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DEPARTMENT OF EXPERIMENTAL ONCOLOGY 

Head: Professor Leon Strządała, Ph.D. 
 

 

Laboratory of Experimental Anticancer Therapy 

Head: Professor Joanna Wietrzyk, Ph.D.  
 

Studies on the mechanisms of tumor progression and metastasis and on the effects of 

experimental antitumor therapy 

 

Regulation of the expression of VDR receptor in human breast cancer and normal breast 

epithelial cells by miR-125b 

 

 The aim of the experiments was to examine whether miR-125b regulates the expression of the 

vitamin D receptor (VDR) in cell lines of normal and malignant epithelium derived from human 

mammary gland. 

Previous studies have shown that MCF-7 cells are sensitive to the action of the calcitriol analog 

PRI-2191 in contrast to MDA-MB-231 and MCF-10A. Analyses of expression of VDR and 1,25D3-

MARRS showed that all cell lines tested express VDR and MARRS at the mRNA level. In MCF-7 

we observed the highest levels of VDR protein from lines tested, although the highest level of 

mRNA was not seen. The highest levels of VDR mRNA were observed in MCF-10A. The analysis 

of the expression of miR-125b showed that all cell lines tested expressed miR-125b, the highest 

level being observed in MDA-MB-231 cells, and the lowest in the most sensitive cell line, MCF-7. 

An inverse correlation was observed according to VDR protein level, i.e. low miR125b correlated 

with high levels of the VDR protein. 

Studies on the potential application of bisphosphonates in anti-cancer treatment 

 

In 2016, studies on the anti-proliferative activity of two new bisphosphonates, WG12399C and 

WG12592A, against cancer cells originating from organs other than breast were conducted. The 

bisphosphonate 12592A exerted significant and specific anti-proliferative activity against SKOV-3 

and Hs294T cells. As we previously demonstrated, the new bisphosphonates showed potent anti-

proliferative activity towards murine macrophages J774E and RAW264.7. The conditions for 

effective differentiation of macrophages into osteoclasts were established and the studies on the 

potential anti-osteoporotic properties of the new bisphosphonates were started. Our results show 

that the potential clinical application of bisphosphonates may not be limited to breast cancer and 

metastases to bones. They also indicate that the two new bisphosphonates possess different 

molecular mechanisms of action, even though both compounds belong to the same group of N-

bisphosphonates.  

 

Evaluation of the effect of vaccines based on cells transduced with IL-2 and IL-12 lentiviral 

carriers on the tumor environment in mouse colon carcinoma models (continuation) 
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The purpose of our task was to elaborate strategies, using application of anti-cancer vaccines 

based on genetically modified cells, supporting the renewal and/or modulation of the immune 

response after the cytoreductive impact of conventional therapy. We used third generation lentiviral 

vectors encoding sequences of IL-2 and IL-12 genes as well as the IL-15 gene for modification of 

murine tumor cell lines and dendritic cells of the JAWS II line. The introduction of a vector 

containing genes encoding IL-2 or IL-15 had no effect on the ability of transductants for the 

production of other cytokines, excluding transductants of TC-1 cells, whose production of IL-6 

decreased compared to wild type cells. The effect of transduction on changes of MHC class I 

expression was observed. The use of tumor antigens and supernatants from above transduced tumor 

TC-1 or X63-Ag 8.653 cell culture (TAgSup), for in vitro stimulation, induced an increase in 

CD11c, CD40, CD80, and CD86 expression on the surface of dendritic cells, while the level of 

MHC class II antigen expression depended on the type of stimulators. Pre-activated BM-DC cells 

used in the four-day mixed culture with spleen cells caused a change in the size of their 

subpopulations. Culture of splenocytes with BM-DC stimulated with TC-1 cell TAgSup resulted in 

an increase in the percentage of CD8 +, CD4 +, and CD19 + and a decrease in CD49b + splenocyte 

percentage. In contrast, BM-DCs with X63-Ag8.653 cell TAgSup induced an increase of the 

percentage of CD19+ cells and reduced the size of CD8+, CD4+, and CD49b+ subpopulations. The 

most important achievement of the study is the implementation of new techniques, extending the 

scope of the research in order to enrich the study in thematic projects. 

