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Introduction
To investigate PXR- and CAR-regulated endogenous 
and species specific functions we performed transcript 
profiling and pathways analysis on RNA extracted 
from the livers of mice in which the murine pregnane 
X receptor (PXR) and constitutive androstane receptor 
(CAR) genes were removed (PXR KO, CAR KO mice) 
and/or replaced with human PXR or CAR (huPXR, 
huCAR mice). Liver RNA expression profiles of these 
mouse lines, relative to C57BL/6J wild type (WT) 
mouse liver, were assessed using Agilent whole 
mouse genome expression microarrays. Rosetta 
ResolverTM software was used to generate a 
‘signature’ list of significantly (p<0.01) altered genes 
for each mouse line.  Ingenuity Pathways 
AnalysisTM(IPA) software, was used to examine 
differences between the knock out (KO) and 
humanised lines in pathways regulated by these 
receptors. Effects of the PXR/CAR KO’s and 
humanisations in classical and functional pathways 
were assessed by examining the polarity of RNA 
expression changes to genes contained in pathways 
that were over-represented in the signature lists 
relative to their representation in those pathways in 
the IPA database.

Questions?
•How does the polarity of gene expression alterations, 
relative to WT,  in PXRKO vs hPXR and CARKO vs
hCAR mouse liver compare in pathways commonly 
affected in these models?

•What genes/pathways are uniquely altered in PXRKO 
and hPXR liver and CARKO or hCAR liver?

•Does investigation of gene/pathway alterations in 
PXRKO, CARKO or hPXR, hCAR mouse liver, relative 
to WT mouse liver, offer insight for understanding 
endogenous roles for these receptors?

•What is the toxicological relevance of gene/pathway 
alterations in the liver of these KO and transgenic 
mouse models?

Experimental outline

•RNA isolated from WT, PXRKO, hPXR, CARKO and 
hCAR mouse liver and labeled with either cyanine 3 
(Cy3) or cyanine 5 (Cy5) nucleotides using an Agilent
low input RNA labeling kit.

•Test RNA (PXRKO-, hPXR-, CARKO- and hCAR) 
hybridised against a reference of WT liver RNA on 
Agilent mouse whole genome 60mer oligo
microarrays in a two colour experiment.

•Rosetta ResolverTM software used to identify a 
signature list of genes significantly (P<0.01) altered, 
relative to WT, against a set of experimentally 
derived ‘house-keeping’ genes.

•Signature lists examined using IPA software.

•Venn diagram analysis used to focus IPA analysis on 
gene/pathway alterations common or unique to the 
signature lists for each KO and humanised model.

•Representation of genes in these lists assessed in 
IPA using a one-tailed Fishers exact test.

•Genes from significantly over-represented functional 
categories loaded into pathway diagrams and 
overlayed with  fold change values to assess the 
polarity and  biological implications of the changes.
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Pathways Analysis PXRKO and hPXR

Figure 1. (A) Network of genes overrepresented in the intersect between the hPXR and PXRKO signature gene lists; (B) Networks of gene uniquely altered in PXRKO and hPXR
mouse liver.  Red nodes= up-regulated;  green nodes= down-regulated; Grey nodes: genes that were altered by < 1.5 fold. Grey lines indicate  genes associated with a particular 
functional category 

Summary and Conclusions
•The majority of genes commonly altered 
in fatty acid/xenobiotic metabolism 
pathways in PXRKO and hPXR mouse liver 
were up-regulated in PXRKO mice but the 
change was reversed in hPXR mice.

•This indicates that hPXR may act 
endogenously as a repressor of genes in 
these pathways

•Induction of several genes regulated by 
NRF2 ocurred uniquely in PXRKO mouse 
liver

•Lack of induction of cytochrome P450 
isoforms in hPXR mouse liver was 
reflected by a lack of alteration to NRF2 
signalling pathways involved in redox
homeostasis.

•The majority of expression changes 
(relative to WT) to genes in liver of  hCAR
mice in toxicologically relevant pathways 
were altered in a similar fashion but with 
less severity than in CARKO mice. This 
reflects functional replacement of the 
mouse CAR gene with the human 
homologue.Results- CARKO and hCAR

•Fatty acid and xenobiotic metabolism pathways were also overrepresented in a list of 2068 genes that were commonly altered in CARKO and hCAR mouse liver.

