i ck 8§ signifikance rozdz21 T
paramentr T byl a -tesiudanewaye ANDVAptesmosaEslitedn T m
Bonferoniho testem nebo tweay ANOVA testu. Stai st i ck§ vIzamnost
p<005je oznal ena *, stat i spt<i cOk, 80 1v Tjzen aanmroas |t
astatistick§8 vI1pg<nadmnOoOslit jnea ohzlnaadienna * * *
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6 Vi sl edky

61 OvNSen?2 funk| nosw ibumnmmlnmsipcoh tM@axrdlel e c h

Pro kontrol u funkl|l nosti transportn2ch
akumul ace kagd®ho®Hke zsaramidah dns2udblsh [ §t T
transfekovah ¢ h bu@k.8ch ntracel ul §ridPAH fkru®u | ac e
[*HIMPP* (obr. %) a PH]uridinu (obr. &, d byl a | i ne8&8rn2 prvn2ch
nNDkoli kan8sobnhD vygg?2 testbawndrkl mt rtamasrf kaor
ukontroln2ch bunhRk transgCM¥ovanTch pr&zdnl

a) hOAT1 b) hOCT2

40
30

20

o

101

akumulace PAH (%D/ mg proteinu)
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Obr. 9 Lasovs§ z8§vislost akumul ace typickp&ecaudrsidrr §
transfekovan bunni|l nTch modéd]ercAlH vl aslevh pu®RK]
transfekovan expresn2m vektoremehooamiOAR 1pr § =d
vektorem pCMV6 (b2l ® |tver ceMMPPav)yMDCIKa slolvi b pRk&dH
transfekovanlTch hOCT2 (lern® body) a buRkS8&ch trar
ltverce) (b). L a8HuidinuywMDEK i b u RK&aul|l acangfekovanTlch

Tch
Tch
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body) a buRk8&8ch transfekovanlch prg8zdnim vektorem
[BHJuridinu v MDCK |1 buRk&8ch transfekovanlich hCNT3 (|l err
pr8zdnim vekt d ®er t@Witea) (jfdo)u. prezentovs&na |jako at

akumul ovan®ho mnogstv?2 radioaktivn2ho substr8tu

62 OvNSen2? expresebun®hspcecht ®oTeVvech We
blottingem
Exprese testovanlch SLC trapSpeltu®niTm
ex pr es n? mbyalpetvzzena thetadou Western bloting Jako kontr ol a
proteinovl extrakt bunhDk HelLa nebo MDCK |
pCMV6. Pomoc?2 t®to metody jsme potvrgili e

byla ve srovn8n2 s konf{obrolQ.ou nBhRDkoli kan8sot

—_— 250 kDa —_

a 150 KDa 75 kDa 100 kDa

hCNT2
- @HOATT | e ¢mhOCT? ia ' @ahCNT3

_75 = 75 kDa
. g —
- 50 KDa

a) b) c) d)

Obr. 10 Demonstrace exprese transport®r T v transfekoyv
blottingu. Western blottovg§ anallza: over)eaxhENT8qd@ h OAT1
vpSechodnnN transfekovanich buRkS&ch. Linieml: neg:

vektorem pCMV6), lini2 :  z velxgperne§s e pS2sl ugn®ho transport ®r u.

6.3 Interakceentecaviru s transport®ry
6.3.1 InterakceETVsSLC transport ®ry

Pro zjigtnnRt easftionviatnyl METSL C transport ®tr
standar dyrz2n ad st u[|§ aETVivtes®wa c 2 ¢ h  d epsXei ¢l hko§decnhn s
transfekovanT mi buRkami . AkumubaBlkS&8cst at
transfekovanlchbohONT2, b CATPonpSi d&n2 pos:
koncentr ac?obEIMYV Na2zh&klaadnN z2 sk dipdranetr hodno
ICsopr o entecavir uVmggcbht 8xperamepogt ®2 Th
pozorovs8§na ¢ 8dsh@CTR(aobt.ld).akce ETV
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Obr.11Srovn8n2 inhibiln2ho vlIivu ETV na akumul aci st

HelLa buRky pSechodnhD transfekovauD@KeApgr edurR?krg  peSketcd
transfekovan® exp roO€E2n(B),ThCNT2 kc} ey @ mh @ND3 h( d) byl y it
s[®H]PAH (a), PHIMPP* (b) nebo {H]uridinem(c,d) v pS2tomnosti postupnh se
ETV(02000 &M) po A% bAIC 2v ntirni plSiik 8§t ech. Kagdl bod pSe
akumul ovan®ho mnogstv?2 radioaktivnzho substr8tu.
buRk&8ch transfekovanlTch pr&8&zdnim vektorem pCMV6 by

S pougiHETY jsie testovalj zda j e ETV substr8tem t
transport ®rf] EAYuwmubaRk8¢h transfekovanT ch
nebo hCNT3 byl a probmn2)cAkumBlacefHNETV ne 8§ buo Rk § ¢
transfekovanich hOAT1, hCNT2 nebo hCNT3 |
nNDkoli kan8§8sobnn 3HEGKvKonmod ¢n 2 axku rbwlR&kSec h[ t r an
pr&8zdnim vekt (obrel@a, If, xCMMW6)o pak ¢ 8kdmulaci r oz d 2
[CHIETVVbu Rk &8ch transfakkbeani ch jsinexi@sbmwwrk § c h
(obr. 124.
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Obr.12Lasov§ z8vi sHPETVakumMehactbaR&Be k oH3 EITO/h Oh QA DM.
byl inkubovg&n s buRkami pSechodnh transfekovanTi mi
hCNT3 (c) nebo hOCT2 (d) (1 er@M®Veb o(dhby? | @& elbtov eprrc8ez)d r
vtriplik8telwnl aAkiumegmr®e bDhem prvn2ch 5 min inkuba
pr TNBD akumul ovanmdBEY. mnogstvz2 |

Na z8kladhD tRDchto experimentpbDsjiamalDpse
ZzZvyguj 2c?2 mi koncent r aransfek@ anad ho dlkdRkBw®dh v
intervalu 5 min. Z2skan® vI1 shOAflkhCNT@ok az uj
ahCNT3 (obr. 13
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a) hOAT1 b) hCNT2
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Obr. 13 Koncentral n? z §¥HJEBVI vobsut R ka8 kc thmupl Saecceh o[dn Dt ransf ek
hCNT2 nebo hCNT3.3H]ETV v koncentraci(0-600 O M) byl i nkubov§gn s buRK .
transfekovanT mi expresn2m vekh®NTedn (pa)o phd Ad@b u a5 ,mi
v triplik8tech. Kagdl bod reprezentuje aritmetickl
Km byla vypd 2t 8na pomoc?2 neline8rn?2 rede@as ehoa®al Hoyno

akumul ace ETV v buRkS&8ch transfekovanlich prg&zdnim v

Visledky porovn8vaj2c2 afinitu adefovir
hOAT1, hCNT2 a hBIT3vn&mi pougitTch bunnDlobr.1€4h mod
Adefovir, tenofovir a cidofovir nteragoval pouze $hOAT1l (obr. 14a . G8dnou
viznamnou interakci adef ovi rkuo,n c & retnrod lornvai |
nukl|l eosi dov 1 miCNT2 roarn $4p @ami ts ®ENT3 (obr. 143 jsme

nepozorovali
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Obr.14Sr ovn8n?2 afinity adefoviru, tenofoviru a cidof
HeLa buRky pSechodnhD transfekovan® expH]PAB@. m vekt c
MDCK | | b u Rktyr apnSsefcehkoodvnah ® e xpr esn2 m CNTBtcpbylgm pr o
i nkub o[Hfuridinemsvp S2t omnost i postupniD se zvyguj2c2ch ko

cidofoviru (01 000 edwbup o2 min pSi 37 AC v trriiplmekt§tcekcih .p rKlar
N SD akumulovan®ho mnogstv?2 r adiacaktriawn 2ohack ts tvinB hito

vbuRk&8ch transfekovanlich pr8zdnim vektorem byla od
Vzg8§jemn® interakce ETV s dalg2mi antivirot

Protoge ETV \ayrowa intibicia hOATE, Vybrali jsme tento
transpokrotmPret i tikin2nisdlkuyiwgsv.a/mlrmfing2zain tji srme
potvrdil aktvnéadpbdj epmr20cesT do | ejai cshudsut m Bt n ®
specifituk hOAT1v n 8§ mi p dowdilt] @odeh. Pro experiment jsmetwrali
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antivirotika adefovir a tenofovir kt er ® j sou zn §nH $ii isnukbusht ar ct
pSizzkTch teplot8&§ch se u obou antivirotik
akumul ace prostSedni(obt.¥53 m transport ®r u h O/
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*kk

adefovir 37°C
k%

- —— tenofovir 37°C
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-+ tenofovir 4°C
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akumulace substratu (%D/ mg proteinu)
N
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o
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o

Obr.15Z 8 vi s | os t “Claklefoviru4fc¢ ¢ ehof oviru v HelLa buRkS&ch pSe
hOAT1 na inkuahdefoepl otdenof@MUIIOMebdy] i Hekaubov §n

buRkami pSechodnhD transfekovanl mAC en @bCelsaisaw Tvcenhkt or
intervalech 2, 15 a 30 min v triplik8tech. KagdT

mno sy 2 sfwbNs t3E. Ho dn o t[!&Cladefevirumnebod{€]enofoviru vb u Rk § ¢ h

transfekovanTch pr&§8§zdnim vektorem byla odeltena.

Abychom zjistili sgsnoa@tne®nciinStlenrDaksaeu]|EATsW D
antivirotiky, provedli |jskentaktubapt EIVt
z n a | edefovirtem, tenofovirem nebo cidofoviremtKo mut o exper i ment u
bunhR|l nl model HelLa p$Sprbsdhd theATh &TVe mvanb
inhiboval akumulacv g ech t S2 antivirotik.yjakdéksbedky
ETV pSi inhi Minot |l akdmbh| ace ijvéroti k. (obr .
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Obr. 16 VI i v ETV na upt ake adefoviru, tenofoviru a

transfekovanTch h*0Padef oAkiurnuu | @@]letlehaoM vi(ray , ( ¢, 5

afH] cidofoviru (70 €M) (c) v HelLa buRk&8ch pSechodnn
byla inhibov8na postupnbhD sel0®@v¥d)j 2pco?2 nd o bkuo nX emit m a
vtriplik8tech. Kagdl bod pSedstlaowwjne®har imnmejtsitolel s
Hodnota akumul ace radi oaktivn2ho substr8tu v buR

odel] tena.

6.3.2 InterakceETVs ABC transport®ry

I nhi bil w2 naliedf I[EXKnNn2 transpogp/ABCBL BCRP/
jsme studovals panoc 2 t ypi ck®ho -gotHboec h§t u SBBGRR & B
modelech MDCK HABCG2 a MDCK I1I-ABCB1 (obr. 17). ETV se projevil
vpodm2nk8ch exper iBGRPMBAG2 (ol.Kida. i EMVb iptSor i nkt
koncentraci 500 OM 2383470 56% & MDCGKUIlAB@G2 Hoect
buRk&§c®OM Ed@O® inhiboval akumul ac4ABCBiloec hs't
buRk §ch 2% (olr.4d7po Vy §g g2 k o@o0@Myreadclea BpTaf a d o x
km2 r mDij g B inuis UBEEYV ve s5000M SENT2V .s
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Obr 17 Inhibi | n 2 W inek rTznTch koncentr agpABCBIT Bylana f unl
sl edokwBmul ace sctawnbat dde hvMDEKIC-ABEB]L (6 BVBIEICK II-ABCG2

(b) buRkS&8ch nek$dtoovramd <thi v(kontrol a) nETbw (p53®? téoMnn o
500 OM, 1®@@ c iOfM) c k T-gp/ABCB1, HY3B5919 (LP) aseci fickl i nhi b
BCRP/ABCG2, KO143 (KO), bylpougi ty pro porovn8§n2 m2ry inhibice

jsou prezentovg&na jako aritmetickl prTmhRr N SD z2s
6.3.3 Cytotoxicita ETV

Pro studium vivuUE TV a dal g2 ch sr awan 8jviavco?tcnho sa n tl
bunhNk tvraahn scfhe ktor ansport ® em hOAT1 jsme polt
metodus barvivemMTS. FSi d § n¢i rEKTWbal n2ch kon,cema0 aGKct
al000 OGN ongoo 24 byt ®m®OSi @KId n #Hdns fnelko vaan @ U
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hOAT1 ani buRkpy §t da hteemeped\ws gkor@rola) (obr. 9.
Exprese hOAT1 signkant nD  zv T gi |l ak adgfovouw derofoicuk T V4l i
aci dof ovi r ukontmlougobrol8bncgn 2 s
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Obr. 18 VI i v exprese hOAT1 na cytotoxicitu testovan
transfekovan® expresn2m vektorem pro hOAT1 (b2l ®
ltverce) byly inkubov&ny po dobu 24ETW(a)paSdéfovi@7 AC v

