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Abstract

A large number of epidemiological studies have linked a common single nucleotide polymorphism

(SNP) in the human p53 gene to risk for developing a variety of cancers. This SNP encodes either

an arginine or proline at position 72 (R72P) of the p53 protein, which can alter the apoptotic

activity of p53 via transcriptional and non-transcriptional mechanisms. This SNP has also been

reported to modulate the development of human papilloma virus (HPV)-driven cancers through

differential targeting of the p53 variant proteins by the E6 viral oncoprotein. Mouse models for the

p53 R72P polymorphism have recently been developed but a role for this SNP in modifying

cancer risk in response to viral and chemical carcinogens has yet to be established experimentally.

Here we demonstrate that the p53 R72P polymorphism modulates the hyperprolferative, apoptotic

and inflammatory phenotypes caused by expression of the HPV16 E6 and E7 oncoproteins.

Moreover, the R72P SNP also modifies the carcinogenic response to the chemical carcinogen

4NQO, in the presence and absence of the HPV16 transgene. Our findings confirm several human

epidemiological studies associating the codon 72 proline variant with increased risk for certain

cancers but also suggest that there are tissue-specific differences in how the R72P polymorphism

influences the response to environmental carcinogens.

Introduction

The tumor suppressor p53 is a key player in stress responses that preserve genomic stability

by responding to a variety of insults, including DNA damage, hypoxia, metabolic stress, and

oncogene activation. Through both transcriptional and non-transcriptional mechanisms p53

can regulate apoptosis, autophagy, cell cycle progression, senescence, DNA repair and

metabolism. Malfunction of the p53 pathway is an almost universal hallmark of human
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cancers, although the relative importance of the different p53 activities for tumor

suppression is a matter of debate [1,2]. A common polymorphism in the p53 gene results in

a protein with either an arginine or proline at amino acid 72 [3,4]. Cell culture-based studies

have demonstrated that the p53 codon 72 arginine (R72) protein variant has a greater ability

to suppress oncogenic transformation and increased apoptotic activity compared to the

codon 72 proline (P72) variant [3,5,6]. Differences in gene-specific transcriptional

regulation between the p53 polymorphic variants as well as an enhanced capability of the

R72 protein to localize to mitochondria may both contribute to this differential apoptotic

capacity.

The p53 R72P polymorphism has been extensively evaluated as a risk modifier for a variety

of cancers and other diseases. Epidemiological studies have often associated the presence of

the P72 encoding gene variant to increased risk for some cancers. However, in most cases

there are conflicting reports and meta-analyses combining studies on lung, breast, and

gastric cancers do not support a link between the p53 R72P SNP and cancer risk [4,7-9]. On

the other hand, meta-analyses of studies examining esophageal squamous cell carcinoma

(SCC) support the idea that individuals with a P72 variant allele are at greater risk for

developing that cancer [10,11]. A meta-analysis examining risk for cervical cancer also

suggests an association with the p53 R72P SNP [12]. This possibility was first raised by

Storey et al, who proposed that women with the p53 R72/R72 genotype were at increased

risk for cervical cancer because the R72 protein variant is preferentially targeted for

degradation by the HPV E6 oncoprotein [13]. It is now known that HPV infection is also

associated with the development of head and neck cancers, particularly squamus cell

carcinoma (SCC) of the oropharynx [14,15]. Moreover, a strong interaction between HPV

seropositivity and the R72P SNP for risk of SCC of the oropharynx has been reported

[16-18]. However, in the case of HPV-associated head and neck SCC it is the P72-encoding

allele of p53 that is associated with increased cancer risk.

