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Abstract. MicroRNAs (miRNAs) are a class of non-coding 
RNAs that negatively regulate their target mRNAs at a post-
transcriptional level, thereby affecting crucial processes in 
cancer development. However, little is known about the molec-
ular events that control expression of miRNAs in cervical 
cancer (CC). HPV16 E7 oncoprotein in conjunction with 
estrogen are sufficient to produce high grade cervical dysplasia 
and invasive cervical malignancies in a mouse model. In the 
present  study, we determined the potential role that the E7 
oncoprotein and 17β-estradiol (E2) play in the deregulation 
of miR-21 and miR-143 expression levels by these two risk 
factors. We found that, while the expression of miR-21 was 
upregulated and the expression of miR-143 was downregulated 
by the HPV16 E7 oncoprotein in vivo, and in vitro and that 
E2 treatment is also implicated in the deregulation of these 
important miRNAs in vivo. Sustained upregulation of miR-21 
resulted in suppression of PTEN expression, and repression of 

miR-143 increased the mRNA and protein levels from Bcl-2. 
These results suggested that HPV type 16 E7 oncoprotein and 
E2 play an important role in regulating miR-21 and miR-143 
expression. We have observed similar results in CC patients 
containing HPV16 sequences, suggesting that these miRNAs 
could serve as diagnostic biomarkers in CC. The present study 
highlights the roles of miRNAs in cervical tissue and impli-
cates these important molecules in cervical carcinogenesis.

Introduction

Cervical cancer (CC), the third most common cancer among 
women worldwide (1), is strongly associated with infection and 
subsequent transformation of cervical cells by high risk-human 
papillomavirus (HR-HPVs) (2), of which HPV16 the most preva-
lent high-risk genotype in CC (3). The HR-HPVs contain three 
major viral oncoproteins: E5, E6 and E7, which are involved 
in the induction and maintenance of the transformed pheno-
type (4). The E7 oncoprotein is the major transforming protein 
and in the context of genetically engineered mice expressing E7 
in cooperation with estradiol (E2) it induces cervical tumors (5), 
in part due to the E7 functions shown previously to dysregulate 
the cell cycle including: E7 binding, destabilization and conse-
quent destruction of pRb (6). HPV16/18 E7 has been shown to 
associate and modify the normal activities of cellular regulatory 
complexes altering cellular gene expression (6,7). Moreover, E2 
binds to the estrogen receptor (ER) to regulate the transcription 
of many genes through both genomic and non-genomic path-
ways (8,9). Genomic pathways include the classical interactions 
of ligand-bound ER dimers with estrogen-responsive elements 
in target gene promoters, in which ER interacts with Sp1, AP1 
and NF-κB proteins. Non-genomic pathways involve effects 
through cell surface receptors linked to the mitogen-activated 
protein kinase pathway (8,9) and may indirectly regulate gene 
activity (8).
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MicroRNAs (miRNAs or miRs) are an abundant class of 
small non-coding RNA molecules that measure approximately 
22 nucleotides in length. They function to regulate gene expres-
sion at the post-transcriptional level by mRNA degradation 
or alternatively by translational repression of protein-coding 
mRNAs (10). Moreover, miRNAs function as oncogenes or 
tumor suppressor, depending on the cellular context and the 
target genes (11). By targeting mRNAs, miRNAs play critical 
roles in cell proliferation (12) and apoptosis (13), as well as 
in the initiation and progression of cancer (14,15). Several 
studies have documented a relationship between the aberrant 
expression of a class of miRNAs and the pathogenesis of many 
human cancers (11,14,16), including CC (17-22). Even though 
miR-21 and miR-143 are aberrantly expressed in CC and are 
closely related to CC development (23,24), the participation of 
the E7 oncoprotein and the hormonal environment have not 
been studied. miR-21 functions as an oncogene by targeting 
tumor suppressor genes including tropomyosin 1 (TPM1), 
programmed cell death 4 (PDCD4), and phosphatase and 
tensin homolog (PTEN); increase in miR-21 levels leads to 
cell proliferation and inhibition of apoptosis, inducing cancer 
invasion and metastasis (25). The promoter regulatory region 
of miR-21 gene consists of several binding sites for transcrip-
tion factors such as activator protein 1 (AP1), and signal 
transducer and activator of transcription 3 (STAT3) (26). In 
contrast, miR-143 through the regulation of antiapoptotic 
Bcl-2 may play an important role in the pathogenesis of CC 
as tumor suppressor; overexpression of miR-143 in HeLa cells 
results in apoptosis and suppression of both Bcl-2 expression 
and cell proliferation (27). Furthermore, the presence of the 
Bcl-2 protein is strongly associated with the development 
of CC (28) and was significantly correlated to the grades of 
cervical intraepithelial neoplasia (29).

