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Aims: High-risk human papillomavirus (HPV) infection is one of the major causes of infection-related cancers
worldwide. MicroRNAs (miRNAs) are a family of non-coding RNAs (ncRNAs), whose dysregulated levels may
cause an aberrant expression of genes involved in oncogenic pathways and consequently lead to cancer develop-
ment. This is the case of the miRNA-150 (miR-150), whose expression in HPV-induced lesions remains unclear
and the present work aims to clarify it. We employed K14-HPV16 mice, which express the early genes of
HPV16 in basal keratinocytes, leading to the development of hyperplastic and dysplastic skin lesions and squa-
mous cell carcinomas, and are a representative model of HPV-induced cancers.
Main methods: In order to evaluate the expression of miR-150 in HPV-induced lesions, we performed qPCR in
wild-type mice (HPV−/−) and in skin lesions of K14-HPV16 transgenic mice (HPV+/−). Matched skin samples
were analyzed histologically.
Key findings: 24–26 weeks-old HPV+/− mice showed diffuse epidermal hyperplasia and focal dysplasia in a hy-
perplastic background (31.8% incidence), but 28–30weeks-old HPV+/−mice presented higher incidence of dys-
plasia (100.0%). MiR-150was upregulated in HPV+/−micewhen comparedwith HPV−/−mice (p b 0.001). MiR-
150 was also overexpressed in diffuse dysplastic lesions when compared with hyperplastic lesions (p= 0.005).
Significance: The present results suggest that miR-150 is overexpressed in HPV-induced lesions in thismodel and
its expression seems to increase with lesion progression, along the process of multi-step carcinogenesis.

© 2017 Elsevier Inc. All rights reserved.
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1. Introduction

High-risk HPV infection is commonly transmitted by sexual contact
and is responsible for approximately 5% of all cancers worldwide [1].

In cervical cancer (CC), which is the second leading cause of cancermor-
tality in women worldwide, high-risk HPV DNA is present in 99,7% of
the cases [2,3].

Current developments, concerning the different players involved in
HPV-induced carcinogenesis, suggest that miRNAs play a significant
role in the dysregulation of cellular processes [4,5]. MiRNAs are a family
of ncRNAs of approximately 22 nucleotides in length that negatively
regulate gene expression post-transcriptionally, by translational repres-
sion or mRNA degradation, mainly through binding to the 3′-UTR of
their target mRNA [6].
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Several studies have indicated that miRNAs play a role in critical bi-
ological events, such as cell proliferation, apoptosis and tumorigenesis
[6,7]. In cancer, several miRNAs have shown dysregulated expression
in relation to normal tissues and, in some cases, their expression profile
have been associated with cancer diagnosis, prognosis and response to
treatment [7]. Over the past decade, studies have arisen indicating
that miRNAs are possible markers of occurrence and development of
HPV-induced cancers and that HPV oncoproteins can interact with
miRNAs [5,8–10]. It has also been confirmed that HPV is not able to ex-
press its ownmiRNAs, but it can disturbs host miRNA expression [10]. A
study by Martinez et al. showed that the expression of HPV-16 E6 re-
ducedmiR-218 expression inHPV16positive CC [11]. In human foreskin
keratinocytes expressing the HPV-16 E6 oncogene, the E6 oncoprotein
induces the upregulation of miR-363 and downregulation of miR-
181a, miR-218, miR-29a [12]. Moreover, Greco et al. showed that
HPV16 E5 protein alters the expression pattern of miRNAs in HaCaT
cells (spontaneously immortalized human keratinocytes) and it seems
to favor increased cell proliferation, tumorigenesis and repress epitheli-
al differentiation [9].

In the past few years, miR-150 was first identified by its crucial reg-
ulatory role in normal hematopoiesis, but recent studies have shown
that the dysregulation of miR-150 is frequently present not only in var-
ious types of hematologicalmalignancies but also in a variety of solid tu-
mors [13,14]. Interestingly, depending on the mRNA targeted by miR-
150, it can act as oncomiR or tumor suppressor in bothmalignant hema-
topoiesis and solid tumors [13,14]. However, the expression profile of
this miRNA in HPV-induced lesions remains elusive.

In the present study, we aimed to evaluate the miR-150 expression
profile in HPV-induced lesions. For this work, we employed K14-
HPV16 transgenic mice, which express the HPV16 early genes in cuta-
neous and mucosal basal keratinocytes, because these animals develop
lesions bearing great similarities to those induced by HPV in human pa-
tients, through an identical multistep carcinogenesis process [15–17].

