
 

 UNI WE RSY TE T M EDY CZ NY W L UB LI NI E  

I  Wydz ia ł  L ekar sk i  z  Oddzia ł em  St o m at o log ic znym  

 

 

lek.  Rafał  Wójcik  

 

 

OCENA PRZYDATNOŚCI KLINICZNEJ MARKERÓW 

NOWOTWOROWYCH UPA I PAI-1 U PACJENTEK Z 

RAKIEM PIERSI 

 

 

 

 

Rozp rawa na  s t op i eń  dokt or a  nauk  m edyc znych  

P rom ot or :  pr o f .  d r  hab .  n .  med .  Bar b a r a  Mad e j - Czer wonk a   

 

 

 

 

 

 

LU B LI N 2020  

  



Summary 

Breast cancer as the most common female cancer is a major epidemiological and clinical 

problem. On a global scale, it affects nearly 25% of female patients treated for cancer and is the 

most common cancer cause of death (14%). 

In Poland, breast cancer is diagnosed in more than 18.5 thousand women per year, which in 

2015 accounted for nearly 23% of cancer cases (last available full statistical data). In the same 

year, over 6.3 thousand of patients died from breast cancer (14%), which was the second most 

common cancer cause of death (after lung cancer). A steady upward trend in the incidence rate 

(currently 53/100 thousand) has been observed since the beginning of the 1980s, while the 

mortality rate is showing a stable tendency to stabilize at 15/100 thousand. 

The main factors that currently determine the quality of cancer therapy in breast cancer are 

early detection of the disease and appropriate, personalized selection of adjuvant treatment. Due 

to the extraordinary heterogeneity of this type of cancer and the fact that it affects women in all 

age groups, with different genetic predispositions, it is becoming increasingly difficult to 

determine adequate therapy. The analysis of approved prognostic and predictive factors is often 

insufficient to make optimal therapeutic decisions. Therefore, researchers are constantly 

searching for new type biomarkers that would be helpful in this process. 

Currently used prognostic and predictive factors include: estrogen 

(ER), progesterone (PgR) and HER2 receptor status, Ki-67 proliferation marker level, and 

clinical features of cancer. Recent years have brought the development of even more advanced 

methods in the form of multi-gene tests such as: Oncotype Dx, MammaPrint and Foundation 

One. Monitoring disease by physicians with serum markers, may be a beneficial alternative to 

complicated and expensive tests. Low cost, low invasiveness and the ability to repeat the test 

multiple times at different periods of the disease are their great advantages. 

Urokinase-type plasminogen activator (uPA) and plasminogen activator inhibitor-1 (PAI-

1) are components of the plasminogen activating system. These markers are thought to be 

involved in the processes of angiogenesis and tumor metastasis. Appreciating their clinical 

value, the American Society of Clinical Oncology recommends their determination in tissue as 

a useful prognostic factor in patients with newly diagnosed breast cancer without lymph node 

metastases. The value of serum determinations is not clear. Studies conducted so far in patients 

with cancers other than breast cancer suggest that higher serum proteolytic values are associated 



with a worse prognosis. There is little data in the literature regarding the monitoring of patients 

with breast cancer using serum uPA / PAI-1 levels. 

Aim of work 

The aim of the study was to assess the clinical usefulness of serum urokinase-type 

plasminogen activator (uPA) and plasminogen activator inhibitor-1 (PAI-1) determined 

in patients with breast cancer. The study also included assessing the expression of the genes 

encoding them in tumor tissue (PLAU and SERPINE1). 

Concentrations of the evaluated biomarkers were analyzed against the background of 

basic demographic parameters and exponents of the tumor process, which are routinely used in 

clinical practice to diagnose and determine treatment regimens for patients with breast 

cancer. The following factors were taken into account: tumor size, location, histological type, 

biological subtype, clinical stage, histologic grade (G) and proliferative index (Ki-67), 

ER, PgR and HER2 status, the level of the CA 15 -3 marker and the status of axillary lymph 

nodes. 

In addition, an attempt was made to answer the question whether the analyzed proteolytic 

factors are associated with the most important parameters of the neoplastic process and 

especially the process of metastasis to regional lymph nodes. 

Material and methods 

We qualified 88 women to the study, of which 78 patients were diagnosed with breast cancer 

and had not been treated with cancer before. 

We included 10 patients with benign breast condition (fibroadenoma) in the comparative 

group. The use of a comparative group allowed for an additional, more complete determination 

of the relationship between the analyzed proteolytic factors and the cancer process. 

