Univerzita Karlova WPraze
Farmaceuti Bkg§detim kKl §hov®

Katedra farmakologie a toxikologie

Interakce antiretrovirotik sl ®k ovi mi ef | u
transport ®idiwnat ajnsjpil @alcent Sr
farmakokinetiku

Interactions of antiretrovirals with drug efflux
transporters and their role in the transplacental
pharmacokinetics

Di zertaln2z pr8ce

Mgr. Zuzana Pt8|l kovs8 (roz. N

Gkolitel: profGt®hdy mPh.DFrantige
Konzultant: PharmDr. Luk8g Lerven

Hr adec Kr 8l ov® 2016



Prohl aguji, ge tato pr&ce je mim pTvodn2n
samostatnhD pod vedenzm sv®ho Jgkd&hD. tael e p
konzultanta Phar mDr. Lukg8ge Lerven®ho, P
znichg jsem pSi zpr ac oseBamilitdraturyp@t 8¢i j S®dn I
citov8ny. Pr8g8azeé skk&myl g i nW®Whei the@blo st ej n®ho

,,,,,,,

€. eéeééeceé.

Mgr. Zuzana Pt §



PodRkov&8n?2

Na tomto gdat Podprkobfv.alPPrhar mDr . Franti gk
za dvwehdrmnND yjéhotgreenforu® od aadd®B iy p oym2 nkt er ® po ¢
dobu vedlym® studium t2m Ripargmbd melsmd®Hr@mu, Ph.
d Nk zajjehotrp N1 i, v v soHt&®d2gcens t pamogn o b e z bkyt eprJecchk | §d a
di zert altm?t oprp®adeo b nemBDl a ganci vzni knout

DNkuj ivigttak®at hegmTm skupiny Experi ment 8
| ®kovich interakc?2, se |nohaspblupiacoyaZ e m§fDNe m
p ak dPkag mDr . MartinhD Lel kov®, Ph. D. z a
vManchesteru a velpno m&ha tw8Xd2ent kj® ji2 |ad cdhsokt®y |

DanhD Soul| koE®n apeRte®izat Moj e podNkov§n? z
s kvl oub Iphoermo sper §xwe? Sat y. Claated®yniarmalmlsgiezae n st v L
toxi kologie a sp&Bé&Dlelujeinl z welnpyx@Bpm&covn?
at mosf ®r vy.

Zv!l 8dt k2 vDnuj i Mgr . Dani el e L2hal ov®
pSekwmfechny viD8ietc k &hephrkSccset 2s j 2 vl astn?.

Za finanl| n?2 podporu dDKuj i Univerzithn
2015/260185), Gr ant ov® age nt B383%12085R a P3GIMBLRISY,
programu PRVOUKP40a programu FAFIZ a umognnDn?2 zahrani| n?2

Z8vhDrem bych c¢cht Dl a pod8]kkoowatyiasnv ® o i mg
za tr pjBkouimd o ptoskyt oval. pstudgp or u bNDhem cel ®



Abstrakt
Univerzita Karlovaw r a z e, Far mackruad cik 8Krf &alkauM @ a v

Katedra farmakologie a toxikologie

Kandkad 8Mgr. Zuzana Pt 8] kovs§

Gkoli tpeglof. PharmDr. Frantigek Gtaud, Ph. D

Konzultant: Phar mDr. Luk8¢g Lervenl, Ph.D.
N§zeivzert allmerakce anretrevirotkb ®k ovi mi efl uxn2 mi t
jejich vliiv na transplacent8rn2 farmakokir

Prevence pSenomat kwi rma Hdat Nzppd§vz8n 20 §
kombinovan® antarebor odie8§ ®f20 plo@ldibwdmcriev 2 .
zmec hamirsomTy | akt i ¢ k ®bravirotig B jcibpre$H22t camftei s § 1 n 2
cirkulacic oygak mTge blt m&pS¥ERi wipmij eVloi sky n
plod Pr o optimali zaci | ®| e b n®p osjterhaldtelgy & | m
pozitt®hdthlch ¢Jgpodi @muEligegiht § akt or T ovl
p S e antiretpvirotk zmat ky k plodu pSes placent &rn2z |

N8§pl n2 t ®t o pdaS8tcrea nbsyplloa czejnits8trint2, f ar mako
| ®| i v hir @®k?2ev ®luxmad I ransperrtb@rhygjee sxo&m| ir
chrgnpSetiodTsoben2 mSc pp @oaédliintvirg In Fivoeik
situ a ex vivometodik jsme zhochotili m2 r u v | i vu | ®kroasn scpha retf® ruTx

distribuciv y b r a n T meki matk®ud & plodem.

U | ®liv zidovudinu, abakaviru a tenof o
vh Nkt @rSPpedech | ak ogygkraznuzj 2pudpssgarl e & nt §r n 2 ¢
ABCB1 a ABCG2 pSa mbagaliinut @dofudinug ak pasivn2 d
alnebo %tasmspiont ®hd[i sntarp conusch § tkD cNagrosi | ®] i \
tomu transpl alc@nit\8a nw aninpiSwe wdnitm 2 | 8n&ry2 t en:
| i nnost ? ABC efluxn2bDBl a@arpaeamporztj®rs§ i bwv | i



aplikace tenofoviru a emtricitabinub Se z 2 m pnevedeako ¥ mi v n Nn 2 exp
hl avn2ch ABC€etwvgbspaltc®r drg8nech plodu ani

Pre¢ ent ovan® visledky p Shrazp 2prollgmatiky k ce
transplacent §rn2ho Ma$peéstswply adtzgnmam tpeSv a psbe
HI'V pozitivn2ch ¢gen, hodnocen? faktorT ov
| ® ebnl ch proaukiamTujpéagnoat i | ®k ovinoh | iivnltcehr .
antiretrovirotik.



Abstract
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Title of doctoral thesis Interactions of antiretrovirals with drug efflux transporters and
their role in the transplacental pharmacokinetics

The combination antiretroviral therapy that should be administered during the
whole pregnancys the backbone of prevention of motherchild transmission of HIV
infection. One of the prophylactic mechanisms of such treatment is the presence of
antiretrovirals in the fetal circulation. However this can be associated with the
potentially harmful €ects of drugs on the developing fetus. To select optimal therapy
while minimizing risks it is inevitable to have detailed knowledge of all the factors

affecting transplacental transport of drugs.

The aim of this study was to detect whether drug efflunsparters are able to
protect fetus against xenobiotics can affect the transplacental pharmacokinetics of the
selected antiretroviral drugs. Employing varietyirolvitro, in vivo, in situandex vivo
methods we determined the role of the drug efflux transporters in the distribution of

drugs between mother and fetus.

We suggestd that antiretrovirals zidovudine, abacavir and tenofovir disoproxil
fumarate to be the substrates of placental ABCB1 and ABG&hsporters. However,
passive diffusion and/or other transporters erthithe penetration of abacavir and
zidovudine into the fetus. Conversely, the transplacental transport of @imevand
parent drug tenofovir veanot affected by the activity of ABE@fflux transporters.
Further we detected that lomgrm administration of tenofovir anemtricitabine to



pregnant ratsaltered expression of the main drug efflux transporters in shkected

organs of neither fetus nor mother.

The presented results cobuie to the complex knowledge regarding
transplacental pharmacokinetics of antiretroviral drugs. These findings should be taken
into account when antiretroviral therapy of HIV positive pregnant women is selected
and the risk factors and prophylactic eftigeof the particular regimens are assessed.
Moreover our results indicate the potential of ddngg interactions of antiretrovirals

tested.
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1 Seznam zkratek

ABC
ABCB1
ABCC2
ABCC5
ABCG2
AZT
CART
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FDA
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NNRTI

NRTI

OAT

OATP

OCT

Pl
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bSad pr o kontr ol uanglp Bobdr angd Dmig a | @
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transpo t ®r prod gmBeé mdid cangl arganioamionT , z
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organick® anionty t rzangls grganict uj 2 c 2
aniontransporting polypeptides

transpopt &Senos or gaanglcdgarich kat i
cationtransporter
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TRV tenofovir

TDF tenofovir disoproxil fumar §t



2 bvod

Epidemie infekceHI V. z Tst 8v 8§ z8vagnim <celospol

KagdorolnhD se t2mto virem miaklg2vivzZecammaeu

tvoS?2 regenmywyduvwlkKB2 mOdhadem ag 1,5 milionu |
kagdl rok weddona2swaltpSdz2tn, kter® by bez
pades8tiprocentn?2 ganci, (¢.sd?2ky = @ pmallf
dostupnosti szdrpaovatSRe koP®&| roce sn2 §it pol e
HI'V na 220 tis2c, cog pSedstavuje vIznamn
tis2cilet?2, kdy tent[d. pol et pSesahoval pTlI

