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eMultilékova rezistence
eNeurodegenerativni choroby
eDetekce ABC transportéru
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Transport pres membranu

http://www.solvo.hu

PASSIVE DIFFUSION

Water and water-soluble
substances (e.g., urea,
glycerol) and small lipids
move with a concentration
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ACTIVE TRANSPORT

Minerals, some sugars, and
most amino acids move against
a concentration gradient with
an input of energy
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ABC transportéry

http://[publications.nigms.nih.gov/medbydesign/images/ch1_mdr.jpg

mimobunecny
prostor

e ATP-binding cassette
= NBD domeéna

toxické latky/metabolicke
produkty VEN z bunky
(vyjimka CFTR)

e Fyziologicka funkce — sekrece
latek produkovanych burikou
+ obrana proti xenobiotikam




Historie

http://oceanicdefense.blogspot.com/2009_07_01_archive.html

http://www.dailymail.co.uk/health/article-1294676/

50. léta — jak jednobunécny plankton pfezije ve slané vode?
60. leta — iontové pumpy zavisle na ATP
70. léta — transportery vetsich molekul zavislé na ATP

80. |éta — nadmérna exprese ABC transportért zpusobuje
rezistenci nadorovych bunék vuci chemoterapii

Az dosud — hledani latek, které inhibuji funkci nebo expresi
ABC transportéru
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Filogeneticky strom
ABC transportéru

http://www.nature.com/onc/journal/v22/n47/fig_tab/1206938f1.html#figure-title
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NBD ... nucleotid (ATP)-vazajici doména
Struktura TMD ... transmembranova doména
R ... regulacni domeéna

vU\/Q I

NBD1 NBD?2

ABC C1-3, 6 ,
=] ABC A1, B1, B5, ABC C4, 5, 7 } Full transportery
~Z] ABC G2 . Half transportéry

. Regulatory domain of ABC A1, C7



Evoluce

http://www.theologylived.com/creation-and-human-origins/

e Nekovalentne spojeny transmembranovy protein a ATPaza (bakterie)
e Nejprve vznikly half transportéry
e Full transportéry vznikly jejich duplikaci pozdeji

ABC B5

e Vice sestfihovych variant — dlouha a kratka forma

e Kratka forma vznikla deleci casti TMD z dlouhé formy

e Z puvodniho half transportéru vznikla dlouha forma a z ni kratka forma

ABC G2 vs ABC B1
e ABC B1: N konec — TMD1 - NBD1 —TMD2 — NBD2 — C konec

e ABC G2: N konec — NBD — TMD — C konec

- TMD ABC G2 podobngjsi kvasinkovym ABC transportérim
— Spojovaci oblast je velmi homologicka




Vyskyt ABC transportért

http://www.bio.davidson.edu/courses/Immunology/Students/spring2000/buxton/a
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Polymorfismy

http://bio.mg.edu.au

nador ovaria ABC B1 G2677T/A

— nizSi pravdepodobnost relapsu

Polymorfismus (SNP) — mutace, kterou nese vice nez 1 %
populace

ABC transportéry jsou velmi polymorfické

Napf. ABC B1 — vice nez 50 SNP, Casto synonymni,
Casto vice SNP ve vazbe

I i synonymni SNP muze zménit afinitu substratu!
Zkouma se, zda pravé SNP mohou ovlivnit vysledek IéCby
Jedina pozitivni korelace —




Knock-outs

P I e

Delece obou alel genu u mysi |
e Testovano 32 z 48 savéich ABC . Crevusn s 1
e Jen 5 z nich je embryonalné nebo postnatalne letalnich

- ABC B7 — kolaps respiracnich procesu

- ABC E5 - selhani recyklace ribosomu

- ABC A3 — respiracni selhani (nedostatek surfaktantu)

- ABC A12 — defekty plic a kuze

— ABC C9 — srdec¢ni selhani

e Jsou evolucné konzervovane, ale flexibilni, a tak
se mohou vzajemne zastoupit a take exportovat
nove Clovekem vyrobene latky




