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PXR a CAR a metabolismus xenobiotik

oba tyto receptory radime mezi tzv. sirot€i
jaderné receptory (neni znam jejich
prirozeny endogenni ligand), prestoze jsou
znamy jak endogenni, tak exogenni
slouc€eniny aktivujici tyto receptory;

oba hraji velmi vyznamnou ulohu v regulaci
metabolismu xenobiotik, ale i nékterych
endogennich latek (napf. metabolismus
cholesterolu);

XENOBIOTICS - ENDOBIOTICS

Oxidation
Reduction Phase [
Hvdrolvsis

PRIMARY METABOLITE

Conjugationwith
cvsteine, ghcine, Phase I1
GSH, sulfates etc.

CONJUGATE

Transporters Phase II1
re.g., MRPs and OATPs)
Excretion
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Pregnanovy X receptor (PXR)

* jaderny receptor, fazeny mezi tzv. sirotCi jaderné receptory (neni
znam jeho pfirozeny endogenni ligand);

* je aktivovan jak nekterymi toxickymi endogennimi metabolity, tak
toxickymi exogennimi slouceninami;

* jeho hladina je vysoka zejmeéna v travici soustavé (tenké strevo,
jatra) a ledvinach; je vSak exprimovan v fadé dalSich organu;

 modelovy ligand — rifampicin — antibiotikum, vyuzivané napfr. pfi
|léCbe tuberkuldzy a lepry; specificky pro Clovéka (kralika); naopak u
potkanO a mySi je modelovym ligandem pregnenolon 16a-
karbonitril (PCN) — inducibilita PXR je zavisla na druhu!!;




Pregnanovy X receptor (PXR)

* u Clovéka je PXR kédovan genem NR1/2 (chr 3, loc 3912 —q13.3);

« 10 exonu — fada isoforem vznikajicich nejen alternativnim sestfihem,
ale i v dusledku ruznych polymorfismu (témér 30);

A\

Gene, 3q12-q13.3

38002 base pairs [ 1
NC_000003.10

b

mRNA isoform-1

4446 base pairs

NM 003889 )
[/

39-130

DBD [H LBD

Protein isoform-1

434 amino acids
NP 003880 1-38
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Aktivace PXR

AR : R . . o yw .
eSS s * PXR je primarné lokalizovan v jadre;
W\m&‘\\t. M’&H’,{'ﬂ%‘% J p J

'gﬂ{{g;‘?’ .

* za nepfitomnosti ligandu, jsou aktivhé

= D, transkribovany siroté&i jaderné
A (nFaa @oroD _ receptory, jako napf. small
g»xg) i } Transcription heterodimer partner (SHP) a silencing
1 - mediator of retinoid and thyroid
RSV hormone receptors (SMRT), které
vedou k inhibici transkripce cilového
genu PXR.

[ranscriptiona
machinery

» transkripce SHP/SMRT je blokovana
ligandem-aktivovanym PXR a ten
zaroven vytvori komplex s RXR a
nasledné s SRC-1 a dalSimi
koaktivatory. Tento komplex se vaze
na PXR responzivni elementy
(PXRRE).

DMD 39, 151, 2011



Alternativni mechanismy aktivace PXR

A Rifampicin, PCN

I
* bez navazaného ligandu muze PXR
pusobit jako transkrip&ni represor. Po
L(l-!lpl‘l‘\\lll , , - . . ..
navazani ligandu (napf. rifampicin a
PCN) dojde k uvolnéni ko-represoru a

PXR it PXR _f e navazani ko-aktivatord a aktivaci
transkripce;

Nucleus
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Pregnanovy X receptor (PXR)

aktivuje expresi genu obsahujicich tzv. PXR responzivni elementy
(PXRRE);

nejznaméjsi cilovy gen je CYP3A4; indukuje ale i dalSi enzymy I. a ll.
faze biotransformace - ALDH, CYP2B, SULT, UGT;