Z8§sadn? p&leil om vhDbat h®vmMHI Vgeny pSedst .
farmakoaogic&®r ovir 8l ndkr ulh®| bpjol dvi pRDaxeva
mi nul ®hdNaspol &t ku t ®t o tsa r¥dipsel uetdi kcyk ® rivnnt2e rk
studie prokazuj 2 o&ZT)4 & hiprd cEer §mi a ojvarjdii amlu  n c
sniguje riziko pSd3hosNgsHIew oo atlr@mdBigd zf nsothuec
st8le prob2haj2), bkt pewhswsSrattovgaika) 2o tialTim e k
gendgmVsoul asnostdi §peo niabcthrthaus k®fi s amost at n
ve fixni2rdgc2kéohmbr ® s & NDhot g izwh YAl led]| dghgh
nemocia z8roveR ke sn2gematky ziIMIE&TdH&SE.Nngsu
motherto-child transmission)

Hl avn2 strategi? SvDtp®I® zadrtaRlooenm®KkmBI X
geny je snaha v2ce zp$S2 st upvibidoucno pdiéo co§ | n 2
nej m®nN nak[8.gemrd atho gd)mkrekerd W ISenii t PMTEV e nc e
je podgm¥ilk®vianT m mat k&m a[6],j ejjé che ohytog® n
kombinaln2 regimy bpbakRabyobpbyy Hezpe®Pnd. z:¢

-



3 Teoreticks8 | §8st

31 Mechani smy p$&and&yunkdl M2z D

PS2tommosu HIV bl§@d ofpipg telarpal vwne2 ho i dr
tri mestru tkAhept@edsyulivyi f i k ovedh §l.c hProti | §t ky
HI'V byly nalezeny ve fet8ln2 [9, ptagensp®in
spSedchoz? mi zsesechpineomit pgaotanrs pl a weé mtu§ rbn®hheom
| asnl cthDhfoStze2nZa vRritihdke®i sbhadaomp2Senosu HIV
por od, kdy je d2thD vyst®OVeRochpStha@msea ngBTho
pakmTge dost at do [a®. NhRir ont oquide odbE%t e Ss k ®h o
ml ®k @ 8 mp¢gnn88 kiaza bNDHE@&mM Alokcelni2zv j e obt2gnh
kdy dp&koo&ku viru ( map $.S2n ognanoiovonoddrice/e st y
t DsnhN po poy oeSemewswl wliruiietd j, i § ed v@lembecni
fakt, ge s nejvihDt g2 npsrkavdiddepm dp bnd@ %2 ( dd &l
pS2padT), pmPmIDh p atk DIK2OOt e%)s tav 2b I hieBM%)KLd.] e n 2 (
PS p®|i o HIV pozitivn2 tRDhotn® ¢geny tak
infekcev)y ak ®k ol i v f8zi tDhotenstv?2 a po porodt

32 Mechanismy antiretrovir8matd napr of y

d2tDn

fada studi?2 potvrdil a s ouRNAwkro smatky me z i ¢
vdTsl edku ug2vsg§n2 antiretrovimatj kf4da ortan
Ni cm®nND i u ¢gen, u ni ckhrgvib ytlaok nmn2ozgKER ,v 2§ eH | j
ug nedowagiz alby I prok8z8n benefit | @8bhy a r
sn2gdido Za tentmr op &%tchanisfus s povaguj e Yal |
antiretrov i roti k v samotn®m fpo8§lpBemhotdDhwp,Sekd
chrg&n2 plod pSed n§8kazou virezmwe at IXhootreejsdn
porodu[6]. ZvT sl edkT klinicklch studi?2 jednozn
ant i r et terapiei(CART| n Zangl. combination antiretroviral therapy), tedy
kombinacet S 2 a tirstrovootk, apod8§8v&na tNDhotnTm ¢gengm
(ideg8lnn jegthN pSepdod@nPimotannXni2rme)t repolk ot i
ng§sledniTm vyvapSedsimvseekaipetd i[6,nNktger § ®
sni guj e r pajednoprooedtEld.o s u



Zvige wuveden®ho vyplTvg, ¢ge rarovdlrogtiik meée
pl acentu jJjsou z8sadn2epHdéVnporzavenmwhn2optiim
pro pochopen? pr ¢ feydl naoktahtiietnkif@tke MTCT.s o b e n 2

3.3 Placenta

Pl acenta je orggmhndges hawvilXS®@AR0 zvk v atriu , k r «
obNDhy amatkyakut er T zaj i gSujnee zfiu ntkdmi2t op rdovpionjae nc
KromhD zprolsgtSlkeadk® vehmNny placentd giinky i plemd o k m:
aimun taa¥vneposl edn? Sadn i protektivn?2, kdy
z matky do plody14].

Vivoj placenty zal2n8§ vnoSenkidny bd oacsht8ozc:
fuzi fet8&8ln2. aBmbhemSske®®ha&aSnMhot enstv2 p
viznamnT mi struktmiir 8 mRBmaFeiti §1 hankll et Zr e
pSedst avw§pé ot ®hokoa oridosum kter8&8 dr g2 pupel n
znich vyb2haj2c2 choriov® kl klydz 8§ Imaz epls&bE
(decidua basalisvyr Tstdall2adn2 ho endometria). Me z i
pl ot ®nek omach §z 2 intervil - -zn? pr sl wr§,nyve
cirkuluj2c?2 [BlaBeBehatui kk&@2zn§zornhn?2 str.
pSedst &zudjke obr

Myometrium
Matefské cévy

Bazalni
ploténka

Intervilézni
prostor

Choriova
ploténka

Pupecnikové tepny ) 2/
.

Pupeénikova zila W 4
Pupeénik

12

Obr§ zdBchematick® zn§zormRINDmeerstta ujke utrywo e ma ema 2
choriovou (fet8ln2) plot®nkou, maBDmgkter kmi uj
krev matky. Ta omlivg§ choriov® k|l kgdyvdokh&z?
kIl 8§t kov®mu pSenosu Pnfeezviz amaot Kef.uu par apvl eondoe m.
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PS2m®mu m2sen? fet §l nprl aac enmatt8er,Kis® G aberri v@er
t voSrmtwoabunhDk t rpofkcdlvagyttech chopiodumeg®t RhkT,
tenk®vrstvyv a z i v a anddteemfed tn81 rgeScBhu Rk®v t rpoof sot bul pansit u
prochlgfterefMoicadiodsnMmi ben® buRKy cytotrofoltk
smDrem do interwirlTszm®832va mreodnot®maid ea m&haom
S 0 U b u ndyncytiotrafoblast, k t e r Tp S ek@maktu sma t e Sksrkvd2u.§ v N
tatovrstvaj e powagownwgmvn2 sl ogku kpilearc8e nstv8orun 2s thr:
vliastnostmi S2d2 p SpodemEl7.] §B ek ymeszyi n cnyatti koot u
jsouj aspnod ar i Apivie@®mbr((Emrai ent ovang8 smaem do
prostoru)l gnent voiSkernaak |zknTazmnlBtt ¢ u jREofohast. r ¢ h
Bamlaters I’ n st rana ( nas ed riegtownss ntiyrtegdody ko f eb h & ad k ;
akl ky p¢olg.tomsal 8§ me mbrd8rlyg g¢e erpym3IZ or Bc ap
transport®r T, kter® se pod2l2 na obousmDr
mezi matkou a plodenjl4, 19, 20). Sc h®ma §plin&c ebnatr i ®ry je ps$S
obr8 z R.u

. . e apikalni = bazolateralni
N intervildzni

no , ,
F“\‘j{‘ I | membrana \ membrana
WUUL_ rostor
/‘)f ) \\""\7 ] L r
)
ﬁ feté]
iska <—» flonr krev P
matefska fetalni krev v \\ fe,ialm

krev

krev / cevy
matefské ° : '

v

krev @

| choriovy
klk

Obr§ z@8chemati ck®l ao&marBiR@rhydar i zovang§ vrstva syl
tvoS2c2 povrch choriovich kIl kT pSedstavuje f
mat e Ss kTu, kcryvt2o.t rof obl ast; ST, sy[h%kyti otrofobl

34 Mechani smy pSestupu | ® iv pSes pl ¢

Nejl ast DBjr@hmportn2m medkHamils@leimlva pSechs§
krevn2hppabdDhno? BNh¥me tdbdoh oAMP @ Sechodu
| ®IlpiSves pyecemBruu koncenMrmpdsedhopgrhddent §

6



na Vvliastnostech deh@®mbobckh®| viast(dnlyzi& §8h ®DNi
pl azmati ck® b Zaktdrazhsiprey)i fti akehitlongaye bari ®ry
pH ve fet&8ln2 a mateSsk® krvi, rychlost p
pl acent8§rn2 bar p®TPNh k tDgael§jt2a emonglhm2st¢ p Se
pSes pl avcyeungtit 2 | e ,rtedy graasmenib®&rnuo v ® h o protei ni
umog Rbjedtaked ch | §t ek, ktzer @ rboyg | pyans iz@a 29 .ed infi!
mi noritn?2 formu transplaceint&8mnn@yhtet #@ar& nsp
upl at Ruje napS. bhRhem pSenosu i murnSongciob ul
problematikyp Sest upe j ®V 3 vj 8o nedTl egit §