 

Laboratory of Tumor Molecular Immunobiology 

Head: Professor Leon Strządała, Ph.D. 
 

Molecular mechanism of programmed cell death and proliferation in normal and tumor cells 

 

 Currently, 5-fluorouracil, irinotecan (also known as CPT-11), and oxaliplatin constitute the 

backbone of chemotherapy for colorectal cancer (CRC). Unfortunately, the molecular heterogeneity 

of CRC creates considerable variability in response to treatment among patients with the same 

disease stage. Because the currently approved therapies have failed in a substantial number of CRC 

patients, new efficient drug combinations are constantly being sought. Emerging data indicate that 

5-azanucleosides are able to sensitize cancer cells to the standard chemotherapeutic agents and 

contribute to overcoming intrinsic or acquired chemoresistance. 

 

 It is now well established that genetic mutations cooperate with epigenetic changes to drive the 

formation and progression of normal colorectal epithelium into adenocarcinomas. Abnormalities in 

DNA methylation occur early in cancer progression, even before the appearance of the aberrant 

crypt foci (ACF), the first neoplastic lesions identified in CRC formation. 
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The reversibility of epigenetic modifications makes them attractive targets for cancer treatment. The 

two most extensively studied inhibitors of DNA methylation are 5-azacytidine (5-aza-C) and 5-aza-

2'-deoxycytidine (5-aza-dC, decitabine), analogs of cytidine and 2'-deoxycytidine, respectively, 

with a nitrogen atom replacing the carbon at the 5 position of the cytosine base. 

CRC cells with different genetic backgrounds (HCT116, DLD-1, HT-29) were sequentially treated 

with 5-azanucleosides and topoisomerase inhibitors. The combined effects of these two drug classes 

on cell viability, apoptosis, signaling pathways, and colony formation were investigated. 

 

 We have demonstrated that pretreatment with DNA demethylating agents, 5-aza-2'-

deoxycytidine and 5-azacytidine, sensitizes CRC cells to topoisomerase inhibitors (irinotecan, 

etoposide, doxorubicin, mitoxantrone), reducing cell viability and clonogenicity and increasing 

apoptosis more effectively than individual compounds at the same or even higher concentrations. 5-

Azanucleosides did not cause considerable immediate toxic effects as evaluated by analysis of cell 

viability, apoptosis, DNA damage (γH2A.X), and endoplasmic reticulum (ER) stress (CHOP). 

However, 5-azanucleosides exerted long-lasting effects, reducing cell viability, changing cell 

morphology, and affecting the phosphoinositide 3-kinase (PI3-kinase)/Akt signaling pathway. We 

found that single exposure to 5-azanucleosides is sufficient to induce long-lasting sensitization to 

topoisomerase inhibitors. The combinatorial, but not separate, treatment with low doses of 5-aza-2'-

deoxycytidine (0.1 M) and etoposide (0.5 M) caused a long-lasting (almost 70 days) reduction in 

clonogenic/replating ability of DLD-1 cells. 

 

 Our studies have shown that pretreatment of CRC cells with 5-azanucleosides potentiates the 

anticancer effects of topoisomerase inhibitors, suggesting that the combination of these two drug 

classes represents a promising therapeutic approach for the treatment of CRC and possibly other 

cancers. Importantly, prior exposure to 5-azanucleosides could potentially reduce topoisomerase 

inhibitors dosing and therefore decrease their side effects, such as myelosuppression. Similarly, it 

has been reported that 5-aza-C potentiates anticancer activity of cisplatin and, at the same time, 

attenuates the cisplatin-induced nephrotoxicity. Thus, our findings strongly encourage future in vivo 

studies on combinatorial use of DNA demethylating agents and topoisomerase inhibitors. 

