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Introduction

Phenobarbital (PB) is a non-genotoxic carcinogen that in mice
induces hepatomegaly (characterised by hypertrophy and
hyperplasia) and, following long-term treatment,
hepatocellular tumours, possibly due to its ability to increase
cell proliferation. The relevance of these tumours to human
health is controversial due to the lack of a clear molecular
mechanism and suitable human-like models.

PB has been shown to activate the murine and human
constitutive androstane receptors (CAR) and pregnane X
receptors (PXR)(™2 . The nuclear receptor CAR mediates
specific xenobiotic induction of drug metabolism. CAR
knockout mice cannot activate the Cyp2b10 gene in response
to PB, nor do the hypertrophic and hyperplastic responses
elicited by PB occur®).

Are hyperplastic responses to chemicals observed
in animals relevant to humans and what are the
molecular mechanisms behind these species
differences?

Methods

PB (80 mg/kg ip., 4 days) was administered to double
“humanised” CAR and PXR (huPXR/huCAR) mice and wild
type C57BL/6J mice to investigate whether hyperplastic
responses to chemicals observed in rodents are relevant to
humans. Mice which were devoid of both receptors
(PXRKO/CARKO) were used as controls. Mice (n = 10 per
group) were implanted with osmotic pumps containing BrdU to
allow determination of replicative DNA synthesis (Fig. 1).
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Results

Relative liver weights were increased (to approximately 120%
of controls) by PB in the wild type (WT) mice and “humanised”
mice but not in the PXRKO/CARKO animals. Cytochrome
P450 induction was observed in WT and huPXR/huCAR mice
but not in the PXRKO/CARKO mice, as determined by
catalytic  activity = measurements  (pentoxyresorufin-O-
depentylation and 7-benzyloxyquinoline-O-debenzylation) and
immunoblotting (for Cyp2b10 and Cyp3a11).

The nuclear incorporation of BrdU was determined as a
measure of cell proliferation (S-phase). PB increased the
hepatocellular labelling index (S-phase, % of cells labelled) by
approximately 5-fold in the WT mice (WT control, 1.75 £
1.10; WT PB-treated, 9.30 + 3.64, P<0.001). However, no
change in S-phase was detected in either the huPXR/huCAR
(control, 1.93 + 0.67; PB-treated, 2.00 + 1.18) or
PXRKO/CARKO (control, 1.96 + 1.04; PB-treated, 2.83 +
1.07) mice following PB treatment.

Fig 2: PB-mediated activation of
Cyp3a11 and Cyp2b10 is
predominantly CAR-dependent
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A panel of "humanised" and knockout PXR and CAR mouse lines have been generated
and demonstrated to work in the predicted manner. Induction of Cyp2b10 and Cyp3a11
by PB (40 mg/kg ip/4 days) was ameliorated in PXR nulls, when compared with PB-
treated WT mice, but not in animals that were devoid of CAR, as shown by immunoblot
analysis and 7-benzyloxyquinoline-O-debenzylation (BQ) and pentoxyresorufin (PROD)
activities (n=3-5).

Fig 3: hCAR does not support the
hyperplasia response to PB
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Fig 4: hCAR supports the

hypertrophic response to

PB produced pathological evidence of centrilobular hepatocellular hypertrophy in
WT and huPXR/huCAR but not the PXRKO/CARKO mice, as determined by H&E
analysis (magnification 200x). Mitotic figures indicating hepatocellular proliferation
were identified only in PB-treated WT animals.

Conclusions

*“Humanised" and knockout PXR and CAR mouse models
have been successfully generated and characterised to
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Treatment with PB (80 mg/kg/3 days) increased relative liver weights in the WT and
huPXR/huCAR but not in the PXRKO/CARKO mice (18% and 22%, respectively), as
was Cyp2b10 induction (as determined by PROD activity, n=10). PB increased the S-
phase in the WT mice by ~5-fold and appeared to have no effect on cell proliferation in
the transgenic animals (data represents random counting of ~1 8 x 105 ceIIs/group
(n=10). This WT mouse-specific hyperplasia was i by

(IHC) of BrdU-labelled hepatocyte nuclei (left panel, magnification, 400x). The

presence of BrdU-labelled cells in duodenum served as a positive control for the IHC
(right panel, magnification 100x).

te the mechanism of species differences in
response to non-genotoxic carcinogens such as PB.

inv

* Although PB is described as a PXR activator in vitro®,
using the PXR/CAR mouse panel we have shown that PB-
mediated activation of Cyp3a11 and Cyp2b10 is CAR-
dependent, thus highlighting the limitations of in vitro
data(.

* Following treatment with PB, P450 induction and
hepatomegaly was observed in the WT and huPXR/huCAR
mice but not in the PXRKO/CARKO mice.

* Only WT and not huPXR/huCAR or PXRKO/CARKO mice
exhibited stimulated hepatocellular labelling index (S-
phase) by PB.

* These data suggest that the human receptors are able to
support the chemically induced hypertrophic response
but not the hyperplastic response.

* These data demonstrate that the use of PXR/CAR panel
is a powerful approach to investigating mechanisms of
xenobiotic-induced cell regulation and proliferation and
therefore is an essential tool in establishing the potential
risk of rodent non-genotoxic carcinogens to man.

References

1. Stanley LA, Horsburgh BC, Ross J, Schneer N, Wolf CR (2006). PXR and CAR: nuclear receptors
which play a pivotal role in drug disposition and chemical toxicity. Drug Metab Rev. 38:515-97.

2. Scheer, N., Ross, J., Rode, A., Zevnik, B., Niehaves, S., Faust, N., and Wolf, C.R. (2008). A
novel panel of mouse models to evaluate the role of human pregnane X receptor and constitutive
androstane receptor in drug response. J Clin Invest 118:322 3239.

3.Wei P, Zhang J, Egan-Hafley M, Liang S, Moore DD (2000). The nuclear receptor CAR mediates
specific xenobiotic induction of drug metabolism. Nature. 407:920-923.

4. Lehmann JM, McKee DD, Watson MA, Willson TM, Moore JT and Kliewer SA (1998). The human

orphan nuclear receptor PXR is activated by compounds that regulate CYP3A4 gene expression and
cause drug interactions. J Clin Invest. 102:1016-23.

Research supported by ITI Life Sciences, Scotland, UK.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