(b), tenofoviru (c) aExp eroif mevri tryu K ydl)y vpbradRvepdt éinkys t &
transfekovanich hOAT1 a buRkSch transfekovanTich

p
aritmetickT prTmDrviNsISIDclz2mB&ern2 ze t S2 nezs§

Abychom zjistili mogn® cytotoxick® pTsc

hCNT2 nebo hCNT3, nechali jsme ETV v Tznl ch koncentrac2c

stransfekovanTimi buRkami po dobu 24 h. Jal
pr8zdkitmreen pCMV6. CytotoxickIl % inek byl
model u nedogl BETVEpokIn&ksibbagi vaet as (hrol®nost i
Signifikantn?2 sn2gen?: gi votnosti bunhDk t
kontrol e pot v specfiu ETV&tulbmstta Sttroavmosupor t ®r T m.
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Obr.19Pb| i nek exprese hCNT2 a hCNT3 na cytotoxicitu E
expresn2zm vektorem pro hCNT2 (zelen® sloupce), h (
pPCMV6 (|l ern® slooupncye )pobydioyb ui n2kdubh pSi 37 AC v pS2t

ETV v tr iExlpiek §tmeant.y byl y pbruoRkeSdcehn yt rsaonusbfegknoly awnn T ¢ h
transport®rem a buRkS&8ch transfekovanlich progdzdnlm
aritmetickl prTmhRr N SD z2skanl ze tS2 nez§vislTch

Graf i cdkSRe nv2y jn@o g n ®h o plodvgbiunreindle clawRk &ich
odvodit zd o sralgeeh v i sl edkT znBkzerRageclhbvlsROdk:®
St UmvitrETV mTge akstviep adwatbouRky proxi m8l n2ho
OAT1 a jeho reabsorpcemo | i mTge blt zprost Sedkov§gna

schopen inhibovatgpaBdRBExn2 transport®ry P



61

Glomerulus

Basolateralni Apikalni Proximalni tubulus

membrana membrana
4
Akumulace
léciva 1

(f:\ R @Dcytctoxicita # :l:

BCRP
Entecavir J

écivy zprostiedkované

Entecavir

Epitel
Krev proximalniho
tubulu

Lumen (mog¢)

Zadna interakce > Inhibitor/substrat I Inhibitor %

Obr.20Sch®mati ck® zn§zornhRn2 transportu ETV v buRce |

64 | nterakce aANPsyvitmoamsmort ®ry
641 I nterakce s SLC transport®ry

Studium afinityz k o u maAmMiiPcsh k vybranTm transport ®tr
bunhNl nTch model ech pSechodnh transfekovanil
ve sSsrovng8n? se stamn@tao d s kaogovireny) temofovirea ot i kK y
a cidofovirem Doba inkubadéH] sztnaan deanr®@hno? Aaminb[st r §t
Zkouma @& Pskazovaly i pobzenaakimukici fHIPAHNYéHkLa
buRk§&ch vtarndrcshf bR 1 Dl e afinity k hOATL1
testovan® ANPs do tS2 skupin. V prvn2 sku
nach8z?2 | 8§t k\DAPY MHEH,P MPMEO Druh8 skupina obs
tenofoviraGS9 191, kuw@®i mafu k hOAT-9191kAOATH I t a |
byl a asi 15 kr8t vygg? neg afinita testov
pouze | 8tka cPrPMEDAP, u kter® j¥PBAaH i nter
nepr ok 8z elANPs s hQCT20Na2kani hCNT3smen e pr o (olg. 22 | i
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Obr.221 nhi biln2 %l inek testovanlch ANMBCHK al laklumRKk &ch

transfekovanlch hOCT2, hCNT2 nebo hCNT3. MDCKI | I
vektorem pro hOCT2 (a), hCNT2 (b) nebo hCNE3)( byl y i [fH{MPB*;meb8 fHjuridisem

vpS2tomnosti postupnhD se zvyguj2c2ch koncentrac? Al
reprezentuje aritmeticklI pr TmnDr akumul ovan®ho mn

radi oakubsg hBBRkEowh transfekovanich prg&zdnim vektor

642 I nterakce ANPs s ABC transport®ry

Pro st amodre® 2 i nt er ack cANPs tse BgpBBCBIn 1
a BCRPABCG2 , byl inkubov8 nst andar decne2n | fml2 u osruebss t r §t Ho €
sb u Rk BMIDTK II-ABCB1 a MDCKII-ABCG2 v pS2tomnost.i rTzr
ANPs . Standardn? speci fickl i nhibitor prc
i nhibitor pro ABCG2, Lpwr 303v5n987n92  bny2lryy pi onuhgii b
Hoechst 33342. ZANRgembl|l destopoadmPok8ch ne
nej silnhNj g2 PgpABCBRINEBICRRA/IABCG22911®9tlka T@% o | &
v koncentraci 120 OM zvigil a% wbkuRkEal i
MDCKII-ABCB1 (cbr23c)a o 78 % v b{ABRIG2(©M.248)DCIKAHi bi | n
aktivita byla srovnateln8 s i B¢gplABGBl n 2 ak
aBCRPABCG2 L&t kDAPME®p T s o b istlakumutagerHoelchstr83342T
(P<0.05) o 18 % MI-ABGBR(oI§.28d) MDEK?2 Yl i nek na
HoechsB3342Ww u Rk §ch -MBC®2 | byl z a%) br24)t.e IPiJls o(b9e n 2
dal g2ch tessmDasimch@EeAmM?Psakumul ace Hoechst
kontrol e ®br@3ffi kant n?2
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a) PMEG b) cPrPMEDAP

800~ 1000
300
7004
800
8001 5 700
2 z
& 500 £ s00
2 b
§ 4004 5 500
s ]
e $ 400
E - 0pM PMEG. ABCG2 El 200 - 0 UM cPrPMEDAP, ABCG2
2004 - 50 puM PMEG, ABCG2 - 50 pM cPrPMEDAP, ABCG2
-+ 500 uM PMEG, ABCG2** 200 = 500 uM cPIPMEDAP, ABCG2
1004 ~ 1000 uM PMEG, ABCG2*™ 100 = 1000 pM cPIPMEDAP, ABCG2™*
0 == 240 nM KO o == 240 nM KO
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35

time (min) time (min}

c) GS-9191 d) PMEO-DAPy

700

600
600 500
= 500
=) =)
L 400
3 &
& 400 -
c o
] S 300
2 300 2
g £ 200 - 0 M PMEC-DAPY, ABCG2
< 200 ~ 0 M GS-9191, ABCG2 & = 50 M PMEC-DAPY, ABCG2*
- 12M GS-9191, ABCG2 . -~ 500 uM PMEC-DAPY, ABCG2
100 120 UM GS-9191, ABCG2* 100 = 1000 yM PMEO-DAPy, ABCG2"
o - 240 nM KO == 240 nM KO
o
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
time (min)

e) (S)-HPMPA

600
500
400

300

- 0 UM (S}-HPMPA, ABCG2
200 = 50 pM (S}HPMPA, ABCG2

fluorescence (RFU)

=+ 500 pM (S}-HPMPA, ABCG2

100 = 1000 uM (SFHPMPA, ABCG2

=~ 240 nM KO

0 5 10 15 20 25 30 35
time {min}

Obr.241 nhi bice BCRP/ ABCG2 tegt swarsitmi§t ANHRIs.ci ikt 1 bBaBeg4d
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643 Posouzen?2 transport®ry zprostSedkovan®

Ovlivh D n 2 bunD|l n® viability p o 24 h pT:¢
pTsob2c2ch | 8tek | sme hodnodJak ukazujegoo 230 c 2 st
uv Dt gikmwmanT ch ANRghyIfi katntmP rozdgal v cy
b u R kransfekova® hOATL ve srovng&n2 s buRkami trar
vektoremL§t k a9 1®S1 pSi koncentraci 100 OM sn2gi |l
Vv buRk8&8ch transfekovanlch hOAT1, tak v buR
Na buRky expr i mujtky®REGROAMPMPA DN stofbgigl yn al $ u Rk \
kontoroUnd 8§8tky piPolPMEDA®, PMEG, j sme pozor

cytototoxicklI ef ekt . Exprese hOAT1 zvlgi
srovngvac2ch ant i viirrw.t iNEDiRReERKvEvalag §al ntie n o f
viznamnl cytotakwi ctki Rk®lcihn etkr ansftakanivanT ch

vkontroln2ch buRkS8ch.
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Obr.25Vi znam hOAT1 pro cytotoxicitu testovanlch ANP
expresn2m vektorem pro hOAT1 (b21 ® body) nebo pr §z
dobu 24 htp$ipl 8rkT8Ar€icrhi skoncent r aPs.®ata jsot mezenw §aal ch /
jako aritmB$D.ckl pr TmDr

Soulasng8 inkubace testovanlch ANPs s i
quercetinem) vedla k virazn®mu snRkifecn2 t o
transfekovanTl c)h. hIOAGEIf k@WK | a26nej vygg2 cyt
“wWinek i po pSidgn?2 -9191e duercetinem vdgue. imgknha niibi i knaanct e
zvigila viabilitu bunhRk transfekovanlch h
nemRly ¢g8dnlT viiv na HBumhDimawsfve kadv dnltah a
vVbuRk&ch transfekovanlch vgraf§uzeddnah vekt or em

El hOAT1

EA hOAT1 + probenecid 500 M
3 hOAT1 + quercetin 50 pM
) pCMVE

200+

__ 1504 —

viabilita (%

Obr.26VI i v probenecidu a quercetinu navygyyokbooxegptas
hOAT1. HeLa buRky pSechmdunbBktomamfpkovhOATéxgl es m
prg&zdnim vektorem (telkovan® sloupce) byly inkuboyv

v kombinacis500 OM probenecidem (gadMowguieccce®i skemugbdeé) &
vt ri pl Dda§ ts@ewh prezentovs8na jako aritmetickIl prTmnDr

6.4.4 Relace afinity k OAT1 a lipofility u ANPs

AnallTza byla provedena s c2lem posoudi

zjigtNDnou v pSedch8zej2c2ch pokusech, a |
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studi?2ch nejv2ce pod?2]| el na i nteralk&tielk t e
vypol 2tan® poADIaBs (AsharfcedwCGhemistry Development, Inc.,
Toront o, Canada) napov2daj 2, ge vDtgina
Hodnotyl o gP t estovanilch ANPs2 sie-10p, 478858 al v o ¢
podobn® s | ogP adgédolwmy ut astenafn® vANRs byl
| 8§t k-@M91@&P=6671N01. VIisledky vipoltu byly p:
pomolcriomat ografi ck®ho stanoven?2 | ipofility
HPLC stanoven2? vysoce koreloval koselalpmi t
anal T za uk8aaBNPs ®felace mezilogP a hodnota@io pro hOAT1

nen?2 syt avtlizsntaintnk§. Hodnocen?2 k oGraphPadrism j s me

(verze 6)

6.5 Interakce amfotericinuBs transport ®ry
651 OvhNSen2? charaktAmBu transportu

Pr o o,vzila%e natransport AmMB do b pmoldR | 2 t a&kn$s poRt n:
procesypyl [*(HJAmMBi nk ubso vo&im D]l nou |1 ini 2 1 i dy¥yKkFich 1| e
tepl ot B3ATT.Auraaxz ii ks me p o intgrivalyi0, 30 2 60Mm®). | as ov
Akumulace fH] AmB v buRk&ch pSi 4 AC byla sign
inkubovanlTchap®vi 8 iAcCterwdl ech 30 a 60 mi
*H] AmB snz2 gd0Pa(m2). o 60

o]
o
1

s 37°C
03 4°C

(=23
o
1

*kk

Y
<

N
o
1

»
]l*

akumulace AmB (%D/mg proteinu)

¢as (min)
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Obr. 27Z8vislost HAmBmHK2c ed uRk&ch na i nkubmldRRy theyl y:
inkubovgny veHAmMB (POM)k §ptich37s AC T ndchCdwmesi dveuval ec
a 60 min) Hodnota akumulace®f] AmMB v | ase O min byla odeltena.
aritmetickl prTmnr N $HPAmMB.8§sti akumulovan® d§vky [

Po potvrzen2 tohoto experimentmt gjsime2 p
|l edvinnou t k-BKR., AkuuiaRekipi] AmhBEC vt Dchto DbuRk§oc
tepl AMEC Nb ylvd r ammigtRi (cas50 %) neg). pSi 37 AC (o

N
o
1

Y
L3,
1

L3
1

% akumulace AmB (%D/mg proteinu)
o =)
L L

<

N

Obr.28Z8vi sl ost *HPKBVILC-RKE HuRkS&ch na HAkBUbDEAMN2bylep! o
inkubovsgn pSi 37 AC LaC-RKI1ACb upRikmimpb ivk §0eah n Hodnot ¢
BH] AmMB v | ase O min byla odeltena. Kagdl sloupec
akumul ovash@nmBd §v ky |

Dal g2 experPeEntbuRk amdSemylnazasnt udi um
transportuiH] AmB v | asovich interval #éamBbyla 60 mi
ve zvol erclhch nlteesowall e 8h toENMDIPB)BENne §r n2
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akumulace AmB (%D/mg proteinu)

O I I I I 1
0 15 30 45 60 75
¢as (min)
Obr.29L asov§ z8vi s iHASBVLAGR KW | lwcRK]§AMB MI[1 b | i nkubov§gn
37 AQzwich | asovilcPKilnbeaRkaméchv sripli kRfamBch. Hod
v | axsien byl a odeltena. Kagdl sloupec reprezentuje a

[3H]JAmB.