The HR-HPVs are responsible for the upregulation of 
oncogenic and/or downregulation of tumor suppressive 
miRNAs through their viral oncoproteins. The HR-HPV16 
E7 oncoprotein upregulates the expression of miR-15b and 
miR-27b (30,31). E2 has also been involved in regulating the 
expression of microRNAs with tumor suppressor and onco-
genic functions. E2 induces 21 miRNAs and represses seven 
miRNAs in MCF-7 breast cancer cells that have the potential 
to control 420 E2-regulated mRNAs at the post-transcriptional 
level (32).

In the present study we investigated if HPV16 E7 oncopro-
tein and 17β-estradiol deregulate the expression of miR-21 and 
miR-143 and their target genes, PTEN and Bcl-2, respectively. 
We found that in the presence of HPV16 E7 oncoprotein and 
E2, miR-21 expression was upregulated, while miR-143 expres-
sion was downregulated. In addition, we observed a negative 
correlation between miR-21 and miR-143 expression and their 
target genes in vitro and in vivo.

Materials and methods

Clinical samples. We analyzed cervical scrapings from 10 
HPV negative healthy women and 14 HPV16 positive cervical 
samples (biopsy tissues) from patients with CC, samples were 
obtained in the Molecular Biomedicine and Cytopathology 
Laboratories at the School of Chemistry and Biology of the 
Autonomous University of Guerrero in Chilpancingo Guerrero, 

and National Cancer Institute in Mexico City, Mexico between 
2012 and 2013. This study was approved by the Bioethical 
Committee of both institutions. Written informed consent was 
obtained from all the participants.

The scraped cells from HPV-negative healthy women were 
suspended in 5 ml ice cold phosphate-buffered saline [(6.4 mM 
Na2HPO4, 1.5 mM KH2PO4, 140 mM NaCl, and 2.7 mM KCl 
(pH 7.2)] and kept on ice until further processing. The cell  
suspension was centrifuged and washed with wash buffer 
[10 mM Hepes/KOH (pH 7.5), 1.5 mM MgCl2, 10 mM KCl 
and 1 mM dithiothreitol]; after the pellet was snap-frozen in 
liquid nitrogen and then stored at -80˚C until used for miRNAs 
and mRNA quantification.

Cell lines. Osteosarcoma Saos2 cell line was obtained from 
the American Type Culture Collection (ATCC; Manassas, VA, 
USA). This cell line was maintained in Dulbecco's modified 
Eagle's medium (Sigma-Aldrich, St. Louis, MO, USA) with 
10% fetal bovine serum (FBS; Invitrogen, Carlsbad, CA, 
USA), 2 mM L-glutamine and 100 U/ml penicillin/strepto-
mycin (Invitrogen) and incubated at 37˚C in a humidified 5% 
CO2 atmosphere. Transfection of the E7 oncogene (plasmid 
pcDNA3E7) was performed using lipofectamine 2000 reagent 
(Invitrogen) according to the manufacturer's instructions. In 
order to obtain a stable cell line, transfected cells were selected  
for 2 weeks in a growth media containing 1,200 mg/ml of 
G418 (Invitrogen). To keep clone selection, cells were grown 
continuously in a medium containing 800 mg/ml of G418.

Transgenic mice. The K14E7HPV16 transgenic (Κ14Ε7) and 
FvB/n control [non-transgenic (NT)] mice have been previ-
ously described (5,33). K14E7 mice were backcrossed in the 
FVB/n background, maintained and used as heterozygotes 
in our experiments. The mice were housed in a pathogen-free 
barrier facility, according to the Association for Assessment 
and Accreditation of Laboratory Animal Care International 
(AAALAC-International). All the experiments and proce-
dures were approved by the Research Unit for Laboratory 
Animal Care Committee (UPEAL-Cinvestav-IPN, Mexico; 
NOM-062-ZOO-1999).

Hormone treatment. Mice were treated with 17β-estradiol 
(E2) as previously reported (5). Briefly, one month-old virgin 
female E7 transgenic and NT mice were s.c. implanted in the 
dorsal skin with continuous release pellets delivering 0.05 mg 
E2 over 60 days (Innovative Research of America, Sarasota, 
FL, USA). Mice were treated with hormone for 6 months; the 
treatment time required the insertion of three pellets. Groups 
of 5 transgenic and NT female mice were used for this study.

Harvesting of the of specimens. After sacrifice by cervical 
dislocation, cervical tissue was rapidly removed and was 
immediately stored in RNAlater solution (Ambion, USA) at 
4˚C overnight. Tissue was recovered from the solution with 
sterile forceps, quickly blotted to remove excess RNAlater and 
immediately snap frozen in liquid nitrogen.

Total RNA extraction. Total RNA (large and small size RNAs) 
was extracted from cultured cells and cervical tissue. For total 
RNA extraction the TRIzol method (Invitrogen) was employed 
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according to the manufacturer's protocol, and the quality and 
concentration of RNA were spectrophotometrically assessed 
by measuring absorbance at A260/280 and by agarose gels 
stained with ethidium bromide.