3.5 Metody studiat r anspl acent 8rn2ho pSestupu

Soul §st2 CcARTdmgorbdMe Sgg Rloevx an®NIBl amer i
nej m®nN j edno avnytsiorkel tnr otvriarnostpilkaupdie nsiT&kod ® p
| ® i vi@dRAMB pomNDr (pombDr mezi pl azmatl né klomi®
a mat e Skodndtuok révia) vy gg?2 .t eTrzanp ¢ @&k iozwag §i tglt dlehian a
plody kijt e r & TplSeedietvgy2 m bNDhem porodu, k[ely hr oz

Tato metodastanoveAm§8 v gak nhRDk ®PlSieldypmevenahnl F/I' M p
popisuje pSestup | ® iv b#&#he mpo rakmnoh@h h2 f !
bTt j ednodu@e aexthdagbrdD jogy28mh, fk8dzy2 tgaekstt®gc ed

ki nf eplold mGena ve vRtginhD pS1ipPaFadopaBoden
a hladiny | ® iv | sjoeud nro8rs ||eadsnolv ®mt abnoodvi®,n yc a
farmakokinetickpSeanaPBreppBeEnppmNDru se
| a snebere \pot a z , zda bylo I ®livo padk®BInKosnbmaat
antiretrov i r ot i k bRrotav | $§ o u [uF? toAsemtiReteolirotik (alei  j i nT ¢ h
soul ped®v a®inadr )t ent o pomhRNr nemus2 bit odha

Pro dopl nihn? i nft&rmacer® pSestapsplamdenm et
ezbyvyo®2dvaatg@icer iement §1 n 2mohoupnddisopkd , okf as ®N
an® proPlrematukyum trangpdit e n&dsttiboda c bani
o n k r ® t®rhrdeai matkou a ploderbyla vyvinutaS a dna t o d , kter® vy
URKYl @itk&nhD | idsxdxhe»pp expeiememtypt(y,e 8l Zn ® n
UuRk&ch izolovan®ho trofoblastu, pl acent &

O T T X Q9 oS

d v o z edchodokarcinomu placenlyd §z e2 Bledel y, vletnhD expe
ransgenn2ch zv2Satech, tk&n2cWgachmuRkEygth:

—+



pS2stupy maj? sv® vjditheay| ekmomeizrdaed2aad pdmz
studiem placentrrovn 7 lod | kSoae ofcier Vine gh®dy
faktory, ktPRI.@hjpejakdberi sRuky% vybranlch me
t®t o0 di zejrsd @l np tauegpdiavd ¢ 2 mep8dhkgdovlT | | ¢
[22].



Tabulka 1 Vybr an® met ody studi a rol e
transpl acent §r[2223.f ar makokinetice

Model Vi hody Nevi hody
BunRl n® liniTechnicky nen8rol nlTOdl iexmp® esn?2
transdukova studovanTlch t
transport®r UnmogRutjenovit, zda vpor ovh@gRKami
MEF3.8) Ssubst rr8tt nifkdamdks por t €l i dsk®ho trof

Du§l nhD perfiUnogRuje sledovat tTechni ckymodes§r
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36 Pl acent 8rn2| ®riamsport ®ry

Vr §mci metchdina s mT®pSespSes placentu byl
pl acent §doAed&vmn®ryokl §d&§na pSedevg2zm jej?
pS2tomnost bunhlnlch vr stldentfikacepd Bl cug itc&r nd b
transpo t ®@aP vned8&vnlch | et ech potvrdel & v
vtranspl acentSadiy? me npdSoegneonsnu?2 ¢ h aimezienkno genn?2 ¢
mnohT cli24P5PPli acent §rn2 tr ans povretl@kskypifiao z d NI u
to naABC (z angl. ATRBIinding Cassetdea SLC (z anh Solute Carriers)
[17. Vt ®t 0 kapitole jerpoddpkit @e® BT |seb eg Suespine
| ® i v pSesVipeglzséhe mdem na zamR$ear?2 pr@®tce.di
vybranlTch transport®rT expei snéutmmobgczhk uv sy
3.

36.1 ABCt ransport®ry

ABC trantswm$2 ®skupi nu prpatoeitSiekdtkioviana?p n |
transport spvSecsh bsuunblX|tnriofutipnrearibrk@mue ent r al n2 r
gradientu[26]. Tyto transport®ry byly a doposud
svTj] wlezwdm@®&piv® reeifapence8g§dor RY.1 ckir oml2 mo
tohoto fenom®nu byla jejich |innost pops§8r
jsou stSevo, | eldeAB@, t 1 &nvsemow|Nit&yinm DkomS 2 p a d
e f | ux n 2mopdurhipsgjpéidistribuci a eliminacs v 1 ¢ h s[28/29.t r §t T

3.6.1.1 P-glykoprotein(ABCB1, MDR1)

P-glykoprotein (ABCB1) b y | podobnhD jako ostatn? A B
objeven s ouvi sl osti s e studiem mechani s mu r
vysokllEmk&§m cPr gemafniénkk | n2 studie prokazuj
expres?2 -ghkoproteimm a P m2 r ou expoIiice t eMuaddgen
antiparazitiku ivermektinu, k t ejre® substr8tem tohoto tran:
vizkum studi & tfraamagklo&d edel® G ktyr asnngBfoernt &r T m

ExpreseABCBlv|l i dsk® pl acentD byl a potvrzena
a to bhDhem c e[BpABCBltjdusyntyeotmtocbtbVv ast u | okal i z
api k8l n2z stranhD meumpavdisnvy® skudes tjre§tsyc veempme d o
prostoru do krve matky32, 33|, cog bylo prok8z8pomoc2na c
du8l nhD per f uan dpoovpikoa@y[34-88d S k ®s ABCB1 jsouobecn i
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struktfumkDn® velmi rTznozdd®RupEitkBhdlpias S8
j ako ] sou cytostati ka, antibiotika, ant
antiarytmika, n7i ch g mnoh§8 | ®| i vlah ¢ tse ngs| thwPu gikat Kiya ip
| i dBJoABCB1 j e dnesnejowlazymagm jages p AkBtCe®rl
ovlivRuje f ar makpke dipeatki Ics&deg dshg ej distiilouci v T z nat
| ® Imezimatkou a ploderf89].

3.6.1.2 Breast Cancer Resistance ProtefBCRP, ABCG2)

Breast Cancer Resistance Protein (ABC@2ppolu SABCB1 vsoul|l asnost.i
nejl ®pe prostudovanlm tplaancseprotr& r@rde rebSdrti@® g e
pSehl edagyv & t|elr §oekatky KABQF1 £31] aABCG2[23]). OABCG2je
zn8mo, eyper ijmeav 8npi k81 n?2 stranD syncytiotr
ochranhD plodu eflmplixaceerstvyf chp Biaop4d]o r Bt T enld ma |
shodn® | okalizace a ABCGnh «ABE@B1 ponpllram&idandg N s
substr8tovou mnsepzeici f ebhbdot s,ubktdys8ty pat S2 z
cytostatik, antidiabetik, antibiotik nebo antivirofik7].

ExpreseABCG2je vor gani s mu n epjlvalxtegn?t g m&v IT k8 n i
byl o zj iegzddAB@G2nge Y%r ovnex pmARNfovEN ve vygg?
ABCBL1 [4]1]. Knockout t ohot mamyme@mto®rkuee zvIigen® exp
vTliieho zn8&ml m42e5ihstpo8topmN jako u ABCB1 i
potvrzena f unkgdommesd? tdueghesdiyompta®@®w hddsk® i
placenty[46-48].

Mimo to ABCG2ov |l i Yy Rwjleeoj samotn®ho placent §
trofoblast pSed cytpfanpodgyhdl aronaap8pno.
steroidT [pYes placentu

3.6.1.3 Multidrug ResistanceAssociate Proteiny(ABCCs MRP9

Do rodiny Multidrug Resistaneas soci at ed Prmpate$2n Td q pABLL
deviNDt ABAC29 Ip SekrTvaj2c?2 se sasbFzmEmopomNise
zastowpedhot !l iv]i Bl txpsgrn*scthSedkovg§vaj? troe

endogenn2ch i exogenn2chnhg§gekhnamtgl pSadhi
glukuroni ¢cwv Emowné Maszshly t ©e mi v Rfarfakokinetiku n N ¢
nNDkterTch | & Sawd2mmezi§skuece ze skupin
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hypolipidemik, ant [1dr yDmskRvaddnz2angt egi é epbd
nNkter T ABECCslndaepri Tk § | n2 | b syncytiotenfoldastiZ ant22 nsctor a n
ABCC2 se SaABCBlmABCBDneziplodochr aRuj 2 céaktnaamspor
api k81 n2 str anRABBGLN c ykitieartir ojfeo bll als,dlde z ov § n
naopak pohyb svich -pubdtu§BEaRevamDru mat k

Funkce ABCCs vpl acent D doposud nebyl a pl ni
prozkoumanim tr aABCED,r t Pe e g | ie rnelzidbei Tc e nvRenuul
transplnucedde Str mp u vimaterneh et 8 1 m 2 mna snodelu u
perfundovan®([56i dEkK@r pABCC# ab gP a h dvd ti ellskw®8 n a
pot kpd na2c[8M 38N P aezi® ) ABEC5 ato nap Se v § (haddl antaer §1 n 2
membr §nN synw[§% i ontirconi@nbll assHtZep adN j dklog 2ve h |
podskupiny ABC transport®rT, j e i u nhj
vtiranspl acent 8rn2 Kkinetice | ®|iv.