6.5.2 Interakce AmB/DOC, AmB a DOC s hOAT1 a hOCT2

Abychom zjistili, jestl] kompl ex AmB/ D
nebo DOC) maj dda®idmi mu ansppr ¢ ®e dImi j sme t

experimentyn a bunhD| nTch modelech pSechodnh expr

BuRky jsme inkubovali s pS2slugnimi standa
testovanou | 8t kou. Zat2mco u AmB jsme ne
(obr. 30a) AMB/DOC v 1 r aizmii bov al transport standart

[*H]JPAH (obr. 309. Pod 0 b nDDC $ a motak®¥| i nnN i nteragoval
transport®rem a ‘HhRAHovalkraksmammde)n[ch b
Protoge samotnl DOC inhiboval hidiekdkcl r el a
nepozorovali, mT grezhua u jsPeck2d mmo A g At e mZpeodpov
inhibiln2 viiv ,fe@BLCDOC nMla bAneBKAGTCla DOC nebyl

wupl nND ZhodhDng sohon®nn ®OL P€o hOAT1 se s m2r
(p=0, 029) Issis@imoda n®dh ol ©OC.

Zaj2mav® visledksyt uaddhian i nt ewtmkRlk§csh t 1
transf ehkOCV2aAmMB cAmMB/DOCV T z n anmiboizdy akumulaci*H]MPP*
vpougbu®ml n®nmobmdodag) u I nhibiln2 v[PHMPPDOC na
bylvelmim2 r nT f.obr . 30
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smhsac®t urradHodkoti & natka

expresn2m
vpS2tomnost i
pSi 37 AcC v
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vyj 8dSen | .
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Navazuj2c? s®rie akusnudail mizckh®iwbBdotdr &n pp

bund®dkgem neodhalila ¢g8dnou signifikantn?
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hOCT2 v transfekovanlch buRkS&8ch ve srovng§n:
pr&§zdnim vek®mwBEem A@GRIVESej mND nen? substr §t

a) b)

‘280- B3 hOAT1 - 25+ BB hOCT2
s 3 pCMVE £ 0 pCMVE
2 60- s

g > 15

E -

= £

3 40 s

5 S 10-

-1} =3

Q £

S 20 2 5l

E -3

2 2

2l ol i R

'\Ql@ Q"§ \§
Q‘Sb & \“g vq’
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Obr. 31 Akumulace fH] AmB v buRkS&8ch transf ek ccHaBI(lcM)byOCT2 ne
inkubov&n s buRkami transfekovanlmi expr esm®Rk avreikt or
transfekovanT mi pr 8zdnT nm rviepk titKpgEtReadphC M6 pSioudh7 | AC |
ukazatele funklnosti model u poe tarrantsnieetkiccik.T KpargTdmnr

akumulovan® d8vky substr8tu.

Abychom zjistil:@i mo ¢g/DCET s| ®koot ve@ cii rgtl e Mla ksc
pod8&vanTi mi antivirotiky, kter® jsou subst
transportn?®t]lh zsntaubdefo¥iremstendfovirem nebo cidofovirem
ar TznTmi koncentracemi AmB/ DOC. Vdvémitedky n
akumulacv gech ®Bw8fcheawimvitonpodme hkgveppaki jveyng g2 c !

i nkubal nzch@lkr.8d.centrac?2ch
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Obr.32VI i v AmB/ DOC na akumul aci adefoviru, tenofoviru

hOAT1. AkumulaceH] ad e f o v i r u 3H[tedafotiru €0.8E) M)( a(f]) cliadof ovi ru (70 ¢
v HelLa buRkS&8ch pSechodnih tramesfbbAVanbyhaeixmhe dbo¥
(0345e M) po miobu S3t r3i7plAiCk &t ech. Kagdl bod vyjadSuje
akumulovan® d8vky substr8tu. Hodnota akumul ace r ac

pr8zdnim vekteoarem byl a odel't

TransporsAmBb sty dpreov 8mbDhygs ov®mSit kt®er v all
kdy jsme g8ohkekgvanhamnl vl igyv vioe satschampihols t |
Abychom vyloulil:@ mogn® cytot oxpircTkk@hpTs:
experimetnu, preedli jsmestudiur | uj 2 ¢c2 uvolmdln2Z nhiDHu tz§8 dohu na)
pTsoben2 AmB, AmB/ DOC, DOC .Wé¢l®oosamoadnict
nepozorovaly § d n ® WI zmdmuyv o | n onwen NkD K ozb r . 33
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Obr.330vNSen2 potenci 8§l n2ho cytotoxick®ho pTsoben2 r T
byly inkubovg8§ny s MDCK 11 buRk ami pSechodnh transf
pr§8zdnim vektorem pCMV6 v trh mtervaleéh? adbhmin bpa i nkub

uodebraniTch vzorkT fluorinmeadgdickyl onipSeecn ar eupvrod znedmt§t
prTmRr N SD hodnot fluorescence.
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7 Diskuze

Pro prov8§dNRNn2 experimentT na bunD| n® Y%
kul tivaci vhaddnTicnhi 2b ugnalagmisdtpeolrntn@m ke x per i me
n8sl ednou transfekci. Abychom zvolili vhoot
byl o prdei®ast oexperinerdyl i ktaem® se tTkaly Sady p

K transfekci jsme vylar | i bunhD| nou | i ndiTv oHleuL ap camMDhAX rly
rTstu a snadn® mani pul ace. Rozs8hl ® opti ma
napS. nejvhodnRhjg2ho intervalu mezi transf

pracovali vd o b lewsg g2 f unkc? st udhPYianwhwo jtir amspo
provgdRiRAkin? studie se standar dn?2 mi radi oal
transpokt ®&r Umi | sdwec hz§zai2Rk8d h , tjaerssflekovanl
pl azmi dem kemuzlvaicgeendt aankd ar BantprSal ng mo v nbSwunf
transf ekopwagnzidmT m v e kvtpdSrzem d(Dp @MU 6B/ zen2 dos
dan®ho tranapsfe®ouvamli ch buRk$omoly!l ane¢omr
Western blottingu.

Provs8tdrlanmsportn2ch studi? a studi?2 cyt
rozpustnost nRkterTch testovanlich | 8§tek v
pTsoben? DMSO na buRky na mini mum, byl y
vi nkubal n2pmo gre®da vua nsorua ck?o ntceesnt ovan® | 8§t ky n
neg 1 % r &Dp gturgaudsdp @ar.t n2ch studi 2 jsme pr
| asovich intervalech (2 min), kdy je velm
bunhNk, kter® by mohllsol emky vedxxmernminme nvtlti.v U a
testovanich |1 8tek jsmeemgmatyneastchH abveghbdlkp
ivhodnn zvolenTimi kontrol ami

C2lem t®to pr8&ce hylba aankvisotikneaantibidtiknt e r a k
sdTl egi tT mivilnindisnkiT Mi®kioevdi mi transport ®ry.
pSedevg2m u | ®iv, kter8 | sou Hickdokonce a mi v
mohou kumulovat. Z ohot o dTvodu jsme se zamRSili r
viznam ledvinn® axkgekge, znS§kt eebohnl ze pS$
mohly blTt .exVkrzektuorw Sbnyyl ori entovgn tSemi z&
zkoum8n? pomDrnD dTlegit®ho antiviorotike
hepatitidyuk t er ® h @ ,j & ez n &maee xl ker (ddatitewa 2006; Razonable,

2011) Druhou oblast2?2 bylo studium vIivojovl
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nukl eosidovich fosfon§tsb.u TBatrakpkinicky DcipSi2
ug2vanim antivirotikTomw,i rj ako cjisdoouf oard @ f, 0 VKit
l edvinnou exkrec?2 a(Cipareta n2000t5édme et ah,2G0%bot o x i C
Zkoum8n?2 interakc? dTlegit®ho antimykotik
smRDrem, neboS tot o® Ik@niuvieadoleng blar akriezii lse m
(Fanos a CataldR00% LaniadeL a b or 2 n -®Warg@s2@09.Z toleot pohledu je

| l enNDna i rnliSkez.eduj 2c?2 | §st

ETV

Pro studium jednotl i,vikthe rt@& ambipdag?2 wnajc?h
ETVvl edvj ngsime vybralichlavadspypty®d Pklooj nr
vIiidskTch proxim8kmbdro®u tpohieinedc®|I nN zapo]
transmembr §nov®ho tr ans pdnrviraus tEUTdVi.e RmaonzihS en
transport ETVVI edvi n8ch nebwylag? prcaTuMeldjesnrse Ve zab
pS2mim srovngn2m tranapgretmi2 &hiwnli aktyn ant§an]
u kterTch je zng&mo, IadvvinnhamnN riamseonadg®
zvagovali migpS2 s@dwvimil os oxi ckT mi Yl i nky,
ng&sledkem i pSésakghTI BMTYransport ®r em.

S®ri e nagi cBTlVeaparzumenhnd inwied Skvin®r @t wid§ =
na ma@mp®tireadsport® T pro orgdedvch®®aprkkne
ETV (Yanxiaoetal.,2011) Aut oSi prok8zali, @ge inhibito
aBurckhardt, 2003Cihlar et al., 1999) a inhibitor OCTs cimetidin (Dresser et al., 2001;
Koepselletal.,, 2003 man ki bi | n2 v I i vT \Wau rpionBanr?T e X Kr €

Svyuginvifiore xper i memoT2s bunhD|] n®ho model u
expres? hOAT1 prok&8ddl egiitnitrer Akdivi nEnTIVm st
organi ck ThOATL¥nioonmt P b o éhRitrowddpd ejdk yvi ge wuve
Yadear j z j ingivoBmM®t vr zuj 2 dTlegitou %Y ohu hOATL1
od publ i kov gmitkm adt(Mankiadet ali, 2011) an vitro st u d i 2
sl edvinnT mi Sezy potkana (Xu et al ., 2013
ETV, jsmeagvgdémex pterrai nnsefnetkeocvha nsT m muitroD| nT m
nepozor ouiaterakci T/ hOCT2 (obr. 11b, 12d. Tent o r oz por
vysviRtlitelnl skutelnoduRkadgné mnaamoecsfaeklovad
v podminvikcSac hpSi pougit2 |l edvindledhvi 8@a®Tu n
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transportu ETV i jin®atiypry? tOICEFd Y i Mkt @ir ® 0 (
exprimo v § Kaybadh et al., 2000; Motohashietal.,2002)J i nTm vysv Dt | en?
bTt mezi dr uahfoivi®i trOBTEMVM gki ¢h studi 2ch j sme p

mod el exprimuj2c2 lidskl oOCT2, zat2mco ve
spotka n 2 mi experiment 8l n2 mi model vy.
Pougitl bunhRDlnl model n&m wumognil pro

schopnosti interakce ETVISOAT1 s dal ¢g2 mi antivirotiky,

s hOAT1. VIisledky tRchto studi 2transphr€z al vy,
standar dn2°HBAHZobrbldavt § ams [ etk w R la gpdoedhsj teat n N ni
n e ¢adetoviu, tenofoviu acidofoviru (dor. 149 . Na z8&8kladhR z2skanTc

antivirotik ® Saz ena dHOAT1 ddni§rsil teyd uk 2 adefdvio, temab@ra d 2 :
a cidofovir | _entecauvir.

