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Cytochrome P450 1B1 (Cyp1B1) is a xenobiotic metabolizing enzyme, responsible for 

polycyclic aromatic hydrocarbon (PAH) oxidative metabolism. CYP1B1 metabolically 

activates several species of environmentally relevant procarcinogenic PAHs to reactive 

carcinogens.  PAHs are aryl hydrocarbon receptor (AhR) agonists, leading to CYP1B1 

upregulation. Though CYP1B1 is highly conserved across species, wild type mouse 

Cyp1b1 differs from human CYP1B1 in several ways resulting in only 5 of the 11 

xenobiotic responsive elements found in mouse being conserved in humans.  We 

hypothesized that a transgenic “humanized” CYP1B1 mouse model can be useful for 

studying human-like metabolism of carcinogenic, or suspected carcinogenic compounds, 

such as PAHs, in exposure related disease.   A wild type control mouse (B6129SF1 

female x 129S male) was used as a positive control for native mouse expression.   Mixed 

litters containing experimental hemizyogous CYP1B1 and negative control Cyp1b1 null 

mice were generated by crossing hemizygous CYP1B1 females (on a Cyp1b1/null 

background) with Cyp1b1 null males. Genotypes were determined experimentally via 

PCR and mRNA expression in tissue types (gonad, thymus, lung, liver) was determined 



via qRT-PCR.  Potential applications of this model include translation to human risk from 

environmental contaminant exposure.    
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INTRODUCTION  
 
Cytochrome P450 1B1 (CYP1B1) 
 

Cytochrome P450s (CYPs) are a superfamily of over 200 distinct genes and they 

constitute at least 74 different families (Ray et al., 1997). The CYP1 family is known to 

metabolize endogenous and exogenous substrates and is responsible for PAH oxidative 

metabolism.  Endogenous substrates include steroid hormones and lipids metabolism in 

adipose tissue (Li et al. 2014).   

CYP1A1 was historically known to be the only enzyme that catalyzed activation 

of procarcinogenic PAHs.  However, CYP1B1 has been identified as a member of the 

CYP1 family.  Human CYP1B1 protein consists of 543 amino acids, which is one of the 

largest known P450 cytochromes (Nishida et al, 2013; Zhang et al, 1998; Larsen et al., 

1998).  Human CYP1B1 is constitutively expressed in many human adult and fetal 

tissues, although its expression is generally low (Hakkola, 1997; Li et al. 2014). It is 

expressed in extrahepatic organs and contributes to the incidences of cancers in these 

organs when exposed to PAHs. CYP1B1s are involved in the metabolic activation of 

PAHs to epoxide intermediates, which are converted by epoxide hydrolase the 

carcinogenic diol-epoxides (Shimada and Fuji-Kuriyama, 2004).   

CYP1B1s metabolize 17 beta-estradiol (E2) to 4-hydroxyl-E2, which is further 

metabolized into catechol estrogen.  Catechol estrogens lead to inactivation of estrogenic 

activity and the free radicals generated from reductive-oxidative cycling of the catechol 

estrogens may cause breast cancer in women (Vadlamuri et al., 1998; Bailey et al., 1998; 

Shimada and Fuji-Kuriyama, 2004).   
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CYP1B1 oxidizes endogenous molecules such as retinol, arachidonic acid, 

melatonin, and steroids (Nishida et al, 2013; Choudhary et al, 2004). This shows that 

CYP1B1 may play a role in signaling, hormone action, and development. Human 

CYP1B1(hCYP1B1) also plays an important role in the development and differentiation 

of ocular structures (Faiq et al, 2015) and mutations in hCYP1B1 gene may cause primary 

congenital glaucoma (Stoilov et al., 1997).  

 
Polycyclic Aromatic Hydrocarbons 

Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous in the environment as 

pollutants, often in small particles.  PAHs are lipophilic non-polar chemicals comprised 

of two or more benzene rings.  There are at least 12 identified PAHs suggested as human 

carcinogens (Lauby et al., 2011). PAHs are categorized by their structures as following, 

the non-bay region, bay-region, and fjord-region PAH (Zhang et al., 2012).   The ford-

region of dibenzo [def,p] chrysene (DBC), for an example, is accountable for the high 

mutagenic and carcinogenic potency of DBC and CYP1B1 may play an important role in 

the metabolic activation of DBC (Castro et al., 2008; Shimada and Fuji-Kuriyama, 2004).   