We and others have recently developed mouse models for the p53 R72P polymorphism as

tools to study the function of this SNP in genetically controlled but physiological relevant

settings [19,20]. Pairs of models generated through different approaches each demonstrate

that both human p53 variants are functional in mice [19,20]. Moreover, significant

differences between the p53 variants in their abilities to induce apoptosis could be observed

in these mouse models. However, depending on the tissue, either the R72 or P72 variant had

higher apoptotic activity [19,20]. In one study it was shown that despite a significant

difference in the acute apoptotic response to ultraviolet (UV) radiation, there was no

significant difference in UV radiation-induced skin carcinogenesis between R72/R72 and

P72/P72 genotypes [20]. Another study using similar humanized knock-in mouse models

found the R72P SNP made no significant difference in lymphoma development driven by an

Eμ-myc transgene [19]. Thus, there is no experimental data, to date, to support a role for the

R72P SNP in modulating cancer development using these mouse models.

Here we used human p53 exon 4 knock-in mouse models to examine how the R72P SNP

interacts with relevant environmental insults to modify the development of cancers of the

oral cavity and esophagus. We found that this polymorphism modulated the

hyperproliferative, apoptotic, and inflammatory responses to transgenic expression of the
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HPV16 E6 and E7 oncoproteins. Treatment of these HPV16 transgenic mice with the

carcinogen 4-nitroquinoline-1-oxide (4NQO) induced tumor development, which was

modified by the R72P polymorphism. Moreover, the R72P SNP also affected the

development of esophageal cancers in 4NQO treated knock-in mice lacking the HPV16

transgene. Our findings demonstrate that this functional SNP in p53 can modify the response

to viral and chemical carcinogens resulting in tissue-specific differences in tumor

susceptibility.

Materials and methods

Transgenic mice

Human p53 exon 4 knock-in mice encoding either arginine (p53R72/R72) or proline

(p53P72/P72) at codon 72 have been described [20]. K14-HPV16 transgenic mice expressing

the E6 and E7 oncoproteins under the keratin 14 promoter were obtained from the NCI

mouse repository [21]. Experimental mice were generated by crossing human p53 exon 4

knock-in mice with K14-HPV16 transgenic mice. All mice were maintained on the FVB/N

inbred genetic background. Genomic DNA isolated from tail snips was used for genotyping

the p53 R72P polymorphism as described [20]. Genotyping for the HPV16 transgene was

performed using the NCI repository protocol. All mouse manipulations were approved by

the University of Texas MD Anderson Cancer Center (UTMDACC) Institutional Animal

Care and Use Committee and followed national guidelines.

Immunohistochemical staining for Ki67 and cleaved Lamin A

Tissue samples (skin, tongue and head) from six week old mice were fixed, paraffin

embedded and immunohistochemically (IHC) stained for Ki67 (DAKO, Glostrup, Denmark)

as a marker of proliferation and cleaved lamin A (Cell Signaling Technology, Danvers, MA)

as a marker of apoptosis using protocols developed by UTMDACC Science Park Histology

Facility Core. Esophageal tumor samples were stained similarly. Positive cells were counted

using digital images captured with the Aperio ScanScope CS slide scanner and analyzed

with the manufacturer's GENIE software (Aperio Technologies, Vista, CA).

Carcinogen treatment

Six week old mice were given the carcinogen 4-Nitroquinoline-1-oxide (4NQO) (Sigma, St

Louis, MO) at a concentration of 10 μg/ml in drinking water. K14-HPV16 transgenic mice

were treated for 3-5 weeks and non-transgenic, R72P knock-in mice were treated for 16

weeks. Mice were then returned to normal drinking water until 24 weeks from the start date

of treatment.

Pathology

Mice were sacrificed when moribund or at the completion of the carcinogenesis study and

subjected to complete necropsy with identification of gross lesions. Gross lesions and organs

were collected, fixed in formalin for 24 h, then switched to 70% ethanol for storage. Tissue

sections were embedded in paraffin, sectioned, and stained with hematoxylin and eosin

(H&E) using standard techniques. Slides were submitted to the UTMDACC Mutant Mouse

Pathology Facility Core for expert pathological analysis by a board-certified veterinary
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pathologist. Immediately after euthanasia, blood was collected from some mice by

intracardial puncture. Blood was submitted to the UTMDACC Michael Keeling Center for

Comparative Medicine and Research for routine clinical chemistry and hematology testing.

