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Abst rac t
Introduction: Actinic keratosis (AK) is a common age-associated dermatosis typical for skin with photo-ageing 
features. Actinic keratosis lesions transform into invasive squamous cell carcinoma, if left untreated, but inductive 
factors remain unknown. A role of prostaglandins in the neoplastic process has been postulated.
Aim: To evaluate the possible correlation between cyclooxygenase-2 (COX-2) antigen expression in the immuno-
histochemical reaction and the stage of AK using the keratinocytic intraepidermal neoplasia (KIN) classification, 
age, sex and skin phenotype.
Material and methods: Skin samples of AK were examined histopathologically using the KIN classification. Immuno-
histochemical analysis of COX-2 expression was conducted using a commercially available kit and Image Processing 
and Analysis in Java. The intensity was presented as the percentage of cells with a positive reaction.
Results: Out of the 94 subjects with AK (aged 51–93 years; mean: 76.51 ±9.64), 58 were female and 36 male. Phe-
notype 2 was found in 50 and phenotype 3 in 44 patients. Mean values of positive immunohistochemical reaction 
for COX-2 were 2.16 ±6.56% for women and 1.96 ±6.59% for men (2.47 ±6.61%), with no statistically significant 
difference. Mean values of anti-COX-2 antibody reaction were 2.30 ±6.82% in the KIN1 group and 2.48 ±7.01% in 
the KIN2 group, while no expression was found in all cases with KIN3. No statistically significant differences were 
found between the percentage of COX-2 positive cells in KIN1/KIN2.
Conclusions: No statistically significant correlations between the intensity of COX-2 reaction and AK stage were 
found. Cyclooxygenase-2 expression in AK is not affected by age, sex, or skin phenotype.
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Introduction

The aging process of human skin is associated not 
only with undesired esthetic changes but also the devel-
opment of age-associated dermatoses, with actinic kera-
tosis (AK), also known as solar keratosis, among the most 
common problems. Clinical presentation of AK consists 
in round or oval yellow-brown plaques of scaly or crusty 
erythematous skin, typically on the skin, with photo-ag-
ing features. Sites of predilection include the face, ears, 
bald scalp and dorsal parts of hands and forearms [1–3]. 
Actinic keratosis is an example of a pre-cancerous lesion, 
with a malignant potential to transform into invasive 
squamous cell carcinoma (SCC) [3]. Based on cytological 

and biomolecular testing, AK is considered to be a case 
of “in situ squamous carcinoma type actinic keratosis”, 
which may develop into an invasive form [3].

The incidence of AK increases with age, proximity to 
the Equator, lighter skin and outdoor activity. The high-
est prevalence has been reported in Australia: 79% and 
68% of males and females aged 60–69, respectively, but 
only 10% of men and 5% of women aged 20–29 years, 
respectively, indicating that the disease is sex and age-
related [4, 5]. Prolonged exposure to ultraviolet radiation 
(UV) – mainly UVB, which has the highest carcinogenic 
potential, as well as pale skin phenotype – typical for the 
Caucasian race, play the key roles in the etiopathogen-
esis of AK [6–9].
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Theoretically, AK lesions may transform into invasive 
SCC, if left untreated, but the exact time span and induc-
tive factors remain unknown. Also, approximately 25% 
of AK lesions will spontaneously regress and the contrib-
uting factors also remain to be elucidated [10]. Further 
studies are necessary to identify the disease stage which 
marks the irreversibility of the skin changes. Out of nu-
merous classifications for solar keratosis, the keratino-
cyte intraepidermal neoplasia (KIN) classification devel-
oped by Cockerell et al. has proven to be the most useful 
system, as it takes into consideration the histopatho-
logical features (Table 1), and corresponds to the cervical 
intraepithelial neoplasia (CIN) and vulvar intraepithelial 
neoplasia (VIN) classifications used in gynecology [11]. 