PAHs are formed by pyrolysis, in particular the incomplete combustion of 

carbonaceous material (Boffetta et al., 1997).  Humans have been exposed to PAHs by 

ingestion, inhalation, and dermal contact.  Non-occupational exposure to PAHs are from 

tobacco smoke, urban air, drinking water, engine emission, charbroiled, smoked, and 

fried foods.  Occupational exposure to PAHs include aluminum production, coal 

gasification, coke production, iron and steel foundries, tar distillation, shale oil extraction, 

wood impregnation, roofing, road paving, carbon black production, and chimney 

sweeping.  Heavy exposure to PAHs can lead to lung cancer, a major target organ of 
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PAH carcinogenicity (Boffetta et al., 1997; Xu et al., 2008). Lung cancer has been caused 

by exposure to cigarette smoke and environmental pollutants, which includes PAHs and 

other volatile chemicals such as formaldehyde, benzene, etc. 

  Several hundred PAHs have been studied. PAHs are metabolized by the CYP1 

family, consisting of CYP1A1, CYP1A2 and CYP1B1.  Three activation pathways for 

the PAHs have been proposed as shown in figure 1.  The diol epoxide pathway is known 

to be mediated by cytochrome P450 enzymes, the radical-cation path is known to be 

mediated by peroxidases and the quinone pathway is known to be mediated by aldo-keto 

reductase (Zhang et al., 2012; Xu et al., 2008).   

 
 
 
 

 
Figure 1.  Three activation pathways of PAH and interception by phase II enzyme.  BaP is used as the 
representative PAH. Note: there are 2 stereoisomers of B[a]P-7,8- trans-dihydrodiol and 4 enantiomers 
of B[a]PDE.  Zhang et al., 2012.   
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Benzo[a]pyrene (B[a]P) is one of the best characterized PAHs and has been used as a 

marker of PAH exposure.  B[a]P enters the environment as a result of combustion 

processes and is readily metabolized by CYP1B1 (Uno et al., 2008).  Our lab is studying 

dibenzo [def,p] chrysene (DBC, otherwise known as dibenzo [a,l] pyrene).  DBC is 

highly potent and is a carcinogenic PAH that is involved in initiation of lung cancer. 

Compared to BaP, DBC contains both a bay region and a fjord region, while BaP only 

has a bay region. DBC has a non-planar aromatic structure as a result of molecular 

overcrowding, which forces the bond between DNA and the activated PAH to lie in an 

axial position (Katz et al., 1998).  DBC, activated by CYP1A1, CYP1A2, or CYP1B1 

enzymes to reactive metabolites, can attack cellular DNA resulting in mutagenicity and 

carcinogenicity (Shimada and Fuji-Kuriyama, 2004).   

 
Figure 2.  Structures of PAHs, Benzo[a]pyrene (BaP) and Dibenzo[def,p]chrysene (DBC).  BaP 
contains a bay region while DBC contains a fjord region.  Adapted from Baird et al., 2005  

 
 
Aryl Hydrocarbon Receptors  

AhR is a cytosolic receptor and a distinct member of helix-loop-helix 

transcription factors that activates xenobiotics by inducing expression of cytochrome 

P450 enzymes (Tsay et al, 2013; Yang et al., 2008; Sutter et al., 1994; Shimada and Fuji-
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Kuriyama, 2004). Figure 3 shows that when exogenous ligands bind and activate AhR, 

AhR dimerizes with AhR nuclear translocator (ARNT), forming a heterodimer complex, 

after it translocates into the nucleus. The heterodimer complex then binds to xenobiotic 

response elements (XREs) of AhR responsive genes.  The AhR repressor (AHRR) 

represses transcriptional activity of AhR by competing with ARNT dimerization.  

AhR/ARNT dimer binds to XREs, which regulate the expression of cytochrome P450 

and induces expression of AHRR.   

