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Cancer susceptibility results from interactions between sensitivity and resistance alleles. We
employed murine chromosome substitution strains to study how resistance alleles affected sensitive
alleles during chemically-induced lung carcinogenesis. The C57BL/6J-Chr#A/J strains, constructed
by selectively breeding sensitive A/J and resistant C57BL/6J (B6) mice, each contain one pair of A/
J chromosomes within an otherwise B6 genome. Pas1, the major locus responsible for this differential
strain response to urethane carcinogenesis, resides on Chr 6, but C57BL/6J-Chr6A/J mice (hereafter
CSS-6) developed few tumors following a single urethane injection, which demonstrates epistatic
interactions with other B6 alleles. CSS6 mice developed dozens of lung tumors after chronic urethane
exposure, however, indicating that these epistatic interactions could be overcome by repeated
carcinogen administration. Unlike A/J, but similar to B6 mice, CSS6 mice were resistant to lung
carcinogenesis induced by 3-methylcholanthrene (MCA). Tumor multiplicity increased if BHT
administration followed urethane exposure, showing that a Chr 6 gene(s) regulates sensitivity to
chemically-induced tumor promotion. Unlike A/J tumors (predominantly codon 61 A→ T
transversions), Kras mutations in tumors induced by urethane in CSS-6 mice were similar to B6
tumors (codon 61 A→G transitions). DNA repair genes not located on Chr 6 may determine the
nature of Kras mutations. CSS-6 mice are a valuable resource for testing the ability of candidate
genes to modulate lung carcinogenesis.

Introduction
Lung cancer is the leading cause of cancer death in both men and women in the USA, with
200,000 new cases of lung cancer estimated to be diagnosed this year. The dismal 15% survival
rate over 5 years indicates that only 30,000 of these patients will be alive in 2014(1). Smoking
contributes to 85–90% of all lung cancers, but non-smoking-related lung cancer, which is more
common in women than men, is the 7th leading cause of cancer death(2). Since only ~15% of
smokers develop lung cancer, genetic factors presumably contribute to disease susceptibility.
Recent lung cancer familial linkage studies delineated regions on human Chromosomes 6 and
12 that contributed to the risk of lung cancer, chronic obstructive pulmonary disease (COPD),
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and diminished lung function (3;4). Chronic pulmonary inflammation predisposes toward lung
cancer, and several chromosomal sites in mice that determine responsiveness to proinflammatory pneumotoxicants correspond to loci containing lung cancer susceptibility genes
(5).
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Mice develop pulmonary adenocarcinoma (AC) that is histologically and genetically similar
to human AC within a relatively short time span (6–42 wks) in response to chemical
carcinogens(6) and within 2–36 wks in response to genetic induction with oncogenes such as
Kras(7–9). A/J mice are particularly sensitive to carcinogen-induced lung tumorigenesis, and
develop spontaneous lung tumors during their lifespan(10). Conversely, C57BL/6J (B6) mice
are resistant to both carcinogen-induced and spontaneous lung tumor formation(10;11).
Mapping studies involving Mendelian crosses(12), recombinant inbred strains(13;14), and
advanced intercross lines(15) using these two strains have yielded much information about
lung cancer susceptibility. Among the many susceptibility genes mapped using A/J and B6,
the Pas1 (Pulmonary adenoma susceptibility 1) locus on Chr 6 that contains six genes is
responsible for > 60% of the differential susceptibility to lung carcinogenesis in these two
strains (16). Polymorphisms in two candidate genes in this locus, Kras and Casc1(17),
contribute directly to this difference in susceptibility, while polymorphisms in the Lrmp gene
that maps to this site in mice are associated with survival in human lung cancer patients(18).
Genome-wide association studies, linkage disequilibrium analysis, new mouse genetic models,
high throughput screening, in silico mapping, and expression genetics are additional tools for
identifying the responsible genes at these susceptibility loci.
Chromosome substitution strains (CSS mice) have been constructed by selectively breeding
mice such that a pair of chromosomes from one strain is substituted into the genome of a second
strain(19). For A/J and B6 mice, a panel of 22 strains of C57BL/6J-Chr#A/J mice (each of the
19 autosomes, X and Y chromosomes, and mitochondrial DNA, hereafter designated CSS#)
contain a single pair of A/J chromosomes within the B6 background. Each strain is thus
consomic for all A/J alleles on one chromosome, and any effects of B6 alleles that reside on
other chromosomes on those A/J alleles can be assessed. We used these mice to examine
functional aspects of chromosomes harboring Pas1 and other susceptibility loci to mouse lung
tumorigenesis.