 

Laboratory of Biomedical Chemistry 

Head: Professor Janusz Boratyński, Ph.D., Eng. 
 

Protein-boron conjugates 

1. Boron clusters represent a vast family of boron-rich compounds with extraordinary properties 

that provide the opportunity of exploitation in different areas of chemistry and biology. In addition, 

boron clusters are clinically used in the boron neutron capture therapy (BNCT) of tumors. In this 
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paper, a novel, solid-state (solvent-free), thermal method for protein modification with boron 

clusters is proposed. The method is based on a cyclic ether ring opening in an oxonium adduct of 

cyclic ether and a boron cluster with nucleophilic centers of the protein. Lysozyme was used as the 

model protein, and the physicochemical and biological properties of the obtained conjugates were 

characterized. 

 The main residues of modification were identified as arginine-128 and threonine-51. No 

significant changes in the secondary or tertiary structures of the protein after tethering of the boron 

cluster were found by mass spectrometry and circular dichroism measurements. However, some 

changes in the intermolecular interactions and hydrodynamic and catalytic properties were 

observed. 

 To the best of our knowledge, we have described the first example of an application of cyclic 

ether ring opening in the oxonium adducts of a boron cluster for protein modification. In addition, a 

distinctive feature of the proposed approach is performing the reaction in a solid state and at an 

elevated temperature. 

 The proposed methodology provides a new route to protein modification with boron clusters 

and extends the range of innovative molecules available for biological and medical testing. 

 

2. Two complementary methods, “in solution” and “in solid state”, for the synthesis of lysozyme 

modified with metallacarborane (cobalt bis(dicarbollide), Co(C2 B9 H11)2 (2-)) were developed. 

As metallacarborane donors, oxonium adducts of cobalt bis(dicarbollide) and 1,4-dioxane or 

tetrahydropyran were used. The physicochemical and biochemical properties of the obtained 

lysozyme-metallacarborane conjugates were studied for changes in secondary and tertiary structure, 

aggregation behavior, and biological activity. Only minor changes in primary, secondary, and 

tertiary protein structure were observed, caused by the single substitution of metallacarborane on 

lysozyme. However, the modification produced significant changes in lysozyme enzymatic activity 

and a tendency toward time- and temperature-dependent aggregation. 

 

Removal of endotoxins from bacteriophage preparations 
 

 The method of removing pyrogen contaminating bacteriophage preparations by water 

immiscible solvent extraction was developed. During this process most of the phage lytic activity is 

retained in the aqueous phase, while endotoxin accumulates in the organic solvent. The levels of 

endotoxin in the aqueous bacteriophage-containing fraction determined by limulus amebocyte 

lysate or EndoLISA assay were exceptionally low. While the initial endotoxin levels in the crude 

phage lysates ranged between 103 and 105 EU/ml, the average level after organic extraction 

remaining in the aqueous fraction was 5.3 EU/ml. The purification procedure is scalable, efficient 

and applicable to all the bacteriophages tested: T4, HAP1 (E. coli) and F8 (P. aeruginosa). 
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DEPARTMENT OF CLINICAL IMMUNOLOGY 

 

Laboratory of Clinical Immunogenetics and Pharmacogenetics 

Head: Professor Katarzyna Bogunia-Kubik, Ph.D. 
 