Prostaglandins play a significant role as modulators 
of the immune reaction in inflamed or cancerous tissues 
[12]. Cyclooxygenase-2 (COX-2) is one of the catalysts for 
the arachidonic acid to prostaglandin conversion pro-
cess. The exact mechanism of COX-2’s role in the neo-
plastic process had not been fully explained. The enzyme 
blocks cell apoptosis in the tumor and directly affects its 
expansion by inducing angiogenesis and weakening the 
function of T-lymphocytes and NK cells, which has been 
demonstrated by in vitro studies [12].

Aim

The aim of the study was to evaluate the possible 
correlation between COX-2 antigen expression in im-
munohistochemical (IHC) reaction and the stage of AK 
using the KIN classification system, age, sex and skin 
phenotype.

Material and methods

A total of 94 Caucasian patients with AK were includ-
ed in the study. Skin samples of ≤ 5 mm in diameter were 
excised from all subjects for histopathological and immu-
nohistochemical analysis. The samples were fixed in 10% 
buffered-formalin solution and embedded in paraffin. 
Next, they were cut into 4 μm sections and mounted on 
simple adhesive slides and stained with hematoxylin and 
eosin (H + E). The preparations were analyzed using an 
Olympus BX 40 optical microscope. The epidermal archi-
tectural and cytological features of AK were investigated 

including: epidermal thickness, hyper- and parakeratosis, 
hypercellularity, loss of stratification, abnormal kerati-
nocyte maturation, presence and level of cellular atypia, 
namely enlarged, hyperchromatic, irregular nuclei and 
mitoses. Three AK classification stages – KIN1, KIN2, and 
KIN3 – were used in the histopathological evaluation [9].

Immunohistochemical analysis of COX-2 expression 
in paraffin samples was conducted using the commer-
cially available EnVision Flex kit (Dako, Denmark). In 
order to facilitate antibody penetration, the samples 
underwent heat-based antigen retrieval using Target 
Retrieval Solution, High pH (Dako, Denmark) at 95–99°C 
in a water bath for 90 min. Next, a 3% hydrogen perox-
ide (Peroxidase block) was applied to block the activity 
of endogenous peroxidase and incubated for 5 min in 
a wet chamber at room temperature. Monoclonal mouse 
anti-human protein COX-2 clone CX-294 antibody (Dako, 
Denmark) at 1 : 100 dilution was used. The stained prepa-
rations were evaluated using an Olympus BX 40 optical 
microscope with a magnification grade of 200×. Digital 
photos were taken with a CamediaC-2002 digital camera 
and quantitatively analyzed using ImageJ (Image Process-
ing and Analysis in Java) (http://imagej.nih.gov/ij/). Re-
gions of intensive reaction and characteristic histopatho-
logic features, free of imaging artefacts, were selected for 
the numerical analysis of IHC reactions. ImageJ software 
was used to localize regions of interest (ROI) localized 
in the skin, segmentation using color thresholding was 
performed and the nuclei with positive reaction were se-
lected. Stained nuclei are often interconnected, so seg-
mentation using morphological watersheds was applied 
to calculate their number. Next, nuclei with a negative 
reaction were identified in the same image and using 
the same segmentation methods. IHC intensity was pre-
sented as the percentage of cells with a positive reaction.

Statistical analysis

Statistical analysis was performed using Statistica 
PL 10.0. The Shapiro-Wilk test was used to test for the 
normality of data. In the absence of normal distribution, 
the obtained results were presented using mean, stan-
dard deviation, median and range of the parameters. 
The Mann-Whitney test for independent variables was 
used to compare two groups of qualitative variables. The 

Table 1. Results of histopathology with KIN classification

KIN stage Total
n (%)

Women
n (%)

Men
n (%)

1:  keratinocyte atypia confined to bottom third of the epithelium with basal and suprabasal 
cells showing some nuclear enlargement and hyperchromasia

32 (34) 21 (36) 11 (31)

2: atypia involving the lower two-thirds of the epidermis 52 (56) 31 (53) 22 (61)

3:  carcinoma in situ with full-thickness atypia involving the epidermis and adnexal 
structures

10 (11) 7 (12) 3 (8)
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inter-variable differences, depending on the KIN classifi-
cation, were tested first with the Kruskal-Wallis and next 
with the multiple comparison test. Spearman’s rank cor-
relation was used to test for dependencies. A p-value of 
< 0.05 was considered as statistically significant. Local 
Ethics Committee approved of the study (no. 153/14). In-
formed consent was obtained from all study participants.