Materials and Methods
Mice
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CSS breeding pairs were obtained from the breeding colony at Case Western Reserve
University (CSS4, 6, 9, 10, 11, 14, 15, 17, 18, 19, Y) or from Jackson Laboratory (6,11). These
mice and (B6 × CSS6) F1 mice were bred at the Center for Laboratory Animal Control at the
University of Colorado Denver. B6 and A/J mice were obtained from Jackson Laboratory. All
mice were maintained on hardwood bedding with a 12 h dark/light cycle, and given water and
Harlan Teklad 2018 global diet ad libitum according to protocols approved by the University
of Colorado Institution of Animal Care and Use Committee. Pups were weaned at 3 wks of
age and subjected to experimental procedures 3–7 wks later. Some CSS strains (CSS15,
CSS18) were difficult to breed, so these neonates were placed in cages with CXB4/J or FVB/
J surrogate mothers immediately after birth.
Carcinogenesis protocols
Single urethane carcinogenesis—Male and female mice were injected once IP with 1
mg urethane/g body weight dissolved in saline vehicle. Sixteen wks later, mice were sacrificed
by lethal pentobarbital injection, and their lungs removed. Tumors were dissected from
surrounding tissue using a dissecting microscope equipped with fiberoptic lighting and
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counted, and their diameters measured with digital calipers prior to freezing for subsequent
Kras mutational analysis. In tumor progression studies, additional B6, A/J, and CSS6 mice
were harvested 20, 32, and 42 wks after a single urethane injection.
Multiple urethane carcinogenesis—Male and female B6, A/J, CSS6, CSS11, and (B6 ×
CSS6) F1 mice were injected once weekly with 1 mg urethane/g body wt urethane for 6 wks,
and tumors harvested as above 20 wks after the initial urethane injection.
Two-stage carcinogenesis—Male and female and CSS6 mice were subjected to either a
single 1 mg/g urethane or 10 mg/kg MCA IP injection, followed by 6 weekly IP BHT injections
(150 mg/kg week one, 200 mg/kg, thereafter). Mice serving as controls for 2-stage
carcinogenesis mice received a single MCA dose followed by 6 weekly vehicle injections.
Male B6 mice were subjected to 6 weekly urethane injections (a regimen yielding 100%
incidence and 5 tumors/mouse), followed by 6 weekly BHT injections (as above) to determine
whether BHT treatment enhanced tumor number or tumor size, and tumors were harvested as
described above.
Tumor histology
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A/J and CSS6 were sacrificed 42 wks after a single urethane injection. Lungs were perfused
with saline via the pulmonary artery and inflated with 10% buffered formalin for 1 hr prior to
fixation in 10% buffered formalin for 24 hr. Fixed lungs were paraffin embedded, cut into 4
μm sections, affixed to glass slides, and stained with hematoxylin/eosin to visualize lung
structure using an Olympus BX-41 microscope equipped with a digital camera.
Kras mutational analyses
Tumor DNA was prepared using the DNeasy (Qiagen) or Nextec (Express Biotech) kits for
tissues according to the manufacturer's instructions. Mutational analysis was performed using
PCR to amplify Kras exon 2 which contains codon 61, as described previously. Resulting PCR
products were treated with ExoSapIT (USB) to remove unreacted dNTPs and oligos, and
submitted to the University of Colorado Cancer Center DNA Core facility for sequencing.
Urethane causes either an A→T transversion or A→G transition in the second position of the
CAA codon 61 sequence, resulting in a GLN → LEU or GLN → ARG substitution,
respectively.
Statistical Analysis

NIH-PA Author Manuscript

Data was analyzed using GraphPad Prism 4 software. Interactions between gender and strain
were analyzed by 2-way ANOVA with a Bonferoni correction. Differences in multiplicity and
diameter were determined using ANOVA with a Dunnett's post-hoc analysis; B6 values were
used as controls. Incidence was analyzed by Chi square with a Bonferoni correction.

