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Abstract

Background: Skin cancer is one of the most common types of cancer and its annual mortality rate is increasing. The induction
enzyme of cyclooxygenase COX-2 causes biosynthesis of prostaglandin and thromboxane during inflammation of the body. Increasing
the expression of COX-2 has an important role in the development and progression of malignant epithelial cancers and other types of
cancers. Considering the diagnostic status of the marker, this study aimed to evaluate the expression of COX-2 for diagnosis and
differentiation of benign skin pigmented neoplastic lesions from malignant melanoma types.

Methods: In this diagnostic study, the immunohistochemistry of COX-2 maker in 82 paraffin blocks of pigmented benign and
malignant skin neoplasms of patients (49 men; 33 women) and its association with clinicopathological features of the tumor was
evaluated. Data were analyzed using chi-squared and t test in SPSS18. Significance level was set at less than 5%.

Results: The findings showed that 20 patients (24.3%) had malignant melanoma and 13 had significant COX-2 (3+ High), while
COX-2 marker was not detected in other benign and malignant pigmented skin neoplasms (p<0.001). A significant association was
found between COX-2 marker and grade (p<0.001), but there was no significant correlation with other clinicopathological tumor
criteria. Sensitivity, specificity, PPV and NPV value of the COX-2 marker were 65%, 100%, 89.9%, and 100%, respectively.

Conclusion: Because of the high level of COX-2 in malignant melanoma skin marker, it can be used to distinguish benign and
malignant neoplastic lesions (SCC and BCC) from melanoma and to provide effective therapeutic strategies through specific COX-2
enzyme inhibitors.
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Introduction

Skin is the largest organ of the body that acts as the first
physical defensive barrier to innate immunity throughout
the life of each person while continuously expanding (1,
2). It is important for the body to prevent or take care of
any serious skin lesion and damage. Due to the complex
structure of skin tissue, there is the possibility of a wide
range of diseases, including tumors in the epidermis, epi-
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dermal appendages, and dermal tissue (2, 3).

Pigmentation disorders form a wide range of common
skin and mucosal diseases. Studies in many countries have
shown a high prevalence of skin cancer, which is caused
by the abnormal growth of cells with the ability to spread
to other parts of the body (4). The disease is seen more
frequently in people with light skin, hair and eyes (5, 6),

1What is “already known” in this topic:
Skin cancer is one of the most common types of cancer, and its
annual mortality rate is increasing.

— What this article adds:
Because there is a high level of COX-2 marker in malignant

melanoma skin, it can be used to distinguish benign and
malignant neoplastic lesions (SCC and BCC) from melanoma
and to provide effective therapeutic strategies through specific
COX-2 enzyme inhibitors.
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and aged 14-35 years compared to Asian and African rac-
es (4, 7). Epidemiological studies in the United States,
England, and Australia have indicated that skin cancers
are the most commonly reported human tumors (8, 9),
accounting for approximately 25%-40% of all types of
cancers worldwide (2, 10-13). Skin cancer is highly preva-
lent in the Middle Eastern countries (14, 15). Limited
studies registered in Iran have reported about 10-15 new
cases of skin cancer per 100 000 populations annually,
ranking skin cancer as the most common cancer nation-
wide (16-18). This cancer is also very common in Ma-
zandaran province and is ranked third among all types of
common cancers (16).

The melanocytic tumors are classified into benign and
malignant forms (8, 19). The malignant form of skin can-
cer is divided into 2 categories: (1) nonmelanoma skin
cancers (NMSCs), which include basal cell carcinoma
(BCCs) and squamous cell carcinoma (SCC); and (2) non-
common skin cancers (~1%) and malignant melanoma
(MM) (20, 21). Typically, the prevalence of NMSCs is 18
to 20 times more than that of melanoma (20, 22), and
about 80% of them are BCCs, and the remaining 20% are
SCC (4, 23). However, it is estimated that about 30%-50%
of BCC cases and 30% of SCC are not included in the
cancer registration systems (4).

Due to the slow growth of BCC, the risk of damaging
the surrounding tissues and spreading to distant parts is
unlikely, while destruction, metastasis, and dissemination
are commonly observed in all types of SCC and MM (24).