Na z8kl adhD prok ATt Pmessé \dal Yy cETEXREer i m
zamNSili na interakce ETYV -alefoviter§, ¢enofovirerm § mT mi
a cidofovirem Cihlar et al., 1999; Uwai et al.0R7) , kt er ® kmoihnoiuc kb& tp rve
potenci 81 nND p ETSE W axperimentyjsme provedli, abychom zjistili,
zda ETV mTge ovliivnit m2ru jejichPoturgans@ or
i nkubal n?2 &defoviw, e tertofovauc & cidofoviru in vitro odpov2 dal vy
terapeutickim plazmatickIim hladingm (Cundy
al., 2005).,Vexperi mentech jsme pozoroval. virazi
pougi tT mi ant)iNiicrno®&nilk y temmapaulrdacle® STV v |
bNgn®m d8§vkovnganki ml mpiMattewss)ZBO6; Yan et al., 2006)
Vzhledem k tomug e z jiinghiDmi® n 2 koncentrace ETV by
klinicklT viznam tRchto | ®kovigathzei nt ep8kpé
extr®mnhN vysoklch plazmhtec®I b kEBenmeht yac
mi moS8§dnich okolnost 2.

Koncentral n2 nNukl eosi dov® transport®ry
koncentraln?2 reabsorpci |pSiTeddnnhé&lehn Rl ¢ as
2001; Ro d r 2Mylere et al, 2005) CNT2 zpr ost Sedkovgv§ uptak
purinovich derivgtT, j ako | sou-Sddadaér i bi n.
PastorAnglada 2011; King et al., 2006; Lang et al., 2001)b@ ¢ n T mi struktu
pogadavky pro vysoce afinitn2 substr8ty ne
2 hydrofobn2 cent r aolae F:Cnd pemxzyolve®wg kg kuthpui n aC
etal., 200 Na z 8kl adhD tRNDchto %darlTi tbh@ ibBKTsor arkocgen
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iUETV.Zt ohot o dTpothoc} smeassfekovanich bunnl
schopnost ETV interagovat ¢y br an T mi nuk!| eos iNco vzl &kl atdma
an alstruktyry ETVjsmes e zamRDSi | iry h@NT2 (puriray psdprourjt2@c 2 )
ahCNT3 (puriny gpyrimidinyp r e f e (Klaassercaleksunes, 2010, Mangravite et
al.,,2003)Vt Dcht o experi ment e &hV shGNT2a hCNJF3 (@pt. Dn a |
1llc,d; obr 12 b,c) Z 2 dakaa k 8 z uigtérakce ETV 6iCNT2 ahCNT3,kt e r ®
jsou bnNngnnNvliokakliewvigaedvi n§8ch (Mangravite
roivieho | edvinh®mSesahagpgist unBkbETV na tr a
CNTs dle stonebgyVvemplSeh,jieCidTt efaio®Wimpbznan e &
pamBDtpro dal g2 zkoum8n2 inter akN\a rBETzW 2s ot
ETV g8te®tavanlich srovn8vac2ch antivirot:i
v experimentechMDCK | |1 buRkami p Se hBMIA anixthCNTF3ans f ek
neiteragova(obr. 14b,3 . Vi znamn® t hmetakavt EVVretiky
nukl eosidovich transport®rech nen2 tedy mc
Api k8l nD um2sthDn® efl uxn? ABC transpor
akumulace mnoha antivirotickl i nnT ch | §t erkT zan Tjcihn Ttckh§ nl 2@l hi v
tNDla, vietnhD ledvin EEVIgegsmeezrjabtil RD0§¢.
inhibujeBCRP/ABCG2 a Rgp/ABCB1 (obr. 1y . Ve sR-gp/ABCBlreAtecawir
inhibovalfunkciBCRP/ ABCG2 rel ativnhD m®n0hD intenziyv
kpougitim kdmdhermtrdaé2npotenci 8§l pbTYi nkeimiyl
standar dn? mi I nhi bitory. Vedvi EF&h nlbhy el dm
ol ek§vat pouzee mhaomll ,prkdjeeVvi tbyj en pSi rel a
pSesahuj2c2ch terapeutick® hladiny. Ni ¢cm®
vtienk®m st Sevpepor &ilvmd nNRRee@T €br miyt u&c?cl
inhibiln2 % in&ki ETY angwpBCBIn®ku EBHh j e | okze
vme mbr 8n 8 c h CerdonGardomet 3l.; 1990T(ebaut et al., 1997 Vzhledem
k't omu, ge inter a¢gpARCBIsreo h®wSebvintz md TIPegi t T m
pSintestingl n? absor pecti amn.oha200&)i,v nfl@dlav
i nterakc@Inmm EnTaV-gp oviAmoWPE§na ap @2omr vd stk uvmu .
Kumul acebufRd§oh vzprost Sedkovansg infl uxi
vt oxi ck® Hoétsll@®0WY) uk§zali, Jge e®PATI ej enTtgre
pod21] et na cyt @adefovui accikicBmiru p i sitoolpeord2m2 nk § ¢ h .
zn8mo, ge adef tenofov r pbdopfoodv8inr2 apaci ent Tm
nefrotoxicky (Izzedine et al., 2005 r ot o ge |j e ©OATU2 e daX pr izmo \
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transpdretd@ri h8e¢ h AlKelkasausnseesn, a2 010) , mT g eme
| 8stel nou %Y ast na toxick®m p Txspoebre nnte ntt IFd M
visledkyj aukvirazBIWkhOADlehi §ge ncytuot oxi ckI
vbuRKkgchnsfekovanlich hOAT1 evnel msr opvont8nnic i ¢
nefr ot oantiviotiky (br. 19. Z t ohoto dTvodu mTgeme o
relativnlzikozb®&nDatox@ityak ukmEhacbk ©svy©OARAuU
vp or o v adgfoviem,tenofovirem a cidofovirem

U pacipomrtuEhou funkce jateropay rmBIstBTt N
upaci ejtatfersn?2 cirh-zou a chronickou hepat
neg8douc?2m %% inkem | akt 8t oWb8& da asctducdnia?z c(hL abn)
proto mn | bTt zkoums8n transport ETV pr
exprimoy&niekhv

ANPs

Vivoj novich acyklicklTch nukleos,idovlic
2006).Za tuto dobu bylo objevenANPgejexp8l kh
pS2tomnost.i kataboli ckyANPsfabul rz2za ffosfiod Dt

podm2nek z8pornhD nabit® a prostSednictva?2r
|l edvinnTch pr oxi m8Bunkhady 2007 Swedt, P00%; RanWelta n  a
al, 2010).Byly publ i kiovit®rstudiersfzn®i cky viznamnin
proka#zen8l n2 nakkutneurlTacchi acy k!l i ¢ kT ¢ po rmouck?l e o's
OATs a jejich n§sl (€itlarétanaddrkonieoekal., @KI; Uwal i n e k
etal,2007).Vs ®r i ioVvVANePxsi st uj e nhDkoli k sl oMR eni n
svel kou potenci 8l n2m %l i nkem uetravity@abm c nDn?2
uonkol ogi c k [Baltarinpead., @009; Bijstérbosch et al., 1998; Reiser et al.,
2008)PS2 k1l adem CRAIRMEDARKt €t 8kj paepnpfmEenci §l nn
antivirove® li@lfieke2przep Tls®blwmT ch polyomavir
(De Clercq, 2008)Z1 i t eratutry (©éPMPARBeoakfgevhidtkal i
spektru abgpotvemdi §I pbb®d pewpiet rerl = einn heé
kI ® b k onv e(ddQefcon2007b)dterakeey v e d eannitcihvi r ovi ch |
ze skupiny ANPs| edvi nnT mi | ®koebybmidosuangikoume@ny
Vnag?2 studi. j sme zkoumal i nukl eosi dov
jimi g byly | 8tDARy aRYHPGIPA. PrMEOsr ovng8n2 | sme
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Né-cyklopropyo vi deri v&t | §tky HKMEDAP b(yd P rpPSM EpDrAal
prol ®| i RMEG (H&ltekaf., 1999; Hdl et al., 2001)sni g2 m cyt ot oxi
pTs ob@velfgang et al.,, 2009Do nagi ch experimentT | s me
GS919] kter§8 byla pSipravendgdjoakboel ppofdirlumng:?
PMEG GS9191byl a navr gena tak, aby zvIigila pr
PMEGvc2 | ovichl mturRk€elhul §9h®1jeydmBolkwz 388 n a
cPr PMEDAP. N°gykbpeopylovd§8 jle§st cPr PMED®MRiI K& amin
PMEG, kterlT je rychle fosforylovg8§n a t2m \
klinick®-9vypugiby n@B o bilt p $Eediefdd €0hl; dal § 2
Wolfgang et al., 2009).

V. provedenl chktetrdaih?z cjhsmevezkotwnsal i i n
studovanTi mi transport®ry pomoc?2 transfeko
| 8t ky vykazuj 2kci pduze maurensDAT1 (obrt 29.rJajich afinitu
khOAT1 jsme porovnalik | i ni cky poug2vanTimi antivirot.i
kter ® j sou zn8ml mUwa etd.s2007)8t y!| e ®ORAT 1z2skan® v
studi 2ch uk§8ztadrygf @wi radredjosvau jaenojemosubst
Y%l i nn® iVdhS2bvilljogr2ych prac2ch bylo publikovsé
substr8ty hOAT3, ovgem hOAT1l se na jejich
(Cihlar et al., 1999; Ho et al., 2000; Uwai et al.,, 200Ho s r oV n 8l@s& hodn
testovanlch dAdjP2sst nKkl gz gnetDe wut, o vgaen Tweiht gA NPas v
mnohe@ mifgnitu k hOAT1.Taeg asédptevVdbDpadbbébn,
vyplTvsg zehstroukieliT§ltnesmteovandeh§nBNPs ad
atenofoviem Na z &8kl adnhD pSedchoz2ch rozs&§hlTch s
velikost, hydrofobida,s 21 a n&§boje a schopnost tvoSit
pogadavky pSi i nt er ak ciBuskhdrds, 2008VinTa g2 GA Tusd i (
zkouman® ofbeescfnddn Stpy Rup2 pvetedg& kejt®hi mol
je ni $P20 rneg v 1-9191nsknwolekuld®&h mot no st & b s7aBhuy j82)
vmol ekul e hydrof obn?2 obl ast Aav gra&ks quw urzeg d t¢
GS9191 vykazovala srovnatelnou hodndiso s adefoviem a tenofoviem. Literatura
uvg§dz2, ¢e nosiinpdkitie rni2c hv | saksutgpp $. | Bd reiky § tj Ta kaod v
kyseliny mo]|abmnto® kOAKIo(Sugdwarg et al.s20054t ohot o dTvod
j sme se rozhodl i zjistit, XKateduje kafiptouf i | i t a
kh OAT1. DI e hv ZWwpalhot arflsoftware ACD/ Labs) a
hodnot pomoc? HPLC m8 -9 WVygha&l d3 ptodstl ovan
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rel ati vnh n ihapdptouloyP ppdodnoul adefouiru a tenofovinG § d n 1
korel al n?2 v z t aahafinibnekzQAT1lj ispne@f iolwwdgeoiui v t est ov a
sloulenin nezjistildi. Stanoven? parametr T
pr othodgaty nenNSen® experi ment &8l nN pomyseccé chr o
korelbvaly s hodnot apomacl2o R fvtywaa lut eArCHD®E, abs (|
p <0,0001).