Results
Survey of selected B6.A strains for their susceptibility to urethane-induced lung
carcinogenesis
Comparisons of lung tumor multiplicity, incidence, and size following a single urethane
injection among eleven CSS strains, B6, and A/J mice are shown in Table 1. Three strains,
CSS6, CSS11, and CSS17, developed significantly more tumors than B6, although
substantially less than A/J mice. These three strains also had a higher incidence of tumor
formation than B6. CSS11 mice were unique among these CSS strains in developing
significantly larger tumors than B6, although tumors in CSS17, CSS19, and A/J mice exhibited
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a trend toward larger tumors. Gender differences and interactions between gender and strain
were analyzed by 2-way ANOVA, and no interactions were evident. Gender differences were
observed in A/J mice, with females developing 30% fewer tumors than males, but this was not
seen in the B6 or CSS strains. Lung tumor susceptibility sites on Chrs 6 (Pas1) (20), 11
(Par1)(21), and 17 (Pas2)(16) have been described previously. Since Chr 6 contains the
Pas1 site, which accounts for 2/3 of the variation in tumor multiplicity between A/J and B6
progenitors(16), perhaps the most remarkable data in Table 1 is the low tumor multiplicity in
CSS6 mice (1.8 ± 0.3) relative to A/J (36 ± 2.6). This indicates considerable dilution of the
effects of A/J Pas1 susceptibility alleles by B6 genes on other chromosomes.
Susceptibility to repeated carcinogen exposure
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The relatively low number of tumors in urethane-treated CSS6 mice was surprising since this
same protocol administered to (B6 × A/J) F1 mice produced an average of 15 tumors/mouse
(22). The background, B6 for all chromosomes except Chr 6, thus attenuated CSS6 lung tumor
susceptibility more than initially hypothesized. Strains with intermediate lung tumor
susceptibility, such as BALB/cByJ, develop 2–3 tumors/mouse in response to a single urethane
administration, but increase their tumor number substantially with increased urethane exposure
(up to 25 tumors/mouse)(22). We therefore investigated whether escalating the number of
urethane injections would amplify the lung tumor multiplicities in B6, CSS6, CSS11, and A/
J mice. Each of these strains developed significantly more tumors, with 100% incidence, upon
enhancing urethane exposure (Figure 1). Classically resistant B6 mice exhibited a tumor
multiplicity of 6.2 tumors/mouse, a 12-fold increase over a single urethane treatment. CSS11
tumor multiplicity also increased but not as robustly (2.3-fold). CSS6 multiplicity was 11.4fold higher with this chronic urethane regimen than with a single urethane injection, an increase
similar to that displayed by B6 mice, resulting in a tumor multiplicity approaching that of A/
J mice receiving a single urethane injection. The sizes of tumors induced with this increased
urethane exposure did not rise above that seen after a single urethane injection, and were similar
to each other (Figure 1B). Thus, the number of initiated clones that grow to macroscopic size
increased with more urethane, but growth rate was unaffected.
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To determine whether the enhanced tumor formation in CSS6 mice following multiple urethane
injections displayed dominant or recessive inheritance, we generated (B6 × CSS6) F1 mice,
and treated them with 6 weekly urethane injections. These F1 mice developed more tumors
than either parent (Figure 1C), an example of transgressive variation. This suggests the
presence of a recessive resistance locus on A/J Chr 6, since the only difference among these
mice resides in heterozygosity of the alleles on Chr 6. This is supported by the fact that CSS-6
mice develop fewer tumors than do similarly treated Pas1 congenic mice (4.1 vs. 5.5 tumors/
mouse respectively; (23)), since these mice would have 2 copies of this putative A/J recessive
resistance allele while the Pas1 congenics would not.
Latency of tumor development
A/J mice exhibit visible lung tumors (> 0.3 mm diameter) within 6 wks of urethane treatment