CYP3A podrodina — nejrozSifenéjSi CYPy v jatrech a stfevni tkani s
velmi Sirokou substratovou specifitou, které hraji zasadni roli pfi
odbouravani celé fady I€Civ, ale i toxickych latek;



Cytochromy P450

Cytochromy P450 (CYPy)
predstavuji velkou rodinu
enzymu obsahujicich hem,
které katalyzuji
metabolismus fadu
endogennich a exogennich
substratu:

RH + O, + NADPH + H* - ROH + H,O0 + NADP*



Cytochromy P450
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Cytochromy P450

Table 2 | Functions of human CYP enzymes

DAl E 0 Qene

Family Number of Number Substrates/function m

Metabolism of eicosanoids* and xenobiotics;
in addition, CYP1A2 metabolizes melatonin,
oestrogen, uroporphyrin and ~24 drugs

Metabolism of eicosanoids*, xenobiotics and
many drugs

Metabolism of eicosanoids*, xenobiotics and
any drugs

CYP4 6 12 Metabolism of eicosanoids*, xenobiotics and 2E1
few drugs
(s 1 1 romboxane A, synthase
wCYP7 2 2 Cholesterol, bile acid synthesis
CYP8 2 2 Prostacyclin synthase, bile acid synthesis
E€YP11 7 3 Steroidogenesis Box 2| The CYP gene families
. L il Cytochrome P450 (CYP) proteins are arranged into families and subfamilies, which are
CYP17 ! 1 Steroid 17 hydroxylase' 17/20 lyase derived from per cent amino-acid sequence identity. Proteins that have roughly >40%
CYP19 1 1 Oestrogen aromatization sequence similarity are members of the same gene family, whereas those with >70%
similarity are members of the same subfamily. The development and application of this
CYP20 1 1 Expressed in gastrula, neural patterning and | delightfully logical system of nomenclature’ has eliminated the confusion that often
somitogen esis org anogenesis fetus and plagues the naming of gene families and superfamilies. The fact that there are 20 CYP
nasopharvnx ' ! genes in Mycobacterium tuberculosis and seven in Bacillus subtilis emphasizes the
Ry likelihood that the CYP superfamily existed long before the prokaryote—eukaryote split
CYP21 1 1 Steroid 21-hvdroxvlase some 2.1 billion years ago®, and the earliest ancestor probably arose around the time
Y Xy that the partial pressure of oxygen increased dramatically on the planet. The CYP51
CYP24 1 1 Vitamin D 24-hydroxylase gene exists in bacteria, plants, fungi and animals, indicating that this was probably the
-~ first eukaryotic CYP gene. The human, mouse and rat genomes contain 57, 102 and 87
CYP26 3 3 Retinoic acid hydroxylation CYP genes, respectively’. Orthologous Cyp genes between the mouse and rat generally
= i . . ) show 90-92% sequence similarity, human CYP orthologues of rodent Cyp genes are
CYP27 3 3 Bile acid biosynthesis, vitamin D, usually 78-82% similar.
hydroxylations
CYP39 1 1 24-hydroxycholesterol 7-hydroxylase
CYP46 1 1 Cholesterol 24-hydroxylase in the central
nervous system
‘ P51 1 1 Lanosterol 14-demethylase | Nature Reviews Cancer 6, 947, 2006




PXR ligandy

PCN
- PO(OEY),
" PO(OEt),
SR12813 taxol ET-743
TABLE 1. Drugs that activate human PXR
Drug Therapeutic Use Reference(s)
Clotrimazole Antimycotic 10, 11
Cyproterone acetate Antiandrogen 10, 80
Dexamethasone Anti-inflammatory 10
Glutethimide Sedative 86
4-Hydroxytamoxifen Anticancer 85
Lovastatin Antihypercholesterolemic 10
hyperforin Metyrapone Diagnostic aid (pituitary function) 79, 154
Mifepristone (RU486) Abortifacient 10, 11
Nifedipine Antianginal, antihypertensive 11
Paclitaxel Anticancer 84
Phenobarbital Anticonvulsant, sedative 10
Rifampicin Antibiotic 10, 12, 155
Ritonavir HIV protease inhibitor 83
St. John's wort Antidepressant 118, 119
Spironolactone Antihypertensive 10
Tamoxifen Anticancer 85
Troglitazone Antidiabetic 67