•Genes in these pathways were altered with similar polarity but with less severity in hCAR mice compared to CARKO mice, Table 2 .

•There was overrepresentation of genes in  xenobiotic metabolism signalling pathways in the list of genes uniquely altered in CARKO mice.

•Similar  pathways were also overrepresented in the hCAR unique signature list albeit with different genes involved.

Results- PXRKO and hPXR
•Functional categories of lipid and xenobiotic metabolism were overepresented in a list of 1550 genes that were commonly altered in PXRKO and hPXR mouse liver.

•Genes in these categories were mostly upregulated in PXRKO  and down-regulated in hPXR, Figure  1, Table 1.

•There was significant overrepresentation of genes, including several cyp isoforms, in the canonical (classical) pathways of xenobiotic metabolism signalling in the list
of genes that were uniquely altered in PXRKO mice.

•Several genes that are upstream regulators and transcriptional targets of nuclear factor erythroid derived like-2 (NRF2), a transcription factor involved in regulating the cellular 
response to oxidative and endoplasmic reticulum stress were altered uniquely (mostly up-regulated) in PXRKO mouse liver. These effects did not occur in hPXR mouse liver.
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Oxidative Stress Response Mediated by Nrf2

LPS & IL-1 Mediated inhibition of RXR function
-

GenBank Name Sequence Description

CXR 
hPXR 
Fold 
Change

CXR 
PXRKO 
Fold 
Change

NM_025797 Cyb5 cytochrome b5 type A (microsomal) 1.7
NM_028089 Cyp2c55 cytochrome P450, family 2, subfamily C, polypeptide 55 2.2 6.5
NM_206537 Cyp2c54  cytochrome P450, family 2, subfamily c, polypeptide 54 -1.8 4.0
NM_019823 Cyp2d22 cytochrome P450, family 2, subfamily D, polypeptide 22 -1.6 -1.7
NM_010007 Cyp2j5 cytochrome P450, family 2, subfamily j, polypeptide 5 1.6
NM_007818 Cyp3a11 cytochrome P450, family 3, subfamily A, polypeptide 11 6.7
X71478 Cyp4a10 cytochrome P450, family 4, subfamily A, polypeptide 10 1.8
NM_010936 NR1I2 nuclear receptor subfamily 1, group I, member 2 -6.7 -30.0
NM_201645 UGT1A1 UDP glucuronosyltransferase 1 family, polypeptide A1 -1.7 3.8

NM_013454 ABCA1 ATP-binding cassette, sub-family A (ABC1), member 1 2.0
NM_011920 ABCG2 ATP-binding cassette, sub-family G, member 2 -1.7 1.7

NM_007381 ACDA1 acyl-Coenzyme A dehydrogenase, long chain 1.8
NM_007382 ACDAM acyl-Coenzyme A dehydrogenase, C-4 to C-12 straight chain -1.6 2.3
NM_025826 ACADSB acyl-Coenzyme A dehydrogenase, short/branched chain 3.7
NM_015729 ACOX1 acyl-Coenzyme A oxidase 1, palmitoyl 1.7
BC006692 ACSL1 acyl-CoA synthetase long-chain family member 1 2.1
NM_023737 EHHADH enoyl-Coenzyme A, hydratase/3-hydroxyacyl Coenzyme A dehydrogenase 2.2
NM_011978 SLC27A2 solute carrier family 27 (fatty acid transporter), member 2 -1.6 3.6

NM_020010 Cyp51A1 cytochrome P450, family 51, subfamily A, polypeptide 1 -2.5 2.2
NM_010191 FDFT1 farnesyl-diphosphate farnesyltransferase 1 -1.5 1.8
NM_134469 FDPS farnesyl diphosphate synthase -1.6 2.0
M62766 HMGCR 3-hydroxy-3-methylglutaryl-Coenzyme A reductase -1.6 1.6
NM_177960 IDI1 isopentenyl-diphosphate delta isomerase 1 -1.7