Fyziologicka role ABC transportéru



Substraty

Kanal Fyziologické substraty

MDR1 Konjugaty estrogenu, endorfin, glutamat, beta-amyloid, steroidy, PAF

MRP1 Konjugaty glutationu a glukuronidu s leukotrienem C4, bilirubinem, Zlu¢ovymi solemi
BCRP Vitaminy (riboflavin, biotin), porfyriny, konjugaty estrogenu




transportéru - vyziva

Substraty ABC

http://lwww.bio.davidson.edu/courses/Immunology/Students/spring2000/buxton/a

Zivina Membranovy Transportér Efekty
» Multidrug Resistant Protein 1 (MRP1)
Flavonoidy (quercetin) jejich glukosidy a » Multidrug Resistant Protein 2 (MRP 2) Substrat
glukuronidy — ovoce, zelenina » Breast Cancer Resistance Protein BCRP (MXR)
» P-glycoprotein (MDR1)
Extrakty z hotkého melounu (1-monopalmitin),
grapefruitu (bergamottin and quercetin), » P-glycoprotein (MDR1) Inhibice
soji
Extrakt z hroznovych jader » P-glycoprotein (MDR1) Inhibice
Steroly (e.g. Cholesterol) > ABCA1, ABCG1, ABCG5 and ABCG8 Substrat
Sezamové seminko + . . . .
(Isophosphatidylcholine, linoleoyl) » Né&které transportéry ve stfevu Inhibice
. . . o » Breast Cancer Resistance Protein BCRP (MXR) .
Mono-, di-, and triglutamaty folatd >  Multidrug Resistant Protein 1 (MRP1) Substrat
Rostlinné vytaZky
Curcumin, ginsenosidy, piperin, katechiny » P-glycoprotein (MDR1) Substrat/inhibitor

ze zeleného &aje, silymarin, hyperforin z
kavy




) Distribuce zivin a metabolitu, zbavovani se
Jatra toxickych latek

Ledviny, strevo...
http://solvo.jp/Solvo%20Solutions/img/lumen.jpg
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Krevné mozkova . o _
bariéra Ochrana mozku pred toxickymi latkami z krve

http://www.medscape.org/viewarticle/711587
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Exprese a lokalizace

Exprese je vysoka v ,bariérovych” tkanich, v epitelech
vystavenych vnejsimu prostredi, v tkanich ktere
redistribuuji metabolity

ISpecificka apikalni/bazolateralni lokalizace !

Tizzue Apical (honinal) side of membrane Basolateral (abloninal) side of membrans
ABRC Bl ABCCZ ABC C4 ABCCS ABC T ABC G2 ARCC1 ABCC3 ABRCC4 ABC C6
Blood-brain | Unguhart 2009 Bmer 2008 Thang 24 | Zhangz 2004 MNA Urquhart 2008 | Gazxin 2011 HD Thanz 2004 | ZThans H
Joammer
Endothelia Lechapt 1947 NID. Tazamu 20049 | Weksler 2005 | Tousson 1908 | Higashikami 2000 NA Eilers 208 |Tagami 2008 | Beck 2003
Aszshima 2005 Wamen 20D
Lumng Wioland 2000 Sanduskoy 2002 NID. N.A Wioland 2000 NID. Wioland 2000 N.D. ND. Back 2003
Lechapt 19497 Lechaps 1997 Lechapt 19497
Liver Mizhmood 2001 | Scheffer 2002 NID. N.A Einnman 20060 | Maliepaard 2001 | Mayer 1995 | Scheffer 2002 Fums 2003 Beck 2003
Wetering 2007 Tomker 2000 Wetennz 2007 | Denk 2004 | Madon 2000
Elidmery Schinke] 2003 Hammis 2006 Ambe] 2002 N.A. Morales 2060 Huls 2007 Penz 1940 Schaffer 2002 ND. Back 2003
Anbel 2002 Scheffer 20072
Choroid Fuao 10040 Sooniom- NID. HD Hincke 1905 Cooray, 202 Fap 1094 Sooniorm- Beichel 2010 | Zhang 2K
|plesms malai 2005 malai 2005
Imtes ime Thom 2005 |Zinmeermsnn 2005  Li 2007 Zinmmerman Li 2007 Zimmermarm HE5 Zimrmet- Zimmear- Li 2007 Beck 2003
Gutmann 2005 2005 Gotmann 205 reanm 205 mann M5
Syncytio- Aikinsom )5 St-Piemme 2000 NID. Pascolo 2003 | Faller 1005 Aikinson 2003 | Atkinson 2003 HD Aleksunes NI
tmophoblast | Tonkes 2 heyer 2005 | Damusno 2011 Tomker 2000 Jooker () 2008
Nagasshige 2003 Magachize 2005 | Pascolo 2003
Tests Fobillard 2012 Bart 2004 Fuobillard 2012 Anmostne | Boockfor 1997 Bart 204 Foobillard 20012 HD obillard 2012 NI
Bam 2004 2005 Bar 2004 [R