BCC and SCC are rarely fatal (6, 25). Although less
than 1% of skin cancer cases belong to melanoma, the
melanoma form is responsible for about 75% of skin can-
cer deaths, about 1 person per hour (6, 26). According to
the WHO reports, annually, about 65 000 deaths (less than
0.1% of cancer deaths) occur due to this particular type of
cancer in the United states (25, 27). In 2012, about 55 000
of the 232 000 cases of the melanoma reported throughout
the world led to death (25). The highest rates of the mela-
noma have been reported in Australia and New Zealand
(6). According to WHO estimates, the Middle East coun-
tries might be faced with 80%-100% increase in the can-
cer death rates over the next decade (28, 29).

Several genetic changes are associated with the patho-
genesis of SCC, with the most important causes being cell
cycle impairment, apoptosis, DNA repair, cell differentia-
tion, expression of cyclooxygenase type 2 (COX-2), and
telomerase activity (24).

Given the high prevalence of skin cancer, which has in-
creased more than 2 times over the past 3 decades, a defi-
nite and rapid diagnosis of the disease, especially in the
MM form, can prevent the progressive course of the dis-
ease by correct decision making about the primary effec-
tive measures and complementary therapies (4, 6, 26).

Histopathological examinations have been recognized
as valuable tools for skin cancer diagnosis. However,
some forms of BCC and SCC are viewed as pigmented
lesions and several cases of pigmented skin neoplasms are
found as borderline. Thus, there are limitations in the de-
finitive diagnosis of other pigmented lesions and in distin-
guishing them from one another (e.g. distinguishing SCC
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from Pscudoepitheliomatous hyperplasia or Kera-
toacanthoma) (2, 30, 31).

To distinguish benign and malignant neoplasms, it is
important to determine the prognosis, predict survival,
design the therapeutic protocol, and identify many tumor
markers in the specific staining techniques using immuno-
histochemistry (30).

Several tumor markers have been investigated and the
results of which are different or even contradictory. The
cyclooxygenase (COXs) enzymes are protein tumor mark-
ers that play a facilitating role in converting arachidonic
acid to prostaglandin. Different genes encode COX-1 and
COX-2 isozymes. One of the most important marker tu-
mors is COX-2. An inducible enzyme plays the role of
prostaglandin and thromboxane production during in-
flammation.

Many studies have shown increased expression of
COX-2 enzyme in transformed cells in various types of
human neoplasms (32-35), which can also be used as an
important indicator in diagnosing the pigmented skin can-
cer (36-38). The use of selective COX-2 inhibitors and
nonsteroidal anti-inflammatory drugs (NSAIDs) has also
led to a relative improvement in the therapeutic trend of
advanced cancers (38).

There are limited and different studies on the role of
COX-2 in the pathogenesis of melanoma. Some reports
suggested that the COX-2 overexpression in malignant
melanomas may be associated with the development of
this disorder. Other studies have found an increase in
COX-2 protein instead of primary melanoma cells in in-
flammatory or metastatic cells (39). Previous studies on
human and mouse melanoma cells showed that the COX-2
induces prostaglandin E2 production and malignant mela-
noma through its effect on the immune system, as the
COX-2 inhibitors should be able to play a therapeutic role
in this cancer (40).

Limited studies have been conducted in different coun-
tries, especially in Iran, on the relationship between the
incidence of COX-2 and the clinicopathological parame-
ters of pigmented cancers and its value in distinguishing
benign and malignant pigmented neoplasms. Thus, the
present study was conducted to detect and distinguish be-
nign and malignant neoplastic lesions by COX-2 protein
marker using immunohistochemistry as a prime step for
other applied studies to investigate the relationship be-
tween the incidence of this tumor marker with prognosis,
survival, and targeted therapy with specific drugs.

Methods

Sample selection

This descriptive analytical study was conducted on 82
skin tissue blocks in patients with pigmented skin cancer
“based on coding ICD-0O-3 provided by the WHO” avail-
able in the archives of the pathology laboratory of Bu-Ali
Sina hospital, affiliated to Mazandaran University of Med-
ical Sciences (Sari, Iran), during 2015-2014. The nontu-
moral adjacent tissue of the paraffin embedded nevi sam-
ples was used as negative control and paraffin embedded
tumor tissue of samples diagnosis of colorectal adenocar-
cinoma as positive control. Two pathologists separately
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confirmed all the diagnostic steps of the samples. After
rediagnosis of malignancy, the COX-2 immunohistochem-
ical (IHC) staining intensity was evaluated for all samples.

