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Introduction. The cyclooxygenases (COX) are enzymes involved in the 

metabolism of prostaglandins, thromboxane and prostacyclin. Under the 

influence of various factors (physical, chemical, inflammatory or mitogenic 

stimuli), arachidonic acid is released from the phospholipids of cell mem-

branes under the action of phospholipase A2 [1]. Under the influence of 

COX, it is converted into an unstable intermediate prostaglandin H2 

(PGH2), which under the action of tissue-specific isomerases is converted 

into numerous prostaglandins, thromboxane and prostacyclin. Prostaglandins 

activate specific receptors on cell membranes, belonging to the family of G-

protein coupled receptors. Previously two species of the enzyme COX-1 and 

COX-2 were identified, which are encoded by different genes. Both COX 

genes are very similar, as are both isoenzymes, which have almost identical 

three-dimensional structures. The active positions of the two COX differ in 

only one amino acid residue. COX-1 is constitutively expressed in most 

tissues and organs, including the gastrointestinal tract, kidneys and platelets 
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and has a protective role in the gastrointestinal tract [2]. The COX-2 enzyme 

is inducible in most tissues in response to inflammatory and hormonal sig-

nals. COX-2 is expressed constitutively in the brain and in the cortex of the 

kidneys. In other tissues, COX-2 expression is pathological and is induced 

by stimulating factors such as cytokines, free oxygen radicals, lipopolysac-

charides, tissue plasminogen activators, mitogenic factors [3]. Recent studies 

have indicated that the overexpression of COX-2 is associated with cancers 

of the stomach, colon, bladder and prostate and it was suggested that COX-2 

may be involved in tumorigenesis in various organs [4-6]. In breast cancer, a 

high level of prostaglandin and COX-2 expression was reported in breast 

cancer tissue, but studies on the role of COX-2 in the development and the 

progression of breast cancer are relatively few [7-11]. 

The aim of this study was to determine of COX-2 expression and corre-

lation with clinicopathologic prognostic parameters in the progression of 

invasive ductal breast cancer. 

Materials and methods. One hundred and ninety-three patients who un-

derwent surgery for breast cancer without neoadjuvant chemotherapy in 

2017 at the Lviv State Oncological Regional Treatment and Diagnostic Cen-

ter were examined. Pathological evaluation was performed using stained 

hematoxylin-eosin–stained sections. The histologic type of the breast cancer 

was determined according to the WHO classification. The histologic grade 

was categorized as grade I, grade II and grade III using the Elston-modified 

Bloom and Richardson grading system [8]. The TNM was used for clinical 

staging of breast cancer and clinicopathologic characteristics included tumor 

size, lymph node status, stage, ER, PR, Her2/neu status, and histologic 

grades were evaluated. A total of 193 cases of breast cancer, using immuno-

histochemistry, were classified into four major molecular subtypes (luminal 

A, luminal B, HER2/neu-positive, and triple negative). A monoclonal anti-

body to COX-2 (Clone SP21, Thermo scientific), ER (Clone EP1, Dako), PR 

(PgR 636, Dako Flex), Her2-neu (Clone SP3 Thermo scientific) and strep-

tavidin peroxidase detection system with diaminobenzidine tetrachloride 

were used. The immunoreactive score was calculated for ER, PR and Her-

2/neu by multiplication of the percentage of positive cells and the staining 

intensity. The percentage of positive cells was categorized as 0 (negative),  

1 (10% positive cells), 2 (10–50% positive cells), 3 (51–80% positive cells) 

and 4 (80% positive cells). The staining intensity was categorized as  

0 (negative), 1 (weak), 2 (moderate) and 3 (strong). For COX-2 the results of 

immunohistochemistry were interpreted as positive when 10% of the tumor 

cells demonstrated clear cytoplasmic staining or an immunoreactive score of 

2 was considered positive. Chi-squared test was performed to evaluate the 

relationship between these subtypes and clinicopathological features. 
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Results. Among the 193 invasive ductal breast cancer cases, 79 (40,9%) 

patients with luminal A subtype, 32 (16,6%) revealed a triple-negative phe-

notype (TNBC), 39 (20,2%) patients with HER-2/neu positive (non-luminal) 

and 43 (22,3%) with Luminal B invasive breast carcinoma. 