N A nof analyzed
WD not detected



Syntéza antigenu 0 Antigeny - lipopolysacharidy

http://www.uoguelph.ca/~cwhitfie/images/abc_transporter.gif
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Kmenové bunky

http://community.livinglakecountry.com/blogs/eagles eye/Stem%20cells%20diagram%5B1%5D.jpg
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~ Kompetitivni substraty
™ |nhibice funkce transportéru

,Dye exclussion assays”

MDR1 - JC1, rhodamin 123 x Cyclosporin D, reversin
MRP1 - Calcein AM x MK571, NSAID
BCRP - Hoechst 33342 x fumitremorgin C

- Bodipy-prazosin

- Pheophorbid A

Detekce ABC transp. Inhibitory

Obecné inhibitory transportu — verapamil, cyclosporin A

Imunodetekce

gRT-PCR



»OP* bunky Hoechst 33342 - substrat BCRP, MDRH1
- inhibitor verapamil

http://www.bu.edu/cms/www.bumc.bu.edu/leukemia-lymphoma-laboratory/files/Images/sidepop.jpg
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Diikaz ,kmenovosti* Linie SK-N-SH

Hirschmann-Jax, C. et al. (2004) Proc. Natl. Acad. Sci. USA 101, 14228-14233

SP bunky Majoritni populace

B ~_C

A: V linii se vyskytuji SP buniky a majoritni populace
B: SP bunky z neuroblastomové bunééné linie produkuji SP a ne-SP

C: Bunky majoritni populace zlstavaji jen majoritnimi



Patologicky vyskyt



Dédi¢né choroby

16 ABC genu bylo asociovano s dédicnymi poruchami

Tangierova choroba (ABC A 1) — poruchy sekrece

cholesterolu a fosfolipidu (nadmérna hladina v burikach, narusena
homeostaza)

Dubin Johnson syndrom (ABC CZ) — neschopnost jater
sekretovat konjugovany bilirubin do zluce

Pseudoxanthoma elasticum (ABC C6) — mineralizace a
fragmentace elastinovych viaken, problém s vitaminem K

Cystické fibréza (ABC C 7) — poruchy sekrece pusobku
pankreatu a dalSich exokrinnich zlaz



Asociace ABC trans-
portéri a chorob CNS

CMS disease

ABC transporters examined
in the context of this disease
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V mozku je HODNE ABC

Wolf et al. 2012. Frontiers in psychiatry.3(54): 1-14
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ABC A1 a

Alzheimerova choroba s :_' $/)
€28
e

« Amyloid precursor protein (APP) — Amyloid B 40, 42 f«"f
* AD pacienti — 100x zvySena hladina AR plaku

« ABC A1 v CNS — substrat cholesterol a fosfolipidipidy(ne Af3)
eflux z neuronu, astrocytu, microglii — lipidace ApoE

« ABC A1 malfunkce — spatné lipidované ApoE castice
— pfima interakce s AB — agregace a tvoreni plaku

 ABC A1 — exprese zvysSena pomoci LXR aktivatoru —

zvysena sekrece Af3 40, 42

* mysi — zvySena exprese ABC A1 po LXR — zlepseni paméti
X

* AD pacienti — zvysena hladina ABC A1 mRNA a proteinu

(+ ApoE) — SNPs(?) 8 z 14 studii ukazuje spojeni mezi
polymorfismem a zvysenym rizikem vzniku AD



Regulace funkce
ABC A1

Oram, Heinecke Physiol Rev October 1, 2005 vol. 85 no. 4 1343-13

‘ PEST . Protein Kinase A . Protein Kinase CK2

Fosforylace oblasti:
PEST - degradace

PKA - optimalni funkce
PKCK2 - oslabeni funkce



ABC B1 a
Alzheimerova choroba

ABC B1 exportuje AB (luminalni ¢ast kapilary)
ABC B1a,b -/- mySi — snizené odstranovani AR z mozku
Dysfunkcni ABC B1 na BBB — akumulace A3