Results

Out of the 94 subjects with AK (aged: 51–93 years; 
mean: 76.51 ±9.64), 58 were female (aged: 51–93 years; 
mean: 76.31 ±10.10), and 36 were male (aged: 51–93 
years; mean: 76.83 ±8.98). Phenotypes 2 and 3 were 
found in 50 (54%) and 44 (46%) patients, respectively. Lo-
cation of AK lesions is presented in Figure 1. The number 
of women with AK located on the nose was statistically 
significantly higher as compared to men (p = 0.0008). No 
statistically significant sex-related differences were found 
for other locations. Table 1 presents the AK classification 
into three KIN stages, in accordance with histopathology 
results. Mean values of positive IHC reaction for COX-2 
were 2.16 ±6.56% for women and 1.96 ±6.59% for men 
(2.47 ±6.61%). No statistically significant difference was 
found (p = 0.7747). Figure 2 presents COX-2 antigen ex-
pression in AK preparation. Mean values of anti-COX-2 
antibody reaction were 2.30 ±6.82% and 2.48 ±7.01% in 
the KIN1 and KIN2 groups, respectively, while no COX-2 
expression was found in any of the 10 cases in the KIN3 
group. No statistically significant difference was found 
between the percentage of positive cells for the COX-2 
antibody in stage 1 and 2 KIN (p = 0.4848) (Figure 3). 
Mean values of positive reactions with the anti-COX-2 
antibody in the phenotype 2 and 3 groups were 1.41 

±0.61% and 3.02 ±8.25%, respectively. No statistically sig-
nificant difference was found (p = 0.7020) (Figure 4). No 
difference in COX-2 expression was found with regard to 
sex (p = 0.7747). Spearman’s correlation test revealed no 
statistically significant correlations between the variables 
(p > 0.05), which indicates that age, sex, skin phenotype 
and KIN stage did not affect the percentage of positive 
reactions with the anti-COX-2 antibody.

Discussion

The diagnostic process for AK is predominantly based 
on the clinical evaluation and presents little, if any, chal-
lenge for an experienced clinician. However, differentia-
tion between AK and invasive SCC on the basis of derma-
tology may pose a difficulty. Histopathological evaluation 
following skin biopsy remains the gold standard.

The role of prostaglandins in the neoplastic process, 
which has been postulated by numerous authors, is 
based on the efficacy of prostaglandin inhibitors in the 
process of inhibiting metastatic or tumor growth, which 
has been demonstrated in in vitro studies. Inhibition of 
the COX-2 activity is the basic mechanism of anti-inflam-
matory action of non-steroidal-anti-inflammatory drugs 
(NSAIDs), initially used only in the treatment for rheuma-
toid arthritis [13]. Non-steroidal-anti-inflammatory drugs 
have been demonstrated to have a chemopreventive ef-
fect on colorectal cancer [14], owing to their direct inhibi-
tory effect on cyclooxygenase induction, and attempts 
have been made to use these drugs in the therapy of 
adenocarcinoma and colorectal cancer [13, 15]. Also, they 
have been successfully applied in oncological dermatol-
ogy as studies in vitro and in vivo animal models have 

Figure 1. Number of patients with AK in different locations
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ences in COX-2 expression between various stages of 
SCC were observed. No COX-2 expression was detected 
in fibroid samples [21]. A similar study was conducted 
by Amirnia et al., who analyzed 17 SCC, 32 BCC, 9 BD 

Figure 3. Percentage of positive reactions with anti-COX-2 
antibody in three KIN stages

Figure 2. Positive immunohistochemical reaction with 
anti-COX-2 antibody in AK lesion located on the cheek of 
a 76-year-old woman (original magnification 200×)
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Figure 4. Positive IHC reaction for COX-2 expressed as per-
centages, depending on skin phenotype

shown high effectiveness of cyclooxygenase inhibitors in 
skin carcinogenesis [16].