In the first step, in addition to examining the available
data in the above period, all skin pigmented specimens
were diagnosed with malignant and benign neoplasms and
the data were extracted from the medical records of the
patients. After taking the required paraffinated blocks
from the archives, slides were prepared and stained using
Hematoxylin-Eosin staining method. During the examina-
tion of the slides, in addition to rediagnosing the presence
or absence of malignancy, other microscopic examination
parameters, such as lymphatic invasion, vascular invasion,
and tumor differentiation, were also evaluated and record-
ed.

Evaluation of COX-2 marker

For the COX-2 IHC staining intensity test, an appropri-
ate paraffinated block was selected from each sample
(which had sufficient tumor tissue without necrosis and
bleeding) and 3 micron sections were prepared using a
microtome. After deparaffinization and rehydration, the
samples were washed with phosphate buffered saline
(PBS) and then exposed to 3% hydrogen peroxide for 20-
30 minutes to inhibit the endogenous (tissue) peroxidase
activity. Subsequently, after rewashing with PBS buffer,
the antigen retrieval step was performed by autoclaving
the samples in 0.01M Tris buffer with pH= 9 for 20
minutes at 120°C. Protein block serum-free solution (code
X0909, DAKO) was also used for 10 minutes to reduce
the binding of nonspecific antibodies.

The specimens (dilution of 1/100) were then incubated
for an hour with Monoclonal Mouse Anti-Human COX-2
antibody, Clone CX-294, Dako, Denmark (anti-COX-2).
After rinsing with PBS buffer, the samples were treated
with HRP-conjugated secondary antibody (Code-No.
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K4061 empfohlen, Dako EnVision) for 30 minutes to de-
tect the immune response.

After rinsing with PBS buffer, the samples were sub-
jected to diaminobenzidine substrate for 10 minutes.
Background stain was performed by Hematoxylin. In each
series, all steps were also performed for positive and nega-
tive controls.

The cell staining was due to the cytoplasmic COX-2
marker; if stained positive, the cytoplasm's color would
change to brown. The final report was based on optical
microscope observations (400X) and the intensity of
COX-2 staining of the cells as a semi-quantitative and
estimated way within 4 grades, negative (-), poor (+),
moderate (+2), and strong (+3) (Table 1). The grades less
than +3 was considered as low COX-2 staining and grades
+3 as high COX-2 staining (41).

Statistical analysis

Data were analyzed using SPSS Statistics V18, and sig-
nificance level was set at p< 0.05. Mean and standard de-
viation were applied to describe quantitative data (age)
and frequency distribution for qualitative data (sex) in
each group. Student t test was used for comparing patients'
age, chi-squared test for gender comparisons, and logistic
regression for examining the difference in incidence rate
of COX-2. Sensitivity, specificity, positive predictive val-
ues (PPV), negative predictive values (NPV), and their
verification ratio were determined to evaluate the diagnos-
tic power of this marker.

Results

In total, 82 samples of 49 (60%) males and 33 (40%)
females, with the mean+SD age of 50.2+3.83-years were
evaluated in this study. There was no statistically signifi-
cant difference between the mean age and sex. Table 2
shows the incidence of COX-2 marker and its staining

Table 1. The protocol of the severity and colour intensity reporting in the cytoplasmic background cells of COX-2 expression IHC method (a semi

quantitative and estimated assessment).

Grid Grid define Staining intensity Staining intensity Description
of tumor cells of epidermal cells or endothelial

0 Negative - /+ + No staining or coloring in less than 30%
of tumor cells

+1 Poor positive + + Equal staining intensity between at least
30% of the tumor cells relative to the
epidermal cells or vascular endothelial
cells

+2 Moderate positive + + Higher staining intensity between at
least 30% of the tumor cells relative to
the epidermal cells or vascular endothe-
lial cells

+3 Strong positive + + Clearly more intense staining intensity

of coloration between at least 30% of
the tumor cells relative to the epidermal
cells or vascular endothelial cells

Table 2. The level of staining incidence and intensity of benign and malignant pigmented skin neoplasm cells based on COX-2 IHC method

Pathological diagnosis

Severity of coloration Pigmented nevus (%) SCC (%) BCC (%) MM (%) Total (%)
0 3(12) 13 (56.5) 11 (78.6) - 27 (32.9)
+1 16 (64) 9(39.1) 3(21.4) - 28 (34.1)
+2 6(24) 1(4.3) - 7(35) 14 (17.1)
+3 - - - 13 (65) 13 (15.9)
Total (%) 25 (100) 23 (100) 14 (100) 20 (100) 82 (100)
http://mjiri.iums.ac.ir
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intensity in the case and control groups.

