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Abstract 

Aims: Human papillomavirus (HPV) is a known biologic carcinogen which is 

commonly transmitted through sexual intercourse. CD8
+
 T cells are known effectors against tumour

cells and an important prognostic marker in HPV-induced cancers. COX-2 inhibitors enhance CD8
+
 T 

cell activity against some cancers. In this work, we sought to study the presence and activation of CD8
+
 T 

lymphocytes in lesions from K14-HPV16 transgenic mice and the immunomodulatory effect of celecoxib 

(CXB) over these cells. 

Main methods: Skin samples of CXB-treated and untreated HPV16
-/-

 and HPV16
+/-

 mice were 

enzymatically digested and analysed by flow cytometry to assess CD8
+
 and CD8

+
CD107a

+
 T cell 

infiltrates. Matched skin samples were classified histologically. 

Key findings: HPV16
+/-

 mice presented higher CD8
+
 T cell infiltration than HPV16

-/- 
animals (P 

 0.001). Older HPV16
+/-

 animals showed epidermal dysplasia and increased percentages of

CD8
+
CD107a

+ 
T cells compared with younger animals with hyperplasia (P   0.001), validating this 

model for testing the effects of celecoxib on CD8
+
 T cells. CXB-treated HPV16

+/-
 mice showed higher 

percentages of CD8
+
CD107a

+
 T cells compared with untreated HPV16

+/-
 animals (P   0.01), but no 

differences were observed concerning the progression of epidermal lesions. 

Significance: These findings indicate that celecoxib enhances the degranulation of CD8
+
 T cells 

on HPV16-induced lesions, suggesting the potential clinical use of COX-2 inhibitors. Additionally, this 

study demonstrates the usefulness of the K14-HPV16 mouse model for testing therapeutic 

immunomodulatory approaches. 

Keywords: CD8
+
 T lymphocytes; Celecoxib; COX-2 inhibition; Human Papillomavirus; K14-HPV16

Transgenic Mice. 
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Introduction 

Human papillomavirus (HPV) has been described as an etiologic factor of several diseases, such 

as cervical and other anogenital cancers, and a subset of HPV-positive head and neck cancers [1-4]. 

Oropharyngeal cancers have lately drawn considerable attention, given their growing incidence [5]. In 

order for a HPV-associated neoplasm to develop, a persistent infection by an oncogenic HPV type 

(mostly types 16 and 18) is mandatory [6]. Only in a minority of cases, in which the immune system fails 

to eradicate the virus, will the infection progress to cancer [7]. 

 Cytotoxic T lymphocytes (CTL), differentiated from CD8
+
 T cells, play an important role in the 

complex immune response which accompanies HPV-induced carcinogenesis [8,9]. CD8
+
 T cells are 

recruited to the lesions microenvironment by chemokines released by stromal and/or innate immune cells 

on site [10]. In the presence of activator stimuli, differentiated CTL can specifically target virus-infected 

and tumour cells, which are eliminated either through the release of lytic granules, engagement of death 

receptors (e.g. FAS-FASL or TRAIL) or following interferon-γ-dependent mechanisms [11-13]. In 

particular, CTL are critical to control cervical lesions and were recently demonstrated to drive the 

immune response in patients following the administration of an experimental therapeutic vaccine [14]. 

Recent studies have also shown the number of CD8
+
 T cells to be an important independent prognostic 

marker in HPV-positive head and neck cancer patients, while high CD8
+
 T cell levels correlate with a 

better prognosis, enhancing overall survival as well as progression-free survival [15-17]. Understanding 

and enhancing CTL function in patients with HPV-induced malignancies seems, therefore, a priority for 

cancer therapy. 

It has recently been suggested that cyclooxygenase-2 (COX-2) and its product prostaglandin E2 

down-regulate the function of activated CD8
+
 T cells and induce their senescence [18]. This effect may 

explain how the abrogation of COX-2 signalling reduces tumour growth in mouse models of glioma [19] 

and mammary cancer [20]. In light of these findings, it is appealing to study whether CD8
+
 T cells present 

in HPV-induced lesions are affected by COX-2 inhibition. 