Endocrine Reviews 23, 687, 2002




Prekryv cilovych genu PXR a CAR

RXR @@\ug

PXRRE PBREM
Phase | CYPTAL, | CYP28B6, 2C9, 2C19, CYP1AL,
CYP4F12 3A4, 3A5, DHCR24, CYP1A2
CES1/2?
Phase Il UGT1AS, UGT1A1, UGT2B1*,
SULT2A1 GSTM1/MGST2? SULT1E1*
Drug OATP1A2 MDR1 MRP2 OATP183
transporters |
Distinctive sets Overlapping sets Distinctive sets
of genes of genes of genes

Expert Opin Drug Metab Toxicol. 8, 803, 2012



Spolecna uloha CAR a PXR

jak PXR, tak CAR hraji vyznamnou ulohu v regulaci detoxifikace xenobiotik,
ktera umoznuje ochranu organismu pred toxickymi chemikaliemi;

oba receptory maji nékteré spolecné rysy: Siroké spektrum ligandu s
variabilni strukturou a schopnost regulovat jak spolecné tak odlisné geny
zapojené do biotransformace xenobiotik;

jak PXR, tak CAR jsou aktivovany radou konvencnich IéCiv, coz je spojeno s
nezadoucimi Iékovymi interakcemi;

aktivita PXR je kontrolovana transkripcné dalSimi jadernymi receptory (GR),
interakci s ko-faktory a na post-translacni urovni fadou modifikaci —
fosforylace, ubikvitinace. SUMOQOylace a acetylace; GR navic pusobi

synergicky s CAR v kontorle exprese cilovych genu CAR, jako jsou napf.
CYP2 a CYP3 enzymy;



Konstitutivni androstanovy receptor (CAR)

« exprese CAR — vysoka hladina zejména v jatrech a epitelialnich
burikach tenkého streva; nizsi, ale signifikantni hladina receptoru je i
srdeCni svaloving, kosterni svaloviné, mozku, ledvinach a plicni
tkani;

« modelovy ligand — opét druhové specificky CITCO (6-(4-
chlorfenyl)imidazo[2,1-b][1,3]thiazol-5-karbaldehyd O-(3,4-
dichlorobenzyl)oxime) — specificky pro ¢lovéka; TCPOBOP (1,4-
bis[2-(3,5-dichlorpyridyloxy)] benzen) — aktivuje mysi CAR; navic
nepfima aktivace — napf. fenobarbital;

0
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Cl Cl Cl
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Konstitutivni androstanovy receptor (CAR)

u Clovéka je CAR koédovan genem NR1/3 (chr 7, loc 1923);

9 exonl — fada isoforem (vice nez 20) vznikajicich alternativnim
sestfihem; jejich distribuce je Casto tkanové specificka a ne vSechny
MRNA koduji funkCni protein;

Gene, 1423
8545 base pairs
NC 0000019

mRNA isoform-3
1381 base pairs
NM 005122

Protein isoform-3
348 amino acids
NP 005113
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Aktivace CAR

Direct activation
(TCPOBOP)

UGTs
SULTs
CYPs
\ GSTs
° Y MRPs
. OATPs
Indirect activation
(phenobarbital,
bilirubin,
lithocholic acid,
steroids,
Yin Zhi Huang)

UGTs

+ +
Glucagon (CAMP) —» 4@)_’?» SULTs
CYPs

CRE CAR-RE

TRENDS in Pharmacological Sciences 25, 437, 2004

v inaktivnim stavu je CAR v cytoplazmé
navazan na CAR cytoplasmic retention
protein (CCRP) a heat shock protein 90
(HSP9O0);