AD pacienti — snizena hladina ABC B1 v cévach kolem
AR plaku

e Asociace mezi SNPs a rizikem vzniku AD nebyla
nalezena

e ABC B1 exprese je zvysena aktivaci PXR — pomalejsi
pokles ztraty mozkovych funkci (klinicka studie)
e AP muze regulovat (snizovat) expresi ABC B1



Odstranovani A
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Wolf et al. 2012. Frontiers in psychiatry.3(54): 1-14
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MDR a rakovina (multidrug rezistance, multilékova rezistence)

Selhani chemoterapie (nadorove b. jsou obvykle citlivejSi
nez ,zdravé" bunky)

De novol/ziskany fenotyp MDR (cytotoxic in vitro MTT-assay)
Mechanizmy:

- Zmeny v metabolickych drahach, ktere se podileji na
detoxifikaci latek

- Zmeny v reakci organizmu na poskozeni DNA
- Zmeny v aktivite topoizomerazy |l

- Zmeny v drahach regulujicich apoptozu

- Zvysena produkce ABC transportért

Nadorova b. se vymyka vlivu svého prostredi (obsahujiciho
chemoterapeutikum), ziskava rustovou vyhodu



Nadorova kmenova bunka

http://www.gnf.org/assets/001/23050.jpg
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Strategie léCby

Conventional chemotherapy:
Kills tumor cells but may spare
cancer stem cells

o)

Cancer stem cell /’ -
{the only coll type with l“';';;l E'::’"ll’ Ehﬂ;::k
lang term self-ronawnal copacity) ‘ Y grows

Hovel drugs that eliminate
cancer stem cells

Tumaor loses its ability to constantly produce
new cells and eventually degenerates

ibdodified from Reya et al., 2001)



Chemoterapeutika

Protein Substraty — chemoterapeutika

ABCB1/MDR1 colchicine, doxorubicin, etoposid,

adriamycin, vinblastine, digoxin
ABCC1/MRP1  doxorubicin, daunorubicin, etoposid,
colchicines, etoposide, rhodamine

ABCG2/BCRP  Mitoxantrone, topotecan, CPT-11, rhodamine

I Jeden transportér ma ruzné substraty -> MULTIIékova rezistence !



ZKFizena ist Rezistence bunék S1-M1-80 ziskana
rizena reziStence . | ,iivaci s Doxorubicinem (substrat MDR1 a BCRP)

Dean et al.: the role of the abc transporters drug resistance and pharmacology

Mitoxantron - fluoreskujici substrat BCRP a MDR1

~* senzitivni

B L

ol 7 P 5

S1 wt

S1-M1-80



Pgp substraty ve vstupni terapii:

Podle: The Medical Letter

Lung:

Breast:
Prostate:
Colorectal:
Pancreas:
Ovarian:
Uterus:
Lymphoma:

Leukemia:

Bladder:
Myeloma:

SCLC: C + G or C + Taxol or C + Vinorelbine

NSCLC: Taxol + P

Adriamycin + C  Taxol or C + Adriamycin + F or CMF
GnRH analogue

9-Fu + L

G

C + Taxol

M or Adriamycin + P + C

HD:Adriamycin +B + Vinblastine + D or M + Vincristine +PP/ABV
NHL: C + Adriamycin + Vincristine + P or C + Vincristine + P
High grade: C + Adriamycin + Vincristine + P + M

ALL: Vincristine +P + L-asp + Adriamycin / Daunomycin
AML: Ara-C + Daunomycin / Idarubicin

CLL: C + Vincristine + P or Fludarabine

CML: Gleevec

M + Vinblastine + Adriamycin + C

Vincristine + Adriamycin + D or MP



Aktualni projekty



Bunééné modely

HL-60 bunky s vysokou expresi jednotlivych ABC

e, gRT-PCR  WB
/-; N —____\__—____—_—————____
§ 800 f”', ) -— MDR1
£ 600 4””“’ )
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0 e — - MRP1
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ABC transportery ovlivnuji vysledky klasickych metod

Table I. Summary of ABC transporters’ ability to efflux studied probes.