According to the pathological assessments of the COX-
2 THC staining intensity test, 13 (65%) out of 20 samples
of MM group had a high grade (+3) and the rest of 35%
had a moderate (+2) grade. In other groups, no +3 staining
was observed (Figs. 1 and 2). There was a significant cor-
relation between incidence of COX-2 marker with patho-
logic diagnosis and histological grade of benign and ma-
lignant pigmented neoplasms (p<0.05).

Since the negative control group was selected from the
healthy tissue adjacent to each tumor, both case and con-
trol groups were fully matched for age and sex. There was
a significant difference between the above group and the
malignant melanoma group and other benign and malig-
nant pigmented neoplasms in the evaluation of results
(p<0.001).

Discussion

Skin diseases, particularly skin tumors, are major health
concerns. These diseases are considered important in di-
agnosis, treatment, high costs of treatment, follow-up,

pressure, and causing personal and social problems. Con-
sidering the high incidence of skin cancer in the world,
including Iran, rapid, definite, reliable, and early diagnosis
of the disease and identifying new and applied therapeutic
methods to control and eliminate the disease can be an
effective approach to ensure the health of the individuals
and society.

The present findings indicated that the prevalence of
SCC (28%) was higher than BCC (17.1%) and MM
(24.4%). There was no significant relationship between
these malignancies and sex. The mean age of the disease
was 50.2 years, which was lower than other studies in
Mashhad, Gilan, Yazd that reported the mean age of over
60 years.

Although the results of other studies indicated a high
prevalence of skin cancer in the elderly, often in the sixth
decade of life and subsequent years, skin cancer in chil-
dren and adolescents and those younger than 35 years are
due to the lack of skin care against UV (A, B, C), espe-
cially in the hot months of the year (with an average radia-
tion index of about 9). Also, the disease in the middle-
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Fig. 1. Comparing the incidence and intensity expression of COX-2 in pigmented benign and malignant skin neoplasms (n=82) based on;

A: Severity of correlation B: Pathological diagnosis

Fig. 2. The level of cytoplasmic staining intensity of benign and malignant pigmented skin neoplasm cells based on COX-2 IHC meth-

..

od; Positive staining MM cell (+3) “A: X400, B: X100, C: X40” Negative staining “D: Pigmented naive.X400, E: BCC. X100, F: SCC.

X100 Positive control “G: Colorectal adenocarcinoma X 400”.
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aged and the elderly occur due to a weakened immune
system (4, 42).

The UV radiation from the energy saving light bulb and
welding with metal electrodes used in electrical arc tech-
nique are of the other environmental factors causing this
complication (14). Given that limited studies have been
performed on this subject in Iran, it is impossible to easily
identify the norms and conditions of this disease. The UV
radiation in people with light or dark skin causes the im-
mune system to be inhibited by altering Langerhans cells
(antigen-presenting immune cells) of the skin and mucosa,
increasing the expression of immunosuppressive neuro-
peptides, releasing the cytokines, melanocins and inflam-
matory mediators from keratinocytes, melanocytes, and
neurites (24). The UV radiation, after oxidative stress,
increases the formation of free radicals of oxygen (active
and unstable compounds with high affinity to react, in-
vade, and damage to other molecules, including DNA or
cell genome, proteins, and carbohydrates). The ROS mol-
ecules cause loss of membrane integrity and its transfor-
mation into malignant melanocytes with a cytotoxic and
genotoxic role by initially stimulating the melanosomes
within the melanocyte (24, 43).

Since the distinction between primary melanoma cells
and other benign skin diseases is not possible simply by
histopathologic methods and there is even the possibility
of reporting the errors, detecting primary melanoma is
considered as one of the important challenges of laborato-
ry diagnosis. Studies have shown the role of the COX-2
marker expression in the ability to distinguish between
nevi and types of primary and secondary melanocytes (44)
Goulet et al found a very low COX-2 expression level in
mild and primary melanoma but a significantly high
COX-2 expression level in all inflammatory epithelial
cells and metastatic melanoma. A similar study in the
Netherlands showed a significant relationship between the
mean COX-2 expression in mild and primary melanocytes
(metastatic). Kubus et al examined 75 normal nevi, 43
atypical nevi (from children), and 15 malignant melano-
mas (from adults) using 2 methods of routine hematoxy-
lin-eosin staining and the COX-2 IHC staining method.
The results indicated that although all melanocytic nevi
and melanomas showed a reaction to COX-2, significant
differences were observed only between benign and ma-
lignant melanocytic tumors, but this difference was not
statistically significant in melanocytic nevi. Therefore, the
ability of the COX-2 marker to detect nevi and melanoma
was successful (19), which is consistent with the findings
of the present study.

