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Establishing how a chemical is 

carcinogenic 

 General questions: 
– mutagenic or non mutagenic? 
– Carcinogenic in one organ/one species? 
– Carcinogenic in multiple organs/multiple species?  
– Reactive metabolites? 
– Cytotoxic? 
– Relevant to humans? 
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Styrene 

 Carcinogenic in Mouse Lung 
 Hypothesized that carcinogenicity depends on: 

– Metabolism of styrene via CYP2F2 in the lung 
– More Clara cells in mouse lung than rat or human 
– Mice have a difference in metabolism of styrene via 

ring oxidation 
– Increased cell replication 
– Decreased CCSP   
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Support 

 Comparison of activity in presence or 
absence of Cyp2F2.   
– Species differences 
– Cyp2F2 knockout mice 

 Toxicity 
 Cell proliferation 

 Key question – is styrene carcinogenic in 
Cyp2F2 knockout mice? 
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Is the Mechanism Applicable to Humans? 

 Single species/single organ? 
 Reactive metabolite produced in target organ specific to 

that organ/species? 
 Specific enzyme in activation?  Is that enzyme present in 

humans?  Is the activity present in humans? 
 Pharmacodynamics applicable?   
 Mutagenicity?  
 Cell proliferation?  
 Other? 
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Styrene MOA (from Cruzan) 
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Concerns about Metabolism 

 Not clear what the metabolite of concern is. 
– Vinylphenol or a metabolite? Catechol? Ring opened? Epoxide? 
– Ring opened metabolite of styrene? 

 Has the metabolite or its products been directly 
demonstrated in vitro? 

 Has the metabolite or its products been directly 
demonstrated in vivo? 

 Is there evidence for no metabolism via this 
pathway in man? 
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Metabolism in Humans 


13C labeled styrene exposure and NMR spectroscopy 
– Do see substantial differences in metabolism between rats, mice 

and humans.  

 LC-MS analysis of styrene metabolites following 
workplace exposure to styrene including 4-vinylphenol 
glucuronide and sulfate 
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Sumner et al., 2001; CIIT Activities, 21: no 3-4. 
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Sumner et al., 2001; CIIT Activities, 21: no 3-4. 
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Manini et al., 2002 
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Manini et al., 2002 
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Role of CYPs in the Metabolism of Styrene 

 Types of studies: 
– Inhibition of metabolism 
– Antibody inhibition 
– Recombinant cyps 
– Knockout mice 

 Styrene has been identified as one of the substrates for Cyp2E1 and 
CYP2F2.  

 However, it is also a substrate for many other CYPs. 
 Most of the analyses of activity have focused on the oxidation of 

styrene to styrene oxide or to styrene glycol.   
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Lack of Styrene Metabolism by Human CYP2F1? 

 “The human lung CYP2F1 is expressed at levels well below those 
found in the non-responsive rat (reviewed in Cruzan et al., 2009), 
and in vitro studies in human BEAS-2B cells overexpressing 
CYP2F1 also did not detect any styrene metabolism (Carlson, 
2008).” Cruzan et al., (2013) Regulatory Toxicology and 
Pharmacology 66: 24-29. 

• Carlson (2008).  Critical appraisal of the expression of cytochrome 
P450 enzymes in human lung and evaluation of the possibility that 
such expression provides evidence of potential styrene 
tumorigenicity in humans. Toxicology 254 (2008) 1–10.   

 What it says: “Sheets et al. (2004) examined the metabolism of 
benzene in human lung cells (BEAS-2B) overexpressing 
CYP2F1……..However, unpublished studies have not been able to 
demonstrate the metabolism of styrene by this CYP2F1 containing 
system.” 
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However:  cDNA-expressed Cyp Activities 

From: Nakajima et al., (1994) Chemical Research in Toxicology, 7: 891-896 



RTI International 

In Vitro Metabolism of Styrene in Mouse Lung 

Microsomes 

Shen et al., Metabolism of Styrene to Styrene Oxide and Vinylphenols in 
Cytochrome P450 2F2- and P450 2E1-Knockout Mouse Liver and 
Lung Microsomes.  Chemical Research in Toxicology, in press. 
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Cyp2F1 Humanized Mouse 

 CYP2F2(-/-)/CYP2F1/2A13/2B6-transgenic (TG) mice and       
CYP2F2(-/-) mice vs. WT. 

 No cytotoxicity or no increase in BrDU labeling with S or SO in 
the transgenic mice compared with the wild type (200 
mg/kg/day ip for 5 days). 

 Decreased BrDU labeling with KO and TG mice vs WT when 
administered 4-vinylphenol.  

 Could interpret as a lack of metabolism via human CYP2F1 in 
mice.  However, it is ambiguous, and changes could also 
result from alterations in metabolism resulting from the 
CYP2A13 or 2B6 isoforms, both of which can oxidize styrene 
(Fukami et al., 2008, and Nakajima et al., 1994).   

Cruzan et al., Studies of styrene, styrene oxide and 4-hydroxystyrene toxicity in CYP2F2 knockout and CYP2F1 
humanized mice support lack of human relevance for mouse lung tumors.  Regulatory Toxicology and Pharmacology, 
(2013), http://dx.doi.org/10.1016/j.yrtph.2013.02.008 



RTI International 

Questions? 

 Is there a species difference in lung 
metabolism? 

 Are the toxic metabolites so reactive that they 
have to be produced in situ? 

 Are vinylphenols mutagenic with activation with 
lung microsomes? 

 Are the toxic metabolites so reactive that they 
can not be detected directly? 
– Can they be detected indirectly? 

 Can a marker be developed that indicates they 
were formed?  Protein or DNA adduct? 
 



RTI International 

Potential Ways to Elaborate on 

Activity 

 Metabolomics - Changes in endogenous 
metabolites 

 Gene expression 
 Protein expression 
 Protein modification 

– Blood protein adducts 
– Tissue adducts 

 Dose and time response.  Is there a correlation 
with covalent binding and GSH depletion? 


