
Abstract. Background/Aim: Human papillomavirus type 16
(HPV16) induces various types of cancer in several
locations. Microenvironmental microRNAs (miRNAs) such as
miRNA-146a and miRNA-150 regulate cancer-associated
inflammation and are involved in HPV-induced
carcinogenesis. We studied the effects of celecoxib on the
expression of these two miRNAs in HPV16-induced lesions. 
Materials and Methods: Female transgenic (HPV16+/–) and
wild-type (HPV16–/–) mice were administered 75 mg/kg/day
celecoxib orally (treatment groups) or placebo (control
groups) for four weeks. Skin samples were classified
histologically, or used for miRNA analysis by quantitative
real-time PCR. Results: HPV16+/– mice showed higher
miRNA-146a and miRNA-150 expression levels compared to

wild-type animals. Celecoxib further increased miRNA-150
(p<0.05) and miRNA-146a levels in treated animals.
Celecoxib-treated HPV16+/– animals also showed reduced
incidence of epidermal dysplasia and reduced inflammation,
compared to untreated mice. Conclusion: In this model,
celecoxib may be able to regulate tumour-associated
inflammation, through mechanisms involving the regulation
of miRNA-146a and miRNA-150. 

Cancer of the uterine cervix, as well as the anus and some
other locations is associated with infection by high-risk human
papillomavirus (HPV). Most viral infections are quickly
cleared but long-term viral persistence is required for tumor
initiation and progression. Thus, evading the immune system
is essential for cancer development (1). In fact, HPV possesses
multiple mechanisms that modulate the host’s innate and
adaptive immune responses, and facilitate carcinogenesis (2).
HPV-induced lesions are often associated with chronic
inflammatory phenomena which are thought to enhance
tumour progression (3). Such inflammatory processes are
partially regulated by microRNAs (miRNAs) (4).

MiRNAs are essential post transcriptional gene expression
regulators, that seem to control 30% and 90% of the human
and mouse transcriptome (5). Gene expression is negatively
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regulated by miRNAs through translational repression or
mRNA degradation (5). Importantly, the expression of many
miRNAs is deregulated in premalignant and malignant
lesions and this deregulation is relevant for patient diagnosis,
prognosis and response to treatment (6). MiRNA-146a (7)
and miRNA-150 (8) have been implicated in HPV induced
carcinogenesis, where they are suggested to play an
oncogenic role. Moreover, both miRNA-146a and miRNA-
150 are also involved in regulating immunological processes,
including tumour associated inflammation (9-11). 

MiRNA-146a expression is up-regulated by proinflamma-
tory cytokines such as TNF-α and IL-1, through the nuclear
factor-kappa B (NF-ĸB) pathway. MiRNA-146a subsequently
represses the signal transducers IRAK1 and TRAF6,
decreasing NF-ĸB activation and forming a negative feedback
loop that attenuates inflammation (12). This is likely to be a
prominent feature of many HPV driven malignancies, as 
NF-ĸB is often activated in these lesions (3). MiRNA-150 is
involved in the differentiation and activation of lymphocytes
(10-11), which are prominent mediators of immunity in the
tumor microenvironment (13). 

Our group recently reported the expression of important
miRNAs involved in regulating inflammation in skin lesions
caused by HPV16 in K14-HPV16 transgenic mice (14, 15).
K14-HPV16 transgenic mice target all HPV16 oncogenes to
keratinized epithelia, reproducing essential molecular and
morphological aspects of HPV16 induced premalignant
lesions and various types of cancer (16). Using the same
model, we also reported that the anti-inflammatory drug
celecoxib, a selective cycloxigenase-2 (COX-2) inhibitor, is
able to up-regulate degranulation of CD8+ T cells in HPV16
induced lesions (17). In the same experiment, celecoxib was
also able to reduce the inflammation associated with HPV
induced lesions and lesions’ progression.

Now, we hypothesized that the effect of celecoxib may
involve the regulation of miRNA-150 and miRNA-146a,
both of which are associated with HPV induced clinical
disease and regulation of immunity. In order to test this
hypothesis, we proceeded to study both miRNAs’ expression
levels in skin lesions of celecoxib treated and control mice.