Al KoIN-vulh®t i t uo VRME®, CRRPMEDAPh ¢ g @t i vnD nabi
fyziol ogi ¢k ®mMpGHWdfgaegjendd, 2008,k onepozor oval. ]
g 8§ d n tenakciistnr ansport ®bre2th. ADAddcé ot ®t 0 i nter al
zpTsobena pS2tomnost 2 cy k!l popzeo N Ive v ®h o
26di ami nopurinov®m cyklu, kter TcPiANIEDAP st er i
svazebnl mOARL.Z) emt Dn2, Je t e st oivnatne® aAkNcPis sn e
jevsouladu o S2invwigroz j i gt DnTmi %daji pro adefovir
hOCT2 nehrajpeppBdhopsSe@waigial.d607)b un Nk

Ve studi 2edH uAMP i sPigp/ABGREL @ BCRPBABGGDyla
nej si | nMij @iz tmo rienr9191l §abrk axR4) GBe | 2 i nhi bi ] n?2 ak
srovnatelng8 se specifi c-KT8m kioruh iKoO1t4d3r eam sBG
inhibitorem P-gp/ABCB1 - | 8§t k\YB85979. Dal g ? testovan® ANPs
vpouginvircthun N| nT ¢ h pouze dekni mabheab o §g&dnou inte
efl uxn2 mi .Relaantsipvorl ®GEPIVIESef hurg nakc et ranspc
mohla blTt pSiltena |ipofilns3uwiezamASak®ena
stanoven? mal akmil S8mehzd st na sntenakiceni | 8¢ ek f | uxn?
transport®ry uv§8dBbjiRgpABEBlgedd | iemti ¢ ®aywdil enh
do | i pi do V(G zescet®h,2@8)yy pi ck® guwABERBlOo ®tswmhB | 2
ve sv® mol elulmé salac pptoom@pd? k6o ®n daad g cehn y
pogadavc2ch pro spenaolfe kcukl® u(stkzuvp.e nfza ran aoknoTf
P-gp/ABCBL1 se literatura neshodu@harom, 2008S z acke§al., 20080becn D pl at
ge neanjd?e ntc ii nm2® arr cenay@an c ke® ci 8r n 2(Szakn§en os k u p
al.,2008)Bohugel meah gzt ®cht o pravi deB mca/g®t gi n.
studi e m8 teoreticky odpov2daj 2c? strukt
transport®rd ij.s Re zmemruq kkiftefakoi GEHE KL sed rl eunx np?r noi
transporomry p62padhN zd§ jej2 vygg?2 |lipofi

NDkol i k |1l enT skypongxiAdNRYy pTlsiobpr ol i f
(Holl  alt 2001; Kramata @®owney, 1999).ANPspo pSestupu pSes
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me mbr § n b utRko§X2h vakt i vn?2 iftoy,f oktyd ro® ajns®o umed al
pol ymer 8z oDNA,u a @@ kneheidbei cki is y/me¢ ®a y ORMNAV A
(Balzarini et al., 1991; Kramata Bowney, 1999; Wolfgang et al., @9). Abychom
zjistili, zda za cytotoxickIl %% inek ANPs
hOAT1 jako tomutj®¢e ou Skhallpd oyghriuStaekkenof ovir
HeLa buRky pSechodni tr an 8t &Kkrgnsfakno® ath®mt o
hOAT1 byl ycytidtlowiDRg lg®@mk %l i nku vDtginy tes
intervalu po 24 h (obr. 25. Ve sk ®orwtnr§ml?2 o BMEG R §HHBNVPAyna

b u R kansfekova®@hOATlvnagi ch experiment8ln2ch pod:!
cytot oxi cky. Cytotox@@©HRNPAAI nelanP®PMEKGOwan® |
viraznhD intes2zipandD gdedfoeygivu | i wsouladfovir
s e skutelnost 2, ge PMEG difosf 8§t (intra
inhibitoremlidk ® bunhD|l n® DNA pol yme(Pisamwyetah e9P7)adef o
Vygg2 cyt otPMEG & §)-HHRMPA Bt BIOAT1 transfekovanl
pSetdavuj e nepS2ml dTjsoa nejen iotibitory ¢ad et yit os ulb&t
hOAT1.

Nej vc2ycteot oxi ckou | §tkou megtGsaHdteg?anl n
toxickl %Y inek na kont r olektdrembpGCNMEpdsilt ir mks f e k
na buRky transfekovan® ,h pPeT In e eTxoitsot uzjei gutllx
mezi a k t i wrandporem z pr ost Sedkovanim hOAT1 .a cyt
PravdDpodobn® | e, ge zla®| v yegag 6 d pcoyyt Bodtko8x i C i
hydrofoticital § t k-9191GN\Sa r o zods2tlatmd c h NPemsT ¢g&8%all ch A
e f e k vstuppvatlo bin NDka s i v n(Wolfdand evat,2009) kde mTge dos a
nebezpelnlch k o n c etnotxri acck2® muZvdeBd o snek2uc.hg e k t r a
zpr ost SeOAKldhrajavi lomt o pS2padhND m§l o viznamnou

PSi testovg&n?2 int eSlalk ct?r atnesspcBoPNEBARPyC hl §At Nki
neinhiboval a akumul a[@H|PAH ' banRIkag cdm 2 thro a nssufbeskt
hOAT1. Ve studi 2ch zamhRSenTch na cytotoxici
cytot oxi ckK®&hoRrPMeEDAPNWKbuu Rk §ch tr ahDATleTwtovanT ¢t
visledky by mo kRrBMEDA®RZ evrad o ivhi®AT1lmifjteo rmo h | by |
jeho subrs2tzkdwe mafsi ni t ou.cPrENIEDARDIYA & ySti dotl d X
devRDtkr8&t nigg?2 .Zeaf 2 auety®tgoex i pcd dioad xH MEGoI2 dB ¥
zamamensg8n i v dS2ve piunbvivda koeark® es ®u dioik §U n R
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cPr PMEDAP bylo zv2Saty tolerovg8no, zat?2 mcoa
nebylo (Christensen, 2005

Vpodm?2 nfkgtole xperi mentu byl a meedinoustudo
netok i ckou | §DAPy @br.RMEOTot o zji gtplurb2 ijkevan$m
Yad aj i O nigg? -bARycveNDst@vhegE§nPMEOadefovir
myg2ch infikovanlch (Balzarisinet ahy2pe7hPrSes a4 ok e mt
PMEODAPyvnagi ch transport n?2hiOATlsnepozabrovalicidme i nt er
U n2 g8dn® cytbuRkiEch®tp assclh ek kwemrntirood nk @A
buRk&ch. Tento vI sl edWRDAPyjepouzéihhibitoemmea | ov at
substr 8§t evirexperménteth. ABC t r an s p cDAPYWIntgragovaldaE O
m2 r ®PGp/ABCB1.Rel ativnhD netoxickl ¥ inek t®to I
efluxem PMEGDAPY z bunDk prost Sednictv2m jednohc
transport®rT.

Vige uveden® vdystlcetdkxyi sk @hdd %] i nku t est
ge akumul ace testovanlch | §tek prostSedn
pogkozen?2,. Abychom toto tvrzen? potvrdil.i
toxicity ANPs, ve kt ex®diohibitorn YATs prébenacidg n v | i
ainhibitoru/substr8tu OATs quercetinu ( Wo

proksg8zaly, ge probenecid je schopen efekt
zprost SedkoVhjkuomu h ®AT .a p 0-018% Pd o8htrkla pGISs o b i
flavonoid quercetin, kterT mnDI pozitivn?

kter® byly vystavemy ANIPIOu absi u@bvnek prol
a quercetinulze vysvDtl it i ANRS b p c & s tt Sh@aTikifgddr vt 2um

vi sl edksouladssgd ajvi |, kter® dokumentovaly, ge
svim inhibiln2m vliivem na hOAT1 z8vagno s
t oxi ckT nWong e®Pdl.j20M)Zaj 2 njgv @&@ e soul asn® upod§v §
s nofpxiditul §t k-9191G¢ 8 uRk&§ch transfekovanlTch hOA-

pod%d probeneci duTmemyl anod § dn 1z nvalmewnm aut , ge
$SGS9191 je prraedPpioslodnida. MogmilTm aiysmdAT 1
mohl bTt % inekdT |la&o el i mi namwebojejcho MimTha h r ad

-

antiapoptotick® mechanismy (Sung et al ., 2
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AmB

~

PTsoben2 AmB v ledvingch mTge blt vz
protei sep,0 ditatirénspétl ®| i v do | ed&/zihheldem Hkun@knu
AmB obsahuj e sulestitteny®kysadlzelkswalde t ou povahou, i
] s me, ge by mdhlanspbet @&@gygvptr os organi ck®
o r g a katianty @CTSs).

KomplexAmB/DOCvnagi ch expetbamemn®c MOATHh D i nhi
Zat2mco samozmtio AtmBamssport ®rem neinterago\
(DOC) j sme pozorovali v 1 PHIPAHM ovub uiRkBicthi c i
transfekovanich BOATdlkdovdm® Bdadj ebuRiE@d?2,
zprost Sedkovs&nl potkabamhDIOA@ 1! i(mMIiOATL) d kI
embryons8ln2ch bunBDk (HEK293) pSechodnh ex

kyselinou deoxycholovou (Chen et al.,, 2008 0 znamen §, ge za n§
einterakci AmMB/DA@ sh OAT1 j e pravdBDpodobnhD zodpovDiDdrt
| §st komplexu AmB/ DOC a samotnl AmB se na
druhou stranu, relativnhDb i ntenzivn? i
pozorow mdaD transpor t)®ri uPfSy@C 2 o(gd kerk.T ch0 ho ¢
vmol ekule AmB d2ky pS2tomnosti aminovlIch

pozitivnhD, tak n2gtitmvoDAmMBbne ®PAT® tallst i nt
i nhi bnkek2 n®l OCT2 byMyspodmDreniBonsridand2. | u by r
prostorov® uspoSg§d8nz2ktae o@Tumo gnRu PA&T2Il et éAmMma
Visledky nagich akumul al n2ch sakhOATl2takuk §z al
ani hOCT2 (obr. 31 . Vel k8 molekul ovi®) pdtrmdt mabt a RunB
prostupu pSes z mytonpgda@kyjton a soslgpdo & tv@rzye n 2 m, g
i de8l n2 mit rlaaarsgiod §tuy po@euos P o OIAd molekwyydo v el i
500 Da Erimaroeng eal., 2008; Ullrich, 199y

Akumulace AmB MV i d slkd i nnT ch -2pivBk8eshk| 8K buRI
proxi m8l n2ho tRKW) ubylea vsing (iLfLiCkant nD i nhi

Tento ng8lez demonstruje viznamnl pSisph
kakumul aci AmBpoddumRki cwioslpdld knTvimowstudies |
sovari 8l nzmi buRkami |2nsk®ho kSel ka (CHO)

5 AC viraznhD sn2gil a iakkimvaa?Z\éptuBDoRBal,eAGr © v
1999. Tito autoSi tak®e zjAimBt ivl i CHQANE M@ RkbSkcthn a
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zprost SalkewgbayVt @oao. ghadzckobm8&§na nterna
vdel g2ch | asovich intervalech. Protoge nag
hOAT1 ani hOCT2 transportovat eAnBcgb: - da
povagovs8&§nama@gniemdemezhani smT pod2lej2c2ch
AmB.Vnagich experimentech byiHRMBVaAEDRKE 2z 8vi ¢
buRk&ch ve zvol erloah ti®mN&r vialneecShr mdsg i o2y <
povaze transportu. Pro detekci prTkazu mogr
pravdRDpodobnnN potSebn& inkubace v del g2ch

Experimentyy yugi t 2 m perfundovan® potkan2 | ed
probenecid ani inhibitoOCTsTEAn ez mPDni |y signifikantnD rer
srovng8§n2 se samotprelrni Ypzond28hno? mm oAzmBo kduo ( Tr ej t
vi sl edsedadujsel svl edky experimentT s transfeko
kterTch | sme nethetAmR prushd dnigeStdvmeim utranspor
ahOCT2.Vbunhl nTch i org8novich experimentech
efektivnhD inhibuj2c2 transpor {(Kogpselbesal.Sedni
2007; Lepsy et al., 2003; Ma et alQ@B, VanWert et al., 2000Vz hl edem k t o mu
jak uptake vboun Rl nTch model ech, tak i rensgl n? €
ovliivnRDny pSidg§n2m inhibitorT OATs a OCTs,
viznamndwedrvdlnin® exkreci AmB.

Dal gbudouc?2 vIizkumn® pr8ce by se mhDly z
| ok al i z olveadnviicnh§ cvh ,-gp/ABCBIo neljoBCRERABEG2, (Klaassen
a Aleksunes, 20l0na r en&8l n§ exkreci AmB, protoge
s perfundovanou ledvinou pok a n a nazhalpBj2spim?ekh tubul §
kl edvinn® exkreci AmBBo(hTurgeejl t nvadraj et oali.nt e
sefluxn2mi transport®ry nejsou t®mRi®W dostu
uvg§d2 | ®kov® inmgpeGhKkce AhmBSinapdPzorovali,
signifikantnnD -gzpv,I gcbd weaprkresikeP sn2genz
cyklosporinu A (Ishizaki et al., 2008).

