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TITLE: Inflammation and Carcinogenesis Are Enhanced in a Modified 4-
Nitroquinolone 1-Oxide (4NQO) and Ethanol Animal Model 

 

BACKGROUND: Chemical carcinogen 4-NQO is widely used in animal studies for 
induction of squamous carcinoma (SCC) in the upper aerodigestive tract (UADT), as it 
mimics the effects of smoking tobacco. Typical murine protocols deliver 4-NQO in 
drinking water alone for several weeks, followed by weeks of observation, with or 
without addition of ethanol during the follow-up. Important drawbacks of these methods 
are the long time to generation of tumors (25-35 weeks), as well as sparse mucosal 
inflammation. Moreover, recent studies indicate that inflammatory pathways regulated 
by microbial toll-like receptor 2 (TLR2) may contribute to carcinogenesis at mucosal 
surfaces.   

OBJECTIVES: 1) To develop a murine model that more closely mimics human tobacco 
+ alcohol-related carcinogenesis than the currently used model. 2) To compare the 
widely used and new models in normal and TLR2-deficient animals. 

METHODS: Normal (wild type) and TLR2-deficient mice were exposed to the widely 
used sequential treatment with 4-NQO followed by ethanol (ED#1; n=4 each group), or 
to the modified 4NQO+ethanol concomitant treatment (ED#2, n=8 each group). The 
experimental endpoint was based upon appearance of oral tumors and 15% weight loss 
in at least one of the animals in each treatment set. All UADT tissues were evaluated for 
evidence of dysplasia, SCC and inflammation.  

RESULTS: Both protocols induced dysplasia and SCC of the oral mucosa, but at 
different rates. The new protocol (ED#2) produced SCC by 19 wks, in contrast to the 
25-wk timeline required by ED#1. Moreover, ED#2-treated subset had greatly increased 
inflammation throughout the UADT, as determined by the number of foci of 
intraepithelial neutrophils. Moreover, ED#1 produced significantly more SCC in normal 
than in TLR2-deficient animals, while ED#2 caused similar numbers of SCC in normal 
and TLR2-deficient animals.  

CONCLUSIONS: 1) The new (ED#2) protocol induces more inflammation and more 
rapid carcinogenesis, supporting the hypothesis that inflammation may exacerbate 
malignant transformation. 2) TLR2 may contribute to carcinogenesis when mucosal 
inflammation is minimal, while severe inflammation equalizes carcinogenic potential in 
normal and TLR2-deficient animals.  

 

 