AhR is expressed in most tissues, especially in the lung.  AhR plays a crucial role 

in PAH metabolism through Phase 1 P450 enzymes and control expression of numerous 

genes that contribute to the initiation, promotion, and progression of lung cancer (Tsay et 

al, 2008; Feng et al., 2013).  AhR activation influences development of tumorigenesis, 

inflammation, formation of DNA adducts, cell proliferation, and loss of cell-cell adhesion 

(Tsay et al, 2013). Studies have shown that AhR and its effect on CYP is important for 

initiating cigarette smoke-induced lung cancer since both CYP1A1 and CYP1B1 

expression in human lung tissues was higher in smokers compared to non-smokers (Tsay 

et al, 2013).   
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Figure 3.  Activation of the aryl hydrocarbon receptor   
PAH interact with AhR (1) and with help of proteins hsp90, p23, and AIP, AhR-
PAH complex is translocated into the nucleus (2).  AhR-PAH and Arnt forms a 
complex to activate transcription of many genes including those coding for 
enzymes Phase I and Phase II (3) and other genes in different cellular responses 
(3’).  AhRR interacting with the AhR-PAH complex inhibits transcription (4). 
After transcription, PAHs (or xenobiotics) are activated and detoxified (5). 
Adapted from arenas-Huertero et al., 2011 

 
 
Hypothesis  

Our lab wanted to compare the constitutive CYP1B1/Cyp1b1 mRNA expression between 

transgenic hCYP1B1 mice and wild-type mCyp1b1 mice with no DBC treatment.  We 

hypothesized that a transgenic “humanized” CYP1B1 mouse model could be useful for 

studying human-like metabolism of carcinogenic, or suspected carcinogenic compounds, 

such as PAHs.   
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MATERIALS AND METHODS 

Animal Handling and Care 

 
Animal studies were performed with approval from the Oregon State University 

Institutional Animal Care and Use Committee (IACUC).  The transgenic hCYP1B1 

(C57BL6 strain) dams on a mouse Cyp1b1 (mCyp1b1) null background were a gift from 

Frank J. Gonzalez of the National Cancer Institute. Wild type B6129F1/J dams and 

129S/J sires, were purchased from the Jackson Laboratory (Bar Harbor, ME).   

Mice breeding was done at the Laboratory Animal Resources Center (LARC), 

Oregon State University.  Pregnancy was determined by appearance of a vaginal plug. 

Mice were fed AIN93G diet (ad libitum, purchased from Research Diets, Inc. (New 

Brunswich, NJ).  Pups were weaned 21 days postnatal and were separated by sex.  During 

the weaning process, 0.2 cm of ear was collected for genotyping.  After separation, pups 

were fed AIN93G for 3 months until they were euthanized for tissue collection.   

hCYP1B1, mCyp1b1 null, and wild-type mice were maintained under a 12-hour 

light/ 12-hour dark cycle at 21-23°C and 30-70% humidity in LARC at Oregon State 

University.  A maximum of 5 mice were retained in each Super Mouse 750 Micro 

Isolator cage, Life Products, Inc (Seaford, DE) with CareFRESH bedding from 

CareFRESH (Ferndale, WA).  

Liver, lung, thymus, testis, and ovary of both transgenic and wild-type mice were 

harvested immediately after euthanizing by CO2 asphyxiation and cervical dislocation.  

All tissues were flash-frozen in liquid nitrogen and stored at -80°C until analysis.   
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Genotyping for CYP1B1 and AhR alleles  

Ear punches (0.2 cm) were collected from pups before the necropsy to determine 

CYP genotype (either hCYP1B1+/- or hCYP1B1-/-) and AhR genotype (either AhRb-1/d or 

AhRd/d) of each pup.  Ear punches were lysed overnight at 55°C in 49µL Direct PCR 

Lysis Reagent with 1 µL Proteinase K (20 mg/mL) followed by Proteinase K inactivation 

at 85°C for 45 minutes.  Lysates were stored at -80°C.  The supernatant was used directly 

as the DNA template in a PCR reaction with allele specific primers to determine 

hCYP1B1 (Table 1) and AhR genotype (Table 2).  The hCYP1B1 primer sequences were 

recommended by Frank Gonzalez.  

 

Table 1: Two hCYP1B1 specific primer sequences used to confirm offspring CYP 
genotype.   
hCYP1B1- (f) CCA ACC TGC CCT ATG TCC T 

hCYP1B1- (r) CTG GAT CAA AGT TCT CCG GG 

 
 
Table 2. Three AhR allele specific primer sequences used to confirm offspring AhR 
genotype. 
Ahr- (f) 5’GAA GCA TGC AGA ACG AGG AG 
Ahr B-1 allele reverse primer (b) 5’caa gct tat aTG CTG GCA AGC CGA GTT CAG 
AhrD allele reverse primer (d) 5’ TG CTG GCA AGC GGA GTT CAT 
Note: Bolded nucleotides distinguish between the AhRb-1 and AhRd alleles. 