K14-HPV16 transgenic mice, created nearly two decades ago [21], are an useful in vivo animal 

model for the study of HPV-induced carcinogenesis. This model shares a number of morphologic and 

molecular similarities to HPV-related human disease [22], thus functioning as an excellent replica of the 

multi-stage process of carcinogenesis. Targeting of HPV16 oncogenes to keratinocytes by the keratin-14 

(K14) promoter/enhancer is the key characteristic of this model [21]. 

In this study, we aimed to examine the effect of a selective COX-2 inhibitor, celecoxib, on the 

infiltration and activation of CD8
+
 T lymphocytes in HPV-induced lesions. To accomplish our primary 

objective, we first sought to validate the K14-HPV16 transgenic mouse model employing untreated wild-

type (WT) and transgenic animals of different ages, comparing lesions and cell infiltration percentages 

between younger and older mice. 
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Material & Methods 

Animals 

 Generation of K14/HPV16 mice on a FVB/n background has been previously reported [21]. 

K14-HPV16 transgenic mice were kindly 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 

(10/2013) and the Portuguese General Veterinary Directorate (approval no. 0421/000/000/2014). Animals 

were maintained and bred according to Portuguese (Decreto-Lei 113, August 7
th
) and European (EU 

Directive 2010/63/EU) legislation, under controlled conditions of temperature (23 ± 2 ºC), light-dark 

cycle (12h light/12h dark) and relative humidity (50 ± 10 %), using corncob bedding. Food and water 

were provided ad libitum. 

 

Mice genotyping 

Animals were genotyped at weaning, using tail tip samples as described previously [23,24]. 

Briefly, nucleic acids were extracted and DNA quality and purity were assessed. HPV16-E6 and -E2 

genes were amplified to confirm the presence of HPV DNA and a fragment of mouse β-globin was also 

amplified as endogenous control. Lengths of the amplicons were confirmed by agarose gel 

electrophoresis. Only hemizygous females were used for the transgenic mouse groups in the experiment. 

 

Experimental design 

 Experiment 1: To validate the usefulness of the K14-HPV16 transgenic mouse model to 

examine CD8
+
 T cell infiltration and activation, twenty-four 18 to 20 weeks-old mice were divided into 

four groups according to their genotype: group 1 (HPV16
-/-

 untreated animals, n   6), group 2 (HPV16
+/-

 

untreated animals, n   6), group 3 (HPV16
-/-

 untreated animals, n   6), group 4 (HPV16
+/-

 untreated 

animals, n   6). Mice from groups 1 and 2 were humanely euthanized at 24-26 weeks of age while 

animals from groups 3 and 4 were euthanized at 28-30 weeks-old. All sacrifices were performed by 

intraperitoneal pentobarbital overdose, followed by exsanguination by cardiac puncture. Chest skin 

samples (approximately 4 cm
2
) were collected for flow cytometry analysis and matched adjacent skin 

samples were collected for histological analysis. 

 Experiment 2: To assess the effect of celecoxib over CD8
+
 T cell infiltration and activation, 

twenty-four 18 to 20 weeks-old female mice were divided into four experimental groups according to 

their genotype: group A (HPV16
-/-

 untreated animals, n   6), group B (HPV16
+/-

 untreated animals, n   

6), group C (HPV16
-/-

 CXB-treated animals, n   6), group D (HPV16
+/-

 CXB-treated animals, n  6). For 

ethical reasons, in order to reduce the number of sacrificed animals, the control groups used in this 

experiment (groups A and B) were the same as groups 1 and 2 of experiment 1, respectively. All 

surviving mice were humanely euthanized at 24-26 weeks of age by intraperitoneal pentobarbital 

overdose, followed by exsanguination by cardiac puncture. Chest skin samples (approximately 4 cm
2
) 

were collected for flow cytometry analysis and matched adjacent skin samples were collected for 

histological analysis. 
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Celecoxib administration 