To investigate the relationship between the histological
grade of the disease and the incidence rate of COX-2
markers in the melanoma and the ability to distinguish the
melanoma from the benign nevi, Goulet et al (17), in
2003, studied 46 specimens, including dysplastic nevi,
stage I melanoma, stage II melanoma, stage III melanoma,
stage IV melanoma, melanoma with metastasis to the
lymph nodes, and melanoma with metastasis to the rest of
the body. Their results showed the COX-2 enzyme in all
keratinocytes, cutaneous fibroblasts, inflammatory cells
adjacent benign nevi, and primary dermal melanomas, but
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not in any of the benign cells and primary dermal mela-
noma. The level of COX-2 protein expression was highly
significant in all 13 metastatic melanoma samples pre-
pared from the lymph nodes beneath the epithelium or
other parts of the body and the inflammatory cells around
them. These data showed that the COX-2 levels not only
play a key role in metastatic melanoma, but also may be
effective in treating these diseases with COX-2 inhibitors
(39). In a similar study by Zelenay et al on 101 cases of
malignant melanoma and 28 associated metastases, a high
and severe level of COX-2 expression was detectable in
95% of all melanomas. In addition, its level remained con-
stant in a variety of dependent metastases. They observed
a significant correlation between the COX-2 IHC staining
intensity and the thickness of the tumor and found a sig-
nificant correlation between the COX-2 IHC staining in-
tensity and the disease persistence by the Kaplan-Meier
curve (40).

Another important finding of the present study was the
significant relationship between higher grades and the
severity of the disease invasion. Few studies have been
conducted on this subject. The results of a semi-
quantitative study by Denkert et al on 28 cases of primary
dermal melanoma and 4 benign nevi showed that 26
(93%) of melanomas were positive for COX-2 markers
and 68 (68%) had medium to severe grades. In the study
of de Souza do Nascimento et al, in Brazil, on 49 oral
melanocytic lesions (39 intramucosal nevi, 4 dermal nevi,
13 oral primary melanomas, and 8 skin melanomas), the
COX-2 incidence rate was strong in all 13 oral primary
melanomas, but negative in intramucosal and dermal nevi
(45). Chwirot et al examined 33 cases of primary mela-
noma (Clark's level I/Il) and 58 benign nevi and deter-
mined a high level of COX-2 expression in melanomas,
with a sensitivity of 91% and a specificity of 51.7%. They
reported this enzyme as the first immunohistochemical
marker to distinguish the primary melanomas from the
benign melanocytic lesions. In this survey, sensitivity,
specificity, PPV, and NPV of the marker were 65%,
100%, 89.9%, and 100%, respectively, indicating a signif-
icant relationship between histological grade and severity
of COX-2 marker in the melanoma and the ability to dis-
tinguish the melanoma from benign dermal nevi.

Early and proper diagnosis of the diseases is one of the
most important therapeutic approaches for adopting effec-
tive strategies to significantly reduce the progress and the
severity of the disease as the priorities of the health policy
of Iran. Considering the increased incidence rate of skin
cancer in the country and the changed pattern (46), rapid
and early diagnosis of precancerous lesions and preven-
tion of developing the malignant melanoma are important
health care issues. The direct and strong association be-
tween the incidence of COX-2 markers and the pathologic
diagnosis of the malignant melanoma can help distinguish
malignant and benign pigmented skin neoplasms and pre-
vent the progress and spread of the disease through appro-
priate therapeutic actions using COX-2 enzyme inhibitors.

As the elderly groups (with many diseases) will account
for a large part of the population pyramid in Iran in the
near future and considering the variety of race and climat-
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ic conditions in different regions of the country, it is es-
sential to perform extensive national studies to identify
new techniques and laboratory applications to diagnose
various diseases, particularly cancer, to ensure individual
and social health and improve quality of life.
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