Inflammation was scored as 1 (minimal to mild), 2 (moderate), or 3 (marked) based on the

total number of inflammatory cells present, including neutrophils, eosinophils, and

mononuclear cells. The cell types comprising the inflammatory infiltrate varied from

esophagus to esophagus and from region to region of the same esophagus. Inflammatory

cells were located predominantly in the lamina propria/submucosa, and inflammation was

generally more marked in and around tumors that in regions of the esophagus without

tumors.

Primary keratinocyte cultures

Primary keratinocytes were isolated from newborn pups (0-3 days) as described [22].

Briefly, pups were washed in ethanol and cold-PBS, then skin was removed, washed with

cold-PBS and trypsinized overnight at 4°C. The epidermis was carefully separated from the

dermis, minced with scissors and filtered through a cell strainer. Cells were then suspended

in Defined Keratinocyte-SFM (Invitrogen, CA) supplemented with antibiotic, 2.5% FBS and

keratinocyte growth factor and seeded in 6 cm tissue culture dishes (one pup/dish). After 4 h

incubation, media was replaced with serum free Defined Keratinocyte media with growth

factor supplement. At 50-80% confluency, cells were harvested and processed for isolation

of RNA or lysed to obtained cellular protein for immunoblotting.

Real-time quantitative RT-PCR

RNA was extracted from primary keratinocytes using RNeasy kit (Qiagen, Valencia). After

reverse transcription, cDNAs were subjected to quantitative real-time PCR using the SYBR

green gene expression assay (Applied biosystem). RNA levels were normalized to the

endogenous control gene GAPDH.

Western blot analysis

Protein from primary keratinocyte lysate was quantified by bicinchoninic acid (BCA)

colorimetric assay (Pierce, Rockford, IL). Equal quantities of protein (20 μg/lane) were run

on SDS polyacrylamide gels and transferred onto polyvinylidene fluoride (PVDF)

membranes. Immunoblotting was done using the following primary antibodies: p53 (Vector

laboratories, Burlingame, CA); Bax, p21 and actin (Santa Cruz Biotechnology, Santa Cruz,

CA).

Statistical Analysis

Statistical comparisons between specific groups were done by two tailed Student's t-test.

Differences between groups with a p value of <0.05 were considered statistically significant.

Where appropriate, the average values of indicated sample numbers are presented and

expressed as mean ± SE.
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Results

The p53 R72P polymorphism modulates the phenotype of K14-HPV16 transgenic mice

K14-HPV16 transgenic mice expressing the E6 and E7 oncoproteins [21] were crossed with

p53R72/R72 and p53P72/P72 mice in which human exon 4 sequences replace mouse exon 4

sequences [20]. K14-HPV16 transgenic mice heterozygous for the p53 R72 and P72 alleles

generated from that cross were further backcrossed to p53R72/R72 and p53P72/P72 mice to

generate K14-HPV16 transgenic and non-transgenic mice homozygous for either the p53

R72 or P72 alleles. All mouse models used in this study were in the FVB/N strain

background.

Expression of the HPV16 E6 oncogene was assessed in primary keratinocytes isolated from

newborn pups of the various genotypes by real-time PCR (Figure 1A). As expected, E6 was

expressed in the K14-HPV16 transgenic mice, but not the non-transgenic mice, and the

R72P polymorphism did not affect the level of E6 expression. The expression of p53 mRNA

was also similar among the different genotypes. Unexpectedly, the expression levels of

several p53 target genes were unaffected by the K14-HPV16 transgene despite the

expression of E6, which is known to promote p53 protein degradation (Figure 1A).