Celecoxib (Pfizer, New York, NY) was dissolved in drinking water at a concentration of 0.5 

mg/ml, estimating an average daily water intake of 5.0ml per mouse, and a dose of 46.7 mg/kg/day and 

2.5 mg/animal/day in an average mouse weighting 30 g. This is a well-tolerated moderate dose, as shown 

in previous assays [25]. However, K14-HPV16 animals dramatically increased their water intake when 

CXB was added (possibly due to the highly palatable lactose present in the vehicle) reaching up to 15 ml 

per animal. The CXB concentration was accordingly reduced from the start of the third week onwards 

down to 0.2 mg/ml, resulting in a decrease in consumption and in an effective dose of 93 mg/kg/day and 

2.8 mg/animal/day. The average dose during the overall experimental period was 124 mg/kg/day and 3.72 

mg/animal/day, which is still a moderate dose [25]. 

 

Histological analysis  

 Skin samples were fixated in 10% neutral buffered formalin for 48 hours. Samples were 

dehydrated through graded alcohols and xylene and paraffin embedded in an automatic STP 120 

processor (Micron, Boise, ID). 2 μm-thick sections were stained with haematoxylin-eosin (H&E) for 

histological evaluation on light microscopy. Skin samples were classified as normal skin, epidermal 

hyperplasia and epidermal dysplasia. 

 

Preparation of single-cell suspensions 

 Chest skin samples were cut into small pieces after excessive blood vessels and fat tissue 

removal. Skin fragments were incubated for 2 hours with 125 U/ml type I collagenase (Gibco, Life 

Technologies, Paisley, UK) in RPMI-1640 medium complemented with 1% glutamine, 1% penicillin-

streptomycin-amphotericin B, 1% HEPES buffer (all from Sigma, St. Louis, MO) and 10% foetal bovine 

serum (BioWest, Nuaillé, France) at 37 ºC and 150 rpm in a 3031 orbital incubator (GFL, Burgwedel, 

Germany). Subsequently, the resulting cell suspension was filtered and centrifuged at 300   for 10 min at 

4 ºC. Cells were ressuspended in phosphate buffered saline containing 1% bovine serum albumin and 20 

mM sodium azide followed by flow cytometry analysis. 

 

Immunophenotyping 

Following cell isolation, the surface phenotype of the collected cells was assessed by flow 

cytometry using specific monoclonal antibodies (mAb). Cells were incubated with anti-mouse 

CD16/CD32 mAb for FcγR blocking, to prevent non-specific antibody binding. Next, cells were 

incubated with anti-CD8 mAb phycoerythrin-cychrome 5-conjugate (clone 53-6.7, BD Biosciences, San 

Diego, CA) and anti-CD107a (LAMP1) mAb phycoerythrin-conjugate (clone eBio1d4b, eBioscience, San 

Diego, CA). Following extracellular staining, the cells were washed, fixed in 2 % formaldehyde and 

washed with phosphate buffered saline containing 1% bovine serum albumin and 20 mM sodium azide. 

Antibody-labelled cells were analysed in an EPICS XL flow cytometer using the EXPO32ADC software 
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(Beckman Coulter, Miami, FL). The assembled data files were analysed using the FlowJo software 

v10.0.7 (FLOWJO, LLC, Ashland, OR). 

 

Statistical analysis 

Statistical analyses were performed using the GraphPad software (version 6.0, GraphPad 

Software, Inc. La Jolla, CA). In column and dot graphs each point represents individual mice while bars 

represent the mean for the respective group. Statistical analysis was performed using one-way analysis of 

variance with the Tukey post-hoc test. 