CAR muze byt aktivovan pfimo, vazbou
ligandu (TCPOBOP) nebo nepfimo
prostfednictvim protein fosfatazy 2A
(PP-2A) — defosforylace CAR
zpusobuje jeho jadernou translokaci;

po aktivaci je CAR translokovan do
jadra kde se vaze na CAR-respozivni
elementy (CAR-RE/PBREM) v
regulacnich oblastech gen
kontrolujicich metabolismus — po
navazani ko-aktivatoru je aktivovana
transkripce cilovych genu;

vedle aktivace ligandy mize byt CAR
aktivovan také napf. nutricnim stresem
— pfi hladovéni je indukovana exprese
peroxisome proliferator-activated
receptor y coactivator 1a (PGC-1a) —
ktery funguje jako ko-aktivator CAR-
regulované transkripce;



Ligandy CAR

Species-specific action of compounds on CAR*

Classification Compound Activation/deactivation
Activator of hCAR acetaminophen 2
artemisinin ?
atorvastatin ?
diazepam ?
carbamazepine ?
sulfanilamides 2
tri-p-methylphenyl phosphate direct
triphenyl phosphate direct
phenytoin indirect
phenobarbital indirect
chloropromazine 7
6,7-dimethylesculetin ?
CITCO direct
Activator of mCAR acetaminophen indirect
atorvastatin ?
bilirubin indirect
meclizine direct
phenobarbital indirect
chloropromazine 2
17 B-estradiol direct
TCPOBOP direct
Deactivator of hCAR clotrimazole direct
17 B-estradiol direct
meclizine ?
PK11195 direct
Deactivator of mCAR okadaic acid indirect
progesterone direct
testosterone direct
Sa-androstan-3a-ol direct
Sa-androst-16en-3a-ol direct
KN-62 indirect
KN-93 indirect

Biochemistry (Moscow) 76, 1087, 2011



Zakladni tridy ligandi CAR a PXR

ENDOBIOTICS
STEROIDS
OH
CH; CH;
CH,
HO HO
16,17-Androsten-3-ol Androstanol 17B-Estradiol
0 CIl; O CIly
HJ CH] //N
CH, CH;
O HO
Pregnane-3,20-dione Pregnenolone-160- carbonitrile

CATABOLITES

OH

Cholic acid Deoxycholic acid Bilirubin

Molecular Aspects of Medicine 30, 297, 2009



Zakladni tridy ligandi CAR a PXR

XENOBIOTICS
HERBAL SYNTHETIC COMPOUNDS

Colupulone

SR12183

E F
F
DRUGS K F
.
~¢ /Y
- &Y ¥ on
7 0
N F F
U\/’\‘yo TCPOBOP TO0901317
NH
HyC &
Phenobarbital Rifampicin

CHEMICAL POLLUTANTS

Q AN ~Cl s
CH, HN NH E\j/\ ”/.“-/-71"\? ||(1—® < <_\>7un
| 0O OH N Ho” N a \(_I e
: CO—="

Nonylphenol Chlordane Bisphenol A

C=C—CH;

RUA486 Indinavir Molecular Aspects of Medicine 30, 297, 2009



Zakladni funkce CAR a PXR

PXR a CAR slouzi predevSim jako senzory umoznujici eliminaci
toxickych produktii metabolismu endobiotik a xenobiotik; i diky
regulaci pfekryvajicich se skupin genu;

maji také Siroké spektrum ucinkd v regulaci fyziologickych funkci
riznych organd — metabolismus lipidnich slou€enin a udrZovani
homeostaze metabolismu glukdézy; to mulze pfispivat k toxickym
ucinkm nékterych jejich ligandu;

CAR koordinuje regulaci expresi fady XME v hepatocytech — CYPy,
transferazy, ale i transportéry, jako je napf. OATP2 a usnadnuje tak
eliminaci toxickych latek i 1éCiv v jatrech;