Materials and Methods

Animals. Generation of K14-HPV16 mice on a FVB/N background
has been reported (9). The transgenic mouse strain was generously
donated by Drs. Jeffrey Arbeit and Douglas Hanahan (University of
California) through the USA National Cancer Institute Mouse
Repository. The animal experiments were approved by the
Universidade de Trás-os-Montes e Alto Douro Ethics Committee (10th
of 2013) and the Portuguese General Veterinary Directorate (approval
no. 0421/000/000/2014). The mice were housed and bred according to
Portuguese (Decreto-Lei 113, August 7th) and European (EU Directive
2010/63/EU) legislation, under controlled temperature (23±2˚C), light-
dark cycle (12 h light followed by 12 h dark) and relative humidity

(50±10%). Food and water were provided ad libitum. Genotyping was
performed as previously described by our team (14, 15).

Experimental design. Thirty two female mice from 18 to 20 weeks old
were divided into three experimental groups: Group A (HPV16–/–
untreated animals, n=0), group B (HPV16+/– untreated animals, n=10)
and group C (HPV16+/– CXB-treated animals, n=12). Celecoxib was
administered orally for 6 consecutive weeks at 75.0 mg/kg/day. All
surviving mice were humanely euthanized at 24 to 26 weeks old.
Matched chest skin samples (approximately 4 cm2) were collected for
histological analysis and miRNA quantification. 

Histological analysis. Skin samples were fixated in 10% formalin
for 48 hours, dehydrated through graded alcohols and xylene, and
were paraffin embedded using an automatic STP 120 processor
(Thermo Scientific, Waltham, USA). Two μm thick sections were
stained with haematoxylin-eosin (H&E) for histological evaluation
on light microscopy. Skin samples were histologically classified as
normal skin, epidermal hyperplasia and epidermal dysplasia.

MicroRNA isolation. MiRNAs isolation was performed according
to Santos et al. (18). Firstly, total RNA was extracted using the
TripleXtractor reagent (Grisp®, Porto, Portugal), and subsequently
the fraction of miRNA was isolated with a chloroform solution
(Merck®, Darmstadt, Germany). MiRNAs were then purified using
the commercial kit GRS microRNA Kit (Grisp®, Porto, Portugal)
(19). MiRNA samples were kept at −80˚C until further use.

Complementary DNA synthesis. MiRNA samples were used as
templates for complementary DNA (cDNA) synthesis using a
TaqMan® MicroRNA Reverse Transcription Kit (Applied
Biosystems®, USA) and sequence specific stem-loop reverse
transcription primers for miRNA-150, miRNA-146a and for 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).

Quantitative real-time PCR. Each miRNA’s expression was assessed
by qPCR using a StepOneTM qPCR Real-Time PCR machine. The
reactions were performed in a 48-well plate. For each reaction 1X
TaqMan® Fast Advanced Master Mix (Applied Biosystems®, Waltham,
USA) was added to 1X probes (TaqMan® miRNA Expression Assays,
miRNA-150: 000473, miRNA-146a: 000468, snoRNA-202: 001232,
Applied Biosystems®, Waltham, USA), making cDNA sample with a
total volume of 10 μl. In order to normalize the results, snoRNA-202
was used as an endogenous control. This endogenous control was also
previously tested by our group (14, 15). Quantification of miRNAs was
performed in duplicate and negative control lacking cDNA was also
included in all reactions. The thermal cycling conditions were as
follows: One cycle of 10 min at 95˚C followed by 45 cycles of 15
seconds at 95˚C and 1 min at 60˚C. Data analysis was made using
StepOne™ Sofware v2.2 (Applied Biosystems®, Waltham, USA) with
the same conditions set for each plate, baseline and threshold, in order
to generate threshold cycle (Ct) values for miRNA-150, miRNA-146a
and snoRNA-202 in each sample. 

Statistical analysis. Statistical analysis was performed using the
statistical software SPSS for Windows (Version 18.0) (IBM®
SPSS®, Armonk, USA). Mann-Whitney’s U-test was used in order
to evaluate statistical differences in normalized relative expression
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(−ΔCt) of miRNA-146a or miRNA-150 among different groups.
Results were considered statistically significant when p-values were
less than 0.05. 

Results

One subject from group B (HPV16+/– untreated mice) and 3
from group C (HPV16+/– mice treated with celecoxib) died
during the experimental period (10.0% and 25.0%,
respectively). No mortality (0.0%) was observed in negative
control group A (HPV16–/– untreated mice).