 
 CYP genotype: DNA was amplified using a modified protocol to that reported by 

Li, et al (2014) and Uno, et al (2008). In a 20 µL PCR reaction, final concentration of 

components used were: 2 µL 10x Biolase buffer, 0.8 µL 50 mM MgCl2, 0.4 µL 10 mM 

dNTPs, 1.6 µL hCYP1B1 mix, 1.6 µL mFMO1 primer mix (positive control), 0.8 µL 
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Biolase enzyme (5 U/µL), 10 µL Polymate and 1 µL tissue lysate. Primers were diluted 

to 5 µM in Tris buffer and used at a 1:1 ratio of forward and reverse primers.   

PCR conditions for DNA amplification included an initial denaturation step of 5 minutes 

at 95°C followed by 35 cycles of 30 seconds at 95°C to denature the DNA, 30 seconds at 

55 °C for annealing, and 45 seconds at 72 °C for extension. A final cycle included an 

additional 10 minutes at 72°C for extension.  PCR products were separated on a 2% 

agarose/1X TAE gel spiked with 4 µL Gel RedTM (10,000x) per 100 mL gel at 130 V for 

55 minutes.  The hCYP1B1 product was 201 bp in length while the mFmo1 product was 

99 bp in length.    

 AhR genotype: DNA was amplified using a modified protocol of Yu, et al (2006). 

In a 10 µL PCR reaction, final concentration of components used were:  1 µL 10x 

Biolase buffer, 0.5 µL 50 mM MgCl2, 0.2 µL 10 mM each dNTPs, 2.0 µL primer mix, 

0.2 µL Biolase enzyme, 5.1 µL Polymate and 1 µL tissue lysate.   

PCR conditions for DNA amplification included an initial denaturation step of 10 

minutes at 95 °C followed by 14 cycles of 45 seconds at 95°C to denature the DNA, 45 

seconds at 58 °C for annealing, and 1 minute at 68 °C for extension. A final cycle 

included an additional 10 minutes at 68 °C for extension.  PCR products were separated 

on 8% TBE pre-cast gels (Thermo Fisher Scientific, Waltham, WA) for 54 minutes at 

200 V.  The AhR b/d produced two PCR products, the b-1 allele at 158 base pairs (bp) and 

the d allele at 148 bp and AhR d/d produced one product, the d allele at 148 bp.   
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Total RNA Isolation  

Total RNA from liver, lung, thymus, testis, and ovary was isolated using TRIzol 

Reagent (Life Technologies, Carlsbad, CA).   

For each sample, 10-50 mg of tissue was homogenized in 1 mL of TRIzol.  

Homogenates were then pipetted into a 5 mL tube and incubated at room temperature for 

5 minutes.  Then 0.2 mL of chloroform was added and shaken vigorously for about a 

minute and centrifuged at 12,000 x g for 10 minutes at 4°C.  The supernatant was 

collected and RNA precipitated by adding 0.5 mL of 100% isopropanol.  After incubation 

at room temperature for 10 minutes, the samples were centrifuged at 12,000 x g for 10 

minutes at 4°C.  RNA pellets were washed with 1 mL of 75% ethanol and centrifuged at 

7500 x g for 5 minutes.  The pellet was dried and solubilized in 20 µL nuclease free water 

at 55°C for 10 minutes.   

RNA was quantified using NanoDrop Spectrophotometer (Thermo Fisher 

Scientific, Waltham, WA).  NanoDrop also measures the absorbance spectrum of each 

sample and provides an A260/A280 ratio for quality assessment.  A ratio of 2.0 is 

considered pure RNA and an absorbance ratio that is much lower than 2.0 indicate RNA 

contamination with protein, phenol, salts or other molecules.   

 The concentration of RNA was normalized to 40 ng/ µL and evaluated with an 

Agilent 2100 Bioanalyzer (Santa Clara, CA).  The data was processed into an 

electropherogram using Agilent software (2100 Expert Software).  Agilent software uses 

the electrophoretic trace of the RNA sample to determine the RIN on a scale of 0-10.  A 

RIN of 7 or higher is acceptable for cDNA synthesis and RT-qPCR run.    
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cDNA Synthesis  

RNA was reverse transcribed with a Superscript III First-Strand cDNA Synthesis 

Kit (Thermo Fisher Scientific, Waltham WA), utilizing the recommended protocol.  The 

reaction mix of 240 ng RNA, and 1 µL annealing buffer in a reaction volume of 8 µL was 

incubated for 5 minutes at 65°C and then immediately put on ice for 1 minute. First 

strand reaction mix and 2 µL RNase-OUT were added to the tube, bringing the total 

volume of the mix up to 20 µL.  The mix was then incubated at 50°C for 50 minutes and 

the reverse transcription of cDNA was stopped by a 5 minute incubation at 85°C and held 

at 20°C until the samples were removed.  RNase free water (180 µL) was added to each 

tube to bring the final volume to 200 µL.  cDNA samples were stored at -20°C until used 

for real time PCR.   