PXR je predevSim ustfedni regulator CYP3A isozymd, reguluje také
expresi fady dalSich enzymd a transportérli, jako jsou
karboxylesterazy, alkoholdehydrogenazy, GST, UGT, SULT, P-gp,
MRP i OATPZ2;



Geny regulované CAR a PXR (faze 1)

Phase |

CAR, PXR Aldh1A1 Mouse 1
CAR, PXR Aldh1A7 Mouse 1
CAR CYP1A1 Mouse 1
PXR CYP1A1 Mouse l
PXR CYP1A1 Human |
PXR YP1A2 Human 1
PXR CYP1A6 Human 1
CAR P24 Mouse 1
CAR YP2A6 Human 1
CAR, PXR CYP2B1 Rat 1
CAR, PXR CYP2B2 Rat 1
CAR, PXR CYP2B6 Human 1
CAR, PXR CYP2B10 Mouse, human 1
CAR YP2C6 Rat 1
CAR arP2c7 Rat 1
PXR CYP2C8 Human 1
CAR, PXR ar209 Human 1
CAR, PXR QYP2C19 Human 1
CAR, PXR CYP3A1 Rat 1
PXR ap3A2 Rat 1
CAR, PXR P34 Human 1
CAR, PXR CYP3A11 Mouse, human 1
PXR CYP3A13 Mouse 1
PXR CYP3A23 Rat 1
PXR CYP3A44 Mouse 1
PXR CYP7A1 Human |
PXR CYP11A1 Human 1
PXR CYP11B1 Human 1
PXR aPi1i1R2 Human 1
CAR, PXR Por Mouse 1

Molecular Aspects of Medicine 30, 297, 2009



Phase 11
CAR, PXR
CAR, PXR
CAR

PXR
CAR, PXR
CAR, PXR
PXR
CAR, PXR
PXR

PXR

CAR

Phase 1l
CAR, PXR
PXR

CAR
CAR, PXR
CAR, PXR
CAR
CAR, PXR

Geny regulované CAR a PXR (faze 2 a 3)

GSTA1
GSTA2
GSTA3
GSTA4
Gstm1
Gstm2
Sult2Al
UGT1A1
UGT1A3
UGT1A4
UGT2B1

MDRI1A
MDR1B
MRP1
MRP2
MRP3
MRP4
OATP2

Mouse, rat
Mouse, rat
Mouse, rat
Mouse

Mouse, rat
Mouse

Mouse, human
Mouse, human
Human
Human

Rat

— — — — — — — — - - -

Mouse, human
Mouse

Mouse

Mouse, rat, human
Mouse, human
Mouse

Mouse, rat

— — — — — - —

Molecular Aspects of Medicine 30, 297, 2009



Metabolismus a detoxikace polutantu

3 faze metabolismu cizorodych latek:

1. faze biotransformace — konverze — oxidace, redukce,
hydrolyza, hydratace a izomerace,

« 2. faze biotransformace — konjugacni reakce —
glukuronidace, sulfonace, metylace, acetylace, konjugace
s glutathionem, konjugace s aminokyselinami;

« 3. faze biotransformace — vyloucCeni konjugovanych
metabolitu z bunky — ABC transportéry a dalSi transportni
proteiny;

Prehled: L. Skalova a kol., Metabolismus [€Civ a jinych xenobiotik, Karolinum,
Praha, 2011



1. faze biotransformace
I O

Oxidace: 1) (1

hydroxylace — bézna biotransformacni reakce (alifaticke,
aromatické uhlovodiky) — snizuje se lipofilita toxikantu,
vzniklé hydroxyderivaty podléhaji dalsim konverznim
nebo konjugacnim reakcim;

. o o R=C—OH = R-C=0
oxidace alkoholu a aldehydu; " i
oxidacni deaminace; R-G=0 R-COOH

S R*C‘}R’ —_— R—ICLrR’ + NH;

NH, NH,

dealkylace - sekundarni a terciarni aminy, alkoxy-,

alkylthioloveé skupiny; |
Cl
dehalogenace; o —~ crgon ——~ crg-coor

Br 2 2

N-oxidace, S-oxidace; .« S h

J
-N

N

¢

i
R=-S-R’ R—S-R’