362 SLC transport®ry

Tato vel k8 transport®r ag8t,najddaljoidd mip engy
byl a poplsz&qiac hv or g § teepche dleivdj kP hsoe tjledn§ o
st Sevo, mo z e k pla7c 8Lt uanppdce®ly jvaol as a
celou Sadu strukturnhD toahspaf t@dd 8 wekka) |

ef | uxzn2buRe&kkyVi IliirosdtoiuvsmePprl m@)e.nt @ umoJgRuj 2
pasivn2 (na energi. nez8§vchkem) ckPt akast 8o
neumogRuj2 volnl pSestu[p7]. p$SdsC hursdismpou t @

viznamdm@®DNDv fyziologickTchi mpruuoandtRu,j 2prntatamd
dTI edeintdiocghenn2 ch | §tek jako | sou nhuokrlmeoonsyi d:
z8rovie®hubwly popsl&®lyi viy,i rktteerraB cvey k az uj 2 ¢
spSirozenTmi subst[e@ty tRchto transport®rT

Vr 8§mci studi a transplacent 8rn2ho tran
vhnovg8na pSedevg?2m studamspotte®rakcpr ¢ DgHen
kati ©O@Ts,Tzarh gl . organic cation tr a@ATporters
zangl. organic anion transporters @ATPS, zangl organic anioftransporting
polypeptides) MATE (z angl. Multidrug and Toxin Extrusion Proteins),

ekvilibrativn?mi n u EENTe, oz anigld emuilibrative nicleasides p o r t
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transporters),a d a [6f.Smir uha®alct eri sti ky neijodinfl egi t I
SLC trawspdigts®@mnuf Modghgduvj 2c?2 podkapitole.

3621 SLC transport®ry pod?2]lej2c?2 se na tran

OCTs j sou pol yspeci fifieghk&@hd r asrusbpsarmrt8®@ryy , j ¢
organi ck® kationty o an?2kzskg®Ro @nollierknud sotvZ® adhvroi
fyziologicklch funkc?2 [57].Negtl ®pyzipolpsaind knl |
vpl acenthD je OCT3 expri mov amfbblasn akdeleaz ol a't
el ektrochemickIm gradi ehnm@mNDpkh8§dAN kabbol
[62. Kr omND endogenn?2ch | 8t elki jaackeot yjl@Qhso | k at g
schopny rozpozdaml @kocvwkugicvel etaml i depr esi v
antiarytmik[17, 57].

TranspMATE®p SenE$es bunhD| noSadsmembk tSmmun N
odlignlsviNtiggtnels kl adnT m n §B3hjvp ma oven tsiy ®b yni
dosudpops8&8§na z&€spuesd MARERHEGYH. Mezikli ni cky vIiznam
subst rS&tdy nddkter§ antiaryt mi k[&7,57.aPrtSivdlepr e
soulinnosnaMAMELKkEI r anNSOCTE8f exlpastmovanl m ne
stranhD pl acuemmot S8R unj@d Yota§ v 2y fakVhehci Bkeake
do krve matkyTento typ vektar 8| n2 ho tr anspatram polzeonart
pot kanz2[6h6lacahey pravdlDpodobhDdp kp@bd2ohb& Ni | m:
vdal g2ch orgpgoko\WwATSE/d®CT evel mi d@@Bade prost

OATs umo gRuj 2 transport organicklch ani
rozeznS8vaj? gi r[o7k ® ®&|pievktjrsou | 86 ekr omhD an-
nNDkter8 antihypertenzi[VvlhVplatedti @bétyil ha.,pr
exprese OAT4 a to nal[71p kde gduapole sGATP2BL me mbr
(z § s tmu pecskupiny OATPs) dalig2 mr ansport ®evye, @ Sok kg kg T
schopnost ychyt 8vat ahet B8éneé@Nira&aui hae

Posl@dn2 sku@i hoan$darcte®@rtTP,v u kter® se pS
di stribuce antENTs.e&tornkwi®t mtDi ks,e tjveodS#Bhg o ENT.
Y2l oha stprod ®wI80 kva c i endpigeéedha2phomakseopiSeT
j ej i cthma ttahspostut Nch ant i retr ocovdi rou Kk lké o skktdelrrSn Dj
o0 d v o z Eato §problematika je s oul asnosti rnoavgnt It et nl znmevim N

studovans§.
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apikalni
membrana

bazolateralni
membrana

Obr §38&hematick® zn8zornhNn2 vybranlch transpo
glykoprotein; ABCG2, Breast Cancer Resistance Protein; ABCC2, Multidrug Resistance
Associated Protein 2; ABCC5, Multidrug Resista#i@sociated Protein 5; MATEL, Multidrug

and To X i n Extrusi on Protein 1; ENT1, ekvilibra
ekvilibratvi nuk!|l eosi doviT3tramamepto®t ®2; p@Oi pSeE T 03;
OATA4, transport®tr pro p:Se rmMAST PDB ,anioaligiamt c laa

transportuj? ®PSepalay pede{lifje[74aR E.n o
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37 Antiretrovirotli@&labDpoHlIg¥ vpagi tki vn2
g eajejichinterakcesp | acentAB8CnZ miansport ®ry

Pokud HI V pozgdnan?2jegtih p Seabyla b ®Deoatwn Nn
antiretrovirotiy, mnDsuag 2bwg n 2 m plr ®| ipw exvalncti p[H5nosu Vv
Vsoul|l asnosti s e do p adhnad]|aug $ea rumatkliocthetroa pg €n vzy
CART, jak8§ jea dosghRV®nPaoapmbhhrcruje kombinac.i
zr TznTch farmakodymadmi b1 oh2zemds afgiemigkiugikv ot
HIV. Nej |l astDji s e j edns8 o] kombi naci
nukl eodindikJ Tewmhiinchawlidhr T r eveNRIIn%z angl.r ans kr
nucleoside/nucleotideever® transcriptase inhibitps pol u se dvPDma z8stu
pr ot ®I8zangl. protease inhibitpmebonen uk | eosi dovim i nhibi't
t r ans k NNRTIt Bangl. nonucleoside reverse transcriptase inhibitor) L ® | i v a
zd al gf2acrhmak ot ersalpempit m c flaktm | s ou inhibitory bi t or
integr §zyNhmeajns ckho wleans nwo s t i preferovs8ny | a
nicm®nN jejich spotSeba u thRhotnlTch Jgen s
gem kter T &Eh ascARTH &II[6).a

3.7.1 Antiretrovirotika jakos u b sytAlBB&t t r ansport ®r T

fadkal i ni c kyl c\adtietrodrothhv y st up ug B b yjtaanédd
inhibitory n Dkt AB®&h ot r an[lpder t ®rwt o odTvodnRn® psS
tralss port t IpSketso pll @lciewn hpol satciechd BEC n2 © dntsapko® t ®r
ovl! i.vahdlinz mav § situace p ak nast 8vy§2cepoku
subs/tirghiTlsitutaocreT] t ypugR§ §nPSkdy AIRTg @ 0] 2 t k

v z § jT enfarmakokinetick minterak@ pkte®vedoukr o0z d2 | n® dinezit r i buc

mat kou a pl odem. Lze tedy spekulovat, ge
mTge t89gi sl osti na zvolen®m typu cART.
Pokud budemegsuzoval ako hl avn2 wukazatel m2ry tr

| ®lvdob D poerjoduth F/ MagomlgiS§stt ume, dJde&RIs v ze
pSech&§8z2 pSes mph&taedt d §ezi t NDhoI5e’AsTov2 | et
mTge dmoT tur | ig® | m2emef | pri§nEnsmor k®eT® ovI i
farmakokinetiku PIs[61]. Napr ot i t o mu doposud z2skan®
viznamnT cjhsoNuRTdsecnD vy{dsq?7-83h B gr ¢ weaR uobmul u
NRTI s alpeo ndringdt ny ¢ o &k nN $ é m ol ¢ Ip[BOSSE, 185], ¢ 0 §
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nazueazlnalim®er i ndi vi distBbo€i r b ®thtoMpyua v¥il 20rh u i
transpmwoedcm@mpihsnmich nedg jRr @asptvinma ldii £ dazie | «
CART je proto dTledgikt® nshbhk®m§gdnekl|vandek®

transplacent 8rn2 farmakokineti ky.