Wild type animals (group A) showed normal skin
histology, while transgenic mice (groups B and C) showed
epidermal hyperplasia (100.0% incidence) and, in some
cases, multifocal dysplasia (Figure 1). A number of 33.3%
of surviving animals from group B (HPV+/– untreated) and
11.1% of surviving animals from group C (HPV+/– treated
with celecoxib) showed multifocal epidermal dysplasia.

We then studied the expression levels of two miRNAs,
miRNA-146a and miRNA-150. Implicated in progression of
HPV induced lesions and in regulation of innate and adaptive
immunity. Untreated HPV16+/– mice (group B) showed
higher levels of expression of miRNA-146a (p<0.05) and
miRNA-150 (p<0.05), compared with age- and sex- matched
wild type mice (group A) (Figures 2 and 3). Celecoxib
further increased expression levels of miRNA-146a (p=0.56)
in celecoxib-treated HPV16+/– mice (group C) when
compared with untreated HPV16+/– mice (group B) (Figure
4). Celecoxib-treated mice also showed significantly higher
expression levels of miRNA-150 (p<0.05) compared to
matched untreated mice (groups B and C) (Figure 5).

Discussion

Genetically-modified animals, such as K14-HPV16 mice, are
useful models for studying the immune response associated
with multi step carcinogenesis induced by HPV. Several other
animal models are available for studying papillomavirus-
induced lesions, such as rabbits, cattle and laboratory rodents
susceptible to spontaneous or experimental papillomaviral
infections (20, 21), as well as xenograft models and
genetically-modified mice (22). Although such models are
useful for many purposes, xenografts commonly rely on
immunocompromised mice, and their suitability for
immunological studies is limited. Other models based on
different mammals and their respective papillomaviruses need
to be used carefully since they are limited from the
differences between the viruses they host and HPV (e.g.
bovine papillomavirus or cottontail rabbit papillomavirus).
K14-HPV16 mice avoid these limitations as they express
HPV16 early genes and possess a fully-functional immune
system, providing a reliable and versatile model for
modulating the tumour associated immune response in
HPV16 induced lesions. Our group has already studied the
expression of two microRNAs miRNA-21 and miRNA-155
which are related to the inflammatory process in this model
(14-15). More recently, we showed that a relatively high dose
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Figure 1. Histopathological changes induced by HPV16 oncogenes in
FVB/n mice, H&E. a: Normal skin histology, ×40, b: – Epidermal
hyperplasia and hyperkeratosis, ×100, c: Epidermal dysplasia, ×100.



(124 mg/kg/day) of celecoxib, a selective COX-2 inhibitor,
promotes degranulation of CD8+ T cells in this model (17),
while ptaquiloside, a natural immunosuppresive agent from
Pteridium spp., down-regulates it (23). 

In the present work, we chose to use a lower and
potentially safer celecoxib dose (75 mg/kg/day) compared

with our previous study (124 mg/kg/day), since concerns
have been raised concerning its cardiovascular toxicity (24).
The celecoxib dose employed in the previous study
completely abrogated dysplastic lesions. In this study,
celecoxib at a lower dose of 75 mg/kg/day reduced the
incidence of epidermal dysplasia (11.1% vs. 33.3% in

ANTICANCER RESEARCH 37: 2913-2918 (2017)

2916

Figure 2. Normalized relative expression of miRNA-146a in chest skin
tissue of wild-type mice (HPV–/–) and K14-HPV16 transgenic mice
(HPV+/–). MiRNA-146a is up-regulated in chest skin lesions of HPV+/–
mice when compared to normal chest skin of HPV–/– mice (*p<0.05).

Figure 3. Normalized relative expression of miRNA-150 in chest skin
tissue of wild type mice (HPV–/–) and K14-HPV16 transgenic mice
(HPV+/–). MiRNA-150 is up-regulated in chest skin lesions of HPV+/–
mice when compared to normal chest skin of HPV–/– mice. (*p<0.05).

Figure 4. Normalized relative expression of miRNA-146a in chest skin
lesions of untreated K14-HPV16 transgenic mice (HPV+/–) and HPV+/–
mice treated with celecoxib. MiRNA-146a is up-regulated in chest skin
lesions of HPV+/– mice treated with celecoxib when compared to
untreated HPV+/– mice (p=0.056).