Quantification of miRNAs and mRNA levels using real-time 
PCR. To detect the levels of mature miRNA in cultured cells 
and cervical tissue, 1-10 ng of total RNA were reverse tran-
scribed to cDNA with specific RT primers using TaqMan® 
MicroRNA reverse transcription kit (Applied Biosystems, 
Foster City, CA, USA). Stem-loop real-time PCR [miR-21 (ID 
000397) and miR-143 (002249)] was used to detect miRNAs 
level by the TaqMan® MicroRNA assays (Applied Biosystems). 
The PCR cycles were as follows: 94˚C for 5 min, followed by 
40 cycles of 94˚C for 30 sec, 60˚C for 30 sec. Real-time reverse 
transcription-polymerase chain reactions were performed 
in an Applied Biosystems 7300 Detection system (Applied 
Biosystems). Relative expression levels were normalized to 
the expression of endogenous control snoRNA202 (001232; 
Applied Biosystems).

For specific mRNA quantification, total RNA (1 µg) was 
reverse transcribed into cDNA by priming with oligo (dT) 
and cDNA synthesis by the Superscript II First-Strand 
Synthesis System (Invitrogen) for RT-PCR according to the 
manufacturer's instructions. Real-time PCR was performed 
using an Applied Biosystems 7300 Detection system (Applied 
Biosystems), using SYBR-Green (SYBR-Green PCR reagents 
kit; Applied Biosystems) and the protocol provided by the 
manufacturer. Annealing temperatures and MgCl2 concen-
trations were optimized to create a one-peak melting curve. 
Additionally, the amplicons were checked by agarose gel elec-
trophoresis for a single band of the expected size. PCRs were 
processed through 40 cycles of a 3-step PCR, including 60 sec 
of denaturation at 95˚C, 60 sec primer dependent annealing 
phase (Table i), and 60 sec template-dependent elongation at 
72˚C.

The reaction (25 µl) consisted of 12.5 µl SYBR-Green 
PCR Master Mix (Applied Biosystems) containing: Taq DNA 
polymerase, reaction buffer, dNTP mix, 1 mM MgCl2 (final 
concentration) and SYBR-Green I dye, 1 µl of each primer 

(0.5 µM), 500 ng template per reaction and ultrapure water. 
All primer sequences and product sizes are described in 
Table I. All reactions were performed on five independent 
mice, and relative expression levels were normalized to the 
expression of HPRT mRNA. The expression of miRNA and 
mRNA was determined from the threshold cycle (Ct), and 
the relative expression levels were calculated by the 2-ΔΔCt 

method (34).

Western blot analysis. Frozen (-70˚C) cervical samples were 
pulverized with a mortar and pestle in liquid nitrogen. Cells and 
cervical samples were lysed on ice in lysis buffer (25 mM Tris, 
pH 7.5, 150 mM NaCl, 1% NP-40, 0.5% sodium deoxycholate 
and 0.1% SDS) containing proteinase inhibitors and incubated 
on ice for 30 min. Following centrifugation at 16,000 x g 
for 15 min at 4˚C, the supernatant containing the total cell 
extract was collected and aliquots were kept at -80˚C. The 
protein concentrations were measured by the Bradford assay; 
proteins were heat denatured and ran on 10% SDS-PAGE gels. 
The proteins were transferred onto nitrocellulose membranes 
and, after blocking with 10% non-fat milk in PBS containg 
0.1% Tween-20 (PBST) for 1 h, the membranes were incu-
bated overnight with diluted (1:500) primary antibody. The 
following primary antibodies were used: PTEN (Sc-7974; 
Santa Cruz Biotechnology, Santa Cruz, CA, USA) and Bcl-2 
(Sc-7382, Santa Cruz Biotechnology). The next day, blots were 
washed three times for 5 min each with PBST and incubated 
with HRP-conjugated anti-mouse or anti-rabbit secondary 
antibody (Sigma) for 1 h at room temperature. The stained 
membranes were visualized by enhanced chemiluminescence 
reaction using the SuperSignal West Pico Chemiluminescent 
Substrate (Thermo Fisher scientific).

Statistical analysis. Data were analyzed using GraphPad Prism 
software (v5.0; GraphPad Software, Inc., La Jolla, CA, USA). 
Mann-Whitney test was used to compare differences among 
miRNA, mRNA and protein expression levels between groups 
and results were presented as mean ± standard deviation (SD). 
p-values <0.05 were considered significantly different between 
data sets.

Table I. Primer sequences used in the present study.