 

Real Time Quantitative Polymerase Chain Reaction (RT-qPCR) 

Twenty microliters of the RT-qPCR reaction mix, comprised of 240 ng cDNA, 10 

µL 2x SYBER Green master mix (Qiagen), , and 3.6 µL of water, was plated into each 

well of the 96-well plate.  Three gene specific primers were used, each primer per plate, 

with primer sequences shown in Table 3.  

Samples were amplified on a BioRad iQ5 thermocycler (Hercules, CA) under the 

following conditions: 10 minutes at 95°C (hot start), 40 cycles of 15 seconds at 95°C and 

1 minute at 58.8°C (fluorescence data collection), and held at 10°C until samples were 

removed.  Standards were produced by amplified cDNA using gene-specific primer pairs.  

Products were then separated and purified with a ZymocleanTM Gel Recovery Kit, under 

the recommended protocol. 
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Table 3: hCYP1B1, mCYP1b1, and GAPDH specific primer sequences used for RT-
qPCR run  
hCYP1B1 forward primer AAGTTCTTGAGGCACTGCGAA, 150 nM 

hCYP1B1 reverse primer GGCCGGTACGTTCTCCAAAT, 150 nM 

mCYP1b1 forward primer  TTG ACC CCA TAG GAA ACT GC, 75 nM 

mCYP1b1 reverse primer  GCT GTC TCT TGG TAG GAG GA, 75 nM 

GAPDH forward primer  TCT CCC TCA CAA TTT CCA TCC CAG, 75 nM 

GAPDH reverse primer  GGG TGC AGC GAA CTT TAT TGA TGG, 75 nM 

 
 
Data Analysis  

Gene expression was quantified using RT2 Profiler PCR Array Data Analysis 

software, version 3.5 (SABiosciences, Valencia, CA).  Glyceraldehyde 3-phosphate 

dehydrogenase (GAPDH) was used as a housekeeping gene for the characterization 

study.  A standard curve was generated to calculate the starting quantity of mRNA using 

a relative quantitation method.  

 

RESULTS 
 
CYP and AhR genotype  

The CYP genotype was determined whether the offspring from hCYP1B1+/- dams 

crossed to hCYP1B1-/- sires were hCYP1B1 positive or negative.  The genotypes shown in 

Figure 4 are an example of gel separations of the CYP products of the expected 

genotypes.  Both transgenic and wild-type mice were genotyped to determine their AhR 

alleles.  The genotypes shown in Figure 5 are an example of gel separations of the AhR 

allele products of the expected genotypes.   
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Figure 5.  Example gel separation of AhR allele products.  The AhRb/-1d allele produced two bands, 
one at 158 bp and the other at 148 bp.  The AhRd/d allele produced a single band at 148 bp.   

 
 

 
 
Figure 4.  Example gel separation of CYP products. hCYP1B1+produces a band at 201bp while 
hCYP1B1- does not produce a band.  The positive control shows a band at 99 bp, the negative 
control shows a band for the control Fmo1 gene. A water control was done in every gel run to see if 
there was any product contamination throughout the process.   
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RNA Isolation  

RNA was isolated using Trizol, an acid guanidinum thiocyanate-phenol-

chloroform liquid-liquid extraction method. After all the samples were quantified using 

the NanoDrop 1000 and evaluated with an Agilent 2100 Bioanalyzer for both quantity 

and quality of RNA integrity, RNA quality was determined by the RNA Integrity 

Number (RIN). Figure 6 shows bioanalyzer results for Trizol extracted RNA from mouse 

lung tissue.  The bioanalyzer results showed that the Trizol extraction method yielded 

good quantity and quality RNA, with a minimum RIN of 8.      

 

 
  
Figure 6.  Example of electropherograms of Trizol-extracted RNA from mouse tissues.  The RINs 
and two distinct 28S and 1S peaks demonstrate good RNA quality.  