Publ i kov anvitousst§udlg € AmB mT gdsociovatz kv eo gl dI®
| ®kov® f or my obs akbmpjerbce2z AonhB /eldiup iyrpay v Pl o upgiidt”
(Brajtburg a Bolard, 1996; Legrand et al.,, 1p9fak ov &8 si tuace mTge
vt DIl n2ch tekutingchkomwmdxid) AimB matkdoddishthrti
tk8n2 a org8ndagiehn®xpedivimget ¥olhmrBsmake ez j i
studovtarnainmsipor t ®r yf grsnoll An§By. P¢sm BRr .nva@niBn ® h o



88

a AmB v komplexu sDOCv  kr vi nebo tedpd Til engTiged mbiftakt or
url ov8&n2 interarkweBehugalnsgp®dn®r ynf or mace
ZzjiigtnNng pS2mivimmpmAdsémk@®ch despoziatim Ro
AmB/DOC sevor gani smu pravdBDpodobnhD vyskytuje
VIiiteratefé gede® mm2nka o klinickmBvTiznan
zpTsobenTch ovliivnhRDn2m me mb r(GubkingdAmkdert, r ans p
2005; Gubbins a Heldenbrand, 201X 1| i ni cky zng§m&e AmMBK ov ®
scykl osporinem, t dcraaniinmerh,y kodisg adxyic tvdyp h|T ¥laij
| ®l i va, kter® n8slednhD vedou ke zmBDn8m far
| ® i v (Gubbins a Amsden, 2)0@%koGg@blkiomseat
AmB v plSazmBepeesapéohi clslec hu dlavkiSerht T p-
ma x i m§ | n3XM (Belmann, R007Brajtburg a Bolard1996. N8 mi zj i gt NDn
AmBproOCT2 j e pOM bloibyn@Am@® bby tedy potenci §I
interakce sj i n T mi | ®| i vorgankseww® t y asogpd¥ysok8ny
vazebnost AmB na mwviww(Bekerskyetdl20@e2RabBie goChiauz my
1998; Wasan et al.,, 1998, ed e pr a v dnbpoohdeorb nMi kg 2 koncent
AmB, kter® mohou efektTobymdhldoVti vpsvNtedu? n
farmakok neti ck® | ®k 8z®@| D gawe®a kh@@TarRAenbyl y zat 2
vkl inick® pradtii npokbhrewvigmypenm a @CTE IzeAetyB s
ol ek§8§vat pouze v p82pddanr mavxhc®ime AOEY s A kB
z p Ts o bpeSneldcghvnk onveSbno? i. Matdwhoi strane, & Dkt er T ca st udi
zv» Sat ech a v | i ds kT c tylymalexehy konhceritréce ¥Bn 2 c h s
viedvi p8timeehem vygg@elmaeny 2007 Brajtburgia Bolard,
1999.Zt ohot o d Pwaadwrclvgehwper i mentech byl o ¢§§&d
akumulace AmMBu k8§n2ch mTge m2t wvlIiv na far makok
OCT2.Pr ot oge interakttma&nsmgdrotp®@roys tprs®t aerfgyeni c
u jednotlivich subtypT OCTs znalnhD pSekrl
s OCT1 (iarimboli, 2011; Nies et al., 2011, cog je dTlegitl t
zprost Sedkov§gv§g rmemmnrohrmouvi§tterkarnvsg@&trech (
al.,201). Experi menty zamhRSjeat®e rnm2 mint@CGTask chy A
dal g2m n&§mRtem pro budouc?2 vizkumn® pr §ce.
Po experiment BBDOGs ajdclgawnN®H 2j,alge i nhi bit
se d§le zamRSil i na studi el mintseulktcr?§ tA/mB(

adefovirem, tenofovirem a cidofovirem (Cihlar et al., 1999; Uwai etal.,)200/k t er ® | s C
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exkretovsgny l edvi nami prostSednistv2m tl
koncentraceadefoviu, tenofoviu a cidofoviu odpov2dalryapeiuds kkinm
plazmatickIm hladingm ( QQ06;KganeyleDad, 2005).De |l ah
Uvgech tS2 ant i vinrvire interakg sAmMS/DQCr vobku§Rzka8! ci

transfekovanlch eddATly (sabarnovxE ® i nhibiln?
vtomto experimentu byly o nhRkolik S8§dT
pravdhDpodobnost vzni kuest ®kanTl mh anteviko

nah OAT1 by mRla blt nevl zsowaduns8h s eTroct20 kploizmir ¢

wdaj T o fakimakokinheriakc2ch mezi AMNB a zKk
z8kladnD tRNRchto visledkT | simedtrosxperimeatech od | i
tTkaj2c2ch se urlen2 pSisphRvku jnerdksiot | i vI
sadefovirem, tenofovirem a cidofoviremhaO AT1, neboS by nebyly k

ZvisledkT dS2ve zm2nhDnlch experimentT | e
santivirotiky na OAT1 je pravdBDpodobnD odp

Pro potvrzen?z, zda zjigthDn® interakce
nej sou nespecifick®ho charakteru v dTsl ed
provedena studi eytaaoamdE&km®h on &4| d nefbetfmBe ( o b
uk8zala, ¢ge AmB/ DOC, AmBeav®OL eayk@zwmjhn
cytotoxick® %l inky.
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8 Z8v Nr

Nezbytnlm pSedpokl adem pr o studi um i
smembr §novi mi | ®k mwilronbylo ztarveendsepn®r taRdreyk v §t n 2 ¢
praclviPgot rozs8hl ® opti mal ippstupyizalbg @ g n &iss p&
pSechodn® transfekci vhodnich bunhRjdb&® | i
SICt ranspByl ma®roy.08 & haosnl dphSitroprroadved T a pot vr
zvigens§ expr eTsyet ot rbaunnstplonr®@ ®mo[d e | yv Tjzskouumua p |
zam@®Sma | e drsiprorATLIOCT2,hACNT2ahCNT3. DsphRgn® pc
t DchtopBbdekdumE§netanspere®c§dviech antivirot
acyklicklch nukl eosi do99l¢c PMEGDABYf ®PNMEBE, T (| &
cPrPMEDAP, §-HPMPA), antivirotika entecaviru a antimykotika amfotericinu B
v komplexu si eoxychol §t enpr (oAr8Hithiv@mGrgsteprad anlp t vy
far mak o limovgrosxtkd cih? .

V. provedenTch experi mentrdkdeEBEcls mM&d 2eac
transportn?mi syst®my Nildslkamom lepxSp?vpi amBiw fa r
hOAT1 jsme potvrdild:| i nhi bitl nt22 mtod etnrca n E£pro
Novim poznatkem | §epB&Wey gndan nshuidipsgoiND3nt2 |
ahCNT3. KovIl i vnhRDn?2 v gecanspwedeanrichh sysp®8mT do
koncentrac2ch ETV viraznhD VegsramBbhheng sj s
substr 8t adefovied ferlofovie m a ci dof ovi r em, byl u

toxickl % inek zprost Se@AThvamdg tmansplouijt e
nefrotoxickl potenci 8l v8zanl na tEINMto tr a
vwkazoval m2rnl inhibnioaR wiawspoat®ufkeci

aP-gp/ABCBLco¢§ by mohl o m2t vjlizmlaanh ptrlo§nedhh éu g
tyto transport ®ry. Cenlekforvoll om§ ckyV pvVs odbr a¥
mnohem m®&nND intenzivn? interakce s |l edvi |
nemohouinviwESi i bDgn®mt d§vkdbvEn¥8&ranou na t
ani blt za bnRngnTch ojkiodTnmis tI2®|piS¥y iw olue d wit re

Na rozd?2| od dal g2ch zkoumanTch influx
dTlegitim transportt@®rreyn zmpkoumapiake viwoj
vmodel ovich buRk8&8ch, pSestoge u nich byly
Tento tr ansyplmamd@rroli kjrejjiechi cyt ot oXDtgi®ma p T
zkoumanich ANPs vykazoval a |@ythdtdasoifd K @ NYlg
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charakterem zprost Sedk®&k&§nph h@Adlpbicpho faiklunmljl §
| 8t kty®tzo skupiny, pSest olf@ATVII,r azwynla zionvtael ry
cytotoxickIl efekt nez8visVyggmra -ctyrAbPEsopxoirctiu
safintouk hOAT1 je nepS2mim dTkazem, ge tyto
isubstr §twt @OCATsLkupi nD | 8tek jsme neprok§8z
ktransport®ru hOAT1 a | ipotiebkibwanlizkhoumi
signifikant nN i ntse ek é&njin X a Rk s P-gpfAB@BL BCRPABCG2pouze

| §t k-81913F ot oge zji gt Dr®ATLIInyt ematkicye MNtPsviszr

jejich ledvinnou exkrecin vivo, j ep &lidédlma m vivoji | §tek ze
visvahu gtegnacih§lpn2 nefrotoxickl W inek zpro
transpwdal®g2y studii byl prok8&8z8&n viznamnl

AmB/DOCna hOCT2iIh OAT1 a DOC na hOAT1. Tyto vIsl
interak8tCAMBaBsnBdretz®r yp.l yhe, &d ikagk® pe s
ug2van®ho komplexu m§& jinhenhhshbHDER? §peme
UAmMB j sme vigiakvipzrmo&mBrzia pS2sphDvek aktivn2ch
uptake v buRkS&ch. @ansporzAmBuid o8 Dk § pveS8azpSant wnnah)
jin® transportn?2 mechanismy. PSestoge se i
koncentrac?2lRhbpPfre®ygejdpgéecti ck® pl azmati ck
viiv na transport®r a s n2zm souvisej2c?2z n

| ®| i va.
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Members of acyclic nucleoside phosphonates (ANPs) possess antiviral and antiproliferative activities.
However, several clinically important ANPs may cause renal injury, most likely due to their active accu-
mulation in the renal tubular cells. The goal of this study was to investigate in vitro relationships between
the affinity of several structurally related potent ANPs to selected human transporters and their cyto-
toxicity. SLC (solute carrier family) transporters (hOAT1, hOCT2, hCNT2, hCNT3) and ABC (ATP-binding
cassette) transporters (MDR1, BCRP), which are typically expressed in the kidney, were included in the
study. The transport and toxic parameters of the tested compounds were compared to those of two clin-
ically approved ANPs, adefovir and tenofovir. Transport studies with transiently transfected cells were
used as the main method in the experiments. Most of the ANPs studied showed the potency to interact
with hOAT1. GS-9191, a double prodrug of PMEG, displayed an affinity for hOAT1 comparable with that of
adefovir and tenofovir. No significant interaction of the tested ANPs with hOCT2, hCNT2 and hCNT3 was
observed. Only GS-9191 was found to be a strong inhibitor for both MDR1 and BCRP. PMEO-DAPy showed
the potency to interact with MDR1. Most of the tested substances caused a significant decrease in cellular
viability in the cells transfected with hOAT1. Only with the exclusion of GS-9191, a relatively lipophilic
compound, did the in vitro cytotoxicity of the ANPs closely correspond to their potential to interact with
hOAT1. The increased cytotoxicity of the studied ANPs found in OAT1 transfected cells was effectively
reduced by OAT inhibitors probenecid and quercetin. The higher cytotoxicity of the compounds with
affinity to hOAT1 proved in the inhibitory experiments evidences that ANPs are not only inhibitors but
also substrates of hOAT1. Any clear relationship between the potency of ANPs to inhibit the studied
efflux transporters and their cytotoxicity was not demonstrated. In conclusion, the study documented
that among the studied transporters hOAT1 seems to be the decisive determinant for renal handling in
most of the tested ANPs. This transporter may also play an important role in the mechanism of their
potential cytotoxic effects. These facts are in good accordance with previous findings in the clinically
used ANPs.

© 2013 Elsevier Ireland Ltd. All rights reserved.