(24), and by 42 wks some of these tumors have reached 2–3 mm diameter(25). Tumor
multiplicity in A/J mice increases steadily until about 20 wks after urethane treatment and then
levels off, while the number of microscopic tumors observed in B6 mice six wks after urethane
does not change with time(24). To determine whether CSS6 lung tumors grow more slowly
than A/J, possibly accounting for their reduced tumor number, tumor multiplicity and diameter
were examined as a function of time after a single urethane injection (Figure 2). A/J and CSS6
tumor multiplicities increased slightly after 20wk while tumor number in B6 mice remained
unchanged (Figure 2A). Average tumor diameter increased over time in all three strains,
although to slightly lesser extents in CSS6 and B6 mice (Figure 2B). Lung tumor incidence
reached 100% twenty wks after urethane administration to CSS6 mice, but remained at only
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40% in B6 mice, even by 32 wks. Histological examination of urethane-induced lung tumors
from A/J and CSS6 mice 42 wks after urethane treatment displayed differences in size and
degree of malignancy, even though tumor sizes were similar 20 wks after urethane (Figure
1B). A/J tumors exhibited nuclear dysmorphology (Figure 2C), nuclear: cytoplasmic ratio
variability, extensive vascularization, and increased invasiveness as evidenced by satellite
tumor cells entering into the surrounding lung tissue. Tumors in CSS6 mice were smaller and
displayed more benign characteristics. A/J Chr 6 alleles (common to both A/J and CSS6 mice)
thus affect multiplicity and incidence with little effect on growth rate and progression (Table
I).
Susceptibility is carcinogen dependent in CSS6 mice
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The extent of BHT-induced tumor promotion differs when urethane or MCA are employed as
initiating agents in A/J mice. If BHT treatment follows urethane in A/J mice, tumor number
increases by about 50%(26), while tumor number increased 5-fold in A/J mice treated first
with MCA and then followed by BHT (Figure 3A). B6 mice are resistant to MCA and MCA/
BHT carcinogenesis(11;27). To determine if the presence of A/J Chr 6 alleles within a resistant
B6 background (i.e., CSS6 mice) affects their susceptibility to MCA and/or MCA/BHT lung
tumor formation, CSS6 mice were subjected to both MCA/BHT (using the 7.5 mg/kg MCA
dose determined to produce the highest fold-change in tumor multiplicity in response to BHT
in A/J mice; see Supporting Material Figure 1) and urethane/BHT 2-stage protocols (Figure
3A). CSS6 mice were resistant to MCA carcinogenesis, analogous to the B6 progenitor strain
(11), suggesting that the ability of MCA to induce initiating mutations is not due to
polymorphisms between A/J and B6 genes residing on Chr 6. However, CSS6 mice subjected
to urethane followed by BHT treatment developed 44% more tumors than their urethane/
vehicle-treated controls (Figure 3A), analogous to the A/J progenitor(28). There were no
differences in tumor diameter or incidence between carcinogen and carcinogen/BHT treatment
groups (data not shown). BHT treatment following urethane or MCA does not increase tumor
number in B6 mice(11). Since B6 mice are resistant to tumor formation with either of these
carcinogens, it is not clear whether this lack of promotability is due to resistance to the
promoting effects of BHT or a lack of initiating mutations. Treatment of B6 mice with 6 weekly
urethane injections increased incidence to 100%, indicating that initiation occurred with this
urethane regimen. To test whether BHT treatment could now promote lung tumor formation
in these initiated animals, we subjected B6 mice to a 6 urethane/6 BHT protocol (Figure 3B).
A slight increase in tumor multiplicity in the BHT-treated animals was observed that was not
statistically significant, confirming earlier results suggesting that BHT does not promote lung
tumors in B6 mice. These results indicate that not only is susceptibility dependent on the nature
of the carcinogen, but that tumor promotion by BHT is due at least in part to genes located on
Chr 6.