Polymorphism and expression of pro-inflammatory factors in patients with rheumatic diseases 

treated with TNF-alpha inhibitors  

 

 MicroRNA-146a (miR-146a) plays an important role in the regulation of inflammatory innate 

immune responses, and can be differentially expressed in rheumatoid arthritis (RA). Through the 

NF-κB pathway, this molecule is able to stimulate the release of pro-inflammatory cytokines such 

as TNF-α, IL-1β, and IL-17. Our previous studies showed that genetic variability of genes coding 

for IL-17A, IL-17F, and TNF-α and its receptor can affect RA susceptibility and response to TNF-α 

inhibitors (TNFi) (Arch Immunol Ther Exp. 2015, Joint Bone Spine 2015). It was also documented 

that single-nucleotide polymorphisms (SNPs) in miRNA sequences may alter miRNA expression 

and that miR-146a rs2910164 SNP may contribute to RA development. Thus, in addition to SNPs 

within IL-66 and its receptor encoding gene (IL6: rs1800795, C>G; IL6R: rs2228145, A>C, 

Asp358Ala), the miR-146a-3p (rs2910164, G>C) and NFkB1 (rs28362491, ins/del ATTG) 

polymorphisms were studied. Moreover, miR-146a-5p expression in patients' sera as well as IL-6 

and CRP serum levels was assessed. Detected genotypes and expression levels were analyzed to 

assess their relationship with clinical outcome of treatment as well as predisposition to the disease.  

None of the polymorphisms studied was found to be associated with disease susceptibility.  

 RA patients carrying the NFkB1 ins/ins genotype were characterized by a worse response to 

TNFi treatment (p=0.023). The miR-146a-5p expression levels were lower in patients before TNFi 

therapy as compared to those measured after three months of treatment (p=0.033) and those 

observed in healthy controls (p=0.048). Moreover, patients with higher circulating miR-146a-5p 

levels after three months of TNFi administration were more frequently carrying the rs2910164-C 

allele (p=0.032). These results support the hypothesis that miR-146a might be involved in 

pathogenesis of RA and imply that miR-146a-3p polymorphism may be associated with miR-146a-

5p levels in serum after anti-TNF-α treatment. We did not observe any significant relationship 

between the NFkB1 polymorphism and miR-146a-5p expression (Arch Immunol Ther Exp. in 

press).  

 In psoriatic arthritis (PsA) patients an association between the IL6 SNP and efficacy of 

methotrexate (MTX) treatment was seen. The IL6 G carriers were worse responders to MTX 

therapy than CC homozygotes (p=0.046). Moreover, IL6 polymorphism correlated with IL-6 and 

CRP serum levels. Patients with GG homozygous genotype exhibited higher IL-6 serum levels 
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(p=0.032), while IL-6 concentrations were significantly higher in G positive patients than CC 

homozygotes (p=0.026). No significant relationships were observed with the IL6R SNP rs2228145. 

 

Cereblon-coding gene polymorphism and its role in lenalidomide therapy in patients with 

multiple myeloma 

 

 Lenalidomide (Revlimid; a derivative of thalidomide) is one of the immunomodulatory drugs 

(IMIDs) used in multiple myeloma treatment. It is, however, ineffective in some patients. Recent 

research suggests that cereblon (CRBN) has a major role in metabolism of immunomodulatory 

drugs and that CRBN gene polymorphism influences lenalidomide treatment effectiveness. The 

research objective is to determine polymorphic variants (that have not been studied in the context of 

any hematological or neoplastic diseases) of the gene coding for CRBN and to analyze their 

association with response to lenalidomide treatment in multiple myeloma patients. Genotyping for 

CRBN rs711613 A>G and rs1045433 A>G was performed using the LightSNiP assay and melting 

curve analysis.  

 Our previous studies (Leuk Res 2015) did not show any relation between CRBN rs121918368 

C>T and either disease, or a response to treatment (we did not detect polymorphic variants of this 

gene in our population). Subsequently, analyzing two other polymorphic sites in the CRBN gene 

(Arch Immunol Ther Exp. in press), we found the following: (i) CRBN rs711613 A allele was 

associated with remission after first line therapy (p=0.010), this association being independent of 

age, gender and stage of disease; (ii) additionally, the CRBN rs711613 A allele was associated with 

remission in a subset of patients treated with thalidomide (p=0.023); (iii) the CRBN rs1045433 G 

variant was more common in patients with remission after first line therapy (p=0.081); (iv) the 

rs711613 G allele was less common in patients in the advanced stage III of disease (Durie-Salmon 

classification system; p=0.005). 

