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Abstract  # 2919 

We have utilised integrated miRNA and expression microarray profiling in WT

mice, CAR/PXR KO and CAR/PXR humanised TransADMETTM mice to investigate

genes and miRNAs that may be involved in the proliferation response of mouse

liver to phenobarbital (PB), a prototypical non-genotoxic carcinogen (NGC), in

rodents. A cell proliferation response is considered pivotal for rodent liver tumour

induction by NGCs, hence characterisation of this response at the molecular level

will lead to a better understanding of the mechanisms involved in NGC-mediated

liver carcinogenesis. Our previous work showed that only WT mice undergo cell

proliferation in response to PB treatment (Ross et al., 2010) – (see treatment

regimen below).

•WT (C57BL6), CAR/PXR KO and hCAR/hPXR mice reated (i.p) with PB

(80mg/Kg) for 4 days.

•Livers removed, snap frozen and total RNA containing small RNA’s isolated with

Qiagen miRNeasy kit..

•Agilent expression/miRNA microarray analysis performed.

•ANOVA analysis performed on expression (mRNA) microarray data from control-

and PB-treated WT, CAR/PXR KO and hCAR/hPXR mouse liver.

•Ingenuity Pathways Analysis (IPA) canonical pathways analysis performed on

ANOVA (p<0.01) expression microarray gene list .

•Integration of mRNA and miRNA differentially expressed gene lists via TargetScan

As the majority of cell proliferation-associated genes were up-regulated in the

expression microarray data, we focussed on down-regulated miRNA species

linked via TargetScan to significantly altered mRNA/genes.

Introduction Rationale

Fig 2: PB-induced differentially expressed genes TargetScan-linked with down-
regulated miRNA’s in (A) wild type (62); (B) CAR/PXR KO (32); (C) hCARhPXR (127) 
mice; (D) Venn analysis of the miRNA-targeted genes in the three mouse strains

Table 1:  PB-induced expression changes to genes in WT liver ‘targeted’ by down-
regulated miRNAs

red = cell proliferation genes (~30%)
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ProbeName miRNA ( TargetScan list, percentile = 50.0 (Translated from CXR0996 miRNA) )Fold Change ( CXR0996 WT control v WT PB 408 signature genes 2 fold cut )GeneSymbol Description

A_51_P344566 mmu-miR-340-5p 27.3 Plk1 Mus musculus polo-like kinase 1 (Drosophila) (Plk1), mRNA [NM_011121]

A_51_P415059 mmu-miR-200b|mmu-miR-429 18.2 Aurkb Mus musculus aurora kinase B (Aurkb), mRNA [NM_011496]

A_52_P190647 mmu-miR-200b|mmu-miR-429 17.5 Mxd3 Mus musculus Max dimerization protein 3 (Mxd3), mRNA [NM_016662]

A_51_P303749 mmu-miR-199a-3p|mmu-miR-26b 14.8 Depdc1b Mus musculus DEP domain containing 1B (Depdc1b), mRNA [NM_178683]

A_51_P315530 mmu-miR-200b|mmu-miR-429 11.4 Mxd3 Mus musculus Max dimerization protein 3 (Mxd3), mRNA [NM_016662]

A_51_P195034 mmu-miR-340-5p 11.3 Esco2 Mus musculus establishment of cohesion 1 homolog 2 (S. cerevisiae) (Esco2), mRNA [NM_028039]

A_52_P213696 mmu-miR-31|mmu-miR-137 10.1 Fndc5 Mus musculus fibronectin type III domain containing 5 (Fndc5), mRNA [NM_027402]

A_51_P354913 mmu-miR-31|mmu-miR-137 7.3 Fndc5 Mus musculus fibronectin type III domain containing 5 (Fndc5), mRNA [NM_027402]

A_52_P319161 mmu-miR-193 6.6 Stmn1 Mus musculus stathmin 1 (Stmn1), mRNA [NM_019641]

A_51_P495641 mmu-miR-193 6.4 Stmn1 Mus musculus stathmin 1 (Stmn1), mRNA [NM_019641]

A_52_P104824 mmu-miR-219 5.7 Diap3 Mus musculus diaphanous homolog 3 (Drosophila) (Diap3), mRNA [NM_019670]

A_51_P324287 mmu-miR-497|mmu-miR-103|mmu-miR-503|mmu-miR-322|mmu-miR-15a 4.9 Kif23 Mus musculus kinesin family member 23 (Kif23), mRNA [NM_024245]

A_51_P312360 mmu-miR-27b 4.6 Pkmyt1 Mus musculus MYT1 kinase (Myt1) mRNA, complete cds. [AF175892]

A_51_P228171 mmu-miR-219 4.3 Cenpp Mus musculus centromere protein P (Cenpp), mRNA [NM_025495]