NIH-PA Author Manuscript

Kras mutational analyses
Urethane induces Kras codon 61 mutations that lead to constitutively-activated (GTP-bound)
Kras protein(29). Tumors from A/J, B6, and CSS strains subjected to urethane and urethane/
BHT tumorigenesis protocols for various lengths of time were analyzed for their Kras codon
61 mutations. Typically, ~90% of lung tumors induced by urethane in A/J mice contain a codon
61 A→T transversion resulting in a GLN→ LEU amino acid substitution(13;29). Kras
mutations are observed in approximately half of the B6 lung tumors(13), but are predominantly
a codon 61 A→ G transition (GLN→ ARG amino acid substitution). We examined the
frequency and type of codon 61 mutation in the CSS, A/J, and B6 mice, as well as the Kras
mutational spectrum in CSS6 mice subjected to different urethane protocols. Kras mutations
in most CSS strains were identical to that of the B6 progenitor (A → G), while most mutations
in A/J mice were A → T as reported previously (Fig. 4A, Supporting Material Figure 2). The
frequency of GLN → LEU mutations in CSS6 mice increased as a function of both time and
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increased carcinogen exposure but never to the frequency observed in A/J mice (Figure 4B,C).
The percentage of mice with Kras mutations was significantly higher in tumors from CSS6,
CSS11, CSS17, and CSS19 compared to the 55% rate observed in B6 tumors (Table I),
suggesting that DNA repair may not be as efficient in these strains. Except for CSS19, those
strains with the highest rate of Kras mutations were also those with the highest tumor
multiplicity.