These results might suggest that CRBN polymorphisms can affect the outcome of IMID treatment in 

multiple myeloma patients. 

 

Laboratory of Immunogenetics and Tissue Immunology 

Head: Professor Piotr Kuśnierczyk, Ph.D. 
 

Single nucleotide polymorphisms of the ERAP1 gene and risk of NSCLC: a comparison of 

genetically distant populations, Chinese and Caucasian 

 

 An effective cytotoxic immune response to neoplastic cells requires efficient presentation of 

antigenic peptides to T lymphocytes by HLA class I (HLA-I) molecules. The HLA-I-bound peptide 

repertoire depends on antigen-processing machinery molecules. Aminopeptidase residing in 

endoplasmic reticulum 1 (ERAP1) trims peptides to the optimal length for HLA-I binding. Single 
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nucleotide polymorphisms (SNPs) in the ERAP1 gene result in changes in aminopeptidase activity 

and specificity. This may affect susceptibility to cancer. However, non-small cell lung carcinoma 

(NSCLC) has not been studied in this respect. We compared genotype and haplotype frequencies of 

four coding, nonsynonymous ERAP1 SNPs, rs26653G>C, rs26618T>C, rs30187C>T, and 

rs27044C>G, in NSCLC occurring in two genetically distant populations, Chinese and Poles. We 

found associations of all four SNPs with NSCLC in Chinese but not in Poles. The differences in 

ERAP1-NSCLC associations might be explained by highly significant differences in SNP genotype 

frequencies between Chinese and Poles (except for rs26618). In accordance with this, the most 

frequent ERAP1 haplotypes were distributed differently in cases versus controls in Chinese, but not 

in Poles. Our findings add to the differences between Orientals and Caucasians in genetics of 

disease susceptibility.  

 

Possible role of HLA-G, LILRB1 and KIR2DL4 gene polymorphisms in spontaneous miscarriage 

 

 The KIR2DL4 receptor and its ligand HLA-G are considered important for fetal-maternal 

immune tolerance and successful pregnancy. The absence of a particular variant of KIR2DL4 might 

be a bad prognostic factor for pregnancy outcome. However, it could be compensated by the 

presence of the respective LILRB1 allele. Therefore, we investigated the KIR2DL4, LILRB1 and 

HLA-G polymorphisms in 277 couples with spontaneous abortion and 219 control couples by 

HRM, PCR-SSP and RFLP methods. We found a protective effect of women’s heterozygosity in 

HLA-G rs1233334 (-716C>G>T) and LILRB1 rs41308748 (5651G>A) against spontaneous 

abortion. Surprisingly, we observed more 9A/10A genotypes of KIR2DL4 in the group of male 

partners from the miscarriage group in comparison to the men from the control group. In contrast, 

there was no association of women’s KIR2DL4 polymorphism with susceptibility to spontaneous 

abortion. Multivariate analysis confirmed that women’s HLA-G -716C>G>T and LILRB1 

5651G>A as well as men’s KIR2DL4 9A/10A are important in terms of protection against or 

susceptibility to miscarriage, respectively. In conclusion, a woman’s heterozygosity in HLA-G and 

LILRB1 might be an advantage for success of reproduction, but the partner’s heterozygosity in 

KIR2DL4 might have an opposite effect. 