 
 
Real-Time Quantitative Polymerase Chain Reaction (RT-qPCR)  

Standard curves were created for each gene of interest and the housekeeping gene 

to evaluate the quantity of mRNA as shown in Figure 9.  The primer efficiency cut off 

was 90% and the CT value standard error cut off was ≤0.5 between tissue type replicates.   

18S 

28S 

18S 

28S 
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Figure 7.  Example PCR standard curve for liver tissues after RT-q-PCR run to evaluate the 
starting quantity of mRNA.  A slope of -3.1to -3.6 indicates a 90-110% efficiency.   

 
 
Data Analysis 

Constitutive hCYP1B1 mRNA from transgenic mice was evaluated and compared 

to mCyp1b1 mRNA wild-type mice.  mCyp1b1 mRNA from wild-type mice in liver, 

lung, thymus, ovary and testis were about 4 magnitudes higher than the hCYP1B1 mRNA 

from transgenic mice tissues, as shown in figure 8. Among the tissues examined from 

wild-type mice and transgenic hCYP1B1mice, CYP1B1 mRNA in the testis appeared to 

be highest while the the level of CYP1B1 mRNA in the thymus appeared to be lowest.   

The AhR genotype (b-1/d allele or d/d allele) did not have a significant difference on the 

expression of mRNA in wild-type or the transgenic mice (Figure 8).    
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Figure 8.  Constitutive mRNA expression of mCyp1b1 and hCYP1B1 in F1 wild-type and transgenic 
mice.  Symbols distinguish wild-type mice (triangle) and hCYP1B1 transgenic mice (circle).  Colors 
distinguish AhR genotype, AhRb-1/d (blue and orange) and AhRd/d (red and black), respectively.   

 
 

DISCUSSION  

 The CYP1B1 amino acid sequence in humans and mice is 80% similar among 

subfamilies (Hwang et al., 2001). Both hCYP1B1 and mCyp1b1 mRNAs are 5.2 kbp and 

proteins are 543 amino acids long.   

Buters et al (2003) showed that when CYP1B1 expression level is identical between mice 

and humans, mouse Cyp1b1 is two times more active than human CYP1B1 in activating 

the PAH (7,12-dimethylbenz(a)anthracene) to DNA binding metabolites.  Many studies 

have shown that mice are sensitive to the carcinogenic potential of different PAHs 

although there is translation to carcinogenic potential of PAHs in humans due to their 

multi-step nature and polymorphism of carcinogenesis is uncertain (Buters et al., 2003).   

Transgenic mouse models have been used widely for evaluating the effect of 

human CYPs on metabolism following xenobiotic exposure. Transgenic hCYP1B1 mice 

were generated by pronuclear injection, one of the most common ways to generate 

transgenic mice, in which the fertilized eggs are injected into a mCYP1b1 null 

background with a CYP1B1 bacterial artificial chromosome (BAC) clone.  Transgenic 
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mice with hCYP1B1 have been used in several studies such as understanding and finding 

a potential therapeutic target for treatment of obesity (Li et al., 2014).  hCYP1B1 

transgenic mice can also be used for assessing chemical toxicities, since the xenobiotic 

response in transgenic “humanized” mice resembles that in humans.  These transgenic 

mice allow us to evaluate the role of CYP1B1 enzyme in chemical carcinogenesis.   

In this study we determined constitutive levels of mRNA expression of CYP1B1 

and Cyp1b1 in various organs of male and female hCYP1B1 and mCyp1b1 untreated 

mice.  As mentioned above, the level of constitutive mRNA expression in hCYP1B1 mice 

were 4 fold lower than the mRNA expression in wild-type mice. 

Protein expression of hCYP1B1 in the transgenic mice was previously assessed 

by western blot in liver tissues.  The expression level was very low to undetectable even 

when induced by DBC (Madeen et al, 2016).  This showed that hCYP1B1constituative 

protein expression level was low as predicted by RNA message levels and not 

significantly induced with DBC.  