79 patients with luminal A subtype were identified by immunohisto-

chemistry (IHC): ER+, PR+, HER2– and Ki-67 less than 20 percent on sur-

gically resected breast cancer tissue. Nottingham Histologic Grade distribu-

tion was as follows: G1 – 10 (12,66%), G2 – 56 (70,88%), and G3 –  

13 (16,46%) cases and clinical stage II – 35 (44,30%) and III – 31 (39,24%) 

was observed. The patients with Luminal A subtype had a median age of 50 

years (range, 32–85 years), 25 (31,6%) were under 55 years and menopausal 

status was in 68,4% of cases. 

The 32 patients with TNBC had a median age of 59 years (range,  

31–79 years), 11 (34,4%) were under 55 years. Clinical stage II –  

14 (43,74%) and III – 11 (34,38%) was observed. Nottingham Histologic 

Grade distribution was as follows: G1 – 0 (0%), G2 – 17 (53,13%), and G3 – 

14 (43,74%), G4 – 1 (3,13%) cases. Menopausal status was in 65,6% of 

cases. Unilateral lesion of the breast was detected in most cases and tumors 

were more frequently localized in the outer quadrants (62,5%). 

The median age of the 39 patients with HER-2/neu positive  

(non-luminal) invasive ductal breast cancer was 50,5 years with range  

28–78 years and 21 (56,8%) were under 55 years, 20 of 37 (54,1%) patients 

were premenopausal at the time of surgery. 

The 43 patients with Luminal B invasive ductal breast cancer had a me-

dian age of 49 years (range, 27–73 years), 22 (51,2%) were under 55 years. 

Clinical stage II – 23 (53,49%) and III – 10 (23,25%) was observed.  

Nottingham Histologic Grade distribution was as follows: G1 – 5 (11,62%),  

G2 – 27 (62,79%), and G3 – 11 (25,58%) cases. Menopausal status was in 

48,8% of cases. 

COX-2 was positive in 70 of 102 cases (69%) in Stage II, and 52 of  

61 cases (85%) in Stage III, which was statistically significant (p < 0,05). Of 

the 193 cases of invasive carcinoma, COX-2 was positive in 31 of 47 cases 

(65%) measuring 2 cm, in 85 of 103 cases (82%) measuring 2 cm and 5 cm, 

and all 43 cases (100%) measuring 5 cm, which was statistically significant 

also (p < 0,01). Cases with positive ER and PR tended to more frequently 

overexpress COX-2, but there was no significant correlation. Histologic 

grade was not correlated to cyclooxygenase-2 overexpression. 

In all cases C-erbB-2 staining was scored 3 and considered as positive 

for HER-2/neu overexpression. In the present study, we found that COX-2 

was expressed in all HER-2/neu positive tumours, but overexpression asso-

ciated with parameters of the poor prognosis: postmenopausal status  

(n=10; 62,5%), large tumour size (n=25; 67,6%), tumour higher grade  
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(G2 – n=27; 73%; G3 – n=9; 24,3%) and lymph node metastasis  

(n=13; 35,1%) (p < 0,05). 

Conclusions. Our results demonstrated COX-2 positivity in 82% of in-

vasive ductal breast cancer and COX-2 overexpression was significantly 

correlated with aggressive phenotypic features, such as HER-2/neu overex-

pression and high histological grade, large tumor size, advanced stage. In-

creased expression of COX-2 in tissue of invasive ductal breast cancer could 

indicate a role in breast carcinogenesis. The results indicate that COX-2 may 

contribute to the development of breast cancer and can be used as a prognos-

tic clinically biomarker for estimating tumor aggressiveness. 
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Stenosis and blockage of the arteries of the vertebrobasilar basin of the 

VBB, which are most often caused by atherosclerosis and atherothrombosis 

are manifested by a wide range of clinical conditions. The lesion of the VBB 

attracts the attention not only of neurologists, but also of emergency physi-

cians, neurosurgeons, neuroradiologists and rehabilitologists, as patients 

with this pathology often find it difficult to establish an accurate diagnosis, 

assess prognosis and choose optimal treatment and rehabilitation measures. 

Many aspects of the diagnosis and treatment of vascular lesions of the VBB 

remain insufficiently studied [1-3]. Every year, more than 1.2 million people 

in Europe suffer from cerebral stroke (CS) and World Health Organization 

experts predict a further increase in the incidence. Cerebral stroke is the 

leading cause of disability and mortality throughout the world [5]. 

The aim of our study is to improve the diagnostic algorithm for ischemic 

stroke. To identify the pathogenetic subtype of ischemic stroke, as an addi-