NM_007987 FAS Fas (TNF receptor superfamily, member 6) 1.5
NM_010185 FCER1G Fc fragment of IgE, high affinity I, receptor for; gamma polypeptide -2.0
V00821 IGHM immunoglobulin heavy constant mu -1.9
NM_010798 MIF macrophage migration inhibitory factor -1.7
NM_009246 SERPINA1 serpin peptidase inhibitor, clade A  member 1 4.4 2.8

Immune response

Xenobiotic metabolism

Drug transport

Fatty acid/lipid metabolism

Cholesterol biosynthesis

GenBank Name Description

CXR 
hCAR 
Fold 
Change

CXR 
CARKO 
Fold 
Change

NM_007381 ACADL acyl-Coenzyme A dehydrogenase, long chain 1.5
NM_020559 ALAS1 aminolevulinate, delta-, synthase 1 1.8 1.8
NM_007437 ALDH3A2 aldehyde dehydrogenase 3 family, member A2 1.5
NM_007468 APOA4 apolipoprotein A-IV 1.8
AK014174 CHKA choline kinase alpha -5.2 -5.1
NM_013495 CPT1A carnitine palmitoyltransferase 1A (liver) 1.5 1.7
NM_008288 HSD11B1 hydroxysteroid (11-beta) dehydrogenase 1 -1.5 -1.5
NM_016720 NEU3 sialidase 3 (membrane sialidase) -1.5 -1.9
NM_183423 PLA2G12A phospholipase A2, group XIIA 2.1
NM_054088 PNPLA3 patatin-like phospholipase domain containing 3 -2.2 -5.5
NM_009163 SGPL1 sphingosine-1-phosphate lyase 1 -1.6

NM_007813 CYP2B13 cytochrome P450, family 2, subfamily b, polypeptide 13 -7.2
NM_009999 CYP2B10 cytochrome P450, family 2, subfamily b, polypeptide 10 2.2 -4.1
NM_010003 CYP2C39 cytochrome P450, family 2, subfamily c, polypeptide 39 -1.5 -2.8
NM_010001 CYP2C37 cytochrome P450, family 2. subfamily c, polypeptide 37 -1.7 -4.4
NM_206537 CYP2C54 cytochrome P450, family 2, subfamily c, polypeptide 54 -1.9 -5.7
NM_017396 CYP3A11 cytochrome P450, family 3, subfamily a, polypeptide 11 -2.2 -2.4
NM_007820 CYP3A16 cytochrome P450, family 3, subfamily a, polypeptide 16 -2.3 -2.3
NM_010011 CYP4A10 cytochrome P450, family 4, subfamily a, polypeptide 10 -2.0 1.7
NM_177406 CYP4A12 cytochrome P450, family 4, subfamily a, polypeptide 12 1.8
NM_008030 FMO3 flavin containing monooxygenase 3 -6.9 -9.1
AK017179 FMO5 flavin containing monooxygenase 5 -1.5 -1.6

L23108 CD36 CD36 molecule (thrombospondin receptor) 1.6
NM_008655 GADD45B growth arrest and DNA-damage-inducible, beta -2.0 -2.2
NM_011424 NCOR2 nuclear receptor co-repressor 2 2.0 1.9
NM_009803 NR1I3/CAR nuclear receptor subfamily 1, group I, member 3 -16.1 -13.9
NM_008898 POR P450 (cytochrome) oxidoreductase 2.0 1.5
NM_011144 PPARA peroxisome proliferator-activated receptor alpha 1.6 2.6
NM_011673 UGCG UDP-glucose ceramide glucosyltransferase 1.5 1.8

Lipid Metabolism

Cytochrome P450-mediated metabolism

CAR/PPAR signalling

Table 1:Comparison of 
gene expression 
changes common to the 
hPXR vs WT and PXRKO 
vs WT signature 
genelists. Genes were 
sorted according to their 
association with 
functional categories 
assigned using IPA. 
Grey cells: genes 
altered <1.5 fold   

Table 2: Comparison of 
gene expression 
changes common to 
the hCAR vs WT and 
CARKO vs WT  
signature genelists.
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