Gene				    Amplicon
symbol	 Forward primer	 Reverse primer	 Temp. (˚C)	 size (bp)

mouse
  PTEN	 GGATGTCGTCCTGAAGGGAG	 GCTTCGCTGGAGGAACCTG	 60	 108
  BCL2	 ACTTCGCAGAGATGTCCAGTCA	 TGGCAAAGCGTCCCCTC	 60	 63
  HPRT	 CCAGCAAGCTTGCAACCTTAAC	 GTAATGATCAGTCAACGGGGG	 60	 177
Human
  PTEN	 GGTCATGTGTGTGGAGAGC	 GATCCAGGTGTGCAGGTG	 60	 78
  BCL2	 CCGAAAGGTTTTGCTACCATTCT	 AAAATTATTTCCTTTCTGAGCATTCC	 60	 105
  β2M	 ACCCCCACTGAAAAAGATGAG	 ATGATGCTGCTTACATGTCTCG	 60	 100

The RTPrimerDB website (http://frodo.wi.mit.edu/) was used to design the primers. The optimal annealing temperature of the DNA poly-
merase contained in the SYBR® Green PCR Master Mix is 60˚C. Specificity of the primer pairs for relevant genes was verified by performing 
nucleotide alignment searches using BLAST.
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Results

The E7 oncoprotein and 17β-estradiol affect miR-21 and 
miR-143 expression in cervical tissue of K14E7 transgenic 
mice. It is well known that high-risk HPV16 infection and 
estradiol are considered as risks factors for CC. The HPV E7 
oncoprotein is the primary factor responsible for blocking 
cell cycle exit during differentiation (3,35). Given that in the 
transgenic model of cervical cancer (K14E7 mice) chronic 
exposure to 17β-estradiol (E2) is important for neoplasia devel-
opment, we investigated in mice cervical tissue the individual 
and combined effect of E2 and the HPV16 E7 oncoprotein on 
the expression of miR-21 and miR-143, known to play a role 
in the modulation of cell proliferation and survival genes. 
Reverse transcription quantitative polymerase chain reaction 
(RT-qPCR) analysis of miRNA from cervical tissue clearly 
showed that the expression level of miR-21 was significantly 
higher in E7 or E2 treated mice. Compared to non-transgenic 
mice (NT), miR-21 expression levels in NT+E2 mice were 
increased with an average fold change of 4.88-fold (p=0.004; 
Fig.  1A). In K14E7 transgenic mice without E2 treatment 
miR-21 was also strongly increased (7.77-fold) compared to 
NT mice (p=0.009; Fig. 1A). In K14E7+E2 mice the average 
fold change of oncogenic miR-21 was 7.58-fold (p=0.004; 
Fig. 1A). Thus, in 7 month-old mice, both HPV16E7 oncopro-
tein and E2 clearly induce miR-21 overexpression. In contrast 
to miR-21, the levels of miR-143, considered tumor suppressor 
miRNA, are significantly low in cervical tissue containing 
E7 or E2. When compared to NT mice, the miR-143 expres-
sion in NT+E2 mice was significantly decreased (the average 
fold change was 0.42-fold) (Fig.  1B). In cervix of K14E7 
mice without E2 treatment the miR-143 expression level was 
also significantly decreased (0.43-fold) (p=0.007; Fig. 1B). 
Likewise, in K14E7+E2 transgenic mice the average fold 
change of miR-143 was lower (0.41-fold) compared to NT 
mice (p=0.009; Fig. 1B). These data show that in 7 month-old 
mice the presence of E2 or of the E7 oncoprotein, increased the 
levels of miR-21 while decreased those of miR-143.

Expression of miRNA target genes in K14E7 cervical tissue. 
It has been reported that miR-21 is involved in the regula-

tion of PTEN, while miR-143 regulates the bcl-2 expression 
in CC. Employing the K14E7 model, we explored whether 
the E2 and E7-induced miR-21 upregulation can repress the 
levels of mRNA and protein for an important target gene, 
the phosphatase-tensin homolog (PTEN). Surprisingly, we 
observed that both PTEN mRNA and protein expression were 
upregulated in NT+E2 mice as compared with NT (mRNA, 
1.69-fold; protein, 1.93-fold; Fig. 2A and C). The cervical tissue 
from K14E7 transgenic mice expressed a significantly lower 
level of PTEN mRNA (0.07-fold), while that in K14E7+E2 
mice expressed 0.23-fold compared to NT mice (Fig. 2A). 
Similarly, PTEN protein levels also decreased in K14E7 and 
K14E7+E2 mice compared to NT mice, although the decrease 
in K14E7+E2 mice was not statistically significant (p=0.258). 
However, when compared with NT+E2, K14E7+E2 showed a 
significant decrease (p=0.036) in cervical tissue. We observed 
a significant inverse correlation between miR-21 and PTEN 
mRNA and protein expression in the K14E7 transgenic mice 
(Pearson's correlation r=-0.881, p=0.049; r=-0.898, p=0.039, 
respectively), but not in NT+E2 and K14E7+E2 (Table II).