1. faze biotransformace

Redukce:

* z hlediska mnozstvi metabolizovanych latek meéene
vyznamne, ale predstavuji hlavni cestu pro detoxikaci
nekterych specifickych skupin latek;

« napr. redukce nitrosloucenin a azosloucenin;

6 H*
R-NO, R-NH, + 4H,0

2h

« redukce N-oxidu a S-oxidu; R-

. _ [
R R-N-R° + H,0

O=~Z-3

* redukce karbonylovych slou€enin a chinonu;

2 H*

|
O OH




1. faze biotransformace

Hydrolyza:
« estery, epoxidy, amidy, hydrazidy a karbamaty;

* nekteré hydrolasy (napr. epoxidhydrolasa) jsou schopné
katalyzovat i hydrataci (tj. adici vody);

* hydrolyze mohou podlehat i nekteré konjugaty xenobiotik;

NINGSS




Enzymy 1. faze biotransformace

cytochromy P450;
flavinové monooxygenasy;
peroxidasy;
alkoholdehydrogenasy;
aldehyd dehydrogenasy;

aldo-keto reduktasy;
dehydrogenasy s kratkym retézcem (napfr.

karbonylreduktasy);

hydrolasy — zvl. roli epoxidhydrolasa;



2. faze biotransformace

Konjugacni reakce:

* nejvyznamnejsi pro — konjugace s UDP-glukuronovou
skupinou, glutathionem a sulfonace (s 3'-fosfoadenosin-
5'-fosfosulfatem); o I NN N

OH 0@ H R
[} 1 ]
R R R R ' S ! R\ /'S‘G.\.
>Q< e > R R
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L. Skalova a kol., Metabolismus IéCiv a jinych xenobiotik, Karolinum, Praha, 2011



2. faze biotransformace

Konjugacni reakce:

* nejvyznamnejsi pro — konjugace s UDP-glukuronovou

skupinou, glutathionem a sulfonace (s 3'-

fosfoadenosin-5'-fosfosulfatem);

PP

Sulfotransferasy

L. Skalova a kol., Metabolismus IéCiv a jinych xenobiotik, Karolinum, Praha, 2011




2. faze biotransformace

Konjugacni reakce:
 acetylace — cytosolové N-acetyltransferasy;
 Dbioaktivace heterocyklickych aminu — silné genotoxiny;

R-NH, R—H
R-NH—NH, g R—H—H /
SN
R'@ E " | p />_NH2
: £ @ N~ N
3 H
= R—@L _ 2-amino-1-methyl-6-fenylimidazo[4,5-b]pyridin
R_©\NHOH ¥ O (PhIP) g g [ lpy

L. Skalova a kol., Metabolismus IéCiv a jinych
xenobiotik, Karolinum, Praha, 2011



Enzymy 2. faze biotransformace

UDP-glukuronosyltransferasy;
gluthathion-S-transferasy — cytosolové, mikrosomaini;
sulfotransferasy;

N-acetyltransferasy;

methyltransferasy;



Transport xenobiotik a jejich metabolitu

nékdy oznacCovan jako 3. faze biotransformace;

hlavni roli hraji specifické transportni proteiny — prenasece;

ABC transportéry (z angl. ATP-binding cassette) — BRCP, MDR1/P-
gp, MRP proteiny;

SLC proteiny - pfenaseCe hygrofilnich latek (angl. solute carrier
family);

periplasm f\ /_\q
000000 000000006000 60000
({ AR

P 4 T PN
&) 6 Q)4 6 BB &) &)
St S e S S A AL A

(lnn: “”“‘.f:l:fl,"j)'\':r Y ' :,‘lf '\{11 X "nil X
cytoplasm IcD
[ _— A ! l / \\’ _— Al —_—
| | = s

Lz ATP hydrolysis _A__J ATP hydrolysis
FJ B release

ATPbinding | ‘i

Dong et al., 2005, Science 308: 1023-1028.