Although there was a slight trend towards lower expression of several p53 target genes in

P72/P72 mice compared to R72/R72 mice, this was only significant in the case of Puma in

the K14-HPV16 transgenic mice. Western blot analysis showed similar levels of p53, Bax,

and p21 protein expression in primary keratinocytes isolated from the knock-in models with

and without the K14-HPV16 transgene (Figure 1B).

Because the HPV E7 oncoprotein targets the RB tumor suppressor, several target genes

downstream of the RB/E2F pathway were also examined in primary keratinocytes. Ccna2,

encoding cyclin A2, and Ccne1, encoding cyclin E, were both expressed at higher levels in

K14-HPV16 transgenic keratinocytes compared to non-transgenic keratinocytes (Figure

1A). In contrast, the pro-apoptotic E2F target gene caspase 7 was not elevated in transgenic

cells. The R72P polymorphism did not significantly affect the expression of these E2F target

genes in the presence or absence of the K14-HPV16 transgene.

At six weeks of age, several squamous epithelial tissues were taken for

immunohistochemical (IHC) analysis, including the skin, oral mucosa, and tongue. In each

of these tissues K14-HPV16 transgenic mice displayed hyperproliferation as measured by an

increase in the number of cells staining positive for Ki67 (Figure 2A). In the epidermis,

there was also a statistically significant difference between K14-HPV16;p53P72/P72 and

K14-HPV16;p53R72/R72 mice, with the R72 variant associated with higher levels of Ki67

staining. A similar trend was also observed in the oral mucosa and tongue, although these

differences did not reach statistical significance.

IHC staining for cleaved lamin A, a marker of apoptosis, was also performed in these same

epithelial tissues. In each case positively staining cells were readily observed in tissues from

K14-HPV16 transgenic mice while tissues from non-transgenic mice had very few positive

cells (Figure 2B). Transgenic mice with the P72/P72 genotype displayed increased numbers

of apoptotic cells compared to transgenic mice with the R72/R72 genotype although this was
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only statistically significant in the skin and tongue. This finding conflicts with reports

suggesting that the R72 variant has greater apoptotic activity than the P72 variant [3,5,6].

The p53 R72P SNP modifies tumor development in HPV16 transgenic mice treated with the
carcinogen 4NQO

To determine if the p53 R72P polymorphism would modulate the development of head and

neck SCC, K14-HPV16 transgenic mice with either the p53 P72/P72 or R72/R72 genotypes

were treated with the carcinogen 4NQO supplied in the drinking water. This model

combining transgenic expression of E6 and E7 with 4NQO treatment has been successfully

used to induce tumors in the oral cavity and upper digestive tract that resemble human

cancers associated with HPV infection [23]. In the original protocol, mice were treated with

10 μg/ml of 4NQO in drinking water for 16 weeks [23]. However, we found that extended

treatment of K14-HPV16 transgenic mice with this concentration of 4NQO was toxic. Thus,

K14-HPV16 mice were treated with 4NQO for 3 weeks (group 1) or 4-5 weeks (group 2).

Mice were then returned to normal drinking water and monitored for tumor development

and health status. Mice were sacrificed when moribund or at 24 weeks from the start date of

carcinogen treatment. In both groups of treated mice, K14-HPV16 transgenic mice with the

R72/R72 genotype had increased survival compared to the P72/P72 genotype (Figure 3).

Most K14-HPV16 transgenic mice treated with 4NQO developed at least one tumor in the

oral mucosa, which includes the epithelium lining the cheeks, palate, and sublingual area

(Figure 4A). Oral cavity tumors induced in non-transgenic mice and rats by oral exposure to

4NQO are predominately SCC of the tongue [24]. However, in the present studies, most

tumors were SCC that arose from the gingiva adjacent to teeth (Figure 4B). A previous

report documents the appearance of gingival squamous dysplasia in rats receiving oral

4NQO [25]. In our studies, it appears that the combination of the HPV16 transgene and

4NQO resulted in the development of frank SCC in the gingiva. The SCC that arose were

well differentiated. They were characterized by extension of neoplastic epithelium below the

neck of the tooth, loss of association between the epithelium and the root of the tooth, and

the presence of a stromal response to the infiltrating epithelium. Invasiveness varied

considerably, but most SCC were minimally to moderately invasive. The R72P

polymorphism did not appear to alter tumor incidence or pathology in the oral mucosa.