372 Antiretrovirotika jako regul 8tory ex
Jak jig bylo zm2nBDnoypmpTmlRBrewmt gegtea wa g&
vyv2ij2, Cell proces tRhot ensotgvRujj2e fS2zzieon o
vivoj.ZwlededkT ned8vnich studi?2 vyplTveg,
expreseafunce placent §rnkdly wr amopmomte®PvT znamnh
ABCBLli ABCG2, byl y zjigtBDnyz whDsnlyo setxip (28a88f &z i g
KromhD tRchto fyziologickTch zmiDn byl o
patol ogicklch faktorT, kter® mohou ovlivn
PSedpokl §8d8 se vliiv zg&g§nddohewmbchhDp%r omas Ky d
gestaln?2 dkbabhepese bprei f2eoklavd Do od @d aid)n 2
HIV infekce [86]. Xenobi oti ka obecnn vykazuj ? sch
transport®r T a to zej.miitrad ptSa jogpkak owv @ jn P2
metodaks t udi u t ®t ¢ i gr @ bilon&dSuaka i niedgtrovirbtik ze skupirt i
Pls , NRTI s [ NNRTI s na g6p87e88i. PAAtBELCn ci 8 & n
antiretrovirotikovlivnite x pr e s i danTch transport®rT je
jeindi koveSnoau pdoobcu t Dhakeénsiva ABLal glemSeomnr
opNt znmgnel t d ® & ftomejeb mezi matkou a plodem. Tato data jsou tak

klinicky vel miSnkepnhg§mal mahou terapie HIV i

373 Antret r ovi roti kra8md¢ iudto®taom 8divzert al n2z j
Vgechmarovanoi i ka, kterr88mc®ta dtomdovghad?

jsoupoug?2uv §tntkhot Mhth BH®hiva byhdNDvybjBEonh khi

viznapmut eenci §l pl a ¢ eaf@lkoemismisport ®ry

3.7.3.1 Tenofovir

Tenofovir (TFV) | e puri nokie®j eNREFromnD terapie i
pougdiu€Rhot nlichf ekecn2 shepadnavi[BY Odszvi@im.o u h
uveden?i200d)s et MRV po gtewdpmi@n goalydd v anrd§ ngczic h |
prevence a terapie HIV infekcejae ho spot Seba Nh ¢ 0® &dejeg e n
doporulovs8no jakao 8im&lii Mao®| foryv rs2a mod Int®By iwnf ek
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HIV [5 6]. Vs oul| as ndispoziciveef &r mn tepofowdn dsbproxila

f uma (TBR), k t le e @jodostepnosilTFV po per or 8lan2mk®od &
bunh| nT [92193}. Ekestuj e Safdiax np2S2 lpTDAEBKa la §s2 mi
antiretrovirotiky; rse g ¥y N mg/famtiiciBabim(Truwadd z k u g
a TDF/emtricitabin/efavirengAtripla) [6]. TDF j e pomRrnM Ndob §& mis n
gengmdni cm®nN jeho ugswvBktterlemit akke®jr@dpmy @2nn
Vyvz2jej2kdysedies ku toujoelivuhllDaFv nnida kogel[95]osjdosud

nejasnim klinickim dopadem.

TFVj e powapoVvIisd y sywlplheang r n 2 m emSkeys F/Mi p
p o mdibsahuje hodnot 0,61,0[77,78.U obou mol ekul , TFV i TDI
prac?2, kt epjehisne ew &Bx32 atl ryandap oztd®dl y . od TFV,
neinteragujes ABCB1 ani ABCC2[96, 97, u TDF se pd&eeABPBRLKk | §d §
Ssubs (98 ®9.Kompl ex n?2 mu vlizguhABEBilLp ABEG2 a ABCC2na

transplacent 8rn2 transport obou | 8tek se
dl ouhodob®ho pod8v38n? TFE€ tnaanesyporeis@mFvy |
placentD, ale | w=&g8flee hv Pmau jkey lal Pl eokd ul V.

Obr 84&knofovir disoproxil fumar 8t

3.7.3.2 Abakavir

Abakavir je ,puWwkrtied®® @ieblR®] pr aXf i »d?2 ¢loku

kombi nacsdbd ajser o didpozici dbakavir/lamivudin (Epzicom Kivexa),
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abakavir/lamivudiPAZT (Trizivir) a abakavir/lamivudin/dolutegravifTriumeq)[6]. U
517T8%gemne po pod8n?2 jehbyapkearvsiernuz idh jvenydou r e a k c ¢
pacienti s alelotHLA-B*5701[100.Pr ot o se pSed zal §tkem | ®]
genetickl scree&minfkg ®d np a @il e to Tiéh Mavzadyav i r n
tomuto neg8douc?2 k! %hni mkio che sabmak acihr sngg
vel mi [6dl6lp Se

Jako | i penadndpm 2 mpi peEtklmmd i ®ry v eflodp pl ac
kdy F/ M pomDr [8) &l Aura%kil 1 RIdnIPiokyT & winah 2
vitro mo d ezjistii, ge abakavir sABCRImABGEG2(1083108, subst
pSi| emg o b anatyli¥ ana digribuciab&kavirun vivo[103 106.L | §nek | |
t ®d iozer t al nh2o dpnro§ e rpodABCB1, ABCGZ ABLCC2 aRABJCS

vtiranspl acent 8rn2 farmakokinetice tohoto |

ANy
N N
HQD

HO

Obr§ z & Kbakavir

3.7.3.3 Zidovudin

AZTj e pyrimidinov®dRNRYI mnbhat @t ®Tgk&gen
cesBDs&8l e na pSeskdpcithD hm?tsit \ene ho a4 @ ri BmAZTm
jekdi spozi ci podobnhD jako dal ¢g?2 aspolu retro
slamivudinemv p S2 p rCambkiuad § ve sl ogen2 AZT/jhkami vudi
Trizivir) i s a moRetroaid. W N8 hc i |l evnDj g2 chjepakAAZV ent i vn
samostat@iMio jednod&8§vkovouNawpztzdkmyi olpé&dn
sn8genlivost.i b IJheehno tuljhzovt 8enm?smt vE p ojjeend z v 1
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hemat ol agisc dlked mpicihk asncazr ow echfMtcch ALK E mal Kt e
vri 8 mci pr e vHdVnOellQMTCT

AZTna konci ptSerjdeugpuSe ¥ 2p | ac e nsepohybujpe ho F/
kolem [BRdECO® se tTk§ doposud hpapsamichABLC
transport®ry, pak AZT tIMhaABL0sfllZ. b Zlat é wk iov
nNk t e S2ozaravdli efl8x AZTz pr ost Sed & o sp AHCBI§118,j i n 2
jej vyodPpaobhjidadsmmBhE hl avn2zch evtlruxnmnpdh cterna rgs
pSestumlDl AZZ c21 |1 8nek |11 t®to dizertalr

0

HN

Py |

o) N

HO Ny

Ob r § @ Adovudin

3.7.3.4 Lamivudin

Lami vudin je p,yrktnasrdGu hjees @oMRTIugeésdaaNg g
| ®| ir 8@ me i terapi[4. VIdMfi é k czea HIoV obl i AMD f i xn?
(Combivip) jako nej®1 e u g2 vanti gimé¢ ® pveme wbDek MTET®MHU V
pS2zni v®mu bezped nadostm®mus g@Yedmil lituddottinT ¢ h
doporul ovs8n jako | ¢HPBl @ mMmPkIu@Emrmpdt o vii by
hepatitidy B[6].

Lamivudin ve vysobk®esmuPe jenupjheB/ M| momnDr se
pohybuje kolem | e d [B® 84]. Rol e ef |l uxn?2chr atnrsapnl sapcoernt t &t
farmakokineticelamivudinuz Tst 8 v 8§ n ARBCB] iaABGCE&Rnsie ovlivnily
transportl ami vudi nu pSes bnuviird)| ncooug mmoanZyrear |$uejvel §t
Substr8tem obou transport®r T, nicm®nN aut c

ABCG2 ve farmakokineticet oh ot o [1L3®@L14v Bnt e r dakieutlimu
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sefl uxnz mi aragregspaeamht ®lyi vu na transpl acen
samost kombifacisAZT se vDnuje || 8§8netk®dliolzlerd all 1z
pr8ce.

