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Abstract: Cervical cancer is a health issue worldwide. Many factors are related to this condition as
persistent human papillomavirus infection, use of hormonal contraceptives, pH changes and
bacterial vaginosis. The association between the microbiota and cervical cancer is an interesting
issue; given that environmental and hormonal factors changing the vaginal microbiota may
contribute to cancer. Using High-throughput DNA sequencing of V3-16S rDNA libraries, we
determined the bacterial diversity in cervicovaginal lavages and fecal samples at different stages of
cervical cancer development in the K14HPV16E7 mice model under +/- 17(3-estradiol (E2) stimulus
and compared it with an isogenic control (FVB). We found that continuous E2 administration during
6 months in the model with type 16 E7 expression causing development of cancer, is associated with
significant changes in the microbiota diversity in the cervicovaginal lavages. Similar results were
not observed in the model when no E2 was administered, neither in the FVB mice. Comparable
changes in the microbiota diversity of fecal samples were not observed. The expression of E7
oncogene or the 17p3-estradiol for longer periods of time, cause changes in the vaginal microbiota
and the cervical epithelium not necessarily leading to cervical cancer; however, the action of both,
contributes to cervical carcinoma.
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1. Introduction

Cervical cancer is the second most common cancer affecting woman worldwide [1], and several
factors like the human papillomavirus (HPV) [2], the use of contraceptives [3], and the vaginal
microbiota [4] contribute to this cancer. In humans, the vaginal microbiota protect against sexually
transmitted infections, modulates immunity, and regulates pH [5]. Among the many commensal
bacteria in the vagina, the lactobacillus are the more relevant species [6]. Persistent high-risk HPV
type 16 and 18 infections are associated to ~70% of cases [7]. HPV16 E6 and E7 oncogenes are factors
for initiation and progression of cancer [8]. In our study we characterize the diversity of the vaginal
and fecal bacterial microbiota in female mice after induction of cervical cancer, to understand the
combined effect of HPV, E2 and the microbiota. We explored the existence of dysbiosis in the
reproductive tract of the K14E7 female mice model during induction of cancer by 173-estradiol.
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2. Methodology

2.1.17B-. estradiol treatment and induction of cancer

The K14E7 [9] and the FVB [10] mice were housed and treated according to the AAALAC
regulations. The Research Unit for Laboratory Animal Care Committee (NOM-062-ZO0-1999)
approved all experimental procedure. For 17B-estradiol treatment (E2) treatment, 1-month old virgin
female transgenic and non-transgenic mice were implanted every month with continuous release
pellets (Innovative Research of America, Cat. No. E-121) delivering 50.0 pg of E2 for 60 days in the
dorsal skin of 1-month old mice. Mice were sacrificed at month-6 of treatment (7-month-old) as
previously described [11]. Subjects were classified in four groups: FvB (control), FvB+E2, K14E7, and
K14E7+E2.

2.2. Obtain of cervix tissue

All the mice were sacrificed by cervical dislocation before dissection. All the samples were
formalin-fixed, and paraffin embedded. Serial sections 5 um thick were processed for hematoxylin
and eosin staining as previously reported [12].

2.3. Detection the expression of transgene HPV16 E7

For quality assurance of the appropriate expression of the E7 transgene in the K14E7 and FvB
mice was confirmed the mRNA by qPCR as previously described [13].

2.4. Sample collection

Sample collection from the vaginal tract of female mice was made as previously described [14],
with the following modifications: the cervicovaginal lavage was done by inserting a sterile pipette
tip into the vaginal space flushing 3 times back and forth with 20 uL 1X sterile phosphate-buffered
saline (PBS). Fecal samples were collected directly from the mice in 1.5 mL sterile polypropylene
tubes. All samples were frozen at -80° C until further processing.

2.5. DNA extraction from samples

The genomic DNA from cervicovaginal was extracted from 200 pL using QIAamp DNA Stool
Mini Kit (QIAGEN) following the instructions. The DNA was eluted in 50 pyL. The genomic DNA
from fecal sample was extracted from 200 mg of sample, DNA was extracted and eluted in 100. The
quantity of purified DNA was measured at A260/280 ratio using a NanoDrop Spectrophotometer
(Thermo Fisher Scientific, California USA), and the quality was evaluated by electrophoretic
fractionation in 0.5 % agarose gels. Average DNA concentration was 452.7 ng/uL (+64.7 SD) for
cervicovaginal lavage pools and 445.0 (+71.0 SD) for each fecal sample.

2.6. Preparation of V3 16S rDNA libraries

The libraries for sequencing were prepared for each cervicovaginal pool and fecal samples.
Using an amplicon of ~281 bp containing the V3 variable region of the 165 RNA gene was amplified
using V3-341F as previously described [15, 16]. PCR reactions were made using 50 ng of template
DNA in a final volume of 50 pL as previously reported [16]. The libraries size and concentration were
confirmed using the Agilent 2100 Bioanalyzer system.