 

Variants in BAFF and BAFF-R genes and the risk of CLL in the Polish population 

 

 The BAFF/BAFF-R axis seems to play an important role in the development and progression of 

chronic lymphocytic leukemia (CLL). In this case-control study we investigated the association 

between 8 SNPs in the BAFF and BAFF-R genes with the risk of sporadic CLL in a group of 439 

CLL patients and 477 healthy subjects, including assessment of haplotypes and gene×gene 

interactions. We also examined the correlation between selected SNPs and CLL clinical parameters, 
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CLL outcome as well as BAFF plasma level and intracellular BAFF expression. Our results point to 

the possible association of the rs9514828 (– 871C>T) SNP of the BAFF gene (i.e., the – 871 TT 

genotype) and CLL risk. We also noted the possible association of the rs1041569 (– 2701 A>T) 

SNP of the BAFF gene (the – 2701 TT genotype) with the risk of CLL. Moreover, we found that 

subjects with the rs61756766 CT genotype of the BAFF-R gene had two times higher risk of CLL 

than subjects with CC genotypes. None of the SNPs investigated here were associated with CLL 

clinical parameters, CLL outcome, BAFF plasma level or intracellular BAFF expression. In 

conclusion, our results showed that SNPs in BAFF and BAFF-R may be considered as potential risk 

factors of B-CLL. 

 

Lack of detectable fetal microchimerism in psoriasis vulgaris lesions and in non-affected skin in 

spite of its presence in peripheral blood CD34-positive and CD34-negative cells 

 

 Microchimerism is defined as the stable presence of low numbers of cells derived from a 

different individual due to cell transfer between twins or between mother and fetus during 

pregnancy. Fetal cells in the organism of the mother (FMc) are postulated to play a role in 

autoimmune diseases. Psoriasis is a disease which has an autoimmune component, but no study on 

microchimerism in this disease has been reported. The easiest way to detect microchimerism is to 

look for male cells in blood or other tissues of a woman who previously delivered a son. Here, we 

looked for the presence of male cells in mononuclear cell subpopulations from peripheral blood and 

in skin samples of women with psoriasis and of healthy women. We detected FMc in similar 

proportions of patients and controls in CD4+, CD8+ and CD34+ cells, whereas in CD34- cells they 

were present in a higher fraction of controls, and a similar but non-significant difference was 

observed in CD19+ cells. No microchimeric cells were detected in patients’ skin samples, either 

from affected or non-affected skin, or in skin tissue from healthy control individuals. Therefore, our 

result does not prove the involvement of microchimerism in the etiology of psoriasis. 

 

Laboratory of Clinical Immunology 

Head: Professor Andrzej Lange, M.D. 
 

The Laboratory of Clinical Immunology focused its research activity on the following projects:  

 

1. Characteristic of mesenchymal stem cells (MSC) expanded from the human bone marrow cell 

population. The results of the study are illustrated below and proved that MSC cultured in the 

bioreactor have the potential to differentiate into dedicated lineages. Five cultures were 

performed with reproducible results. 
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Figure 1. Fresh bone marrow suspension cultured in the bioreactor in a closed system for 

differentiation to mesenchymal stem cells, from left to right: growth curve of cells expressed as an 

increase in the medium lactate content, cells harvested after the culture seen in light and inverted 

microscope. 

 
Figure 2. MSC exert suppressive activity and if cultured in appropriate conditions differentiate into 

osteocytes, chondrocyte and adipocytes (from left to right). 

 

In three experiments, it was found that MSC are able to decrease the response of lymphocytes to T 

cell activators in 7-day culture. 

 

2. The technique based on centrifugation in a special chamber (commercially available) in 

autologous plasma was investigated as to the profile of centrifuged cells. It was found that the 

cell suspensions after centrifugation were enriched in mononuclear cells and of note in those 

having stemness characteristics (positivity for CD90, CD105, CD73), as well as in the cells 

having CD133 and being Aldefluor-positive. Altogether 10 experiments were performed, with 

reproducible results. In addition, microbial quality control was performed in all marrow 

collections, and proved that the procedure was safe. 

3. The cells obtained as above in point 2) were injected into the knees or the hips in 10 patients 

who suffered from degenerative arthritis. In all cases a clinical improvement was documented, 

as assessed by standardized questionnaires. Thus the procedure proved to be effective in 

enrichment of stem cells, showing, in concert with other marrow-derived cells infused, a 

positive anti-phlogistic and regenerative potential.  