NH,

N

A

Obr§ z & kamivudin

3.7.3.5 Emtricitabin

Emtricitabin je novdg gV 8 Iperoce 20B)0A ko & ®® N |
je podobnnN jadakioudin¥gd n onfnd® i pr ot i infekc2zm vi
hepatitidy B[115. Emtricitabin je spolu SFV ur |perno pr evenci pSenos
mezi dosmpmMBlaimmi ao j eho v § modarma ps teo utp[Eh6oit N ¢ h
117.Fi xn2 kombinace emtri ci ttatbdvokombmdrsja huj 2
kdost p B2 p mMawadaK TDF/emtricitabinus e d§1l e pSidg§vaj2 |
(Atripla) nebovletech20l2 ia 2013 c hv 81 e n ® d&wvitegrbviemac e s
kolbicistaem (Stribild) arilpivirinem(Complerg [6].

Emtricitabin pSesFEMpainBmahebsujplca ene nsteu
j e d[A9p82, 83. O interakc?2ABC ed rhturxiné imti a btirnaun s o |

vsoul asnosti mnohji mhi or ma §2ABPGs[LE3A20@ i nt er
ABCB1[12]. VI | 8nku IV t®to dizertaln? pPdgof&e | s
aplikace emtricitabinupr Tb Dhumpéeés tmte vIiv na expresi

ABC tr amsap qprott&raln2 m model u
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Obr8§ z & Emtricitabin

3.7.3.6 Ritonavir

Ritonavirjej ed na en) ¢tza& sgt?2zzophc g kupiny | ®l i v Pl s.

tthvo 0. | et ech minul ®h odispoziakll etl 20 NDv Hd Pdbz® n f ke k
nDkol ik NRTI s, duomo ¢pm ialx @ Pavi@isnt® v yksoab i n a «
antiretrovirotk St ej nND j ako ostatn?2 z8stupci t ®t o

spotenci 8l em | ®k ovTich i nterakc? j ako pro

transport®r T a [En¥Yyow| aGMRos8b0rgenciri tdARdvV
nepoug2vs8 pro svT]j viastn? far makoil ogi ck'
i nhibitor efluxn2ch transport®rT a enzy
farmakokineti ky dallRgh2oa e ndisficgicive R ied Xmé u gkiotmd i
slopinavirem Kaletra); jakos a mo Navin)| z e pota@m lp&inkianace se
ost atPk2Zmieg8douc2ch %l inkPakuSehblddov ndvcahh y g e
pSedewd2yneinz€ ko vzni ku porachegt aknB.bov ®di ab

Transplacent 8rn2 farmakokineti ku ritone

rtonaviru jako substr8tu a inhibitoru ef |
MATEL. Tato publikace je s oul|l asnost. pSipravovgna a I
dizertace.
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4 C2|l e prs8ce

N8&pl n2 t ®t o di zertal nz pr8ce byl o S

antiretrovirotik poug2vanich v p®]| i o t
pl acent 8r n2 mi transport®ry, u nichg je zn
a plodem.

Konkr tendnasleo o splnhDn?2 tRDchto c21| T:

I. popsat interakcelFV i jeho TODF®l @lriavnas port ®ry .
ABCG2 a ABCCI2nvirat rpaonusgpiotr2t n2 cMD @KiIple r b unRknad i
transdukovanl mi laingimikmEmodyrdn§paht @@y f und

placenty

il. popsat Il nterakce abakaviru s transp
ABCC5 za ipoiwogttansportn2chMDEXpeér imeRk Jmi
transdukovani mi |insitgkdtmody rcanmSlprodt @eyf und

placenty a ex vivo akumub | n 2 c h expernigmemt ¥ s$lziodokw@&nl

placenty

iii. popsat interakce zidovudirmit r ansport ®ry ABCB1, ABC
ABCC5 za ipowogttansportn2chMDEXpeér imeRKJmi
transdukovanl mi laingitlikétodyd ut§r anrfds ppoerrtf &rnyd o v a n

placenty

iv. popsat vliiv dlouhodob®ho ug2vs8nz te
Abcbla Abcblba Abcg2p o moc 2 kv a rPtCiRt aagnavinl2z yRTv0 vy ug i
model u bSez2ho potkana

V. popsat interakce lamivudinutsr a n sy ABGB1, ®BBCG2, ABCC2 a
MATE1 za ipowitoyt tansportn2chMDEKperimeRk Jmi
transdukovanT mi | i ds kT mi transport®ry, a
MEF3.8,insitumet ody dus8l nhD perfunekeoivoakh @®mpla kahéh
stud 2 na vezikulech z izolovan® mikrovil -z

vezikuly, zangl. microvillous plasma membrane vesicles)
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5 Seznam prac? a pod?2| kandi d
publ i kac?2ch

Tato dizertaln?2 pré&8ce | e ppSeadck?l.§ diStnyaSij ¢
byly otzaghrDaanji d némgthdFeac hj edna po8tasnfn® dob
viecenzn2m S2zen2?. Vgechny manuskripty | sc
na popis a vyhodnocen2 interakptac&ht 8rokm
transport®ry

Kandi d§tka je prvn2 autorkou tS2 prac?

a V). Jej?2 pod2l na jednotlivich publikac?

I. Interactions of tenofovir and tenofovir disoproxil fumarate with drug efflux

transpoters ABCB1, ABCG2, and ABCC2; role in transport across the placenta

T praktick® proveden?2 vgech perf %zn?2cl

dat a pod?2]| na seps8n2 manuskriptu

II.  Effect of drug efflux transporters on placental transport of antiretroviraitage
abacavir
T praktick® proveden? vgech perf¥zn?zc
po d 2 | na experi meak weminl awxcyeu g & ajpld @ac

fragmentech, anallza dat a sepsg§n?2 r

lll.  Role of ABCB1, ABCG2, ABCC2 and ABCCS transporters in placgmaakage
of zidovudine
T praktick® proveden? vgech perf¥znzc

analTza dat a seps8&8§n2 manuskriptu

IV. Longterm administration of tenofovir or emtricitabine to pregnant rats; effect
on Abcbla, Abcblband Abcg2expression in the plaata and in maternal and

fetal organs

24



T praktick® proveden?2 stwudi? srovn8va
podz2zdplniak aci t es v BanodbhDrliug toerkg §nT a

anal lze, revize manuskriptu

Interaction of lamivudine with ABC and SLCatisportersn vitro andin vivo:

role in placental transport

T praktick® proveden? | Petd? | panf 7y c
experimentT vyug@g?2valji2dcs2kcGhh oMY &t dbi¥f b2l lka
na anallze dat a revize manuskriptu
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drug efflux transporters ABCB1, ABCG2, and ABCC2; role in
transport across the placenta
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Interactions of tenofovir and tenofovir disoproxil
fumarate with drug efflux transporters ABCB1,
ABCG2, and ABCC2; role in transport across
the placenta

Zuzana Neumanova, Lukas Cerveny, Martina Ceckova and
Frantisek Staud

Objective and design: Tenofovir (TFV) is used in pregnant women as a part of
combination antiretroviral treatment to prevent mother-to-child transmission of HIV
infection. We aimed to detect whether TFV and/or its prodrug, tenofovir disoproxil
fumarate (TDF), are substrates of ATP-binding cassette (ABC) transporters that are
functionally expressed in the placenta, namely P-glycoprotein (ABCB1/MDR1), Breast
Cancer Resistance Protein (ABCG2/BCRP) and Multidrug Resistance-Associated Protein
2 (ABCC2/MRP2). We employed in-vitro cell-based assays and in-situ animal model to
assess possible role of the efflux transporters in transplacental pharmacokinetics of TFV
and TDF.

Methods: In-vitro transport assays were performed in MDCKIl cells transduced
with human ABCB1, ABCG2 or ABCC2. To quantify the effect of these transporters
on TFV/TDF transplacental passage, we employed the in-situ model of dually perfused
rat term placenta in open and closed setup.

Results: In-vitro assays revealed that TDF is a dual substrate of ABCB1 and ABCG2
but not of ABCC2. In contrast, TFV transport was not influenced by any of these
transporters. Applying concentration-dependent studies and selective inhibitors,
we further confirmed these findings in situ on the organ level; both ABCB1 and ABCG2
limited mother-to-fetus transfer of TDF whereas TFV transplacental passage was not
affected by these ABC transporters.

Conclusion: We propose limited mother-to-fetus transport of both TFV and TDF.
While placental transport of TFV is restricted passively, by physical-chemical properties
of the molecule, mother-to-fetus passage of TDF is actively hindered by placental
ABCB1 and ABCG2 transporters, pumping this compound from trophoblast back to
maternal circulation. © 2013 Waolters Kluwer Health | Lippincott Williams & Wilkins

AIDS 2014, 28:9-17

Keywords: breast cancer resistance protein, multidrug resistance-associated
protein 2, P-glycoprotein, pregnancy, tenofovir, tenofovir disoproxil fumarate,
transplacental pharmacokinetics

(MTCT) [2]. Together with other evidence-based

interventions, antiretroviral pharmacotherapy in preg-

Introduction

An estimated 1.5 million pregnant women were living
with HIV in 2011 [1]. According to the WHO, all
infected women, regardless of their clinical stage, should
receive combination antiretroviral treatment throughout
gestation to prevent HIV mother-to-child transmission

nancy reduces the percentage of HIV-positive infants

from 20-45% to 1-2% [3].