Figure 9.  Western blot of hCYP1B1 protein expression in control, DBC-, and TCDD-Initiated liver 
microsomes.  hCYP1B1 transgenic mice were treated with corn oil, DBC, or TCDD.  The lane 
assignments were as follows: 
lane 1: molecular weight protein standards; lane 2:  20 µg of supersomes expressing hCYP1B1; lane 3:  
20 µg of mouse heap 1 cell homogenate treated with TCDD as a negative control; lane 4, 40 µg of 
microsomal protein from liver of mice treated with corn oil only; lanes 5-7:  40 µg of microsomal 
protein from liver of DBC-treated hCYP1B1 transgenic mice; lane 8-10: 20 µg of microsomal protein 
from liver of TCDD-treated hCYP1B1 transgenic mice. Madeen et al., 2016.        
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Previously in our laboratory, a dose dependent study with dibenzo [def, p] 

chrysene (0 mg/kg, 6.5 mg/kg, and 12 mg/kg) was investigated with mCyp1b1 wild-type, 

mCyp1b1 null, and transgenic hCYP1B1 mice.  One fourth of mice, treated with 12 

mg/kg of DBC, succumbed due to development of T-cell acute lymphoblastic leukemia 

(T-ALL) and the remaining mice were euthanized at 10 months of age.  T-ALL mortality 

was observed for wild-type mice, but not in mCyp1b1 null mice or transgenic hCYP1B1 

mice.  These data suggest that wild-type mice were 75 times more likely to die from T-

ALL at the highest dose (12 mg/kg) than mCyp1b1 null and transgenic hCYP1B1 mice.  

Examining lung tumor multiplicity of mice surviving to 10 months of age, there was a 

positive correlation between increasing DBC treatment and tumor multiplicity.  However, 

there was no correlation between lung tumor multiplicity and hCYP1B1, mCYP1b1 or 

AhR genotype.   

This indicated that hCYP1B1 transgenic mice may not be susceptible to DBC 

induced T-ALL (Madeen et al, 2016).  Although transgenic mouse models are useful to 

overcome different species and strains due to their different drug metabolism pathways, 

they contain unknown copy number and chromosomal location of hCYP1B1.   This may 

explain the low levels of CYP1B1 message and protein expression in the mice used for 

this study.  
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Appendix: Genotype Data 
 
 

ID	 1B1	
genotype	 AhR	 Date	of	

birth			
Date	of	
euthanization			

	 	 	 	 	
H-1-M1	 pos	 d/d	 10/29/13	 1/30/14	
H-1-M2	 pos	 d/d	 10/29/13	 1/30/14	
H-1-M3	 neg	 b/d	 10/29/13	 1/30/14	
H-1-F1	 pos	 d/d	 10/29/13	 1/30/14	
H-1-F2	 pos	 d/d	 10/29/13	 1/30/14	
H-1-F3	 pos	 d/d	 10/29/13	 1/30/14	
 
H-2-M1	 neg	 b/d	 10/29/13	 1/30/14	
H-2-M2	 pos	 d/d	 10/29/13	 1/30/14	
H-2-F1	 pos	 d/d	 10/29/13	 1/30/14	
H-2-F2	 pos	 d/d	 10/29/13	 1/30/14	
H-2-F3	 neg	 d/d	 10/29/13	 1/30/14	
H-2-F4	 neg	 d/d	 10/29/13	 1/30/14	
 
H-3-M1	 pos	 b/d	 10/31/13	 1/30/14	
H-3-M2	 neg	 d/d	 10/31/13	 1/30/14	
H-3-M3	 neg	 b/d	 10/31/13	 1/30/14	
H-3-M4	 pos	 b/d	 10/31/13	 1/30/14	
H-3-F1	 pos	 b/d	 10/31/13	 1/30/14	
H-3-F2	 neg	 b/d	 10/31/13	 1/30/14	
H-3-F3	 neg	 b/d	 10/31/13	 1/30/14	
H-3-F4	 pos	 d/d	 10/31/13	 1/30/14	
 
H-4-M1	 neg	 d/d	 11/3/13	 2/13/14	
H-4-M2	 pos	 b/d	 11/3/13	 2/13/14	
H-4-M3	 neg	 b/d	 11/3/13	 2/13/14	
H-4-F1	 pos	 d/d	 11/3/13	 2/13/14	
 
H-5-M1	 neg	 d/d	 11/14/13	 2/13/14	
H-5-M2	 pos	 b/d	 11/14/13	 2/13/14	
H-5-M3	 neg	 d/d	 11/14/13	 2/13/14	
H-5-M4	 neg	 d/d	 11/14/13	 2/13/14	
H-5-M5	 pos	 b/d	 11/14/13	 2/13/14	
H-5-M6	 pos	 b/d	 11/14/13	 2/13/14	
H-5-M7	 pos	 d/d	 11/14/13	 2/13/14	
H-5-F1	 pos	 b/d	 11/14/13	 2/13/14	
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H-5-F2	 neg	 b/d	 11/14/13	 2/13/14	
 