4. The new procedure developed within the Innomed/I/1/NCBR/2014 grant was described and 

successfully used in the clinic. The procedure is based on the use of donor lymphocytes 

(obtained from primary transplant material or employing leukapheresis). The cells were profiled 

for the content of lymphocytes and injected using of a trepan directly into the marrow bone 

spatial areas affected by relapsing leukemia, thus allowing direct contact between donor 
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lymphocytes and leukemia cells (allorecognition within HLA-matched pair), consequently 

promoting expansion at the site of relapse. Clinically the procedure, if used for decreasing the 

blast load, facilitated achieving remission. Of note, the marrow was found to be colonized by 

CD8+ cells which were CD279 positive. The cells resemble tumor-infiltrating lymphocytes 

(TILs). The effectiveness of this novel way of delivering donor lymphocytes remains under 

investigation to document the ability of infused cells to kill leukemia cells. 

 
LABORATORY OF BACTERIOPHAGES 

Head: Professor Andrzej Górski, M.D. 

 
Phage neutralization by sera of patients receiving phage therapy 

 

The aim was to study the association between the phage neutralization of patients sera and the 

clinical outcome of phage therapy (PT). 62 patients with various bacterial infections receiving PT 

with different routes of phage administration as well as 30 healthy volunteers were studied. The 

analysis of the association between level of antiphage activity of sera (AAS) during PT and clinical 

results indicated that the level of AAS is not correlated with the outcome of PT. 

In the next study 108 patients with bacterial infections received PT (S. aureus phage cocktail or 

single S. aureus phages) with different routes of phage administration. We observed high AAS in 

sera of 42.9% of patients using locally a cocktail of phages. High AAS was observed in sera of 

17.1% of patients who received local monotherapy. Our results suggest that antibody responses to 

PT may vary depending on whether patients receive monotherapy or a cocktail of phages. 

 

Antibody production in response to staphylococcal MS-1 phage cocktail in patients undergoing 

phage therapy 

 

In this study, we investigated the humoral immune response (through the release of IgG, IgA, 

and IgM antiphage antibodies) to a staphylococcal MS-1 phage cocktail in 20 patients undergoing 

PT orally and/or locally. The majority of patients did not show a noticeably higher level of 

antiphage antibodies in their sera during phage administration. The presence of increased levels of 

antiphage antibodies IgG and IgM did not translate into unsatisfactory clinical results of PT. On the 

other hand, a negative outcome of the treatment occurred in some patients who showed relatively 

weak production of antiphage antibodies during PT. The outcome of PT does not primarily depend 

on the appearance of antiphage antibodies in sera of patients during therapy. 
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Analysis of the results of the application of purified staphylococcal phage cocktail in the 

treatment of patients with chronic bacterial infections 

 

 We retrospectively analyzed the efficacy of the application of a purified staphylococcal phage 

cocktail (containing P4, A5/80, and 676/Ż phages, each at titer no less than 1×109 pfu/ml) in the 

treatment of 11 patients with chronic bacterial infections treated at the Phage Therapy Unit of the 

Medical Centre of the Hirszfeld Institute of Immunology and Experimental Therapy PAS in 

Wrocław. A good response to the treatment was observed in 54.5% of them, and no adverse events 

related to this formulation were reported. Although it was not significantly different when compared 

to the group of 43 patients (good response in 32.6%) who used a non-purified staphylococcal phage 

cocktail lysate (a mixture of the same phages, each at a titer no less than 5×105 pfu/ml), this trend 

(40% increase of efficacy) justifies further use of the purified staphylococcal phage cocktail in 

experimental phage treatment. 

