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INTRODUCTION

CONCLUSIONS

PURPOSE

1) To test a murine model that is more consistent with the human use of

tobacco and ethanol than the established protocol. 2) To compare the

potential role of TLR2 in oral carcinogenesis in our concomitant vs.

established murine models using wild-type and TLR2KO mice.

HYPOTHESIS

1) Concomitant exposure to tobacco-like carcinogen 4-NQO and ethanol in

mice is an effective model of oral squamous carcinogenesis.

2) TLR2 activity contributes to oral squamous carcinogenesis.

METHODS

RESULTS
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1. The new concomitant 4-NQO + ethanol model efficiently induces 

dysplasia and SCC in mice.

2. The established sequential 4-NQO-followed-by-ethanol model 

induces more SCC in wild type mice than in TLR2-deficient mice.

Fewer SCC in TLR2KO mice correlates with less inflammation 

3. New model causes more inflammation than established model.

4. The impact of TLR2 in oral carcinogenesis may depend upon the 

amount of inflammation.

5. New model is well-suited to study the role of PMN in oral cancer.
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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 period. Important drawbacks of 

these methods are the long time to generation of tumors (25-35 weeks), as well 

as sparse mucosal inflammation. In contrast, inflammation is characteristic of 

most oral precancer and SCC in the human. 

Studies reveal that mucosal inflammatory pathways in both immune system and 

epithelial cells are regulated by microbial pattern recognition toll-like receptors 

(TLR), which are not only critical for antimicrobial defense, but also regulate 

pathways in carcinogenesis. Notably, TLR2 has emerged as a particularly 

important receptor in cancers of the gastro-intestinal tract. TLR2 is unique among 

TLR because it dimerizes with TLR1, TLR2 and TLR6, which allows its activation 

by a broad array of microbial ligands. Especially relevant to our current studies is 

that high levels of TLR2 expression are characteristic of carcinomas of the entire 

GI tract; moreover, in TLR2-high OSCC, TLR2-specific microbial products activate 

oncogenic pathways via MAPK ERK1/2, a pathway shared with the EGF receptor.

Here we show evidence that our model is well suited for OSCC studies. 

Specifically, our concomitant 4-NQO and ethanol delivery throughout the entire 

experimental period resulted in more rapid induction of tumors and marked 

inflammation throughout the oral mucosa, contrasting with mild mucositis induced 

by the widely used sequential treatment. Interestingly, the absence of TLR2 

appeared to be protective against oral CIS/SCC in the sequential protocol, but the 

concomitant treatment resulted in similar numbers of SCC/CIS in wild type, 

TLR2KO and TLR4KO mice. Our model provides a useful system for mechanistic 

studies on the role of inflammation in UADT carcinogenesis.

1. The new concomitant 4-NQO + ethanol animal model of oral squamous 

carcinogenesis is more consistent with human tobacco and alcohol 

exposures than published established models.

2. The concomitant model produces more mucosal inflammation and 

faster carcinogenesis than the established models.

3. The impact of TLR2 on oral chemical carcinogenesis may depend upon 

the level of mucosal inflammation.

EXPERIMENTAL DESIGN

The animal protocol 2013-0614 was approved by Augusta University IACUC. 

Experimental Protocol #1 (ED#1, established model). 9-wk-old male TLR2ko 

C.129(B6)-Tlr2tm1Kir/J and wild-type (wt) C57BL/6J (JAX®, Jackson Labs) 

received 50 µg/ml 4-NQO pre-diluted in vehicle propylene glycol (Sigma Aldrich) 

in drinking water x 13 wks, followed by low-dose ethanol (treatment group), or 

vehicle only in drinking water x 13 wks, followed by plain water (control group). 

Water intake and weight were measured weekly. The experiment was stopped 

according to standard animal care criteria. 

In Experimental Protocol #2 (ED#2, new concomitant model), 9-wk-old mice were 

1) wt C57BL/6J, 2) TLR2-/- C.129(B6)-Tlr2tm1Kir/J, and 3) TLR4-/- B6.B10ScN-

Tlr4lps-del/JthJ mice. Treatment group received drinking water with 50 µg/ml 4-

NQO with low-dose ethanol for the duration of the experiment. The experiment 

was stopped according to standard animal care criteria. 

Oral, pharyngeal and esophageal tissues were fixed in 10% formalin, cut into 2-

mm axial slices and subjected to standard processing. The treated subgroups 

were coded, and 5 µm sections were stained by H&E or immunohistochemistry.

IMMUNOHISTOCHEMISTRY (IHC)

Coded slide-mounted 5-µm sections were deparaffinized, followed by antigen 

retrieval in citrate buffer pH 6.0 (Vector) in a 97°C waterbath x 20 min, then 

transferred to  phosphate-buffered saline (PBS). After two blocking steps for 

endogenous peroxidase and non-specific Ab binding (H2O2 and normal goat 

serum, respectively), sections were incubated overnight at 4°C with 1 µg/ml 

rabbit-anti myeloperoxidase (MPO) Ab or matched non-specific negative control. 

Antibody binding was detected using the Ultra-Sensitive ABC Peroxidase Rabbit 

IgG Staining Kit (Thermo Fisher). Sections were counterstained with Mayer’s 

hematoxylin (Thermo Fisher) and coverslipped using aqueous mounting medium.

ANALYSIS

All coded and stained sections were photographed using a photomicroscope 

(Olympus Corp.). The presence of epithelial dysplasia and SCC, and inflammation 

were evaluated. Carcinoma-in-situ (CIS) and invasive SCC were grouped together 

(CIS/SCC). Inflammation was present in the form of inflammatory cell infiltrates in 

the mucosal lamina propria, as well as foci of intraepithelial neutrophils expressing 

MPO. The numbers of neutrophil foci were tabulated, then samples were decoded 

for analysis. Statistical analysis included two-tailed t-test or one-way ANOVA 

(including Tukey-Kramer post-tests) as needed. All analyses were performed 

using Prism software (GraphPad, San Diego CA).

Figure 1. In WT and in TLR2KO mice, new protocol ED#2 (19wks)

induces dysplasia and SCC lesions earlier than the established

protocol ED#1 (25wks). Note intraepithelial PMN in ED#2 (arrows).

Figure 2. Deletion of TLR2

(TLR2KO) reduces the

number of tongue cancers in

the established protocol

ED#1, but not in the new

ED#2 protocol. Statistics: two-

tailed t-test and ANOVA.

Figure 3. Established

protocol ED#1 causes less

inflammation (intraepithelial

PMN) and fewer SCC in the

absence of TLR2 (TLR2ko).

Statistics: two-tailed t-test.

WT TLR2KO

#
 o

f 
s
it

e
s
 p

e
r 

to
n

g
u

e

ED#2: Inflammation

Figure 4. (A) Many more foci of

intraepithelial PMN identified after

ED#2 than ED#1 [p=0.0012 (WT) &

p=0.0001 (TLR2KO)] indicate its pro-

inflammatory profile. (B) Foci of

intraepithelial PMN stained by

IHC for myeloperoxidase (MPO).
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