Figure 5. Normalized relative expression of miRNA-150 in chest skin
lesions of untreated K14-HPV16 transgenic mice (HPV+/–) and HPV+/–
mice treated with celecoxib. MiRNA-150 is up-regulated in chest skin
lesions of HPV+/– mice treated with celecoxib when compared to
untreated HPV+/– mice (*p<0.05).



untreated group), but did not eliminate it, thus suggesting a
possible dose related effect. The current dose of celecoxib
still induced a high mortality rate (25.0% vs. 10.0% in
untreated group), presumably associated with the intrinsic
frailty of this particular mouse strain. 

The multi-step process of carcinogenesis observed in K14-
HPV16 mice is accompanied by increasingly severe
inflammation and angiogenesis, particularly when
hyperplastic lesions progress to dysplasia (25). As expected,
celecoxib, reduced the incidence of epidermal dysplasia and
associated dermal inflammation. This was in accordance to
a significant increase in the expression level of miRNA-
146a, which has recently been pointed as a key regulator of
the immune system (26). 

The expression of miRNA-146a is up-regulated by the
proinflammatory transcription factor NF-ĸB, as reviewed by
Ma et al. (27). As mentioned above, miRNA-146a is part of
a negative feedback loop that controls excessive and tissue
damaging inflammation, by repressing signal transducers
IRAK1 and TRAF6 (12). These are essential mediators of
the NF-ĸB signaling pathway, and their repression prevents
the activation NF-ĸB, thus reducing proinflammatory
signaling. NF-ĸB is frequently activated in HPV induced
malignancies and many of these lesions show significant
associated inflammation (3). This is also the case with K14-
HPV16 mice, where multistep carcinogenesis is associated
with progressive severe inflammation (13). 

The present results, showing increased expression of
miRNA-146a in the skin lesions of HPV16+/– mice,
compared with normal skin samples from HPV16–/– mice,
are in line with the known functions of miRNA-146a. As
inflammation develops, miRNA-146a is likely up-regulated
as part of the normal cellular response that limits
inflammatory processes (9, 12). 

Treatment with celecoxib further increased the expression
of miRNA-146a in transgenic mice. This increase very
nearly reaches the significance level, suggesting that
celecoxib may modulate miRNA-146a expression in this
model. This hypothesis agrees with recent reports from
different groups, showing that curcumin, another anti-
inflammatory compound, is able to up-regulate miRNA-146a
expression in different neoplastic cell lines (28-29).
Additionally, Cornett and Lutz reported that miRNA-146a
targets COX-2, binding to its mRNA through a single
miRNA binding site located in the 3’-UTR and effectively
down-regulating its expression in lung cancer cells (30).
Taken together, these data suggest that celecoxib increased
miRNA-146a levels in HPV16 induced lesions and therefore
reducing the incidence of dysplasia in our model. 

The second miRNA studied in the present experiments
was miRNA-150. The role of miRNA-150 in HPV induced
carcinogenesis is still poorly investigated. However, this
miRNA is known to be up-regulated in cervical cancer,

where it promotes cell growth and survival by targeting
FOXO4 (8). HPV16+/– mice showed significantly increased
miRNA-150 levels compared with HPV16–/– mice, which is
in line with these previous studies, and supports the
hypothesis that miRNA-150 acts as an oncomiR in HPV
related malignancies. The expression of miRNA-150 seems
to be positively regulated by NF-kB (31), a transcription
factor commonly activated in HPV related cancers (3).
Recently, miRNA-150 was also shown to down-regulate
arrestin beta 2, leading to NF-kB inhibition (32), which
suggests the existence of a negative feedback loop. Here,
celecoxib treated animals showed increased miRNA-150
levels compared with matched untreated mice, suggesting
that celecoxib may act through miRNA-150 to down-regulate
NF-kB signalling through this negative feedback loop. 

Taken together, these results suggest that the antitumoural
action of celecoxib over HPV induced lesions may be, at
least in part, mediated through miRNA-146a and miRNA-
150 up-regulation. Further studies need to be made to clarify
the mechanisms whereby celecoxib regulates miRNA-150,
and affects other components of the immune reaction to
HPV16 induced lesions. 
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