Discussion
Tumor susceptibility analyses in CSS mice yielded results consistent with loci previously
mapped by conventional methods on Chrs 6, 11, and 17, but the increases in tumor multiplicity
above that of B6 mice were modest at best. A similarly low urethane-induced tumor multiplicity
of 5.6 tumors/mouse 32 wks after urethane was observed in a Pas1A/J congenic on the B6
background(23), consistent with our 4.1 tumors/mouse in CSS-6 mice at the same time point
and confirming this epistatic effect of B6 alleles. These epistatic interactions prevented tumor
formation and also altered the nature of which activating Kras mutations appeared in, and
presumably generated, the arising tumors. Negative as well as positive epistatic interactions
have been observed among Sluc (Susceptibility to lung cancer) loci that affect the overall lung
tumor susceptibility phenotype(31), and we previously reported epistatic interactions in A/J
and BALB/c mouse lung tumor susceptibility(12).
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To characterize these interactions further, we examined different tumorigenesis protocols and
latency of tumor formation in CSS6, B6, and A/J mice. Surprisingly, chronic urethane treatment
over 6 wks increased tumor number and incidence in resistant B6 mice, resulting in lung tumor
multiplicities higher than had been previously reported(11). This increased lung tumor
susceptibility could reflect the removal of pathogens from the Jackson Laboratory facilities,
which has changed susceptibilities to diseases such as gallstones(32), atherosclerosis(33),
colon carcinogenesis(34), and asthma(35) in some strains. This increased sensitivity to lung
carcinogenesis induced by multiple urethane exposures will aid in evaluating the contribution
of expression of specific proteins on lung carcinogenesis, since knock-out mice are often
generated on the B6 background. When CSS6 mice were subjected to chronic urethane
administration, they developed 21 tumors/mouse, similar to BALB/cByJ mice which develop
2–3 tumors/mouse in response to a single urethane injection and 25 tumors/mouse following
chronic urethane exposure(22). If a gene investigated for its effects on lung tumorigenesis is
not located on Chr 6, CSS6 mice can effectively be used as the background strain in studies
with transgenic or knockout mice. A/J and CSS11 mice chronically exposed to urethane also
showed enhanced tumor multiplicities above those occurring with a single urethane
administration, although the fold increases were not as dramatic as with CSS6 mice.
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Differences in tumor number between CSS6 mice and A/J mice were not due to a slower tumor
growth rate in CSS6 mice, as determined upon examining tumor multiplicity and size in B6,
CSS6, and A/J mice at various times after urethane administration (Figure 2). The number of
tumors in CSS6 mice doubled with time following carcinogen application, but never
approached the multiplicity of A/J mice. Tumor multiplicity remained unchanged in B6 mice
at all intervals following urethane, emphasizing that their resistance is not due to a delay in
tumor formation and suggesting that B6 mice remove or repair initiated cells more efficiently
than A/J and CSS6 mice. Initiated lung epithelial cells in B6 mice do not retain a capacity to
overcome growth controls at later times after carcinogen exposure; older studies by Heston
(36) reached similar conclusions.
B6 and CSS6 mice were also subjected to two-stage initiation/promotion carcinogenesis
protocols (Figure 3). Since B6 mice have previously been shown to be resistant to both single
urethane and MCA-induced carcinogenesis(11), we subjected them to a multiple urethane/BHT
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protocol to ensure that initiation occurred. As demonstrated previously(11;26), no matter which
carcinogenesis protocol was employed, B6 mice do not increase their lung tumor number in
response to BHT treatment. However, CSS6 mice developed a significant and reproducible
increase in tumor number following BHT treatment with urethane as the initiating carcinogen
similar to that observed previously in A/J mice(26). As with B6 mice, CSS6 mice do not
develop tumors in response to MCA. These studies indicate that while susceptibility to BHTinduced lung tumor promotion lies at least in part on Chr 6, genes regulating susceptibility to
MCA-induced lung tumors reside elsewhere.
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A major difference between A/J and CSS6 tumors was the nature and frequency of the Kras
initiating mutations. Other studies have indicated that tumors expressing the GLN → ARG
substitution are more aggressive than tumors in which Kras has a GLN → LEU substitution
(29). This GLN→ ARG mutation predominated in the relatively resistant CSS and B6 strains,
possibly because it is more aggressive and can overcome growth inhibitory signals from normal
cells. If CSS6 mice are repeatedly exposed to carcinogen or allowed more time for tumor
development, more tumors harbor the less aggressive GLN→ LEU substitution. Mechanisms
by which the GLN → ARG substitutions cause more aggressive tumors than GLN → LEU
substitutions have not been demonstrated. The presence or absence of a particular mutation
may be due to mechanisms mice use to repair transversions vs. transitions. B6 mice may be
more efficient at repairing A → T transversions than A/J mice, and/or A/J mice may repair A
→ G transitions more readily. Previous studies indicated that the susceptibility of A/J mice to
urethane-induced lung tumor development was due to the absence of one copy of a 37 base
pair tandem repeat in intron 2 of the Kras structural gene(37). This polymorphism is not
responsible for the difference in Kras initiating mutations between A/J and B6 mice since CSS6
mice have the A/J intron 2 sequence but exhibit B6-like Kras mutations.
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In humans, KRAS mutations were detected in 25–40% of precancerous atypical adenomatous
hyperplasia (AAH), suggesting that it is an early event in lung tumorigenesis(38). Kras is
mutated in about 25%(39) of lung tumors from smokers but only in 15% of non-smokers(40).
Interestingly, Kras mutations in smokers were predominantly transversions while those in
never smokers were more likely to be transitions(40). In both cases, activating mutations were
predominantly in codon 12 with few in codons 13 and 61. Seventy-one percent of Kras
mutations in human lung tumors were G→T transversions, while G→A transitions and G→C
transversions were found in equal numbers(41). The type of Kras mutation was influenced by
race, geographical location(42), and organ site. In human pancreatic tumors, Kras mutations
are predominantly G→T transversions(43) while those in colon tumors are predominantly
G→A transitions(44). Lung tumors in African-Americans exhibit a higher rate of Kras
mutations and statistically more G→T transversions leading to codon 12 CYS substitutions in
their lung tumors compared to other races(42). Although there is controversy over whether
lung cancer survival differs with the presence/absence of a KRAS mutation(41;45), the
substitution of a hydrophobic amino acid at codon 12 yields a better prognosis while
substitution of CYS, ARG, or ASP has grimmer consequences(41).
The results described herein indicate that the presence of susceptibility alleles may not result
in increased neoplasia. CSS6 mice contain the locus previously determined to be responsible
for 2/3 of the difference in susceptibility between A/J and B6 mice, yet display a tumor
multiplicity more similar to resistant B6 mice. Epistatic interactions decrease susceptibility in
these mice, cautioning that genetic testing at one or two loci may have little predictive power
in whether a patient will develop lung cancer.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Lung tumor development following multiple injections of urethane