Tenofovir (TFV), a nucleotide reverse transcriptase inhi-
bitor, represents a backbone of combination anti-HIV
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therapy [4]. To improve its pharmacokinetic properties,
TFV is administered in the form of disoproxil fumarate.
Despite being classified as pregnancy category B drug,
WHO has incorporated tenofovir disoproxil fumarate
(TDF) into recent guidelines for prophylaxis of HIV
MTCT [2] and its use in pregnancy tends to increase [5,6].
It must be stressed out that medication of pregnant women
requires special attention to guarantee adequate and well
tolerated therapy throughout gestation; among others,
changes in pharmacokinetics during pregnancy [7] and
quantification of drug transport across the placenta [8] need
to be taken into account.

Several members of ATP-binding cassette (ABC) drug
efflux transporters have been localized in the apical,
maternal-facing membrane of the placenta where they
pump their substrates from the trophoblast cells back to
the maternal circulation, thus limiting permeation
of substrate drugs from mother to fetus [8]. To date,
the best-described ABC transporters in the placenta are:
P-glycoprotein (ABCB1/MDR1) [9], Breast Cancer
Resistance Protein (ABCG2/BCRP) [10] and Multidrug
Resistance-Associated Protein 2 (ABCC2/MRP2) [11].
It has been well documented that these transporters affect
transplacental passage of many clinically used compounds,
including antiretrovirals [12]. Therefore, detailed
knowledge on drug interactions with placental ABC
transporters is required to complete their safety profile
and to guarantee adequate and well tolerated medication
of pregnant woman and her child [13]. Interactions
of TFV and TDF with ABCB1 and ABCC2 have
been investigated in several studies, however, providing
inconsistent results depending on the method used
[14-20]. To our knowledge, data clearly describing
ABCG2-mediated transport of TFV or TDF is still
lacking. In addition, influence of ABC transporters on
transplacental passage of these compounds has not been
evaluated so far.

In the present study, we employed the in-vitro model of
MDCKII cells transduced with human ABC transporters
to investigate whether TFV and/or TDF are substrates of
human ABCB1, ABCG2 or ABCC2. Furthermore,
using the model of in-situ perfused rat placenta we aimed
to elucidate potential effect of these transporters on TFV/
TDF passage from mother to fetus.

Methods

Reagents and chemicals

Tenofovir [TFV, (1R)-9-(2-Phosphonylmethoxypropyl)-
adenine)] and tenofovir disoproxil fumarate [TDF;
bis(isopropyloxycarbonyloxymethyl)9-(2-Phosphonyl
methoxypropyl)-adenine] were kindly provided by
Gilead Sciences, Inc. (Foster City, California, USA).
Radiolabeled [adenine-2,8—3H]tenofovir ("H] TFV) and

[adenine-8—-3H] tenofovir disoproxil fumarate ([3H]TDF)
were purchased from Moravek Biochemicals (California,
USA). Dual ABCG2 and ABCB1 inhibitor, GF120918,
was kindly provided by GlaxoSmithKline (Greenford,
UK). Indomethacin, nonselective inhibitor of ABCC(s),
was purchased from Sigma—Aldrich (St. Louis, Missouri,
USA). Pentobarbital (Nembutal) was purchased from
Abbott Laboratories (Abbott Park, Illinois, USA). All
other chemicals were of analytical grade.

Cells

MDCKII (Madine-Darby Canine Kidney) parental
cell line and MDCKII cells stably transduced with
cDNA of human MDR1 (MDCKII-ABCB1), BCRP
(MDCKII-ABCG2) or MRP2 (MDCKII-ABCC2)
were obtained from Netherlands Cancer Institute
(Dr A. Schinkel) and cultured in DMEM complete
high-glucose medium with r-glutamine, supplemented
with 10% fetal bovine serum.

Animals

Pregnant Wistar rats were purchased from Biotest Ltd.
(Konarovice, Czech Republic) and were maintained in
12/12-h day/night standard conditions with water
and pellets ad [libitum. Experiments were performed
on day 21 of gestation. Fasted rats were anesthetized with
pentobarbital (Nembutal; Abbott Laboratories) in a dose
of 40 mg/kg administered into the tail vein. All animal
experiments were approved by the Ethical Committee
of the Faculty of Pharmacy in Hradec Kralove (Charles
University in Prague, Czech Republic) and were
carried out in accordance with the Guide for the Care
and Use of Laboratory Animals (1996) and the European
Convention for the Protection of Vertebrate Animals
used for experimental and other scientific purposes.

Transport experiments in vitro

Transport assays were performed on microporous
polycarbonate membrane filters (3.0 um pore size,
24 mm diameter; Transwell 3414; Costar, Corning,
New York, New York, USA) as described previously
[21]. MDCKII-parental and MDCKII cells expressing
ABCB1, ABCG2 or ABCC2 were seeded at a density
of 1.0x10° cells per well and cultured for 72h
to confluence, including daily medium replacement.
One hour before starting the experiment, cells were
washed with phosphate-buffered saline (37°C) and
incubated with 2 ml of Opti-MEM (Invitrogen, Carslbad,
California, USA) either alone or containing the dual
ABCB1 and ABCG2 inhibitor GF120918 (2 pwmol/1).
The experiment was started by replacing the medium
in the donor compartment (either apical or basolateral)
with fresh Opti-MEM (37°C) containing the tested
compound, TFV or TDE, or combination of TDF with
GF120918 (2 pmol/1). Both TFV and TDF were traced
by [PH|TFV and [*H]TDE respectively, achieving the
final activity of 0.04 wCi/ml. The lowest point of the
concentration range (3.1 nmol/1 for TFVand 33.3 nmol/1
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for TDF) was determined by the specific activity of
radioisotopes required for analysis. Aliquots of 50 pl were
collected at 2, 4 and 6 h from the acceptor compartment
and radioactivity was measured by liquid scintillation
counting (Tri-Carb 2900 TR Perkin Elmer). At the end
of the experiment leakage of FITC-dextran was analysed
and was accepted up to 1% per hour. The percentage of
radioactivity appearing in the acceptor compartment
relative to stock solution initially added to the donor
compartment was calculated. Ratios of basal-to-apical to
apical-to-basal translocation after 6-h incubation (r) were
calculated as described elsewhere [21,22].

Dual perfusion of the rat placenta in situ

The method of dually perfused rat term placenta was used
as described previously [23]. In brief, one uterine horn
was excised and submerged in heated Ringer’s saline.
A catheter was inserted into the uterine artery proximal
to the blood vessel supplying a selected placenta and
connected with the peristaltic pump. Kreb’s perfusion
liquid containing 1% dextran was brought from the
maternal reservoir at a rate 1 ml/min. The uterine vein,
including anastomoses to other fetuses, was ligated
behind the perfused placenta and cut so that maternal
solution could leave the perfused placenta. The selected
fetus was separated from the neighbouring ones by
ligatures. The umbilical artery was catheterized by use
of a 24-gauge catheter connected to the fetal reservoir
and perfused at a rate of 0.5 ml/min. The umbilical vein
was catheterized in a similar manner, and the selected
fetus was removed. Before the start of each experiment,
the fetal vein effluent was collected into preweighed glass
vial to check for a possible leakage of perfusion solution
from the placenta. In the case of leakage, the experiment
was terminated. Maternal and fetal perfusion pressures
were maintained at levels close to physiological values
and monitored continuously throughout the perfusion
experiments as described previously. At the end of
experiment, placenta was perfused with radioactivity-free
buffer for 10min, excised from the uterine tissue,
and dissolved in tissue solubilizer (Solvable; PerkinElmer
Life and Analytical Sciences), and its radioactivity was
measured to detect tissue-bound TFV or TDE

Two types of perfusion systems were used in this study:

Open-circuit perfusion system was employed to
study fetal-to-maternal (F> M) and maternal-to-fetal
(M >F) clearances of TFV or TDF at various concen-
trations. TFV (50 nmol/l or 500 wmol/1) and TDF
(50 nmol/1, 100 or 500 wmol/1) was added to either
maternal (M>F studies) or fetal (F>M studies) reservoir
immediately after successful surgery. After 5-min
stabilization period the sample collection started (time
0). Fetal effluent was sampled into preweighed vials in
5min interval, concentrations were measured radio-
metrically and transplacental clearance was calculated
from all measured intervals as described below.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Closed-circuit (recirculation) perfusion system
was employed to identify placental transporter(s) respon-
sible for active transport of TDF from the fetal circulation.
Both maternal and fetal sides of the placenta were
infused with either nonsaturating (50nmol/l) or
saturating (500 pmol/l) concentrations of [*H|TDF
and after short-time stabilization period, the fetal
perfusate (10ml) was recirculated for 60 min. Samples
(250 ) were collected every 10 min from the maternal
and fetal reservoirs, and concentrations of [*H|TDF
were measured. This experimental setup ensures steady
concentration on the maternal side of the placenta
and enables investigation of fetal/maternal ratio; any
net transfer of the substrate implies transport against a
concentration gradient and provides evidence of active
transport. To determine the effect of efflux transporters
on placental passage of TDF, GF120918 (2 pmol/1), a dual
inhibitor of ABCB1 and ABCG2 [24], or indomethacin
(0.28 mmol/]), a nonspecific inhibitor of ABCCs
[25], were added to both maternal and fetal reservoirs
and the fetal/maternal concentration ratio at equilibrium
was calculated.