Although there was no difference between R72/R72 and P72/P72 mice in SCC of the oral

mucosa, there were differences in two other cancers from the K14-HPV16 transgenic mice

treated with 4NQO. Three out of 25 transgenic mice with the R72/R72 genotype developed

SCC of the tongue while no transgenic mice with the P72/P72 genotype (0/24) developed

SCC at this site (Figure 4A). On the other hand, four out of 24 transgenic mice with the

P72/P72 genotype developed SCC of the skin, while no skin cancer was observed in

transgenic mice with the R72/R72 genotype (0/25). This suggests that the R72P SNP may

differentially modulate tumor development in the skin and tongue.

The R72P polymorphism affects markers of inflammation

A previous report analyzing other knock-in mouse models humanized for the R72P

polymorphism found that the P72 variant of p53 interacted more efficiently with the NF-kB
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transcription factor than the R72 variant [19]. This differential association with NF-kB was

associated with increased expression of inflammatory genes and an enhanced inflammatory

response to lipopolysaccharide (LPS) in mice expressing the p53 P72 variant. To determine

if inflammation in the K14-HPV16 transgenic mice differed between p53 genotypes, serum

chemistry and complete blood counts were performed on experimental animals from each

group. Transgenic mice with the P72/P72 genotype had significantly higher levels of total

protein and gamma globulin compared to transgenic mice with the R72/R72 genotype

(Figure 5A). On the other hand, transgenic mice with the P72/P72 genotype had lower levels

of albumin resulting in a dramatic difference in the albumin/globin ratio between the two

genotypes (Figure 5A).

Significantly more circulating white blood cells (WBC) were found in K14-HPV16

transgenic mice with the P72/P72 genotype compared to the R72/R72 genotype. This

leukophilia was due to higher absolute numbers of neutrophils as no difference in the

absolute numbers of lymphocytes was observed between genotypes (Figure 5B). Increased

neutrophil numbers and gamma globulin levels in P72/P72 transgenic mice provide

additional experimental evidence that the p53 P72 variant is associated with an enhanced

inflammatory response, which may contribute to differences in tumorigenesis in certain

settings.

Mice expressing the p53 P72 variant are more susceptible to esophageal carcinogenesis
following long-term 4NQO treatment

Only two esophageal tumors were observed K14-HPV16 transgenic mice treated with

4NQO, one with the p53 R72/R72 genotype and one with the P72/P72 genotype (data not

shown). To further explore a potential role for the R72P SNP in modulating esophageal

carcinogenesis, p53R/72/R72 and p53P72/P72 mice without the K14-HPV16 transgene were

treated with 10 μg/ml of 4NQO supplied in the drinking water for 16 weeks. These knock-in

mice were then returned to normal drinking water for an additional eight weeks. Long-term

treatment with 4NQO in the drinking water is known to induce esophageal tumors in wild

type mice [26]. While SCC of the oral mucosa, tongue, and skin were rare in this cohort of

mice, esophageal tumors were relatively common with some mice developing multiple

tumors. In agreement with human epidemiological studies associating the p53 P72 allele

with increased risk for esophageal cancer [10,11], P72/P72 knock-in mice had a

significantly higher tumor incidence and increased tumor multiplicity compared to R72/R72

knock-in mice (Figure 6A and B).