The expression of miR-143 was significantly decreased by 
E2 and E7 in cervical tissue (Fig. 1B). To explore whether this 
downregulated miR-143 may increase the mRNA and protein 
levels of an important target gene, the expression of B-cell 
lymphoma (Bcl-2) was determined. We performed RT-qPCR 
and western blot analysis to determine whether this low 
miR-143 level leads to increased Bcl-2 mRNA and protein 
levels in cervical cancer. As shown in Fig. 2B downregulated 
miR-143 induced a significant increase in Bcl-2 mRNA 
(NT+E2, 4.94; K14E7, 3.75; K14E7+E2, 6.11) as compared 
with NT mice. Similarly, Bcl-2 protein levels were increased 
when miR-143 was downregulated (NT+E2, 2.07; K14E7, 
2.60; K14E7+E2, 3.56) (Fig. 2D). A strong inverse correlation 
between miR-143 expression levels and Bcl-2 mRNA and 
protein levels was observed in cervical tissues from transgenic 
K14E7 mice, evaluated by Pearson's correlation (r=-0.939, 
p=0.018; r=-0.956, p=0.044, respectively) (Table ii ). Our 
results indicate that PTEN expression was downregulated and 
Bcl-2 expression was upregulated in K14E7 cervical cancer 
correlating with miR-21 being upregulated and miR-143 down-
regulated, respectively. 

Figure 1. Effect of the E7 oncoprotein, E2 and E7 + E2 on miR-21 and miR-143 expression levels in the cervix of 7 month-old mice. (A) miR-21 and (B) miR-143 
expression levels in cervical tissue from K14E7 and NT mice with and without E2 treatment during 6 months (7 months of age). TaqMan microRNA assay 
was carried out to detect the mature form of microRNAs, as described in Materials and methods. Experiments were performed in each of five mice per group; 
values normalized to Sno202 were expressed as means ± SD. Mann-Whitney test was performed and statistical significance was determined as p<0.05. Bars 
represent mean. Error bars represent SD. E2, 17β-estradiol; NT, non-transgenic.
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The E7 oncoprotein represses PTEN expression by upregu-
lating miR-21 in Saos-2 cells. To confirm that E7 expression 
can disturb miRNA levels, we stably transfected Saos-2 cells 
with the HPV16 E7 gene. As shown in Fig. 3A, expression of the 
E7 oncoprotein resulted in a 2.14-fold upregulation (P=0.029) 

in the expression of miR-21 (Fig. 3A). To explore whether the 
upregulated expression of miR-21 caused by HPV16 E7 onco-
protein expression, can repress its target genes, the expression 
of PTEN was measured by RT-qPCR and western blot 
analysis. As shown in Fig. 4A and B, the expression of PTEN 

Figure 2. Expression levels of PTEN and BCL2 in the cervical cancer model. (A and B) Reverse transcription quantitative polymerase chain reaction (RT-qPCR) 
was performed to determine the mRNA expression levels of PTEN and BCL2. (C and D) Western blot analysis (WB) and quantitative densitometry of PTEN and 
BCL2 proteins. RT-qPCR experiments were performed in quintuplicate and values are expressed as means ± SD (normalized to HPRT); Mann-Whitney test was 
performed and statistical significance was determined as p<0.05 comparing expression in squamous epithelium from the cervix of NT mice vs. NT+E2, K14E7 
and K14E7+E2 mice. The WB analysis was performed in cervical tissue from NT mice and K14E7 transgenic mice with and without E2 treatment. Experiments 
were performed in quintuplicate and normalized to α-actin. A representative WB experiment is shown in panels C and D. Bars represent mean. Error bars 
represent SD. Statistical significance was determined as p<0.05. E2, 17β-estradiol; NT, non-transgenic.

Table II. Pearson's correlation coefficients between miRNA expression, mRNA levels and protein levels.

	 NT+E2	 K14E7	 K14E7+E2
	 -------------------------------------------------------------	 -------------------------------------------------------------	 ---------------------------------------------------------------