Probe
ABC
transporter DCFH DHR DIOCSH HE JC1 MitoSOX TMEE Calcein Hoechst
MDE1 — ++4 ++4+ + +4+4+ + +4+4+ +4++ +++

MRP1 - — — - - - - ++4 —
BCRP ++4 + — + + - - - ++4

+++, very strong substrate; >k, weak s

140 — — - B

5 120 — - o L]
W =
E 100 - — o
=]
[ H] — N L
B g0 - IS
. A - ' 3
0 = - e o o
- -c-?__? -‘_:-{ i:i:._.? ::i—_"‘ - E"

D3 GWT =4 W'ﬂ'—'- : 0

3 X471 cytochrome ¢ DCFH DHR
Cell line

L PMA indukuje produkci ROS



Trichostatin A Butvrate

Regulace transkripce Chemotherapy all-trans Retinoc Acid
NE-Y
S S
- ' ABC gen
CCAAT Box Spl Site
— _A )
YT Y

ENHANCEOSOM PROMOTOR

e Stres (teplo, zanét, hypoxie, UV zareni, diferenciacni
cinidla) vedou k zvySeni transkripce ABC transportéru
Studium promotoru + enhaceosomu

e Rychlé zvyseni exprese po inkubaci s jejich substraty
(doxorubicin, vinca alkaloidy, etoposid, taxely)
Jak zamezit zvyseni exprese driv nez nastane???

Studium signalnich drah vedoucich
k zvySené expresi ABC transportéri — p38 MAPK

MDR1 enhacesom: Scotto KW, Johnson RA. Transcription of the multidrug resistance gene MDR1: a therapeutic target. Mol Interv. 2001 Jun;1(2):117-25



A549

KrejCova et al. 2009, General physiology and biophysics, in print

IFN-o.
P-p38

15 minutes 30 minutes

0 0.5 15 3.0 05 1.5 3.0 x1000U/ml

| — — —— RN G S

IFNa induces fosforylation of p38 kinase



A549

KrejCova et al. 2009, General physiology and biophysics, in print

control IFN-a

MRP1
t -~
Pgp _ﬁ
p-actin | S

IFNo increases expression of ABC transporters



mESC Knock-down of p38 results in lesser function of ABC:

Dye exclussion assays"

JC1(MDR1) Calcein AM (MRP1)
median 45.3 67.9 median 37.5 57.2
iiii—é =
- — p38+/+ o
~ P38l §

" 100 101 102 108 10% 100 Tl 102 108 10%
FL1-H FL1-H
Bodipy-prazosin  (BCRP) Pheophorbid A
median 74.3 90.5 median 107.1 164.5
- 100 101 102 108 104




Hledani vazebného o
mista pro STAT3 STAT3... transkripCni faktor

e Zvysena exprese MDR1 je doprovazena aktivaci STAT3

e Inhibice STATS3 vedla ke snizeni rezistence nadorovych
bunek k chemoterapeutikam

e Ko-transfekce STAT3 a sady reportért pro MDR1

ENHANCEOSOM PROMOTOR

- — = —~
-10082 /il_l?
ﬂS H EITIpI}’
| — :
'-_-_-‘_‘_-j Eg r |
-7145 STAT3
457 L
S ) . -
-7147 T #
T e g L § -
824 bp

0,00 1,00 2,00 3,00 4,00 5,00 6,00 7,00 8,00

MDR1 Enhanceosom Vectors Fold Induction (STAT3/Empty)



Melanomy a ABC B5 Role PI3K inhibitoru LY
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superkonfluence

0.D. 400 nm (melanin)

Role ABC B5 v melanogenezi



Shrnuti

-]
e ABC transportery prenaseji latky aktivne VEN

Z bunky
e Dulezité pro obranu organizmu

e Jejich nadmerna exprese v rakovinnych

bunkach vede k multilékoveée rezistenci

e Substratem ABC transportéru jsou i
fluorescencni proby pro stanoveni ROS,

mitochondrialni funkce



Do ¢eho se
muzete zapojit?

e Analyza vazebného mista STAT3 v MDR1
enhanceosomu

e Rezistence melanomu zpusobena MDRS

e Vliv zakladnich kinazovych kaskad na transkripci
ABC transportéru v nadorovych a ES bunkach

e Role ABC transportéru v bunécném cyklu

e Biokompatibilita materialu s povrchy upravenymi
plazmou



ABC transporters' by Vicky Summersby, inspired by the Review on p218
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