  

6



Results 

General findings 

All K14-HPV16 mice showed typical cutaneous changes, including diffuse hyperkeratosis and 

erythema. One celecoxib-treated HPV
+/-

 mice (group D) succumbed before the end of the study. All mice 

in groups 1/A, 2/B, 3, 4 and C survived until the end of the study. 

 

Transgenic mice show epidermal hyperplasia and dysplasia  

Histological analysis of skin samples (Table 1) showed that the totality of WT mice (groups 1, 3 

and C) presented normal skin histology (Fig. 1a) whilst all transgenic mice presented skin lesions. All 

transgenic mice sacrificed at 24-26 weeks of age, either untreated or CXB-treated (groups 2/B and D), 

showed simple to papillary, diffuse, variably severe epidermal hyperplasia and papillomatosis with 

orthokeratotic hyperkeratosis (Fig. 1b). Inflammation was mild, with a few macrophages, lymphocytes 

and mast cells present in the superficial dermis. Also, in group 2/B, two animals (33.3%) presented small 

epidermal dysplastic foci. In group 4, three animals (50.0%) presented diffuse epidermal dysplasia (Fig. 

1c); and the other three animals (50.0%) showed multifocal epidermal dysplasia in a hyperplastic 

background. Sub-epidermal angiogenesis and dermal inflammatory infiltrates were prominent, showing 

numerous mixed mononuclear leukocytes and neutrophils. 

 

Table 1 Histological classification of HPV-induced skin lesions from WT and K14-HPV16 transgenic female mice. 

Group 
Age 

(weeks) 

Cutaneous lesions 

Incidence (%) 

  Normal skin Epidermal hyperplasia Epidermal dysplasia 

1/A (HPV-/-, n = 6) 24-26 6/6 (100%) 0/0 (0%) 0/0 (0%) 

2/B (HPV+/-, n = 6) 24-26 0/0 (0%) 6/6 (100%) 2/6 (33.3%) 

3 (HPV-/-, n = 6) 28-30 6/6 (100%) 0/0 (0%) 0/0 (0%) 

4 (HPV+/-, n = 6) 28-30 0/0 (0%) 3/6 (50%) 6/6 (100%) 

C (HPV-/- + CXB, n = 6)* 24-26 6/6 (100%) 0/0 (0%) 0/0 (0%) 

D (HPV+/-+ CXB, n = 5)* 24-26 0/0 (0%) 5/5 (100%) 0/0 (0%) 

* CXB – Celecoxib 

 

 

Fig. 1 Histopathological changes induced by HPV16 oncogenes in FVB/n mice, H&E. a –Normal skin histology,      . b –

Epidermal hyperplasia extending to the follicular infundibulum and isthmus,      . c –Epidermal dysplasia,      . Note 

marked parakeratotic hyperkeratosis, loss of cell polarity, enhanced anisokaryosis and mitotic activity. The dermal-

epidermal junction is obscured by severe inflammatory cell infiltration. 
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HPV16
+/-

 mice show increased CD8
+
 T lymphocyte infiltration and activation 

In order to assess the presence of CD8
+

 T cells in HPV-associated lesions, we isolated lymphoid 

cells from chest skin tissue and analysed them by flow cytometry (Fig. 2a). As shown in Fig. 2b, chest 

skin samples from HPV16
+/-

 mice presented a significantly higher percentage of CD8
+

 T cells when 

compared with those of WT animals, regardless of their age. Although the percentage of skin CD8
+

 T 

cells was slightly higher in older transgenic mice comparing to the younger transgenic ones, it did not 

reach statistical significant difference.  