A

1. Introduction

iations:  ABC, ATP-binding cassette; ANPs, acyclic nucleoside phos- Acyclic nucleoside phosphonates (ANPs) are nucleotide analogs

phonates; BCRP/ABCG2, breast cancer resistance protein; CNTs, concentrative originated at the Antonin Holy Laboratory at IOCB (Institute of
nucleoside transporters; DMEM, Dulbecco’s modified Eagle’s medium; EMEM, Organic Chemistry and Biochemistry, Prague, Czech Republic) that

Eagle’s minimum essential medium; hCNT2, human concentrative nucleoside trans-
porter 2; hCNT3, human concentrative nucleoside transporter 3; HeLa, human
cervical epitheloid carcinoma cell line; hOAT1, human organic anion transporter

have been shown to possess broad spectrum antiviral, cytostatic
and antiproliferative activities. ANPs such as tenofovir, adefovir or

1; hOCT2, human organic cation transporter 2; ICs, inhibitory concentration to cidofovir have been licensed for the treatment of various DNA virus
reduce substrate accumulation to 50%; MDCK II, Madin-Darby canine kidney I and retrovirus infections (De Clercg, 2007a,b; Holy, 2006). Their
cell line; MPP*, 1-methyl-4-phenylpyridinium; MRPs, multidrug-resistance pro- characteristic phosphonate group is unique in that it is attached to

teins; OATSs, organic anion transporters; OCTs, organic cation transporters; PAH,
para-aminohippuric acid; RFU, relative fluorescence units; SLC, solute carrier family.
* Corresponding author. Tel.: +420 495 067 436; fax: +420 495 067 170.
E-mail address: trejtnarf@faf.cuni.cz (F, Trejtnar).

the nucleoside analog in the formation of phosphonomethyl ether
and thus can withstand an attack by esterases and other catabolic
enzymes (De Clercq, 2007a,b). ANPs are excreted predominantly

0300-483X/$ - see front matter © 2013 Elsevier Ireland Ltd. All rights reserved.
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by the kidney using tubular secretion mechanisms (Cihlar et al.,
1999). The transport of ANPs in the renal proximal tubules is medi-
ated specifically by uptake at the basolateral membrane and efflux
at the luminal membrane. Treatments that enhance accumulation,
such as those that block efflux, may cause a change of excretion
equilibrium and thus result in renal damage (Cundy et al., 1996; De
Clercq, 2011; Izzedine et al., 2005).

A group of several multispecific drug transporters from the
solute carrier family (SLC) such as organic anion and cation trans-
porters (OATs/OCTs), nucleoside transporters (NTs) and numerous
others may be an important entrance pathway into cells, and
could significantly contribute to the cellular accumulation of antivi-
ral agents. Uptake in the renal tubular cells mediated by these
transporters may be potentially responsible for the renal toxic-
ity detected in several ANPs (Cihlar et al., 2009; Klaassen and
Aleksunes, 2010; Minuesa etal.,2011).It has been proven that cido-
fovir and adefovir as well as other antiviral nucleoside phosphonate
analogs PMEG and PMEDAP are high-affinity substrates for human
organic anion transporter 1 (hOAT1) (Cihlar et al., 1999). Related to
toxicity, the expression of hOAT1 has been observed to induce the
cytotoxicity of adefovir and cidofovir in Chinese hamster ovary cells
stably transfected with hOAT1 (Ho et al., 2000). Transporters from
the ABC (ATP-binding cassette) superfamily, multidrug resistance
P glycoprotein (PgP/MDR1/ABCB1) and breast cancer resistance
protein (BCRP/ABCG2) localized to the luminal membrane of the
proximal tubular cells have been shown to mediate the efflux of
xenobiotics in proximal tubules (Eilers et al.,, 2008; Van de Ven
et al,, 2009; Sarkadi et al., 2006). The goal of this study was to
investigate in vitro if other members of ANPs with potent antiviral
activity may demonstrate a similar affinity to renal drug trans-
porters as the commonly used antivirals adefovir and tenofovir,
or if other uptake and efflux transporters abundantly expressed
in the kidney may potentially play a role in renal accumulation
of these compounds. The study presents data on the interactions
of five ANPs from groups of PME, 2-(phosphonomethoxy)ethyl
and HPMP, 3-hydroxy-2-(phosphonomethoxy)propyl compounds
(Fig. 1), respectively, with selected human uptake (hOAT1, hOCT2,
hCNT2, hCNT3) and efflux (ABCB1, ABCG2) transporters, which are
typically expressed in the kidney. Our work shows possible rela-
tionship between the potency of the agents to interact with the
studied transporters and their cytotoxicity. In addition, we have
tried to consider the possible significance of liphophilicity in the
interaction of the studied agents with the relevant transporters.

2. Materials and methods

2.1. Chemical reagents used

PMEG, 9-[2-(phosph hoxy)ethyl] cPrPMEDAP, 9-(2-phosp-
honylmethoxyethyl)-N(6)-cyclopropyl-2,6-diaminopurine, GS-9191, (L-phenylal-
anine, N,N'-[[[2-[2-amino-6-(cyclopropylamino)-9H-purine-9-yl]ethoxy]methyl]
phosphinylidene]bis-, bis(2-methylpropyl) ester),  (S)-HPMPA, (S)-9-
[3-hydroxy-(2-phosph hoxy)propyl]ad PMEO-DAPy, 24-diamino-6-
[(2-phosphonomethoxy)ethyl]purine were synthesized by the Institute of Organic
Chemistry and Biochemistry AS CR, Prague, Czech Republic. For the experiments,
GS-9191 and PMEG were dissolved in dimethyl sulfoxide, cPrPMEDAP, (S)-HPMPA
and PMEO-DAPy in water and diluted with the incubation medium. Quercetin in
the form of dihydrate and probenecid were obtained from Sigma-Aldrich (St. Louis,
USA).

[5-3H]-uridine ([*H]-uridine) were obtained from Moravek Biochemicals (Brea,
USA), p-[glycyl-2-*H]-aminohippuric acid ([*H]-PAH) was purchased from Perkin
Elmer (Waltham, USA). Methyl-4-phenylpyridinium acetate, N-[methyl-*H] ([3H]-
MPP*)was obtained from American Radiolabeled Chemicals (St. Louis, USA). Hoechst
33342 and the specific ABCG2 inhibitor KO143 were purchased from Sigma-Aldrich.
The specific ABCB1 inhibitor LY335979 was obtained from Karl-Schmid (Munich,
Germany).

OAT1 (SLC22A6) expression plasmid, transcript variant 2, cat. number:
RC207579; OCT2 (SLC22A2) expression plasmid, cat. number: RC207921; CNT2
(SLC28A2) expression plasmid, cat. number: RC211308; CNT3 (SLC28A3) expres-
sion plasmid, transcript variant 2, cat. number: RC210847 and pCMV6-Entry vector,
cat. number: PS100001 were obtained from OriGene Technologies (Rockville, USA).

2.2. Hela cell culture

The human cervical epithelioid carcinoma cell line (HeLa) was purchased
from the European Collection of Cell Culture (Salisbury, UK). The cells (passages
15-25, 28-30) were routinely cultured in 75 cm? cell culture flasks in a humidified
atmosphere containing 5% CO at 37 C in cell culture Eagle’s minimum essential

dium (EMEM) ! d with 10% fetal bovine serum, 1% nonessential amino
acids and 2mM L-glutamine. Confluent cells were split every 4 days using 0.25%
trypsin/EDTA solution.

2.3. MDCK I cell cultures

The Madin-Darby canine kidney cell line (MDCK 11) was purchased from the
European Collection of Cell Culture (Salisbury, UK). The MDCK I cells (passages
11-20), ABCG2-transduced MDCK Il subline (passages 5-11), which stably expresses
ABCG?2 protein (a breast cancer resistance protein) and ABCB1-transduced MDCK II
subline (passages 5-11), which stably expresses ABCB1 protein (kindly provided by
Assoc. Prof. Petr Pavek) were routinely cultured in 75 cm? cell culture flasks in Dul-
becco's modified Eagle’s medium (DMEM) supy d with high glucose, 2 mM
L-glutamine and 10% fetal bovine serum in a humidified atmosphere containing
5% COz at 37°C. Confluent cells were split every 4 days using 0.25% trypsin/EDTA
solution.

2.4. Transient transfection

The Hela cells were seeded at a density 7 x 10 cells/well in 24-well plates.
The MDCK Ii cells were seeded at a density 2 x 10° cells/well in 24-well plates. The
following day the cells were transiently transfected with the appropriate plasmid
expressing either the studied influx transporter or the empty vector (pCMV6) using
the Lipofectamine 2000 reagent (Invitrogen, Carlsbad, USA) and Opti-MEM (Invitro-
gen, Carlsbad, USA) according to the manufacturer’s protocol. Transport assays in the
HeLa cells transiently transfected with hOAT1 were performed 48 h after transfec-
tion. Transport assays in the MDCK Il cells transiently transfected with hOCT2, hCNT2
or hCNT3 were performed 24 h after transfection. The cells transiently transfected
with empty vector served as the control.

2.5. Interactions with SLC transporters

Interactions of the tested ANPs with the SLC transporters were carried out in 24~
well plates as described previously (Errasti-Murugarren et al., 2010). The transport
solution contained 130 mM NaCl, 4mM KCI, 1 mM CaCl;, 1 mM MgCl,-6H,0, 5 mM
glucose and 10mM HEPES, pH 7.4. The cultivation medium was removed and the
cells were washed with transport solution and preincubated for 10min at 37 C.
The prototypical substrate or tested radioactive substance dissolved in transport
solution was added in triplicates to the cell monolayers and incubated for 2 min.
[*H]para-aminohippuric acid ([*H]PAH) was used as a specific substrate for hOAT1,
[3H]methyl-4-phenylpyridinium ([*HJMPP*) for hOCT2 and [*H]uridine for CNTs.
The rate of inhibition of the intracellular accumulation of the radioactive substrates
induced by gradually increasing concentrations of PMEG, cPrPMEDAP, (S)-HPMPA
or PMEO-DAPy (0-1000 M) or GS-9191 in concentration (0-250 M) was used as a
measure of the affinity to the transporter. The incubation was terminated by washing
the cells twice with an ice-cold solution containing 137 mM NaCl and 10 mM HEPES,
PH 7.4.The cells were disintegrated with 0.1 mL of TritonX 0.5% in 100 mM NaOH for
60 min. The radiotracer accumulation in the cells transfected with empty vector was
subtracted. After disintegration, cell protein content was measured using the BCA
Protein Assay Kit (Thermo Scientific, Rockford, USA). Finally, the radioactivity of the
samples in scintillation solution (Sigma-Aldrich, St. Louis, USA) was measured with
a beta counter (Tri-Carb 2900TR; Perkin Elmer, Shelton, USA). All the values were
standardized against protein content, which was determined using the bicinchonic
acid method. The results on affinity were expressed as inhibitory concentration
ICsp calculated with a nonlinear regression analysis using GraphPad Prism software
(version 6).

2.6. Interactions with ABC transporters

Interactions of the tested ANPs with the selected ABC transporters were studied
using stably transfected MDCK II cells. MDCK-ABCG2 and MDCK-ABCB1 (2 x 10%)
cells were seeded on a 24-well plate 24h before the experiment. The cell cul-
ture medium was removed and the cells were washed twice with pre-warmed
transport medium containing NaCl 130 mM, KCI 4mM, CaCl, 1mM, MgCl, 1mM,
glucose 5mM, HEPES 10mM, pH 7.4. The cells were then preincubated in trans-
port medium with a three-point concentration scale of ANPs at 37 C in 5% CO, for
30 min before Hoechst 33342 (8 uM) was added. Specific ABCG2 inhibitor KO143 as
well as LY335979 as a specific inhibitor of ABCB1 were used as the comparators for
inhibition. Relative fluorescence units (RFU) in bottom mode (excitation =360 nm,
emission =465 nm) were measured immediately after the addition of Hoechst 33342
in 1 min intervals for 31 min at a constant temperature of 37 'C (Genios Plus, Tecan,
Salzburg, Austria).
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Fig. 1. Chemical structure of ANPs tested in the study: PMEG (a), cPrPMEDAP (b), PMEO-DAPy (c), (S)-HPMPA (d), GS-9191 (e), adefovir (F), tenofovir (8)-

2.7. Cell viability assays

The Hela cells were seeded in density 1.5 x 10 cells per well in a 96-well plate,
On the following day the cells were transiently transfected with plasmid expressing
hOAT1 or empty vector as described above. Experiments were carried out simulta-
neously for the hOAT1 and empty vector-transfected cells. 48 h after transfection,
the cells were treated with each of the tested ANPs dissolved in water or in DMSO

test (GraphPad Prism software, version 6). Differences were considered significant
at p-value <0.05.