Average tumor multiplicity (A) and tumor diameter (B) in B6, CSS6, CSS11, and A/J mice
treated with either a single 1mg/g dose of urethane (white bars) or 6 weekly 1 mg/g urethane
doses (black bars). Mice were sacrificed 20 wks after the first urethane injection and tumors
evaluated. Error bars represent SEM. (A) 6 urethane vs. 1 urethane: all strains have significant
differences in multiplicity with chronic dosing (*p< 0.001). (B) The diameters of lung tumors
from A/J mice treated with 6 urethanes are significantly larger than those from A/J mice treated
with a single urethane injection as well as similarly treated B6, CSS6, and CSS11 mice (*p <
0.001). Tumors in CSS11 mice are larger than B6 (#p < 0.05. (C) (B6 × CSS6) F1, B6, and
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CSS6 mice were subjected to 6 wkly urethane injections, and tumors counted 20 wks after the
first injection. **p < 0.01 vs. B6 and CSS6.
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Fig. 2. Time course of lung tumor development

Time courses of tumor multiplicity (A) and diameter (B) after a single urethane exposure. A/
J (▲), CSS6 (■), and B6 (●). * p < 0.01 vs. 16 wks. (C) H&E stain of A/J and CSS6 lung
tumors 42 wks after urethane treatment. Bar is 100 μm.
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Fig. 3. BHT-induced lung tumor promotion and pulmonary inflammation

(C) CSS6 mice were treated with MCA + vehicle (white bars) or MCA + BHT (black bars),
and tumors counted 20 wks after MCA injection. *p < 0.03 vs. vehicle. (D) BAL macrophage
(gray bars) and lymphocyte (black bars) contents in mice treated with 4 weekly BHT or corn
oil vehicle (control) injections. *p < 0.05 vs. control. (E) B6 mice were given 6 wkly urethane
injections followed by either 6 wkly BHT or vehicle injections. Tumors were harvested 20 wks
after the initial urethane injection.
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Fig. 4. Kras mutational analysis in A/J, B6, and CSS strains

(A) Strain survey of Kras codon 61 sequence in urethane-induced lung tumors from B6, CSS,
and A/J mice. Kras codon 61 sequence: Wild type CAA, (white bars); CGA, (gray bars); CTA,
(black bars). (B) Kras mutations as a function of time after mice received a single uethane
injection in CSS6 and A/J mice. (C) Kras mutations as a function of number of urethane
injections, one vs.6, in B6, CSS6, and A/J mice.
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Average tumor diameter ± SEM

c
p < 0.001 vs. B6 by Chi-square analysis

p < 0.005 vs. B6

p < 0.05 vs. B6

b

a

**

No. mice with tumors/No. mice injected

†

Average tumor number/mouse ± SEM

26 (13, 13)
19 (10, 9)
26 (14, 12)
25 (13, 12)
27 (14, 13)
26 (16, 10)
27 (15, 12)
26 (14, 12)
23 (11, 12)
21 (11, 10)
24 (12, 12)
23 (23, 0)
23 (10, 13)

B6
CSS4
CSS6
CSS9
CSS10
CSS11
CSS14
CSS15
CSS17
CSS18
CSS19
CSSY
A/J

*

N (male, female)

Strain

0.5 ± 0.1
0.3 ± 0.2
1.8 ± 0.3a
0.6 ± 0.1
0.4 ± 0.1
1.6 ± 0.2a
0.3 ± 0.1
0.8 ± 0.2
1.2 ± 0.3a
0.8 ± 0.2
0.9 ± 0.2
0.7 ± 0.2
36 ± 3

Multiplicity*

-0.6
3.9
1.3
0.9
3.5
0.6
1.7
2.6
1.7
2.0
1.5
78

Fold-increase over B6

Urethane-induced lung tumor formation in B6, CSS, and A/J mice.

27
24
8b
48
37
88b
22b
58
62b
50
64b
52
100b

Incidence† (%)

0.5 ± 0.03
0.4 ± 0.04
0.6 ± 0.04
0.5 ± 0.03
0.4 ± 0.03
0.7 ± 0.03a
0.5 ± 0.04
0.5 ± 0.05
0.7 ± 0.03
0.6 ± 0.04
0.7 ± 0.04
0.5 ± 0.03
0.7 ± 0.0a

Diameter (mm)**

55 (11)
60 (5)
73 (51)c
45 (11)
60 (10)
75 (36)c
67 (3)
45 (22)
87 (20)c
59 (14)
89 (17)c
75 (3)
82 (78)c

% Kras mutational
frequency (N)
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