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CORESTA Congress, Sapporo, 2012, Plenary Session, Invited Paper 1 

Genetic polymorphism of CYP2A6 is one of the potential factors determining tobacco-related 

cancer risk 

While we studied pharmacokinetics of SM-12502 which was under development as an anti-PAF agent, 

we found three subjects showing a slow metabolic phenotype in its pharmacokinetics.  Analyzing the 

genes for CYP2A6 from the three subjects, we discovered that the three subjects possessed the whole 

CYP2A6 gene deletion (CYP2A6*4C), a novel genetic polymorphism of the CYP2A6 gene. 

Genetically engineered Salmonella YG7108 cells expressing human CYP2A6 or CYP2E1 together with 

the NADPH-CYP reductase were established in our laboratory to compare the mutagen-producing 

capacity of these enzymes for various N-nitrosamines.  We found that CYP2E1 was responsible for the 

metabolic activation of N-nitrosamines with relatively short alkyl chains, whereas CYP2A6 was 

involved in the metabolic activation of N-nitrosamines possessing relatively bulky alkyl chains such as a 

tobacco-specific nitrosamine, NNK, which has been known to cause lung tumor in rodents. 

Thus, to examine a hypothesis that individuals possessing the CYP2A6*4C have the reduced risk of 

lung cancer due to the lack of the capacity of the metabolic activation of certain carcinogens in tobacco 

smoke, a case-control study was performed.  Results clearly indicated the existence of a significant 

association between the CYP2A6 genotype and a lung cancer risk in smokers.  In contrast, there was no 

significant relationship between them in non-smokers. 

Our next goal was to clarify if the association between the genetic defect of the CYP2A6 gene and 

cancer risk was seen in connection with the function of the enzyme or the linkage of the gene deletion 

with oncogene or anti-oncogene.  Our results showed that the reduced risk of cancers was caused by the 

reduced activity of CYP2A6. 

Nicotine is known to be metabolized by CYP2A6 to generate cotinine.  Thus, we postulated other 

factor(s) associated with cotinine in addition to the capacity of CYP2A6 to activate N-nitrosamines such 

as NNK as the determinant(s) of lung cancer risk in smokers.  The results showed that cotinine as well 

as nicotine is one of the suppressor of caspase-mediated apoptosis. 

Therefore, it can be concluded that genetic polymorphism of the CYP2A6 gene affects the smoking-

related lung cancer risk by changing the capacity to activate nitrosamines such as NNK and by changing 

apoptosis. 

It was expected that the inhibition of CYP2A6 resulted in the reduced cancer risk caused by smoking.  

The results of experiments using mice which were pretreated with NNK together with 8-

methoxypsoralene, a strong inhibitor of CYP2A6, indicated that the inhibition of CYP2A6 completely 

abolished the occurrence of adenoma. 

We are currently looking for strong inhibitors of CYP2A6, because the strong inhibitors of CYP2A6 are 

expected to prevent cancer by inhibiting the metabolic activation of nitrosamines contained in tobacco 

smoke and by inhibiting the metabolism of nicotine to cotinine by CYP2A6. 

Graduate School of Pharmaceutical Sciences, Hokkaido University, Japan 
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ZWEIER J.L. 

CORESTA Congress, Sapporo, 2012, Plenary Session, Invited Paper 2 

Mechanisms of smoking induced cardiovascular disease: insights from cellular and animal models 

This lecture will review how smoking contributes to cause cardiovascular disease and the critical role of 

endothelial dysfunction in this process.  The process by which the critical endothelial-derived relaxing 

factor, nitric oxide (NO), and the enzyme endothelial nitric oxide synthase (eNOS), that synthesizes it, 

controls endothelial function will be described.  Recent studies in cellular models and a newly 

developed in vivo animal smoking model that manifests vascular dysfunction, hypertension and 

obstructive lung disease mirroring smoking induced disease in humans, will be presented.  These studies 

reveal how smoking induces endothelial dysfunction and vascular disease.  We observe that CS extract 

(CSE) alters endothelial function in cells by an eNOS dependent mechanism.  NO generation from 

endothelial cells, directly measured by spin-trapping, is dose dependently decreased by CSE treatment.  

The critical cofactor tetrahydrobiopterin, BH4, which is required for eNOS coupling and NO generation 

is depleted.  Addition back of exogenous BH4, largely restores eNOS activity with low to moderate 

exposure levels with no change in eNOS protein levels.  However, with higher CSE exposure there is a 

large decrease in eNOS protein following treatment.  With in vivo smoking exposure in mice, similar 

alterations in eNOS function are seen with loss of BH4 resulting in a switch of eNOS from NO to 

superoxide production followed by loss of the enzyme with loss of endothelial-dependent relaxation and 

the onset of systemic hypertension.  These studies point the way to effective therapeutic approaches to 

limit and prevent smoking-induced cardiovascular disease. 

Davis Heart & Lung Research Institute and the John H. and Mildred C. Lumley Chair in Medicine at the Ohio 

State University College of Medicine, USA 
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VANN M.C.(1); FISHER L.R.(1); PRIEST J.A.(1); WHITLEY D.S.(1); STEWART A.M.(2) 

CORESTA Congress, Sapporo, 2012, Plenary Session, abstr. IG01 

Current status of the field testing program for pesticide residues in North Carolina flue-cured 

tobacco 

Pesticide residues on tobacco have received increasing attention in recent years.  While pesticide residue 

evaluations have been conducted for many years in tobacco, recent legislation granting the Food and 

Drug Administration regulatory oversight of tobacco products has brought the need to determine 

expected residues from pesticides used in tobacco production into focus.  As part of an ongoing program 

at North Carolina State University, several pesticides are evaluated over a three-year period.  The 

objective of the research is to establish the maximum expected residues on cured leaf that would result 

from a maximum labeled application and minimum pre-harvest interval (PHI). 