2. Material and methods

2.1. Mice

In order to perform this study, a model of K14-HPV16 transgenic
mice on a FVB/n background was used. Creation of K14-HPV16 trans-
genic mice has been previously reported by Arbeit et al. [17]. These an-
imals express all the early-region genes of HPV16under the promoter of
keratin-14 (K14) with the purpose of directing their expression to the
basal keratinocytes of keratinized epithelia. These transgenic mice
were kindly donated by Dr. Jeffrey Arbeit and Dr. Douglas Hanahan,
through the USA National Cancer Institute Mouse Repository. The ani-
mal experiments were approved by the University of Trás-os-Montes
and Alto Douro ethics committee (10/2013) and the Portuguese Veter-
inary Directorate (0421/000/000/2014).

Wild-type mice (HPV−/−) and K14-HPV16 transgenic mice
(HPV+/−) were maintained and bred according with the Portuguese
(Portaria 1005/92 dated October the 23rd) and European (EU Directive
2010/63/EU) legislation, under controlled conditions of temperature
(23± 2 °C), light–dark cycle (12 h light/12 h dark) and relative humid-
ity (50 ± 10%). Health checks were performed daily. Food (4RF21 GLP,
Mucedola) and water were provided ad libitum.

Allmicewere previously genotyped by our group through amplifica-
tion of HPV E6 and E2 genes in order to assess HPV integration, as previ-
ously described [18,19].

2.2. Experimental design

All samples were obtained from female mice ascribed to four exper-
imental groups (Table 1). Experimental groups were sacrificed at two
different timepoints, in order to study different stages of carcinogenesis.
Group 1 (HPV−/−, n = 22) and group 2 (HPV+/−, n = 22) were

maintained up to 24–26 weeks-old; group 3 (HPV−/−, n = 7) and
group 4 (HPV+/−, n = 6) were maintained up to 28–30 weeks old.
Group 4 is less numerous because, HPV16 transgenic animals show
high mortality, and only a few survive up to 26–28 weeks old.

2.3. Samples collection

All mice were sacrificed under ketamine and xylazine anesthesia, by
intracardiac puncture and exsanguination, as indicated by the Federa-
tion for Laboratory Animal Science Associations. K14-HPV16 mice de-
velop typical HPV-related carcinogenesis in multiple organs;
cutaneous lesions (e.g. ear and chest skin) are the most frequent and
more thoroughly characterized. Chest skin lesions were available and
are more suitable for future immunological studies and were chosen
for the presentwork. Chest skin samples from each animalwere collect-
ed into TripleXtractor reagent (Grisp®), macerated and kept at−80 °C
until miRNA isolation. Matched samples were collected for histological
analysis.

2.4. Histological analysis

The skin samples collected for histological analysis were fixated in
10% neutral buffered formalin for 48 h. The fixed tissues were then
dehydrated through graded alcohols and xylene and embedded in par-
affin using an automatic STP 120 processor (Micro, Boise, ID). The paraf-
fin blocks were cut into 2 μm thick sections and stained with
haematoxylin and eosin (H&E) for further evaluation under a light mi-
croscope. Sampleswere classified asnormal skin, epidermal hyperplasia
and epidermal dysplasia. Results were expressed as the percentage of
animals showing a specific histological type within the total number
of animals in each group.

2.5. MiRNAs isolation

MiRNAs isolation was performed according to Santos et al. [20].
Firstly, it was performed a total RNA extraction using the TripleXtractor
reagent (Grisp®), and subsequently the miRNA fraction was isolated
with a chloroform solution (Merck®). Then, the miRNAs were purified
using the commercial kit GRS microRNA Kit (Grisp®) [21]. MiRNA sam-
ples were kept at −80 °C until further use.

2.6. Complementary DNA synthesis

ThemiRNA samples were then used as templates for complementa-
ry DNA (cDNA) synthesis using a TaqMan® MicroRNA Reverse Tran-
scription Kit (Applied Biosystems®) and sequence-specific stem-loop
reverse transcription primers for miR-150 and small nucleolar RNA-
202 (snoRNA-202). The amplification conditions were as follows:
30 min at 15 °C, 52 min at 42 °C and finally 10 min at 85 °C. cDNA was
further used as template for quantitative real-time PCR (qPCR).

2.7. MiRNA relative quantification

The miRNA expression was measured by qPCR using a StepOne™
qPCR Real-Time PCR device (Applied Biosystems®). For each reaction
1× TaqMan® Fast Advanced Master Mix (Applied Biosystems®) was
added with 1× probes (TaqMan® microRNA Expression Assays, miR-

Table 1
Experimental groups.

Group Genotype Age

1 (n = 22) HPV−/− 24–26 weeks
2 (n = 22) HPV+/− 24–26 weeks
3 (n = 7) HPV−/− 28–30 weeks
4 (n = 6) HPV+/− 28–-30 weeks
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