A_51_P342126 mmu-miR-100|mmu-miR-466a-5p|mmu-miR-27b|mmu-miR-99a 4.3 Ttc39a Mus musculus tetratricopeptide repeat domain 39A (Ttc39a), transcript variant 2, mRNA [NM_153392]

A_52_P448027 mmu-miR-219 4.2 Cenpp Mus musculus centromere protein P (Cenpp), mRNA [NM_025495]

A_52_P478025 mmu-miR-29a|mmu-miR-29c 4.1 Smpd3 Mus musculus sphingomyelin phosphodiesterase 3, neutral (Smpd3), mRNA [NM_021491]

A_52_P537545 mmu-miR-29a|mmu-miR-29c 4.1 Smpd3 Mus musculus sphingomyelin phosphodiesterase 3, neutral (Smpd3), mRNA [NM_021491]

A_51_P461364 mmu-miR-29a|mmu-miR-29c 3.9 Gpx7 Mus musculus glutathione peroxidase 7 (Gpx7), mRNA [NM_024198]

A_52_P27602 mmu-miR-497|mmu-miR-103|mmu-miR-503|mmu-miR-322|mmu-miR-15a 3.8 Kif23 Mus musculus kinesin family member 23 (Kif23), mRNA [NM_024245]

A_51_P499940 mmu-miR-23b 3.7 Hmgb2 Mus musculus high mobility group box 2 (Hmgb2), mRNA [NM_008252]

A_51_P110689 mmu-let-7f|mmu-miR-98|mmu-let-7g|mmu-let-7c 3.6 Rrm2 Mus musculus 2 days neonate thymus thymic cells cDNA, RIKEN full-length enriched library, clone:E430030O12 product:ribonucleotide reductase M2, full insert sequence. [AK088907]

A_51_P356760 mmu-miR-30a 3.3 Mical1 Mus musculus microtubule associated monoxygenase, calponin and LIM domain containing 1 (Mical1), transcript variant 1, mRNA [NM_138315]

A_52_P612382 mmu-miR-148b|mmu-miR-148a 3.3 Cdc25b Mus musculus cell division cycle 25 homolog B (S. pombe) (Cdc25b), transcript variant 1, mRNA [NM_023117]

A_51_P314907 mmu-miR-340-5p 3.2 Dbf4 Mus musculus DBF4 homolog (S. cerevisiae) (Dbf4), mRNA [NM_013726]

A_51_P383459 mmu-miR-29a|mmu-miR-29c 3.1 Smpd3 Mus musculus sphingomyelin phosphodiesterase 3, neutral (Smpd3), mRNA [NM_021491]

A_51_P341041 mmu-miR-340-5p 3.0 Dscc1 Mus musculus defective in sister chromatid cohesion 1 homolog (S. cerevisiae) (Dscc1), mRNA [NM_183089]

A_52_P646762 mmu-miR-27b|mmu-miR-297b-5p 2.6 Smoc2 Mus musculus SPARC related modular calcium binding 2 (Smoc2), mRNA [NM_022315]

A_51_P411345 mmu-miR-200b|mmu-miR-429 2.5 Mogat2 Mus musculus monoacylglycerol O-acyltransferase 2 (Mogat2), mRNA [NM_177448]

A_52_P153929 mmu-let-7f|mmu-miR-98|mmu-let-7g|mmu-let-7c 2.5 Brip1 Mus musculus BRCA1 interacting protein C-terminal helicase 1 (Brip1), mRNA [NM_178309]

A_52_P364140 mmu-miR-27b|mmu-miR-148b|mmu-miR-26b|mmu-miR-148a 2.5 Itga5 Mus musculus integrin alpha 5 (fibronectin receptor alpha) (Itga5), mRNA [NM_010577]

A_51_P368009 mmu-let-7f|mmu-miR-98|mmu-miR-365|mmu-miR-31|mmu-let-7g|mmu-let-7c|mmu-miR-467d2.4 E2f2 Mus musculus E2F transcription factor 2 (E2f2), mRNA [NM_177733]

A_52_P27871 mmu-miR-455 2.3 Fnbp1 Mus musculus formin binding protein 1 (Fnbp1), transcript variant 1, mRNA [NM_001038700]

A_52_P200244 mmu-miR-24 2.3 Sptlc2 Mus musculus serine palmitoyltransferase, long chain base subunit 2 (Sptlc2), mRNA [NM_011479]

A_51_P256384 mmu-miR-30a|mmu-miR-139-5p 2.3 Atp2b2 Mus musculus ATPase, Ca++ transporting, plasma membrane 2 (Atp2b2), transcript variant 1, mRNA [NM_009723]

A_51_P217498 mmu-miR-31 2.2 Slc2a4 Mus musculus solute carrier family 2 (facilitated glucose transporter), member 4 (Slc2a4), mRNA [NM_009204]

A_51_P510441 mmu-miR-467d 2.2 Suv39h1 Mus musculus suppressor of variegation 3-9 homolog 1 (Drosophila) (Suv39h1), mRNA [NM_011514]