	 r	 p-value	 r	 p-value	 r	 p-value

miR-21
  miR-21 expression and PTEN mRNA expression	 0.952	 0.048	 -0.881	 0.049	 -0.928	 0.071
  miR-21 expression and PTEN protein levels	 0.689	 0.199	 -0.898	 0.039	 0.371	 0.539
miR143
  miR-143 expression and BCL2 mRNA expression	 -0.916	 0.029	 -0.939	 0.018	 -0.960	 0.040
  miR-143 expression and BCL2 protein levels	 -0.952	 0.048	 -0.956	 0.044	 -0.946	 0.015
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Figure 4. PTEN downregulation and BCL2 upregulation induced by the HPV16 E7 oncoprotein. Saos-2 cells were stably transfected, as indicated in Materials 
and methods. (A and C) RT-qPCR analysis was performed to determine PTEN and BCL2 mRNA expression levels, respectively, in stably transfected Saos-2 
cells. (B and D) Western blot analysis (WB) and quantitative densitometry of PTEN and BCL2 proteins in stably transfected Saos-2 cells. Three independent 
RT-qPCR experiments were performed and values are expressed as means ± SD (normalized to HPRT); Mann-Whitney test was performed and statistical sig-
nificance was determined as p<0.05, comparing expression in Saos-2 cells transfected with pcDNA3 (empty vector) vs. Saos-2 cells transfected with plasmid 
expressing E7 (pcDNA3E7). WB experiments were performed in three independent cell cultures and normalized to α-actin. A representative experiment is 
shown in panels B and D. Bars represent mean. Error bars represent SD.

Figure 3. Effect of HPV16 E7 oncoprotein on miR-21 and miR-143 expression levels. Saos-2 cells were stably transfected with either pcDNA3 (empty vector) 
or with plasmid expressing HPV16 E7 protein (pcDNA3E7), as indicated in Materials and methods. Data obtained by RT-qPCR amplification miR-21 and 
miR-143 are plotted. (A) The expression level of miR-21 in stably E7 transfected Saos-2 cells was significantly upregulated (median ± SD; 2.14±0.58, p=0.029). 
(B) The expression level of miR-143 was significantly downregulated (median ± SD; 0.56±0.32, p=0.029). (C) Expression of E7 transcripts in stably transfected 
Saos-2 cells. Black arrows indicate the E7 oncogene and β2M expression, respectively. miR-21 and miR-143 are normalized by U6 snRNA. Each point 
represents the mean of three independent experiments. Bars represent mean. Error bars represent SD. Statistical significance was determined as p<0.05. β2M, 
β-2-microglobulin.
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was significantly repressed in miR-21-upregulated Saos-2 cells 
compared to control (stably transfected pcDNA3 cells) [PTEN 
mRNA: 0.19 (p=0.006); PTEN protein: 0.60 (p=0.002)]. The 
results indicated that miR-21 upregulation, which is caused by 
the HPV16 E7 oncoprotein, represses PTEN expression.

The E7 oncoprotein upregulates expression of Bcl-2 by 
downregulating miR-143. We observed that in Saos-2 cells 
the E7 oncoprotein downregulated (0.57-fold, p=0.029) the 
expression of miR-143 (Fig.  3B). To explore whether the 
downregulation of miR-143 in Saos-2 cells expressing the E7 
oncoprotein can increase the expression of its target genes, 
Bcl-2, mRNA and protein levels for this gene were quanti-
fied. As shown in Fig. 4C and D, the expression of Bcl-2 was 
significantly upregulated in E7 expressing Saos-2 cells [Bcl-2 
mRNA: 2.09 (p=0.020); Bcl-2 protein: 1.56 (p=0.007)]. 
These results suggest that miR-143 downregulation by the 
HPV16 E7 oncoprotein leads to Bcl-2 overexpression.

Expression of miR-21 and miR-143 is altered by HPV16 
in cervical cancer. We confirmed the pattern of miR-21 
and miR-143 expression in samples obtained from HPV16-
positive CC patients compared with cervical scrapings from 
HPV-negative healthy individuals, as previously reported in 
cell lines and HPV-positive samples (23,24). TaqMan RT-qPCR 
assays showed that miR-21 levels were significantly higher 
(4.15, p=0.027; Fig. 5A) and miR-143 significantly lower (0.44, 
p=0.021; Fig. 5B) in the HPV16-positive CC patients than in 
HPV-negative healthy individuals. These results support the 
hypothesis that HPV16 through its oncogenic oncoproteins 
plays a role in the deregulation of miR-21 and miR-143 
expression.

Discussion

HPV infection and 17β-estradiol (E2) are risk factors for CC 
development (5,35,36); ~95% of these cancers are associ-
ated with persistent HR-HPV infection (36). HR-HPV have 
been reported to modify the expression patterns of certain 