To determine if the CD8
+

 T cells found in the skin of HPV16
+/-

 mice presented evidence of 

cytotoxic activity we evaluated the surface expression of CD107a (also known as LAMP1). In CD8
+

 T 

lymphocytes CD107a reaches the cell surface when lytic granules suffer exocytosis, thus exposing its 

membrane proteins [26]. Therefore, this lysosome-associated membrane protein is a commonly used 

surrogate marker of CTL degranulation [27]. As shown in Fig. 2c, the percentage of CD8
+
CD107a

+ 
T 

cells in chest skin samples of 28-30 weeks-old transgenic mice is significantly higher when compared to 

HPV
-/-

 mice of both ages (P   0.001). This indicates that a great number of skin infiltrating CTL from 

older HPV16
+/-

 mice releases cytotoxic granules. Fig. 2c also shows a significant relation between both 

WT groups (P   0.05). Such significance is due to the two outliers in the 28-30 weeks-old HPV
-/-

 group 

and no conclusions should be taken from this relation. Moreover, older transgenic mice, 100% of which 

show multifocal or diffuse dysplasia, present a higher percentage of CD8
+

 T cells expressing CD107a (P 

  0.001) than the younger HPV
+/-

 mice, of which only 33.3% show focal dysplastic lesions. This result 

suggests a positive correlation in the proportions of activated CD8
+

 T cells and lesion severity. 
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Fig. 2 Percentage of CD8+ and CD8+CD107a+ T cells within total lymphoid-gated cells obtained from chest skin samples from WT 

and K14-HPV16 transgenic mice. a – Representative analysis of the gating strategy employed. Numbers within graphs correspond 

to the percentage of the gated population. b – Percentages of CD8+ T cells and c – percentages of CD8+CD107a+ T cells in gated 

CD8+ T cells were determined by flow cytometry after skin tissue collection and digestion with collagenase. Chest skin samples 

were collected from 24-26 weeks-old HPV-/- and HPV+/- mice (Groups 1 and 2, respectively) and 28-30 weeks-old HPV-/- and 

HPV+/- mice (Groups 3 and 4, respectively). Group 1, n   6; Group 2, n   6; Group 3, n   6; Group 4, n   6. Each dot represents an 

individual animal. Bars represent the mean value in each group. ** P   0.01; *** P   0.001. 

 

 

Celecoxib-treated mice show enhanced CTL degranulation 

 Given the usefulness of the K14-HPV16 mouse model to examine CD8
+
 T cell infiltration and 

activation as shown above, we studied the effect of the selective COX-2 inhibitor celecoxib over the 

infiltration and activation of CD8
+
 T lymphocytes. Subsequently, lymphoid cells were isolated from mice 

chest skin tissue and a flow cytometry analysis of the recovered cells was performed (Fig. 3a). Again, 

skin samples from untreated HPV
+/-

 mice showed a significantly higher percentage of CD8
+
 T cells than 

untreated WT animals (P   0.001) (Fig. 3b). Also, HPV
-/-

 + CXB mice show decreased CD8
+
 T cell 

infiltration when compared to untreated HPV
+/-

 animals (Fig. 3b). Moreover, Fig. 3b shows a decrease in 
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the percentage of infiltrating CD8
+
 T lymphocytes in HPV

+/-
 + CXB mice when compared with untreated 

transgenic animals (P   0.001). 

Once more we assessed the expression of CD107a to examine if these CD8
+
 T lymphocytes were 

degranulating. Fig. 3c shows a significantly higher percentage of CD8
+
CD107a

+
 T cells in samples from 

HPV
+/-

 + CXB mice comparing to the remaining groups (P   0.001), indicating that a higher number of 

the infiltrating CTL are degranulating in this group. 

 

 

Fig. 3 Percentage of CD8+ and CD8+CD107a+ T cells within total lymphoid-gated cells obtained from chest skin samples from WT 

and K14-HPV16 transgenic mice. a – Representative analysis of the gating strategy employed. Numbers within graphs correspond 

to the percentage of the gated population. b – Percentages of CD8+ T cells and c – percentages of CD8+CD107a+ T cells in gated 

CD8+ T cells were determined by flow cytometry after skin tissue collection and digestion with collagenase. Chest skin samples 

were collected from WT and HPV+/- mice (Groups A and B, respectively) and CXB-treated (CXB) WT and HPV+/- mice (Groups C 

and D, respectively) at 24-26 weeks of age. Group A, n = 6; Group B, n = 6; Group C, n = 6; Group D, n = 5. Each dot represents an 

individual animal. Bars represent the mean value in each group. *** P   0.001. 
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Discussion 

The development of HPV-associated malignancies depends on a persistent HPV infection. 