A_52_P511821 mmu-miR-29a|mmu-miR-29c 2.2 Wdfy1 Mus musculus WD repeat and FYVE domain containing 1 (Wdfy1), transcript variant 2, mRNA [NM_027057]

A_52_P408411 mmu-miR-29a|mmu-miR-29c|mmu-miR-23b|mmu-miR-200b|mmu-miR-429|mmu-miR-31 2.2 Jazf1 Mus musculus JAZF zinc finger 1 (Jazf1), transcript variant 2, mRNA [NM_001168277]

A_51_P474431 mmu-miR-148b|mmu-miR-148a 2.2 Cdc25b Mus musculus cell division cycle 25 homolog B (S. pombe) (Cdc25b), transcript variant 1, mRNA [NM_023117]

A_51_P419666 mmu-miR-22 2.1 Adam11 Mus musculus a disintegrin and metallopeptidase domain 11 (Adam11), transcript variant 1, mRNA [NM_001110778]

A_51_P325173 mmu-miR-29a|mmu-miR-29c 2.1 Tpm1 Mus musculus tropomyosin 1, alpha (Tpm1), transcript variant 1, mRNA [NM_001164248]

A_51_P137111 mmu-miR-27b 2.1 Chek2 Mus musculus CHK2 checkpoint homolog (S. pombe) (Chek2), mRNA [NM_016681]

A_52_P85292 mmu-miR-221 2.1 Fam53b Mus musculus family with sequence similarity 53, member B (Fam53b), mRNA [NM_212473]

A_51_P420655 mmu-miR-26b 2.1 Reep4 Mus musculus receptor accessory protein 4 (Reep4), mRNA [NM_180588]

A_51_P416585 mmu-let-7f|mmu-miR-98|mmu-miR-199a-5p|mmu-let-7g|mmu-let-7c|mmu-miR-340-5p 2.1 Hdlbp Mus musculus high density lipoprotein (HDL) binding protein (Hdlbp), mRNA [NM_133808]

A_51_P474643 mmu-miR-221|mmu-miR-26b 2.1 Kpna2 Mus musculus karyopherin (importin) alpha 2 (Kpna2), mRNA [NM_010655]

A_51_P130773 mmu-miR-22 2.0 Adam11 Mus musculus a disintegrin and metallopeptidase domain 11 (Adam11), transcript variant 2, mRNA [NM_009613]

A_51_P315795 mmu-miR-200b|mmu-miR-429 2.0 Tubb4 Mus musculus tubulin, beta 4 (Tubb4), mRNA [NM_009451]

A_52_P706621 mmu-miR-219|mmu-miR-27b|mmu-let-7f|mmu-miR-98|mmu-miR-200b|mmu-miR-429|mmu-let-7g|mmu-let-7c2.0 Tsc22d2 Mus musculus TSC22 domain family, member 2 (Tsc22d2), mRNA [NM_001081229]

A_52_P205255 mmu-miR-22 2.0 Adam11 Mus musculus a disintegrin and metallopeptidase domain 11 (Adam11), transcript variant 1, mRNA [NM_001110778]

Conclusions

1. The use of transgenic mouse strains and pathways analysis tools as 
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•Integration of mRNA and miRNA differentially expressed gene lists via TargetScan

performed using GeneSpring software.

•Gene ontology (GO) function analysis of differentially expressed genes ‘targeted’

by miRNA’s performed in the three different genotypes using OntoExpress and

IPA.

Up-regulated = red down-regulated = green Unchanged = white

Fig 1: (A) Over-representation of cell proliferation pathways in ANOVA list; (B) 
Up-regulation of  genes in  the Polo-like kinase (PLK) pathway in WT but not 

CAR/PXR KO or hCAR/hPXRmouse liver. 

Genes ‘targeted’ by miRNAs were mostly different /unique in each genotype (panel D)

Fig 3: Gene Ontology Pie Charts for genes significantly 
altered by PB treatment that were ‘targetscan linked’ with 
significantly down-regulated miRNAs in WT; hCAR/hPXR

and CAR/PXRKO mice

Fig 4: Cell proliferation Pathways Up regulated by PB in WT 
and ‘targetscan-linked’ with  down-regulated miRNAs
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1. The use of transgenic mouse strains and pathways analysis tools as 

‘biological’ filters of genomics data is useful  for  identification of genes 

potentially involved in the  liver proliferation response to PB.

2. Integration of mRNA and miRNA data in the context of  these 

TransADMETTM mouse models provides new insights into potential 

mechanisms of NGC - in particular indicating that miRNAs may 

‘orchestrate’  a PB-induced cell proliferation response  via CAR and 

PXR in WT mice.

3. These insights into  mechanisms of non-genotoxic carcinogenesis  

have the potential to yield  biomarkers useful as mode of action  (MOA) 

‘classifiers’ for non-genotoxic carcinogens (NGC’s) in rodents. 
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