Modulace exprese/aktivity

biotransformacnich enzymu xenobiotiky

Brain & CNS:
LIGAND Breast: ERc, ERB, AhR
- Homane ERo, ERB,
- EDC pesticide AhR, PXR, 6
- Phytoestrogen _— . PPARY Cardiovascular system:
- Plasicisers ERo, ERB, AhR
- Daugs PPARa, PPARY
Liver:
ERa, ERB, AhR,
PXR, LXR, FXR,
CAR, PPARq, B, ¥
/ Adrenals:
GR, ERa, ERB; AR; CAR
KEY —_— . - o, ERB
R = receplor: E:“ Kidneys:
p Ovaries: ERp
PxR HRE ER )
AR ER % Gastrointestinal tract:
CAR P PXR, ERB, PPARY
AhR Uterus:
hsp = heat shock ERa, ERD, FXR, ABR Urogenital tract:
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Zakladni funkce CAR a PXR

PXR a CAR slouzi predevSim jako senzory umoziujici eliminaci
toxickych produktd metabolismu endobiotik a xenobiotik; i diky
regulaci pfekryvajicich se skupin genu;

maji také Siroké spektrum uc€inki v regulaci fyziologickych
funkci riznych organu — metabolismus lipidnich slou¢enin a
udrzovani homeostaze metabolismu glukézy; to muiize prispivat
k toxikym ucinkum nékterych jejich ligandu;

CAR koordinuje regulaci expresi fady XME v hepatocytech — CYPy,
transferazy, ale i transportéry, jako je napf. OATP2 a usnadnuje tak
eliminaci toxickych latek i 1éCiv v jatrech;

PXR je predevSim ustfedni regulator CYP3A isozymd, reguluej také
expresi fady dalSich enzymd a transportéri, jako jsou
karboxylesterazy, alkoholdehydrogenazy, GST, UGT, SULT, P-gp,
MRP i OATPZ2;



CAR a PXR hraji roli jak v metabolismu
xenobiotik, tak v energetickém metabolismu

- PXR a CAR moduluji procesy lipogeneze a glukoneogeneze,
predevsim v jatrech;

______________________
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CAR a metabolismus bilirubinu

« bilirubin je jeden z nejvice toxickych produktl endogenniho
metabolismu; hlavni cestou detoxikace je glukuronidace
prostfednictvim UGT1A1 a vznikly metabolit je pak exkretovan
pomoci MRP2;

* ligandy CAR jsou napomahaji eliminaci bilirubinu prostfednictvim
indukce UGT1A1 a MRP2 (ale i OATP2, GST A1);
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CAR a PXR - kontrola homeostaze zlucovych
kyselin

« ZzluCové kyseliny hraji zasadni roli v eliminaci nabyteCného
cholesterolu i solubilizaci, absorbci a transportu dietarnich lipida ve
stfevech; jedna o potencialné toxické detergenty — proto je jejich
produkce velmi pfisné kontrolovana; vedle toho predstavuje tvorba
zlu€i vyznamnou cestu eliminace xenobiotik i velkych hydrofébnich
endogennich produktu;

« u mySi indukuje CAR enzymy a transportéry podilejici se na
eliminaci zluCovych kyselin (Cyp3al11, Sult2a1l, Mrp3); PXR
pravdépodobné muaze hrat roli ochrannou — reguluje Cyp3a11 (mys),
CYP3A4, SULT a OATP2 — podporuji metabolismus a transport
zlucovych kyselin;

« PXR i CAR pravdépodobné pusobi v soucinnosti s FXR (farnesoid X
receptor) — receptor ZluCovych kyselin — regulace CYP7A1
(cholesterol-7-a-hydroxylaza);
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CAR, PXR a steroidni/thyroidni hormony

* CAR indukuje CYP2B — metabilizace androgenu/estrogend; UGT1A1
— glukuronidace estrogenl; muze indukovat sulfataci steroidl; tyto
procesy vedou ke zvySenému katabolismu steroidu;

