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Materials and Methods 
 

Transgenic mice. K14E6 [1], K14E7 [2], Bi-L E7 [3], and K14-tTA [4] transgenic mice 

have been described previously. All mice were maintained on the FVB/n inbred genetic 

background and were housed in the McArdle Laboratory Animal Care Unit, approved by 

the Association for Assessment of Laboratory Animal Care, at the University of 

Wisconsin Medical School. All protocols for animal work were approved by the 

University of Wisconsin Medical School Institutional Animal Care and Use Committee. 

 

Treatment with estrogen. To study carcinogenesis, 4- to 6-week-old virgin female mice 

were anesthetized with 5% isoflurane (v/v), and continuous-release pellets delivering 

0.05 mg of 17-estradiol (estrogen) per 60-day period (Innovative Research of America) 

were implanted subcutaneously into the fat pads of the shoulder. Pellets were implanted 

every 60 days for the duration of the studies. To examine the expression of luciferase and 

E7 and to study acute phenotypes in the reproductive tract, 8-week-old virgin female 

mice were given one pellet of estrogen to eliminate cycling through estrus and were 

sacrificed after 6 weeks of treatment. 

 

Treatment with doxycycline. To repress the expression of firefly luciferase and HPV-16 

E7, mice were given Dox Diet (2 g/kg doxycycline, Bio-Serv). To maintain the 

effectiveness of the doxycycline, the Dox Diet was replaced weekly. 

 



Procurement of female reproductive tracts and histologic analysis. One hour before 

sacrifice, mice were injected with 5-bromo-2’-deoxyuridine (BrdUrd) (12.5 mg/mL in 

PBS) at 10 L/g body weight. Procurement of the female reproductive tracts has been 

described previously [5]. Once harvested, tracts were fixed overnight at 4°C in 4% 

paraformaldehyde (w/v), embedded in paraffin, and cut into 5-m-thick sections. Every 

tenth section was stained with H&E and analyzed for the presence of dysplastic and 

neoplastic disease. We classified each mouse, blind of genotype, based on the most 

severe state of disease observed in the female reproductive tract. For statistical 

comparisons of the severity of disease between genotypes, mice were assigned a 

numerical value based on the category of disease into which they were assigned. The 

values assigned were: 0 for nondysplastic hyperplasia, 1 for cervical intraepithelial 

neoplasia I (CIN1), 2 for CIN2, 3 for CIN3, and 4 for cervical cancer. 

 

Analysis of luciferase. Dorsal skin and ears were collected from 21- to 28-day-old mice, 

and prior to fixing, the dorsal skin was immersed in an ice-water bath for 30 seconds and 

the fatty tissue beneath the epidermis was scraped away with a scalpel and discarded. The 

lower third of the reproductive tract was collected from 14-week-old female mice treated 

with estrogen for 6 weeks. Tissues were snap-frozen in liquid nitrogen and subsequently 

homogenized in 1 RLB (Promega Corp.). The detergent-soluble fraction was separated 

from the insoluble fraction by centrifugation at 14,000 rpm for 20 minutes at 4°C, and the 

total concentration of protein in the soluble fraction was determined using the DC Protein 

Assay Kit (Bio-Rad Laboratories) per the manufacturer’s instructions. The soluble 

fractions of lysates were analyzed for the activity of luciferase using the Luciferase Assay 



System (Promega Corp.) according to the manufacturer’s instructions. The activity of 

luciferase in lysates from at least three mice per genotype was examined and calculated 

as relative light units (RLU)/g protein, and the data are presented as the mean ± 

standard deviation. 

 

Analysis of E7. Skin and epithelium from the female reproductive tract were obtained as 

described for luciferase assays. Once snap-frozen, tissues were homogenized in general 

lysis buffer [50 mM Tris pH 7.4, 1% Igepal (v/v), 150 mM NaCl, 1 mM PMSF, and 1 

protease inhibitor cocktail (50: 2.5 mM tosyl-lysine chloromethyl ketone, 50 M 

aminocaproic acid, 500 M benzamidine, 105 M leupeptin, 102 M pepstatin, 6.67% 

aprotinin (v/v), and 6.33 M trypsin chymotrypsin inhibitor in 1 mM EDTA pH 8.0, 5 

mM EGTA pH 8.0, 0.02% NaAzide (w/v), 10% glycerol (v/v), 25 mM MOPS pH 8.0)]. 

After measuring the protein concentrations as described for luciferase assays, the soluble 

fraction of protein was analyzed for the expression of E7 by Western blotting. Equal 

amounts of protein were mixed with an appropriate volume of 6 SDS loading buffer 

(60% glycerol (v/v), 375 mM Tris pH 6.8, 12% SDS (w/v), 6% -mercaptoethanol (v/v), 

0.12% bromophenol blue (w/v)) and boiled for 5 minutes. After cooling samples on ice 

for 5 minutes, they were electrophoresed through 15% Ready Gel Tris-HCl gels (Bio-Rad 

Laboratories) and transferred onto Immobilon-P PVDF Transfer Membranes (Millipore). 

Membranes were blocked overnight in 5% nonfat dry milk (w/v) in PBS containing 0.1% 

Tween-20 (v/v) (PBS-T) at 4°C and subsequently probed overnight at 4°C with a mouse 

anti-HPV-16 E7 antibody (Santa Cruz Biotechnology) diluted 1:100 in blocking solution. 