H-6-M1	 neg	 b/d	 11/22/13	 2/25/14	
H-6-M2	 pos	 b/d	 11/22/13	 2/25/14	
H-6-M3	 neg	 b/d	 11/22/13	 2/25/14	
H-6-M4	 neg	 d/d	 11/22/13	 2/25/14	
H-6-F1	 neg	 b/d	 11/22/13	 2/25/14	
H-6-F2	 neg	 d/d	 11/22/13	 2/25/14	
H-6-F3	 pos	 d/d	 11/22/13	 2/25/14	
H-6-F4	 neg	 d/d	 11/22/13	 2/25/14	
H-6-F5	 pos	 d/d	 11/22/13	 2/25/14	
 
H-7-M1	 neg	 d/d	 11/26/13	 2/25/14	
H-7-M2	 pos	 d/d	 11/26/13	 2/25/14	
H-7-M4	 neg	 b/d	 11/26/13	 2/25/14	
H-7-F1	 neg	 d/d	 11/26/13	 2/25/14	
H-7-F2	 pos	 b/d	 11/26/13	 2/25/14	
H-7-F3	 neg	 b/d	 11/26/13	 2/25/14	
H-7-F4	 neg	 b/d	 11/26/13	 2/25/14	
H-7-F5	 pos	 b/d	 11/26/13	 2/25/14	
H-7-F6	 pos	 d/d	 11/26/13	 2/25/14	
 
H-8-M1	 neg	 d/d	 11/27/13	 2/25/14	
H-8-M2	 neg	 b/d	 11/27/13	 2/25/14	
H-8-M3	 pos	 b/d	 11/27/13	 2/25/14	
H-8-M4	 pos	 d/d	 11/27/13	 2/25/14	
H-8-M5	 pos	 b/d	 11/27/13	 2/25/14	
H-8-M6	 neg	 d/d	 11/27/13	 2/25/14	
 
H-9-M1	 pos	 b/d	 12/6/13	 3/6/14	
H-9-M2	 neg	 b/d	 12/6/13	 3/6/14	
H-9-M3	 neg	 d/d	 12/6/13	 3/6/14	
H-9-F1	 neg	 b/d	 12/6/13	 3/6/14	
H-9-F2	 neg	 b/d	 12/6/13	 3/6/14	
 
Wt-1-M1	 Wt	 b/d	 12/19/13	 3/20/14	
Wt-1-M2	 Wt	 b/d	 12/19/13	 3/20/14	
Wt-1-M3	 Wt	 d/d	 12/19/13	 3/20/14	
Wt-1-M4	 Wt	 b/d	 12/19/13	 3/20/14	
Wt-1-M5	 Wt	 b/d	 12/19/13	 3/20/14	
Wt-1-M6	 Wt	 b/d	 12/19/13	 3/20/14	
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Wt-1-F1	 Wt	 d/d	 12/19/13	 3/20/14	
Wt-1-F2	 Wt	 b/d	 12/19/13	 3/20/14	
 
Wt-2-M1	 Wt	 b/d	 12/19/13	 3/20/14	
Wt-2-M2	 Wt	 b/d	 12/19/13	 3/20/14	
Wt-2-F1	 Wt	 b/d	 12/19/13	 3/20/14	
Wt-2-F2	 Wt	 d/d	 12/19/13	 3/20/14	
Wt-2-F3	 Wt	 d/d	 12/19/13	 3/20/14	
Wt-2-F4	 Wt	 b/d	 12/19/13	 3/20/14	
Wt-2-F5	 Wt	 redo	 12/19/13	 3/20/14	
 
Wt-3-F1	 Wt	 d/d	 12/19/13	 3/20/14	
Wt-3-F2	 Wt	 b/d	 12/19/13	 3/20/14	
Wt-3-F3	 Wt	 b/d	 12/19/13	 3/20/14	
Wt-3-F4	 Wt	 d/d	 12/19/13	 3/20/14	
Wt-3-F5	 Wt	 b/d	 12/19/13	 3/20/14	
Wt-3-F6		 Wt	 b/d	 12/19/13	 3/20/14	
Wt-3-F7		 Wt	 d/d	 12/19/13	 3/20/14	
Wt-3-F8		 Wt	 b/d	 12/19/13	 3/20/14	
Wt-3-F9		 Wt	 d/d	 12/19/13	 3/20/14	

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 



 
 