2.9. Relation of lipophilicity and affinity to transporters

Lipophilicity parameter logP of the tested compounds was calculated using
software Advanced Chemistry Develupment Inc., Toronto, Canada (ACD/Labs)

by dilution, so that the final solution contained less than 1% DMSO in the medii
The tested compounds were prepared in incubation concentrations 50, 500 and
1000 pM in triplicates. GS-9191 was prepared in concentrations 10, 30, 100 pM in
triplicates. In addition, the transfected and control cells were incubated with the
tested ANPs at concentration 1000 wM (GS-9191 at concentration 100 j.M) in pres-
ence of probenecid (500 M) or quercetin (50 wM). The controls: 100% cell viability,
0% cell viability (the cells treated by 10% DMSO0), no cell control and vehiculum con-
trols were also prepared in triplicates. After a 24 h incubation period in a humidified
atmosphere containing 5% CO; at 37 "C, the reagent from the kit CellTiter 96 AQue-
ous One Solution Cell Proliferation Assay (CellTiter 96; PROMEGA, USA) was added.
After a 1 hincubation at 37 “C the absorbance was recorded at 490 nm. For the eval-
uation, the final viability of the cells transfected with hOAT1 was compared to that
of the control cells transfected with empty vector.

2.8. Data analysis

Data obtained in the transport experiments are expressed as means # SD. The
statistical significance of the difference in the parameters was determined using
two way analysis of variance (ANOVA) or one-way ANOVA followed by Bonferroni's

Lipophilicity was also d exper by means of chr

separatmn on a RP-HPLC Cyg column (Servusova et al., 2012) and expressed as
the logk value derived from the retention time of the individual compounds.
Correlations between the lipophilicity parameters and ICsp were evaluated using
the software GraphPad Prism (version 6).

3. Results
3.1. Interaction with SLC transporters

To prove whether the studied ANPs have an affinity to the tested
transporters, the cell lines transiently transfected with hOAT1,
hOCT2, hCNT2 or hCNT3 were incubated for 2 min with [*H] labeled
prototypical substrates in combination with a selected unlabeled
ANP. The time dependent uptake of [*H] labeled prototypical sub-
strates in all tested cell models was linear within the first 5min
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Fig. 2. Comparison of affinity of the tested ANPs for hOAT1 in transiently transfected Hela cells. HeLa cells transiently transfected with expressing vector for hOAT1 were
incubated with 1 M [*H] PAH in gradually increasing concentrations of PMEG (a), cPrPMEDAP (b), PMEQ-DAPY (c), (S)-HPMPA (d), tenofovir (e), adefovir (f) or GS-9191(g)
for 2min at 37 C in triplicates. Each point represents means =+ SD of three independent experiments of the accumulated amounts of 1 M [*H] PAH. ICsp value represents
inhibitory concentration of the studied antiviral agent calculated using nonlinear regression analysis. Value of 1 1M [*H] PAH accumulation in the cells transfected with

empty vector was subtracted.

of incubation (data not shown). In the experiments, the studied
ANPs showed a potency to inhibit only the accumulation of [3H]-
PAH in transiently transfected cells with hOAT1 (Fig. 2). The tested
ANPs could be divided into three groups according to the affinity for

hOAT1. The first group included ANPs with a relatively low affinity
to hOAT1: PMEG, PMEO-DAPy and (S)-HPMPA. The second group,
including adefovir, tenofovir and G5-9191, exhibited a comparable
and relatively strong affinity to hOAT1. The affinity of G5-9191 was
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Fig. 3. Effect of the tested ANPs on inhibition of typical substrate accumulation mediated by hOCT2 or CNTs in transfected cells. The MDCK 11 cells transiently transfected with
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found to be approximately 15-fold higher than that of the ANPs
from the first group. The third group contained only cPrPMEDAP,
which did not show any significant potency to inhibit the accumu-
lation of [>H]-PAH in the cells transfected with hOAT1. Moreover,
no significant interactions of the tested ANPs with hOCT2, hCNT2
and hCNT3 were observed under the used conditions (Fig. 3).

3.2. Interactions with ABC transporters

To test the possible inhibition of ABCB1 and ABCG2 by the
tested ANPs, the accumulation of Hoechst 33342 was investigated
in MDCKII-ABCB1 and MDCK II-ABCG2 cells. KO143 and LY335979,
standard specific inhibitors of ABCB1 and ABCG2, respectively, were
used as comparators. GS-9191 was shown to be the strongest
ABCB1 and ABCG2 inhibitor under the used experimental condi-
tions. GS-9191 at concentration 120 wM increased Hoechst 33342
accumulation by 74% in MDCK 11-ABCB1 cells and by 78% in MDCK
1I-ABCB1 cells. Such inhibitory activity was comparable with that of
the standard specific inhibitors of ABCB1 and ABCG2, respectively
(Figs. 4 and 5). PMEO-DAPy caused a slight increase in Hoechst
33342 accumulation (p <0.05) by 18% in MDCK 11-ABCB1 cells; the
effect of Hoechst 33342 accumulation in MDCK II-ABCG2 cells was
negligible (9%) (Figs. 4 and 5). Other ANPs did not show any sig-
nificant potency to increase the accumulation of Hoechst 33342 in
MDCK II-ABCB1 and MDCK 1I-ABCG2 cells (Figs. 4 and 5).

3.3. Cell viability assays

The effect on cell viability of the tested antiviral substances was
determined in a standard MTS colorimetric assay after a 24 h expo-
sure of the tested ANPs. As shown in Fig. 6, most of the tested
substances showed significant differences in cytotoxic effect in the
cells transiently transfected with hOAT1 as compared with the cells
transfected only with empty vector. Among the tested ANPs, the
most cytotoxic compound was found to be GS-9191, which at a
concentration 100 wM strongly decreased the viability of the cells
to almost 0% both in the cells transfected with hOAT1 and with
empty vector. PMEG and (S)-HPMPA exhibited relatively strong
cytotoxic effects related to hOAT1. The expression of hOAT1 sig-
nificantly increased the cytotoxicity of PMEG and (S)-HPMPA in
comparison with the empty vector transfected cells. In the case of
cPrPMEDAP, a prodrug of PMEG, a relatively low cytotoxic effect
was observed. For comparison, the expression of hOAT1 enhanced
significantly the cytotoxic effect of adefovir and tenofovir. In con-
trast, PMEO-DAPy did not show any significant cytotoxic effect in
the cells transfected with hOAT1 or in the control cells transfected
with empty vector.

The co-incubation of the tested ANPs with probenecid or
quercetin resulted in a marked reduction of toxicity of the most
of the tested substances in hOAT1 transfected cells (Fig. 7). The
lipophilic compound GS-9191 showed the highest cytotoxic effect
even after the addition of probenecid. Combination of GS-9191 with
quercetin significantly increased the viability of hOAT1 transfected
cells. Probenecid or quercetin alone had no effect on cell viability
either in the cells transfected with hOAT1 or in the cells transfected
with empty vector (data not shown).

3.4. Relation of lipophilicity and affinity to transporters

The analysis was performed only on OAT1, the most relevant
transporter. The calculated log P values indicated that most of the
tested compounds exhibit a comparable lipophilic character. Their
log P values ranged between —2.52+0.76 and —1.19+0.95 and
were similar to the log P of adefovir and tenofovir. All tested ANPs
were found less lipophilic than GS-9191, with logP=6.67 +1.01.
The results regarding lipophilicity (log k) measured experimentally

by means of chromatographic separation significantly correlated
with log Pvalues calculated by ACD/Labs software (Pearson r=0.99;
p<0.0001).In the series of all tested ANPs, the correlation between
log P and ICsg values for OAT1 was not significant.

4. Discussion

The development of ANPs compounds took place over the course
of many years (Holy, 2006). The excellent antiviral activity of ANPs
is attributed to a catabolic stable phosphonate linkage. ANPs are
negatively charged under physiological conditions and express a
significant potential to accumulate via OATSs in the renal proximal
tubules (Rizwan and Burckhardt, 2007; Sweet, 2005; VanWert etal.,
2010). Various in vitro studies demonstrating renal accumulation
via organic anion transporters as well as the subsequent nephro-
toxic effect of clinically important ANPs have been published (Cihlar
et al., 2009; Kohler et al., 2011; Uwai et al., 2007). Nevertheless,
in the series of ANPs there are several compounds from the PME
and HPMP group with a great potency for the treatment of vari-
ous DNA virus and retrovirus infections or cancers (Balzarini et al.,
2007; Bijsterbosch et al.,, 1998; Reiser et al., 2008). One example
of these compounds is cPrPMEDAP, which is known as a poten-
tially important antiviral drug for the treatment of polyomavirus
and human papillomavirus infections, with further investigations
recommended (De Clercq, 2008). (S)-HPMPA has been described to
express broad-spectrum anti-DNA virus activity and the potential
for use in the treatment of herpes simplex virus infections resistant
to treatment with the conventional antiherpes drugs (De Clercq,
2007b). However, the potential of the mentioned agents to inter-
act with renal drug transporters has not as yet been sufficiently
described.

For drug-transporter interaction assays, we selected nucleoside
phosphonates from the PME and HPMP groups: PMEG, PMEO-DAPy
and (S)-HPMPA. For comparison, we tested the N®-cyclopropyl
derivative of PMEDAP (cPrPMEDAP), a prodrug of PMEG (Holy
et al, 1999, 2001) found to have a lower cytotoxic potential
(Wolfgang et al., 2009). In our experiments we also included GS-
9191, a lipophilic double prodrug of PMEG. GS-9191 was designed
to increase the permeability and accumulation of PMEG metabo-
lites into target cells. The ultimate clinical potential of GS-9191 will
remain the subject of further studies (De Clercq, 2011; Wolfgang
et al., 2009).

Among the tested renal influx transporters, the studied ANPs
demonstrated interaction only with hOAT1. Therefore, we com-
pared their affinity to hOAT1 with that of the clinically approved
ANPs adefovir and tenofovir, which are known substrates for hOAT1
(Uwai et al.,, 2007). The results we have obtained in competitive
inhibitory studies suggest that adefovir and tenofovir are not only
substrates but also efficient inhibitors of hOAT1. Both drugs are
also substrates of hOAT3, but quantitatively hOAT1 is the major
renal transporter for these drugs (Cihlar et al., 1999; Ho et al., 2000;
Uwai et al., 2007). After comparing ICsq values of the tested ANPs,
we may conclude that most of the tested compounds exhibited a
much lower affinity for hOAT1 than adefovir and tenofovir. This
probably results from structural differences of the tested ANPs as
compared to adefovir and tenofovir. Based on previous extensive
studies (Ullrich, 1997), size, hydrophobicity, charge strength, and
the ability to form hydrogen bonds have been described as impor-
tant parameters for substrate interactions with OATs (Burckhardt
and Burckhardt, 2003). The evaluated phosphonates generally meet
the mentioned criteria since their molecular size is below 500
(except GS-9191 with molecular weight 734.8), they contain in
the molecule a hydrophobic region and bear a negatively charged
group. In the presented study, only GS-9191 exhibited an 1Csq value
comparable to adefovir and tenofovir. In this case the lipophilic
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character of GS-9191 apparently plays a major role. According
to the calculated logP and experimentally determined logk the
highest lipophilicity of GS-9191 was confirmed among the tested
compounds. For the other tested ANPs, we found a relatively low
lipophilicity, with log P similar to that of adefovir and tenofovir.
Contrary to the other group of substances such as uric acid-related
compounds (Sugawara et al., 2005) we did not detect any correla-
tion between lipophilicity and affinity to the OAT1 in the series of
the tested compounds.

Although a N6-substitued prodrug of PMEG, cPrPMEDAP is nega-
tively charged at physiologic pH, like PMEG (Wolfgang et al., 2009),

experiments. Values from the end point were subjected to statistical analysis. *p < 0.05; **p <0.01; ***p<0.001

it did not show any significant interaction with hOAT1. Thus, it can
be suggested that the interaction may be affected by the cyclo-
propyl substituent at the N® position of the 2,6-diaminopurine
ring, which could prevent sterically the effective interaction of
cPrPMEDAP with the binding site of hOAT1. The finding of no iden-
tifiable interaction of the tested ANPs with hOCT2 is in agreement
with the previous experimental in vitro data demonstrating no sig-
nificance of this transporter in the uptake of adefovir and tenofovir
into cells (Uwai et al., 2007).

Apical efflux ABC transporters are important in the control of
the accumulation of many antiviral agents (Kis et al., 2010). Among
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