2.7. High-throughput DNA sequencing

Sequencing was made using Ion OneTouch 2, Ion PGM Template OT2 200 Kit v2 DL (Life
Technologies, California, USA), Ion 318 Chip Kit v2 and Ion Torrent PGM System as previously
described [17]. After sequencing, all reads were filtered by the PGM software to exclude low quality
and polyclonal sequences and were analyzed using FastQC software v0.11.9 [18] and trimmed to 200
nt using Trimmomatic v0.38. Demultiplexed FASTQ files were converted into FASTA files,
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concatenated into a single file, and then processed with multiple QIIME (Quantitative Insights into
Microbial Ecology) v1.9.0 scripts [19]. DNA sequences were classified into Operational Taxonomic
Units (OTUs) using closed based picking parameters with a 97 % similarity level against Greengenes
database v13.8. The sequence FASTQ files, and the corresponding mapping file for all samples used
in this study, were deposited in the NCBI BioSample repository (Accession Number: PRINA588243)
link: https://www.ncbi.nlm.nih.gov/sra/PRINA588243.

2.8. Determination of the abundance of the microbiota relative abundance

Data were analyzed with QIIME pipeline to determine relative abundance of bacterial taxa.
summarize_taxa_through_plots.py showed the relative abundance by plots.

2.9. Determination of shared OTU’s from microbiota

We used the otu_table.biom files and the shared_phylotypes.py program from QIIME (v1.9.0)
pipeline to determine the number of shared phylotypes between all the samples in cervicovaginal
lavage and fecal samples.

2.10. Statistical analyses

All statistical analyses were done using SPSS (v24.0). Relative abundance values were analyzed
using Mann-Whitney U tests.

3. Results

3.1. Diferent profile of microbiota on cervicovaginal is associated to expression of the Type 16 E7 oncogene
and/or E2 treatment

The analyses of the relative abundance only show a tendency but not significant changes in the
phyla abundances of the cervicovaginal lavages, comparing by the E2 treatment, there is an increase
on the phylum of Firmicutes (p-value 0.26) and decrease of the phyla Bacteroidetes (p-value 0.54) and
Actinobacteria (p-value 0.90) comparing K14E7 vs K14E7_E2; there is an increase of the phylum
Proteobacteria (p-value 0.46) and decrease of the phyla Firmicutes (p-value 0.32) and Bacteroidetes (p-
value 0.71) when comparing FVB vs FVB_E2. In relation to E7 expression, K14E7 show more relative
abundance of phyla Proteobacteria (p-value 0.17), and Actinobacteria (p-value 0.26), but lower relative
abundance of the phyla Firmicutes (p-value 0.38) and Bacteoridetes (p-value 1.00) than the FVB mice;
and K14E7_2 show more relative abundance of phylum Firmicutes (p-value 0.21), but lower relative
abundance of the phyla Proteobacteria (p-value 0.90) and Actinobacteria (p-value 1.00) than FVB_E2
(Fig. 1). There was not observed differences in the relative abundance for phyla in the fecal samples
from same mice (Fig. 2).
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Figure 1. Relative abundance of bacterial phyla in cervicovaginal lavage of FVB and K14E7 mice.
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Figure 2. Relative abundance of bacterial phyla in copro of FVB and K14E7 mice.

3.2. Samples from cervicovaginal have diferent number of OTU s shared due to the expression of the Type 16
E7 oncogene and/or E2 treatment

Using the shared phylotypes analyses e for the case cervicovaginal lavages, there are 7179 OTUs
in common from K14E7 with or without E2, 3361 exclusive OTU's before the E2 treatment and 717
exclusive OTU's after E2 treatment on K14E7 mice; on other hand, there are 6091 OTUs in common
from FVB with or without E2, 1149 exclusive OTUs before the E2 treatment and 2212 exclusive OTUs
after E2 treatment on K14E7 mice (Fig. 3).

K14E7 K14_E2 FVB FVB_E2

3361

(@) (b)

Figure 3. Shared OTU’s from cervicovaginal lavage between K14E7 and FVB mice. (a) Comparing
K14E7 with and without E2 treatment; (b) Comparing FVB with and without E2.

4. Discussion

In this study we characterized the abundance of phyla from the cervicovaginal and fecal
microbiota in the K14E7 model for cervical cancer, with the objective to understand if there is synergia
among Type 16 E7 oncogene expression, the use of 17p-estradiol, and changes in the composition of
the vaginal microbiota. Our hypothesis was that changes in its diversity contribute to the
development of cervical cancer. Although we not observed severe vaginal or fecal microbiota
dysbiosis, we detected higher abundance of the phyla Proteobacteria on K14E7 with or without E2,
and FVB with E2; this phylum is associated with cervical cancer [20].

5. Conclusions

We conclude that expression of the E7, or the use of hormonal contraceptives for instance 173-
estradiol for longer periods of time, by their sides may cause changes on cervicovaginal microbiota
but not necessarily this leads to cervical cancer; however, is necessary further studies for determine
if the combined two factors can lead cervical carcinoma.
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