miRNAs (17-21), but the specific involvement of the HPV16 
E7 oncoprotein and E2 has not been explored. In the present 
study, using a mouse model for HPV-associated cervical 
carcinogenesis (K14E7 transgenic mice), we aimed to inves-
tigate whether the high miR-21 and low miR-143 expression 
levels in CC are associated with the HVP16 E7 oncoprotein 
and E2. In addition, using a cell line that expressed HPV16 
E7 oncoprotein we determined if the E7 oncoprotein was 
involved in the deregulation of miR-21 and miR-143 in vitro. 
Squamous epithelial neoplasia in these animals progresses 
from low-grade squamous intraepithelial lesion to high-grade 
cervical dysplasia and ultimately invasive cervical malignan-
cies after six months exposure to a chronic low-dose of E2, 
mimicking malignant progression in women (5). It is widely 
known that miR-21 is the most highly overexpressed miRNA 
in numerous cancers including cervical cancer (17-21), and 
that in HPV-positive samples miR-21 expression correlates 
with the progression of high grade cervical lesions to CC 
making it a credible biomarker for HPV-associated cervical 
carcinogenesis (37). Here, we observed in the K14E7 murine 
model and cell lines expressing HPV16 E7 oncoprotein a 
strong upregulation of miR-21 compared to controls. We 
also found in transgenic and NT mice that E2 treatment 
induces an increase in miR-21 expression levels. This is 
similar to the situation observed in breast cancers where it 
was reported that E2 induced expression of this important 
miRNA (32,38). These results suggest that HPV16 E7 onco-
protein induces miR-21 expression both in vivo and in vitro 
and that E2 may cooperate in this effect.

Many different miR-21 target genes, such as TPM1, 
PDCD4, CCL20 and PTEN tumor suppressor have been 
reported (25,39). For example, it was observed that miR-21 
overexpression was associated with downregulation of the 
tumor-suppressive PTEN in endometrial cancer  (40) and 
HPV-positive cervical cancers (41). Based on these results, 
we investigated if the presence of the HPV16 E7 oncoprotein 
alone or in conjunction with E2 induced a similar effect on 
the expression of a miR-21 target gene. In the present study, 
we performed matched analyses of miR-21 and PTEN mRNA 

Figure 5. miR-21 and miR-143 expression in HPV16-positive cervical cancer patients and healthy individuals. Ten normal cervical scrapings negative for 
human papillomavirus (HPV) and 14 cervical cancer (CC) samples positive for HPV16 were used to detect the mature form of miRNAs, as indicated in 
Materials and methods. Data obtained by real-time RT-PCR amplification of miR-21 and miR-143 are plotted. (A) The expression level of miR-21 was 
significantly higher (median ± SD; 4.15±0.97, p=0.027) in HPV16-positive CC patients as compared with the healthy individuals. (B) The expression level of 
miR-143 in HPV16-positive cervical cancer patients was significantly lower (median ± SD; 0.44±0.12, p=0.022) than in the healthy individuals. miR-21 and 
miR-143 are normalized by U6 snRNA. Bars represent the the mean. Error bars represent standard deviation (SD).
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and protein expression in cervical tissue obtained from the 
K14E7 mouse model in the presence or absence of E2 as well 
as from the Saos-2 cell line expressing E7; we observed that 
PTEN mRNA and protein levels were downregulated in both 
the K14E7 model and the Saos-2 cell line expressing HPV16 
E7. Likewise, our results showed a significantly negative corre-
lation between miR-21 levels and PTEN protein and mRNA 
expression, suggesting that both in vivo and in vitro the HPV16 
E7 oncoprotein dowregulates PTEN through the upregula-
tion of miR-21. Notably, our results show that miR-21 was 
upregulated in NT mice treated with E2, but PTEN mRNA and 
protein levels were also remarkably increased in these mice, 
indicating that a chronic physiological dose of 17β-estradiol 
induces upregulation of PTEN in cervical tissue as previously 
reported in the HepG2 cell line and leiomyomas where the 
increase in PTEN expression was attributed to E2 (42,43). As 
compared with NT+E2 mice, PTEN was strongly repressed in 
both K14E7 and K14E7+ E2 mice (Fig. 2A and B), and the 
effect is attributed to the E7 oncoprotein.

The high expression of miR-21 in the K14E7 murine model 
could be explained by a similar signaling pathway induced 
by the E7 and E2 treatment. The Ras/ERK pathway plays an 
important role in tumorigenesis and it is well known that the 
E7 expression and E2 cause activation of this pathway (44,45). 
ERK signal activates AP-1 as well as c-Jun and c-Fos, which 
regulate expression of genes involved in cell proliferation, 
differentiation, malignant transformation and metastasis (46). 
In this sense, it has been reported that the E7 oncoprotein 
upregulates the expression of AP-1  (44) and E2 increases 
the signaling activity of this transcriptional factor (47). The 

activation of AP-1 could increase the miR-21 levels because it 
was reported that AP-1 activates miR-21 transcription through 
conserved AP-1 binding sites in its promoter  (48), which 
would explain the increase in miR-21 expression found by both 
HPV16 E7 oncoprotein and E2 treatment.