Pharmacokinetic analysis of efflux transport
activity in the placenta

Organ clearance concept was applied to quantify M >F
and F > M transport of TFV and TDF in open-circuit
perfusion system [23]. Averaged data from the intervals
of 10—-35min were used for the following calculations.
M >F transplacental clearance (Cl,) normalized to
placenta weight was calculated according to Eq. (1).

. Cry X Oy
C ]Tlf — T~ i

Cina X Wp

where Cp is drug concentration in the umbilical
vein effluent, Qr is the umbilical flow rate, C,,, is
concentration in the maternal reservoir, and W, is the
wet weight of the placenta. F>M transplacental
clearance (Clg,,) was calculated according to Eq. (2).

_ (Cra — Cr)0Ox
Clfy =—— 77—
Cr, x Wy
where Cy, is drug concentration in the fetal reservoir
entering the perfused placenta via the umbilical artery.

Statistical analysis

In in-vitro cell-based studies, two-side unpaired
Student’s t-test was employed to compare apical-to-
basal translocation and basal-to-apical-translocation at
time point 6h. In in-situ placenta perfusion studies,
statistical significance was examined by two-side
unpaired Student’s f-test or one-way ANOVA followed
by Bonferroni’s test. All data were assessed using
GraphPad Prism 6.0 software (GraphPad Software,
Inc., San Diego, California, USA).
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Results

TFV transport across MDCKII parental and
ABCB1, ABCG2, ABCC2-overexpressing cells
We first determined transepithelial transport of ["H]TEV
at the concentration of 3.1 nmol/] through the mono-
layers of parental and ABCB1, ABCG2 or ABCC2-
overexpressing cells. No asymmetry in basal-to-apical vs.
apical-to-basal transport of TFV was observed in
MDCKII parental cells (r=0.90). Transports across
MDCKII-ABCB1, ABCG2 and ABCC2 monolayers
were equivalent to that in parental cell line (r=0.89, 0.79
and 0.89, respectively) (Table 1). These findings show
that TFV is not a substrate of any of the transporters
investigated.

TDF transport across MDCKII parental and
ABCB1, ABCG2, ABCC2-overexpressing cells
Transepithelial transport of [*’H]TDF through MDCKII
parental and ABCB1, ABCG2, ABCC2-overexpressing
cells was measured at a concentration of 33.3 nmol/l. In
the parental cells, basal-to-apical/apical-to-basal transport
ratio (r) of 2.38 was observed likely resulting from activity
of endogenous canine transporters as reported previously
[22]. Compared with MDCKII parental cells, signifi-
cantly larger basal-to-apical/apical-to-basal ratios were
observed in ABCB1 and ABCG2-overexpressing cells
(r=>5.47 and 6.24, respectively) but not in ABCC2 cells
(r=23.06). Increase in TDF concentration (10 pwmol/])
significantly reduced this ratio in both ABCB1 and
ABCG2 cells (r=4.56 and r=4.78, respectively) indica-
ting partial saturation of both transporters. Furthermore,
addition of a dual ABCB1 and ABCG?2 inhibitor,
GF120918 (2 pmol/]), completely abolished the asym-
metry in translocation of TDF in respective cell lines at
both concentrations tested (33.3 and 10 pmol/1) reaching
transport ratio values of approximately 1. These findings
demonstrate that TDF is a substrate of human ABCB1
and ABCG?2 but not of ABCC2 (Table 2).

Open circuit perfusion experiments: effect of
inflow concentrations on transplacental
clearance of TFV and TDF

The maternal or fetal side of the placenta was infused with
various concentration of TFV (50 nmol/1 or 500 wmol/I)
or TDF (50 nmol/l, 100 or 500 wmol/l). No
statistically significant differences between M>F and

F>M clearances were observed at either low or high
concentration of TFV, suggesting linear mechanism in
transplacental transport of this compound. On the
contrary, increase in TDF concentration resulted in
significant changes in transplacental clearances in both
M>F and F>M directions, confirming involvement of a
capacity-limited transport mechanisms (Fig. 1). Less
than 5% of TFV or TDF dose was detected in the
placenta after perfusion experiments, suggesting limited
tissue binding and negligible effect on clearance
calculation.

Closed circuit perfusion experiments: effect of
concentration and inhibitors on TDF transport
across the placenta

To idenufy placental transporter(s) responsible for
elimination of TDF from the fetal circulation, both sides
of placenta were perfused with low nonsaturating
concentration of TDF in closed circuit experimental
setup in either absence or presence of inhibitors. In the
absence of inhibitors, we observed significant decrease in
TDF concentration in fetal perfusate, confirming active
transport of this compound from fetal to maternal side of
the placenta against concentration gradient. This decline
was fully blocked by coinfusion with 500 pmol/l TDF
confirming saturable transport. Furthermore, transport of
TDF from fetus to mother was significantly blocked
by GF120908 (2 wmol/l), whereas co-administration of
indomethacin (0.28 mmol/l) did not show any effect
(Fig. 2).

Discussion

Although TFV is categorized as a pregnancy B drug by
FDA, it is frequently used in the treatment of pregnant
women with HIV infection. Nevertheless, transport
of this compound, and its prodrug TDE across the
placenta from mother to fetus and the role of
placental ABC drug efflux transporters in this event
have not been systematically investigated to date. In this
study we employ both in-vitro and in-situ experimental
approaches to characterize interactions of TFV and TDF
with the best-described ABC transporters localized in the
placenta, that is ABCB1, ABCG2 and ABCC2, and to

Table 1. Tenofovir transport in MDCKII parental and ABCB1, ABCG2 and ABCC2-overexpressing cells.

Cell line (MDCKII) TFV concentration Transport ratio (basal-to-apical/apical-to-basal)
Parental 3.1 nmol/| 0.90 £0.05
ABCBI1 3.1 nmol/| 0.89+0.03
ABCG2 3.1 nmol/I 0.79+0.08
ABCC2 3.1 nmol/| 0.89+£0.05

Data points are means (n = 3) + SD, Student’s t-test was employed to compare apical-to-basal translocation and basal-to-apical translocation. TFV,
tenofovir; ABCB1, P-glycoprotein; ABCG2, Breast Cancer Resistance Protein; ABCC2, Multidrug Resistance-Associated Protein 2.
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Table 2. Tenofovir disoproxil fumarate transport in MDCKII parental and ABCB1, ABCG2 and ABCC2-overexpressing cells.

Cell line (MDCKII) TDF concentration (with or without inhibitor) Transport ratio (basal-to-apical/apical-to-basal)
Parental 33.3 nmol/l 2.3840.04*
ABCB1 33.3 nmol/l 5.47 £0.76*
33.3 nmol/l 4+ GF120918 (2 pmol/) 0.75+0.02
10 pmol/l 456+0.12%
10 pmol/l + GF120918 (2 pmol/l) 0.96+0.03
ABCG2 33.3nmol/l 6.24+0.57*
33.3 nmol/l + GF120918 (2 pmol/l) 1.25+0.12
10 pmol/l 4.784+0.07F
10 pmol/l + GF120918 (2 pmol/l) 0.67 £0.06
ABCC2 33.3nmol/l 3.06 +0.99*

Data points are means (n = 3)+SD, Student’s t-test was employed to compare apical-to-basal translocation and basal-to-apical translocation.
*P < 0.001. TDF, tenofovir disoproxil fumarate; ABCB1, P-glycoprotein; ABCG2, Breast Cancer Resistance Protein; ABCC2, Multidrug Resistance-
Associated Protein 2
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Fig. 1. Transport of TFV (a) and TDF (b) across the dually perfused rat term placenta in M>F and F>M direction. The tested
compound was added to either maternal or fetal compartment and concentration was measured radiometrically in fetal venous
outflow. Total transplacental clearance was calculated by eq. 1T and 2 (see Materials and Methods). No significant asymmetry
either at low (50 nmol/l) or high (500 pmol/l) TFV concentration was detected. On the contrary, at low TDF concentration,
significant asymmetry in transplacental clearance was observed in favour of F>M direction. Increasing TDF concentration to
500 pmol/l annulled this asymmetry, confirming saturation of transporter(s). Numbers in brackets show the ratio between F>M
and M>F clearances; data are presented as means=SD of at least three experiments. Student’s t-test was used to evaluate
statistical significance, ***P < 0.001.
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