Patients were qualified for primary surgical treatment in accordance with the standards 

of oncological treatment procedures in Poland. Histopathological diagnosis of cancer and 

primary surgical treatment were considered as inclusion criteria. The biological material used 

for the tests was collected in the Breast Surgery Department of the Cardinal Stefan Wyszynski 

Provincial Hospital in Lublin. Clinical information was obtained from the documentation of the 

Oncological Surgery Clinic and Breast Surgery Department of the Cardinal Stefan Wyszynski 

Provincial Hospital in Lublin. Blood for testing was obtained while conducting routine 



preoperative laboratory tests. Tumor tissue was collected during the operation in cooperation 

with the Pathomorphology Department of the Cardinal Stefan Wyszynski Provincial Hospital 

in Lublin. The serum concentration of uPA and PAI-1 markers was tested. Measurements were 

made in the study group and the comparative group. Serum parameters were determined with 

ready-to-use enzyme-linked immunosorbent assay (ELISA) kits (Quantikine ELISA, R&D 

Systems, USA and IMUBIND Plasma PAI-1 ELISA, Sekisui, USA). Expression of 

the SERPINE1 and PLAU genes was measured in the tumor tissue. Expression of 

the PLAU and SERPINE1 genes was assessed using a quantitative PCR (qRT -PCR) 

method. The determinations were made in cooperation with the Chair and Department of 

Toxicology of the Pharmaceutical Faculty of the Medical University of Lublin. The obtained 

data was given to statistical analysis. 

The study was conducted with the consent of the Bioethical Committee of the Medical 

University of Lublin with the number KE-0254/273/2016. 

Results 

We analyzed correlations between the individual data based on the the examined serum, 

tissue, demographic and clinical parameters. The study has demonstrated that patients 

diagnosed with breast cancer were significantly older and characterized by higher 

concentrations of the marker CA 15-3 levels. Patients with tumors larger than 2 cm 

were significantly more likely to have metastases to axillary lymph nodes and statistically 

significantly higher CA 15-3 concentration in serum. It was shown that tumor located in the 

right breast was statistically significantly more frequent in older patients. In the group 

of patients with a higher concentration of categorized uPA levels statistically significant higher 

SERPINE1 gene expression was detected. Performed study showed that that patients with 

higher uPA levels are statistically significantly more likely to have higher serum PAI-1 

levels. In addition, high uPA concentration was found to be a risk factor for higher PAI-1 

level. Higher categorized concentration of a PAI-1 was related to patients with higher body 

weight and BMI. In addition, the categorized higher serum PAI-1 level was statistically 

significantly more frequent in postmenopausal patients and was found to be a risk factor for 

abnormal BMI. A statistically significant positive correlation was found between the CA 15-3 

marker concentration and serum uPA level in patients with axillary lymph node metastases. The 

presence of lymph node metastases did not have a statistically significant effect on the 

concentration of uPA and PAI-1 and on the expression of the PLAU and SERPINE1 genes. 



There were no statistically significant differences for uPA and PAI-1 in serum depending on 

the subtype of breast cancer. Due to the lack of significant differences for uPA and PAI-1 

between the comparison group and the experimental group, an attempt was made to assess 

whether breast cancer is a classifier for the concentration of these parameters in serum. For 

both uPA and PAI-1, the area under the ROC curve indicated that breast cancer is not 

theoretically ideal classifier. 

 

Conclusions 

Based on the conducted research, the following conclusions were formulated: 

1. Serum concentrations of urokinase-type plasminogen activator (uPA) and plasminogen 

activator inhibitor-1 (PAI-1) do not correlate with the presence of axillary lymph node 

metastases in patients with breast cancer. 

2. Assessing the relationship between the analyzed parameters, a statistically significant 

correlation was found for SERPINE1 gene and PLAU gene expressions, and a negative 

statistically significant correlation between serum PAI-1 concentration and PLAU gene 

expression. 

3. Negative statistically significant correlation between PLAU gene expression and PAI-1 

concentration, and a statistically significant correlation for the expression of analyzed genes 

were found in patients without metastases to axillary lymph nodes. 

4. Based on the obtained correlations, it should be stated that routinely assessed exponents of 

the neoplastic process only indirectly shape the relationship between the examined proteins and 

the genes encoding them. 

5. The study does not confirm the clinical usefulness for the determination of serum urokinase-

type plasminogen activator (uPA) and plasminogen activator inhibitor-1 (PAI-1) in patients 

with breast cancer. 