Ultimately, the ability of the immune system to eliminate the virus is the key element to decide whether a 

HPV infection is cleared or evolves to cancer [7]. HPV presents well-known mechanisms to evade host 

immunity and delay its elimination, thus facilitating viral persistence [28]. When the virus is detected, an 

innate immune response occurs, and leads to the development of an adaptive immune response. A 

fundamental part of this adaptive response is cell-mediated immunity, characterized by the activity of a 

vast number of CD8
+
 and CD4

+
 T lymphocytes [29]. In fact, infiltration by these cells in HPV-associated 

lesions has already been shown to lead to regression [8,30]. CTL infiltration drives the response induced 

by an experimental therapeutic vaccine in patients with cervical intraepithelial lesions [14] and correlates 

with a better prognosis in patients with HPV-positive head and neck cancer [15-17]. 

Chronic inflammation is a key feature associated with carcinogenesis, namely in the case of HPV 

infection [31]. COX-2 is an enzyme with an imperative role in the metabolism of arachidonic acid, which 

leads to the production of prostaglandins, which in turn promote inflammation [32]. In fact, COX-2 is 

over-expressed in several malignancies, including cervical cancer [33-37]. As inflammation is known to 

contribute for cancer progression [31], COX-2 inhibition is expected to result in tumour growth inhibition 

whilst reducing inflammation. Some non-steroidal anti-inflammatory drugs, like aspirin and ibuprofen, 

have already shown promising results as anti-tumour therapy in both patients and pre-clinical animal 

models [38-41]. However, these drugs have very low specificity. Selective COX-2 inhibitors such as 

celecoxib and rofecoxib have already been used to prevent the development of colorectal adenomas 

[42,43]. Furthermore, celecoxib showed promising results in a tumour model of human colon cancer 

when combined with chemotherapeutic drugs [44]. 

The K14-HPV16 transgenic mouse model appears as an appropriate in vivo animal model to 

improve the knowledge on HPV-induced carcinogenesis and elicited immune response. Besides cervical 

cancers, these mice develop aggressive skin lesions with greater incidence in the ear and the chest [45]. 

As expected, we observed a higher incidence of aggressive lesions (epidermal dysplasia) in older 

transgenic mice than in younger ones, which presented mostly hyperplastic lesions. The development of 

dysplastic lesions was accompanied by a dramatic intensification of sub-epidermal inflammation. As this 

process of carcinogenesis is associated with progressive chronic inflammation, this model will allow the 

study of the intervening immune effectors. Celecoxib treated animals presented hyperplastic lesions 

similar to the observed in age-matched untreated animals. However, 16.7 % of the untreated HPV
+/-

 

animals showed multifocal dysplastic lesions. These findings suggest that CXB blocked tumour 

progression at the hyperplastic stage, but the small number of dysplastic lesions observed does not allow 

for any definitive conclusions. 

In the present study, we observed that CD8
+

 T cells heavily infiltrate HPV-induced chest skin 

lesions in K14-HPV16 transgenic female mice. This data is in agreement with previous studies which 

described the presence of CD8
+

 T cells in HPV-induced cervical and skin lesions in human patients 

[46,8], validating the usefulness of this animal model. According to one of the studies, the presence of 

CD8
+

 T cells in cervical tissue was associated with tumour regression [8]. Our results suggest a trend 

towards the increase of infiltrating CD8
+

 T cells in chest skin samples of 28-30 weeks-old mice when 
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compared to 24-26 week-old animals. Although indicating that CD8
+
 T lymphocytes migrate in greater 

number towards more severe lesions than to less aggressive ones, these results should be further 

confirmed. Nevertheless, our data clearly show that a significant proportion of the infiltrating CD8
+
 T 

cells are activated and degranulate. In older transgenic animals, a higher percentage of CD8
+