The membranes were washed three times for 10 minutes each with PBS-T at room 



temperature and incubated for 1 hour at room temperature with a secondary antibody 

(donkey anti-mouse IgG conjugated with horseradish peroxidase) (ImmunoResearch) 

diluted 1:10,000 in blocking solution. Membranes were washed six times for 10 minutes 

each with PBS-T at room temperature and the activity of peroxidase was detected using 

the Amersham ECL Plus Western Blotting Detection Reagents (GE Healthcare) 

according to the manufacturer’s instructions. Detection of -actin with a primary 

antibody (Sigma-Aldrich) diluted 1:10,000 in blocking solution served as a loading 

control. To compare qualitatively the expression of E7 between K14E7 mice and 

bitransgenic mice, equivalent amounts of lysates from three K14E7 mice were pooled, 

and dilutions of this pool were loaded onto each gel. 

 

Analysis of E6. Arbor Vita’s test for HPV E6 applies the lateral flow format for detection 

of the E6 oncoprotein of HPV-16, 18, and 45 [6]. The lower third of the female 

reproductive tracts from Bi-L E7/K14E6/K14-tTA triply transgenic mice treated for 10 

months with estrogen and treated or not treated with doxycycline were embedded in 

CRYO-OCT (Fisher Scientific) and stored at -80°C. The cervix and vagina were isolated 

from the CRYO-OCT block by washing in deionized water, and isolated tissues then 

were snap-frozen for 1 minute in liquid nitrogen and homogenized in a disposable small 

mortar. Lysis was performed in approximately 1 mL of a proprietary lysis buffer, and the 

lysate was clarified from insoluble debris by centrifuging at 13,000 × g for 10 minutes at 

room temperature. Lysates from CaSki cells also were produced to generate a standard  

for quantification of total protein content in murine samples; this quantification was 

performed by first determining absorbance of sample lysates at 280 nm and then 



correlating absorbance measurements using a previously determined correlation of 106 

CaSki cells being equivalent to approx. 300 g of total protein.  Volumes of lysates 

containing 30 or 6 g total protein were combined with a detector monoclonal antibody 

(mAb) cocktail that binds E6 from HPV-16, 18, and 45, and the HPV E6 Strip Test was 

performed as previously described [6]. Briefly, the test strip unit was placed into a vial 

containing the sample solution and E6 detector mAbs. The sample solution migrated up 

the nitrocellulose membrane by capillary forces, and formation of the E6-mAb complexes 

occurred at the strip test lines (one each for HPV-16, 18, and 45, and a fourth line as a 

control).  Test lines consist of appropriate immobilized anti-E6 mAbs on the 

nitrocellulose membrane. Visualization of captured E6 oncoprotein from the samples 

occurred via an alkaline phosphatase-based colorimetric detection system followed by 

quantification of signal intensity using an electronic reader (CAMAG TLC). The 

calculation of quantities of E6 protein in the samples was performed using a standard 

curve generated with serial dilutions of CaSki lysates and a prior determination of the 

amount of E6 in CaSki cells (approximately 1 ng per 1x106 cells). 

 

Immunohistochemistry. Female mice were injected 1 hour before sacrifice with BrdUrd 

(12.5 mg/mL in PBS) at 10 L/g body weight, and their reproductive tracts were 

harvested as previously described [5]. Tissues were embedded in paraffin and cut into 

5m-thick sections for analysis. Slides were deparaffinized in two changes of xylenes, 

hydrated through a graded series of ethanol:water mixtures, and washed twice in PBS. 

Endogenous activity of peroxidase was quenched in 3% hydrogen peroxide in methanol 

(v/v). After washing the slides twice in PBS, the antigens then were unmasked by boiling 



slides for 20 minutes in 10 mM sodium citrate buffer (pH 6.0) in a microwave, and slides 

to be stained for BrdUrd and p16 were washed again in PBS and treated for 20 minutes in 

2N HCl to unmask further. Slides were washed twice in PBS, blocked in PBS containing 

5% normal horse serum (v/v) for BrdUrd and MCM7 staining or 5% normal horse serum 

(v/v) and 5% nonfat milk (v/v) for p16 staining for 30 minutes at room temperature, and 

incubated overnight at 4°C with primary antibody (mouse anti-BrdUrd, diluted 1:50, 

Calbiochem Immunochemicals; mouse anti-MCM7, diluted 1:200, NeoMarkers Corp.; 

mouse anti-p16, diluted 1:50, Santa Cruz Biotechnology) in blocking solution. After 

washing the slides twice in PBS, a universal biotinylated secondary antibody (Vector 

Laboratories) diluted 1:100 in PBS was applied for 30 minutes at room temperature, 

followed by two additional washes in PBS and the incubation of the slides with a 

streptavidin-peroxidase solution per instructions from the Universal Vectastain Elite 

ABC Kit (Vector Laboratories). Sections were washed twice more in PBS and developed 

using a DAB Substrate Kit (Vector Laboratories), stopped with water, and counterstained 

for 2 minutes with Hematoxylin QS (Vector Laboratories). Finally, slides were rinsed 

twice in PBS, dehydrated through a series of graded ethanol:water mixtures and xylenes, 

mounted with Cytoseal XYL (Richard-Allan Scientific), and covered with cover slips. 

 

Quantification of BrdUrd. Eight visual fields at 40 magnification were scored as either 

positive (brown) or negative (blue) for BrdUrd. All scoring was performed while blinded 

to the genotypes of the mice from which the sections were generated. Sections from at 

least three mice per genotype and treatment were scored, and data are presented as the 

mean ± standard deviation. 
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