Proliferation in the esophageal tumors was similar between R72/R72 and P72/P72 mice as

measured by the number of Ki67-positive cells per field (Figure 6C). Likewise, no

significant difference in the number of apoptotic cells, indicated by staining for cleaved

lamin A, was observed between genotypes (Figure 6D). Esophageal tumors from these mice

were also scored for inflammation based on the level of cellular infiltrates. The character of

the inflammatory infiltrates varied in different esophagi and from region to region in the

same esophagus. Inflammatory cells were located predominately in the submucosal region

and inflammation was more evident in and around tumors than in regions of the esophagus

without tumors. Consistent with the blood and serum chemistry results from the K14-
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HPV16 experimental mice, a third of the p53P72/P72 knock-in mice treated with 4NQO for

16 weeks had marked inflammation of esophageal tissue while p53R72/R72 knock-in mice

had only moderate or mild inflammation (Figure 6E).

Discussion

In these studies we have used humanized p53 exon 4 knock-in mouse models to explore how

the R72P SNP impacts tumor development in the oral cavity and upper digestive tract. The

carcinogen 4NQO supplied in the drinking water was used in these studies because it

mimics the DNA damage and mutagenesis caused by similar carcinogens in cooked food

and tobacco smoke [24,27]. Moreover, 4NQO carcinogenesis produces a spectrum of oral

cavity and esophageal lesions that parallel the progression and histological features of

human cancers. Using this well-established model we found that mice expressing the p53

P72 variant were more susceptible to esophageal SCC compared to mice encoding the R72

variant. This finding is consistent with several epidemiological studies associating the P72

allele with increased risk for esophageal SCC [10,11] and demonstrates that human cancer

susceptibility due to this common polymorphism can be modeled in mice.

Emerging data implicate infection with oncogenic HPV subtypes with the development of

head and neck cancers [15]. It was also suggested that the two p53 protein variants are

differentially targeted for degradation by the HPV E6 oncoprotein [13]. To determine if the

R72P SNP modifies the oncogenic effects of HPV, K14-HPV16 transgenic mice were

crossed to the p53 exon 4 knock-in models. We found that the R72P polymorphism made

little difference in the levels of p53 or the expression of p53 target genes. Nonetheless, the

hyperproliferative and apoptotic responses to the HPV16 transgene were modulated by the

R72P SNP.

Interestingly, the R72P SNP appeared to differentially modify cancer susceptibility in

different tissues. The incidence of oral mucosa cancer was not significantly different

between genotypes since almost all K14-HPV16 transgenic mice treated with 4NQO

developed these lesions regardless of SNP status. However, K14-HPV16;p53P72/P72 mice

displayed decreased survival compared to K14-HPV16;p53R72/R72 mice when treated with

4NQO, suggesting that the polymorphism may influence time to tumor onset. Moreover,

only P72/P72 transgenic mice developed SCC of the tongue (3 of 25) in this study while

only R72/R72 transgenic mice developed SCC of the skin (4 of 24). This finding is

consistent with previous epidemiological studies showing that the R72P polymorphism

impacts cancer risk in a tissue-specific manner [4,11]. Future studies should address whether

the R72P SNP differentially modulates risk for SCC of the tongue and skin in humans,

particularly those cancers associated with HPV.

It has been assumed that differences in the apoptotic potential between the two p53 variants

underlies differences in cancer risk. This may be true for some cancers but recent mouse

model data indicate that other p53 activities, including the maintenance of genome integrity

and the regulation of cell metabolism, may be more important for tumor suppression than

the induction of apoptosis [1,2]. In addition, the p53 R72P SNP may also modify the

inflammatory response associated with tumor development. We observe increased serum
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gamma globulin and absolute numbers of circulating neutrophils in K14-HVP16 transgenic

mice with the P72/P72 genotype compared to transgenic mice with the R72/R72 genotype.