 T 

lymphocytes is activated when compared to the correspondent cells isolated from younger mice. This 

suggests that more CTL become activated in response to a more severe stimulus than when confronted 

with a less aggressive lesion. However, despite the increase in the percentage of cytotoxic cells and its 

enhanced activation, the lesions still tend to progress to a poor phenotype with aging. In fact, low tumour 

infiltration by activated CTL has been associated with the limiting efficacy of the immune response in 

eliminating established tumours [10]. Therefore, the results reported herein indicate that however 

important, CTL recruitment and degranulation into lesion areas do not suffice to prevent progressive 

carcinogenesis in the K14-HPV16 transgenic mice. 

Our results show that celecoxib reduces the number of tumour-infiltrating CD8
+
 T cells when 

compared with untreated mice. Still, despite the decrease in cell numbers, celecoxib-treated mice have a 

higher percentage of degranulating CD8
+
 T cells compared with untreated animals. These findings 

suggest that celecoxib reduces the number of tumour-infiltrating CTL while enhancing their effector 

functions. These data are in agreement with a previous study using glioma-bearing mice where COX2
-/-

 

mice had increasing percentages of tumour-infiltrating CD8
+
CD107a

+
 lymphocytes [19]. This may be 

explained by another study reporting that COX-2 activity leads to CTL senescence and this trajectory may 

be opposed by COX-2 inhibition, as shown by increased levels of CD28 and interleukin-2 in CD8
+
 T cells 

[18]. In fact, COX-2 inhibition boosted the efficacy of a DNA vaccine expressing the HPV E7 oncogene, 

by enhancing tumour-infiltrating CD8
+
 T cells and slowing tumour growth [47]. However, this study was 

performed in mice bearing allografted TC1 lung cells immortalized by the HPV16 E6 and E7 oncogenes 

and transformed by the c-Ha-ras oncogene. Comparisons between this model and K14-HPV16 mice are 

limited, because allografts do not reproduce HPV-associated multi-step carcinogenesis, being directly 

implanted in the subcutis with a fully malignant phenotype. Also, keratinocytes and not lung cells are the 

targets for papillomavirus infection. Further studies are needed to clarify whether the present effects of 

celecoxib are mediated by COX-2 inhibition or are related to some of its known COX-2-independent 

effects. 

It remains unclear whether CTL are activated at regional lymph nodes or at the lesion location 

and this would be an interesting point to address in the future. The results presented herein suggest that 

celecoxib induces augmented CTL degranulation in HPV-induced lesions, possibly contributing to 

prevent malignant progression in this animal model. Enhancing CD8
+
 T cell activation seems a promising 

therapeutic strategy considering the role played by CTL in the regression of HPV-associated cervical 

lesions [8], in HPV-positive head and neck cancer [15-17] and the response to vaccines [14], and COX-2 

inhibitors may prove useful for this purpose. 

 

 

Conclusion  
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The results presented here clearly show that CD8
+

 T cells infiltrate HPV-induced skin lesions in 

K14-HPV16 mice, reproducing the features observed in human patients. Thus, these findings support the 

usefulness of this model to study the host immune response associated with HPV-induced lesions. 

Moreover, these data confirm the potential of celecoxib to enhance degranulation by tumour-infiltrating 

CTL. These results suggest possible applications of affordable and widely available COX-2 inhibitors for 

enhancing the immune response against HPV-induced malignancies and, possibly, against other cancers. 

However, the effect of celecoxib seems to be more complex than previously thought, as it also reduced 

the overall number of tumour-infiltrating CD8
+
 T cells. Future studies addressing the impact of COX-2 

inhibitors on the prognosis of patients bearing HPV-induced lesions should take into account both the 

number of infiltrating CD8
+
 T cells and their activation status.  
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