« aktivace PXR - zvySeni hladiny kortikoidd — indukce enzymu
podilejicich se na jejich syntéze (CYP11A1, 11B1, 11B2); modulace
katabolismu steroidd skrz indukci CYP3A4;

» aktivace CAR vede ke sniZeni sérové hladiny T4 — uloha enzymu Il.
faze v poklesu T4 neni jasna?
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CAR, PXR a glukoneogeneze/metabolismus

lipidu

aktivatory PXR a CAR potlacuji

expresi genu podilejicich se na
glukoneogenezi v jatrech coz je
spojeno se snizenim hladiny glukozy
Y Krvi; pravdépodobnym
mechanismem je potlaCeni aktivity
transkrip€nich faktort/ko-faktoru

podilejicich se na jejich transkripCni
regulaci (napf. FoxO1);

PXR muze zvySovat syntézu
triglyceridd v jatrech a zaroven
potlaCovat B-oxidaci a ketogenezi;
vzhledem k tomu, Ze [(-oxidace je
nutna pro produkci ATP a NADH,
mUze to souviset s represi
glukoneogeneze, ktera je vyzaduje;

Biochemistry. 5th edition.
Berg JM, Tymoczko JL, Stryer L.
New York: W H Freeman; 2002.
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CAR, PXR - jejich interakce a interakce s
dalsimi jadernymi receptory

PXR a CAR indukuji expresi CYP3A a CYPZ2B genu; pfestoze puvodné byly tyto
geny povazovany za specifické biomarkery obou receptord, ukazuje se zZe existuje
znacny prekryv ve spektru indukovanych gend — funkéni redundance PXR a CAR;
regulace CAR se jevi jako specifi¢téjsi, ale na druhou stranu muze byt aktivovan i
nepfimo prostrednictvim sloucenin, které zpusobuji jeho jadernou translokaci;

v poslednich letech byla publikovana fada praci naznacCujicich také rozsahly cross-
talk mezi CAR, PXR a AhR — PXR muze indukovat AhR a PXR ligandy tak mohou
nepfimo regulovat expresi fady genu kontrolovanych AhR;

ZluCové kyseliny aktivuji ve fyziologickych koncentracich PXR i FXR; CYP3A4 muze
byt indukovan i FXR; kontrola toxicity zluCovych kyselin — indukce PXR vede k
represi CY7A1 — rate-limiting enzym syntézy Zlu€ovych kyselin z cholesterolu;

jaterni X receptory (LXRa a p) — aktivovany oxysteroly, koordinace metabolismu
cukrd a lipidu; néktefi modelovi agonisté LXR mohou indukovat i PXR (indukce
CYP3A4, CYP2B6);



PXR

CAR, PXR - regulace aktivity

Protein-protein interactions

SRC-1, GRIP1, PGC-1

»

RXR, C/EBPa

NRIP1 \

PRMT1 \

CCRP, HSP90 \

v

SMRT, NcoR |

post-translational modifications

phosphorylation ‘

ubiquitination ‘

SUMOylation |

acetylation ‘

Transcriptional and post-
transcriptional regulation

NRs: HNF-4q, FXR \

promoter methylation ‘

mIRNA \

CAR

Expert Opin Drug Metab Toxicol. 8, 803, 2012



CAR, PXR - pusobeni toxikantu

karcinogeneze — fenobarbital, aktivator CAR, indukuje tvorbu nadorl jater u
experimentalnich hlodavcu — latky indukujici CAR by tak mohly byt potencialnimi
karcinogeny;

nedioxinové polychlorované bifenyly — PCB — indukce CYP2B a 3A v jatrech
hlodavcu; karcinogenni pfi dlouhodobé expozici;

3 2 2 3
(€ y—~ —,

hypotéza — PCB, bromované zpomalovace hofeni se mohou na modulaci rozvoje
obezity, metabolického syndromu a diabetes ??7?;