Espophageal tumors from P72/P72 mice treated long-term with 4NQO also displayed

increased inflammatory infiltrates compared to tumors from R72/R72 mice. This suggests

that differential regulation of the inflammatory response by the p53 polymorphic variants

may also contribute to differences in cancer susceptibility and progression of at least some

tumor types.
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Figure 1. Expression of HPV16 E6 and cellular genes in the p53 and RB/E2F pathways
Primary mouse keratinocytes were isolated from 1-3 day old pups of the indicated

genotypes. (A) Total RNA was isolated and subjected to quantitative real-time PCR for the

indicated genes. The averages of triplicate assays are presented for each gene. Bars represent

standard error and statistically significant differences (p<0.05) are indicated. (B) Western

blot analysis of p53, Bax, p21, and actin was performed using whole cell extracts (20mg/

lane) of primary keratinocytes isolated from the indicated genotypes.
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Figure 2. Modulation of proliferation and apoptosis by the R72P SNP in K14-HPV16 transgenic
mice
(A) Skin, oral mucosa and tongue tissues were IHC stained for Ki67 as a marker of

proliferation. Results were quantified and the averages from six animals of each genotype

are presented. B) The same tissues were IHC stained for cleaved lamin A as a marker of

apoptosis. Results were quantified and the averages from six mice in each group are

presented. Vertical bars indicate standard error and horizontal bars indicate statistically

significant differences between groups (p<0.05).
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Figure 3. Survival of K14-HPV16 transgenic, p53 R72P polymorphic mice treated with 4NQO
(A) Six week old K14-HPV16:p53R72/R72 and K14-HPV16:p53P72/P72 mice were given 10

μg/ml of 4NQO in drinking water for 3 weeks (20-24 days) and then returned to normal

drinking water for the remainder of the 24 week study. Mice were monitored for health and

any moribund mice were sacrificed before the end of the study. (B) A separate group of

mice with the same genotypes as above were given 4NQO (10 μg/ml) in drinking water for 4

to 5 weeks and returned to normal drinking water for the remainder of the 24 week study.

Survival was monitored as above.
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Figure 4. The R72P polymorphism modulates the tumor spectrum of K14-HPV16 transgenic
mice treated with 4NQO
A) Tumor incidence is presented for the oral mucosa, tongue and skin of K14-HPV16

transgenic mice with either the p53R72/R72 (N=25) or p53P72/P72 (N=24) genotypes

following treatment with 4NQO. B) K14-HPV16 transgenic mice treated with 4NAO

developed SCC of the gingiva. SCC ranged from minimally invasive (top), to moderately

invasive (middle) to markedly invasive (bottom). Arrows indicate islands and lobules of

infiltrating neoplastic epithelium.
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Figure 5. The p53 P72 variant is associated with an enhanced inflammatory response in K14-
HPV16 transgenic mice treated with 4NQO
(A) The levels of total protein, albumin and gamma globulin were measured in the serum of

K14-HPV16 transgenic mice expressing either the p53 P72 or R72 variants. The averages

from 12 (P72/P72) or 15 (R72/R72) mice are presented. (B) Cell counts were performed on

blood samples from the same mice as above. The averages for total numbers of white blood

cells, neutrophils and lymphocytes are presented. Statistically significant differences are

indicated by horizontal bars (p<0.05).
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Figure 6. p53P72/P72 knock-in mice are more susceptible to 4NQO-induced esophageal
carcinogenesis compared to p53R72/R72 mice
Mice encoding the p53 P72 (N=17) or R72 (N=21) variant were treated with 4NQO in

drinking water (10 μg/ml) for sixteen weeks and returned to normal drinking water for eight

weeks prior to sacrifice. Esophageal tumors were scored and the tumor incidence (A) and

multiplicity (number of tumors per mouse) (B) is presented. Statistically significant

differences are indicated by horizontal bars (p<0.05). Sections of esophageal tumors from

p53R72/R72 and p53P72/P72 mice were stained for Ki67 (C) or cleaved lamin A (D). Slides

were counted using the Aperio ScanScope CS and GENIE software. The average number of

positive cells per area of tumor for each genotype is presented. (E) Esophageal tumors from

the above mice were examined microscopically for inflammatory cell infiltrate and scored as

mild, moderate or marked based on morphology and number of inflammatory cells in

epithelial regions.
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