The increased expression level of miR-21 induced by 
HPV16 E7 oncoprotein and E2 might represent an important 
step towards the development of CC since the majority of 
its reported targets are tumor suppressors, such as PTEN, 
frequently found diminished in CC  (41,49). PTEN nega-
tively regulates cell proliferation by blocking the PI3K/AKT 
signaling pathway (50), a pathway known to play a key role in 
numerous cellular functions including proliferation, adhesion, 
angiogenesis and migration (51). On the other hand, it has been 
reported that E7 oncoprotein and 17β-estradiol upregulate 
the AKT signaling pathway (52,53). The ability of HPV16 
E7 oncoprotein to upregulate AKT activity depends on the 
inactivation of the retinoblastoma (Rb) gene product family 
of proteins (52), while E2 can activate the PI3K/AKT pathway 
by an ER-dependent action (53). Thus, PI3K/AKT activation is 
achieved by several mechanisms, including the upregulation 
of miR-21 and inactivation of PTEN in presence of the E7 
oncoprotein and E2 (Fig. 6).

miR-143 acts as a tumor suppressor and it has been 
reported downregulated in HPV-positive cell lines and 
CC (17-21,23,24,27,54). In the present study, we found that 
miR-143 expression is downregulated in the K14E7 model 
and cell lines expressing HPV16 E7; we also observed that 
miR-143 expression levels were significantly downregulated 
by E2 in transgenic and NT mice treated with E2, as reported in 

Figure 6. Model on how HPV16 E7 oncoprotein and E2 may alter miRNA levels and cellular processes. HPV16 E7 oncoprotein and estradiol upregulates 
miR-21 expression through activation Ras and MEK/ERK pathway, whose upregulation leads to AP-1 activation, which acts as a transcription factor for miR-
21. The miR-21 upregulation promotes cell growth and cell proliferation by inhibition of its target genes (such as PTEN), avoiding the regulation of PI3K/AKT 
pathway; this pathway is also favored by the upregulation of Ras through HPV16 E7 oncoprotein and estrogen. Additionally, the HPV16 E7 oncoprotein and 
estrogen downregulates the tumor suppressive. miR-143 leading to upregulation of BCL2 protein, allowing protection from apoptosis. Thus, HPV16 E7 and 
estradiol, though miRNA modulation, play an important role in CC increasing cell growth, proliferation and cell survival. See Discussion section for details 
and references.
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breast cancer (32). Our results suggest for the first time that the 
E7 oncoprotein may downregulate miR-143 expression both 
in vivo and in vitro and that E2 treatment is also implicated in 
the downregulation of this important miRNA in vivo.

miR-143 is involved in the negative regulation of Bcl-2 
expression in CC (27), and the suppressive effects of miR-143 
on cell proliferation and promotion of apoptosis is, at least 
in part, through suppression of Bcl-2 expression  (27). 
Moreover, it has been reported that the abnormal activation of 
Bcl-2 is in agreement with a significant increase in the resis-
tance to apoptosis in E7-transfected cells (55). In the same 
manner, E2 inhibits apoptosis partially by the induction of 
Bcl-2 transcription (56). Here, we observed that both mRNA 
and protein levels of Bcl-2 were remarkably enhanced in 
the K14E7 mice model and cell lines expressing the HPV16 
E7 oncoprotein. Likewise, Bcl-2 expression was increased 
in mice treated with E2, indicating that estrogen induces 
upregulation of Bcl-2 in mouse cervical tissue, similarly 
to the effect observed in MCF-7 cells (56). Otherwise, we 
determined an inverse relationship between miR-143 expres-
sion and Bcl-2 mRNA and protein levels, comparable to that 
found in cervical cell lines and human cervical tumors (27). 
A possible explanation for the low expression of miR-143 
in our murine model is that this miRNA is transcribed by 
nuclear factor kappa B (NF-κB) (57), which is attenuated by 
the E7 oncoprotein (58); therefore, in  the presence of E7 the 
downregulation of miR-143 could result in overexpression of 
Bcl-2, thereby blocking apoptosis (Fig. 6).

We also confirmed in CC samples containing HPV16 that 
miR-21 expression was significantly increased, while miR-143 
expression was decreased with respect to cervical scrapings 
(HPV-negative), as reported in HPV-infected CC (17-21). This 
is consistent with the hypothesis that the HPV16 E7 oncopro-
tein is responsible for the deregulation of these miRNAs in 
HPV16-positive CC patients.

In conclusion, we demonstrated a role for the HPV16 E7 
oncoprotein and E2 in the regulation of miR-21 and miR-143 
expression in cervical tissue. Two major trends were shown in 
the presence of the HPV16 E7 oncoprotein in vivo and in vitro: 
i) miR-21 overexpression and downregulation of PTEN and ii) 
miR-143 expression was reduced, while Bcl-2 was overex-
pressed. We also showed that E2 is involved in deregulating the 
expression levels of miR-21 and miR-143 in vivo. We posit that 
these alterations in host gene regulation contribute to changes 
in several biological processes including cell proliferation and 
apoptosis that lead to CC. These findings not only provide 
insight into the interplay between the HPV16 E7 oncoprotein, 
E2 and miRNAs in cervical tissue, but also opens up new diag-
nostic perspectives in CC.
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