Anuja et al. emphasized the key role of chronic in-
flammation in the induction of neoplastic growth and 
the fact that it negatively impacts genomic stability [17], 
while Nissinen et al. demonstrated that disturbances in 
the tumor microenvironment of SCC are induced by the 
inflammation and consist in the influx of inflammatory 
cells which promote protease synthesis, dysregulation of 
cytokine and chemokine secretion, which in turn leads to 
changes in the basement membrane and progression of 
early cancerous lesions to invasive forms [18].

Data on COX-2 expression in skin cancers remain 
inconclusive. Kagoura et al., in their study on selected 
skin cancers – 16 cases of basal cell carcinoma (BCC),  
15 SCC, 10 Bowen’s disease (BD) and 15 metastases to 
the skin – demonstrated lack of expression in 12 out of 
16 BCC samples and moderate expression in the remain-
ing 4 samples. As for BD, moderate expression was ob-
served in 10 out of 13 samples. Positive IHC reaction, al-
though of varying intensity, was demonstrated in 11 out 
of 15 SCC samples. Only 2 (well-differentiated pulmonary 
adenocarcinoma) out of 15 metastatic tumors showed 
COX-2 expression [19]. 

The presence of COX-2 in human epidermis and its 
increased synthesis in inflammatory or cancerous states 
have both been demonstrated in in vitro and in vivo stud-
ies. Buckman observed a 6-fold higher increase of that 
enzyme in keratinocytes after UVB treatment in labora-
tory conditions [20]. Also, they found a statistically sig-
nificant difference in COX-2 staining in samples obtained 
from squamous-cell skin carcinoma sites as compared 
to healthy skin samples, not exposed to ultraviolet ra-
diation. Their results might suggest a link between in-
flammatory processes and induction of the malignant 
transformation in skin after exposure to UV, so increased 
COX-2 expression in histopathologically more advanced 
stages of AK could be expected, which is not consistent 
with our findings. Variable COX-2 expression was also 
observed in other skin diseases and conditions. Kuźbicki 
et al. investigated COX-2 expression in healthy skin and 
20 benign epithelial changes, including seborrheic kera-
tosis, 11 pre-cancerous lesions, 35 cancerous lesions  
(21 BCC and 14 SCC), and 6 skin tags. These authors dem-
onstrated that COX-2 expression in the benign changes 
was similar to healthy skin and was highest in the granu-
lar layer and lower in the spinous layer, with the gradient 
increasing toward the skin surface. Higher COX-2 expres-
sion was observed in the pre-cancerous as compared to 
benign lesions. In contrast to the healthy skin samples 
and benign lesions, expression in the keratinocytes of 
the basal layer of the epidermis was detected. Interest-
ingly, low COX-2 expression was found in BCC samples, 
and it was lower compared to benign changes, unlike in 
SCC samples, where COX-2 expression was high, reach-
ing the pre-cancerous lesion values. Of note, no differ-
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and 4 AK cases and found COX-2 expression in 16 out of  
17 SCC, 28 out of 32 BCC, 8 out of 9 BD, and all 4 AK skin 
samples. They did not analyze the localization of COX-2 
expression in the epidermal layers of the investigated bi-
opsy specimens [22]. Our findings indicated that distinct 
COX-2 expression in KIN1 and KIN2 disappears in KIN3, 
the most advanced stage, which might suggest subsiding 
inflammation.

Conclusions

No statistically significant correlations between the 
intensity of IHC reaction and disease stage (KIN classifi-
cation) were found. Antigen COX-2 expression in AK skin 
samples is not affected by age, sex, or skin phenotype of 
the patients.
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