Residues of four pesticides (bifenthrin, chlorantraniliprole, clothianidine, and flubendiamide) were 

measured on flue-cured tobacco at two locations in North Carolina in 2010 and 2011.  Each product was 

applied according to maximum usage and minimum PHI according to the current or most recent US 

label.  Treatments were applied to flue-cured tobacco grown on research stations near Rocky Mount, NC 

and Kinston, NC.  Tobacco was managed according to Extension recommendations and harvested four 

times by stalk positions.  Cured leaf pesticide residues were determined by Global Laboratories in 

Wilson, NC. 

The presentation will summarize the testing results from 2010 and 2011. 

1. North Carolina State University, Department of Crop Science, Raleigh, NC 27695, USA 

2. North Carolina Department of Agriculture & Consumer Services, Research Stations Division, Raleigh, NC 

27601, USA 
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GUNDUZ I.(1); KONDYLIS A.(1); HOFER R.(1); JACCARD G.(2); RUFFIEUX L.(3); GADANI 

F.(1) 

CORESTA Congress, Sapporo, 2012, Plenary Session, abstr. IG02 

Levels of tobacco-specific N-nitrosamines NNN and NNK in commercial cigarettes sampled in 

2008-2010 – A review of analytical data 

The present study was designed to determine levels of the tobacco-specific N-nitrosamines (TSNAs) N’-

nitrosonornicotine (NNN) and 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) in tobacco cut 

filler and in mainstream smoke of commercial cigarette samples. 

Levels of NNN and NNK were measured in samples of 236 Philip Morris International commercial 

cigarette brands sold in 27 countries in 2008 and 2010 and compared to levels reported in previous 

surveys (Counts et al. 2004
[1]

 and 2005
[2]

). 

The results indicate that NNN and NNK levels in tobacco cut filler of samples from 2008/2010 were on 

average lower by 25% for NNN and 50% for NNK than the average values reported for the same 

tobacco constituents by Counts et al.  Smaller, but statistically significant reductions were also observed 

in the cigarette smoke of the same samples, using both the ISO and Health Canada Intensive machine-

smoking regimens. 

The observed reduction of NNN are likely due to the implementation of low converter seeds in major 

Burley tobacco growing areas and lower usage of fertiliser implemented as part of good agricultural 

practices.  The reduction of NNK is likely to be attributable to the introduction of heat exchangers (barn 

conversion) for flue-curing of Virginia (bright) tobaccos. 

[1] M.E. Counts, F.S. Hsu, S.W. Laffoon, R.W. Dwyer, and R.H. Cox.  2004.  Mainstream smoke constituents yields and predicting relationship 

from a worldwide market sample of cigarette brands: ISO smoking conditions.  Regulatory Toxicology and Pharmacology 39:111-134. 
[2] M.E. Counts, M.J. Morton, S.W. Laffoon, R.H. Cox, and P.J. Lipowicz.  2005.  Smoke composition and predicting relationships for 

international commercial cigarettes smoked with three machine-smoking conditions.  Regulatory Toxicology and Pharmacology 41:185-227. 

1. Philip Morris Products SA, Product Development – Applied Cigarette Research, Quai Jeanrenaud 3, 2000 

Neuchâtel, Switzerland 

2. Philip Morris International Management SA, Product and Process Quality, Quai Jeanrenaud 3, 2000 

Neuchâtel, Switzerland 

3. Philip Morris International Management SA, Agricultural Programs, Avenue de Rhodanie 50, 1001 Lausanne, 

Switzerland 
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LEWIS R.S. 

CORESTA Congress, Sapporo, 2012, Plenary Session, Prize Winner 

Applied tobacco genetics and breeding at N.C. State University 

Genetic information for tobacco can be used to improve tobacco production efficiency, influence the 

quality and cost of cured leaf, and assist in reduction of certain harmful constituents.  Tobacco genetics 

will play a significant role in overall strategies to comply with upcoming tobacco product regulations.  

The N.C. State University tobacco genetics and breeding research program employs diverse 

methodologies related to these objectives.  Techniques include traditional phenotypic selection, 

application of DNA marker-assisted selection, mutation breeding, and genetic engineering.  Two recent 

areas of focus demonstrate the application of modern plant breeding approaches to tobacco 

improvement.  One area of emphasis has been on understanding and increasing the level of genetic 

resistance to Phytophthora nicotianae, one of the most destructive pathogens affecting tobacco 

production worldwide.  DNA markers found to be associated with multiple sources of genetic variability 

affecting resistance should be useful for understanding the mechanism of resistance and expanding the 

range and level of resistance to P. nicotianae in future tobacco cultivars.  A second major collaborative 

effort has focused on the use of genetics to reduce levels of TSNAs in cured leaf and tobacco products.  

Use of biotechnological tools has demonstrated that interruption of genes encoding for nicotine 

demethylase enzymes can have a dramatic effect to reduce levels of NNN.  Current industry reluctance 

to accept genetically engineered tobacco cultivars prompted the pursuit of an alternative mutation 

breeding approach which achieves the same level of reduction in NNN.  Tobacco cultivars possessing 

this technology should be commercially available within the next three years.  A continuing major 

challenge to tobacco breeding is overcoming difficulties is assembling favorable alleles affecting all 

desired traits into cultivars.  Modern genetic approaches may assist in this goal.  Genetic engineering 

offers the potential to affect efficiency of tobacco production and assist in the reduction of certain 

harmful constituents.  Widespread commercial acceptance of transgenic tobacco cultivars may not 

occur, however, unless traits contained within are required for regulatory compliance. 

North Carolina State University, Department of Crop Science, Raleigh, NC 27695, USA 
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