 

T4 phage tail adhesin gp12 counteracts LPS-induced inflammation in vivo 

 

Bacteriophages that attack Gram-negative bacteria commonly bind to the bacterial surface by 

interaction of specific phage proteins with bacterial lipopolysaccharide. Lipopolysaccharide, also 

called endotoxin, is a potent inflammation-inducing factor, often responsible for negative and life-

threatening physiological effects. Phage short tail fiber proteins (tail adhesin, tailspike, gp12) 

mediate adsorption of T4-like bacteriophages to Escherichia coli, through direct binding of these 

proteins or LPS. Since LPS is able to exert a major impact on the immune response in animals and 

in humans, we have tested LPS-binding phage protein gp12 as a potential modulator of the LPS-

induced immune response. We have produced tail adhesin gp12 in a bacterial expression system 

and confirmed its ability to form trimers and to bind lipopolysaccharide in vitro by dynamic light 

scattering. This product had no negative effect on mammalian cell proliferation in vitro. 

Furthermore, no harmful effects of this protein were observed in mice (100 μg/mouse). Thus, gp12 

was used in combination with LPS in a murine model, and it decreased the inflammatory response 

to LPS in vivo, as assessed by serum levels of cytokines IL-1 alpha and IL-6 and by 

histopathological analysis of spleen, liver, kidney and lungs. Thus, in future studies gp12 may be 

considered as a potential tool for modulation and specifically for counteracting LPS-related 

physiological effects in vivo. 
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LABORATORY OF GLYCOBIOLOGY AND CELLULAR INTERACTIONS 

Head: Professor Danuta Duś, Ph.D. 
 

Biology of cells involved in regenerative and neoplastic processes 

 

 In 2016 our laboratory continued the investigations on the biology of human endothelial 

precursor cells (HEPCCB.1 and HEPC-CB.2 cell lines) and mesenchymal/progenitor cells of 

different tissue origin in the context of regenerative processes. We analyzed the profile and efficacy 

of cytokines and growth factors secreted by endothelial precursor cells (EPC) in new vessel 

formation in vitro by the mature vessel endothelial cells of the human skin cell line HSkMEC.2. 

Growth factors released by EPC increased efficacy of new blood vessel formation by the 

HSkMEC.2 cell line independently of their concentration (50%, 100%) and oxygen level 

(normoxia, hypoxia). Also co-culture of human endothelial progenitors HEPCCB.1 with the mature 

endothelial cell line HSkMEC.2 significantly increased the efficacy of blood vessel formation in 

vitro, compared to monocultures of HEPCCB.1 HSkMEC.2. 

Working on the biological properties of mesenchymal stem cells of bone marrow (BM MSC) and 

adipose tissue (AT MSC) origin, similarly to the previously obtained AT MSC cell line, we created 

new immortalized BM MSC cell lines using hTERT and pSV402 plasmids. We obtained two 

different MSC cell lines of bone marrow origin, BM MSC1 and BM MSC2. Both cell lines express 

basic antigens specific for MSC such as CD73, CD90, and CD105, and both are negative for 

hematopoietic markers CD45, CD31, and CD34. Both cell lines express HLA class I antigens, but 

they differ in HLA class II expression: BM MSC1 is HLA-DR negative while BM MSC2 is HLA 

DR positive. The next step was assessment of biological activity of AT MSC and BM MSC cell 

lines. Using Microarray Protein Membrane (Custom C-Series Human Cytokine Antibody Array, 

RayBiotech Inc.) we identified a wide range of cytokines, chemokines and trophic factors produced 

by both cell lines; however, they differ in the level of produced factors. BM MSC cell lines have 

greater ability to produce IL-8, VEGF, and IL-13, whereas AT MSC cell lines have greater potential 

to produce IL-6, osteoprotegerin, and eotaxin.  

 Looking for alternative sources of MSC, for experimental studies and as potential candidates for 

tissue regeneration, we analyzed the phenotype and differentiation potential of MSC isolated from 

human bone marrow (BM), skeletal muscle and skin, collected from limbs amputated due to critical 

limb ischemia. Adherent cells isolated from BM and those of myogenic and skin origin express 

phenotypes characteristic for naïve MSC CD73, CD90, and CD105, as confirmed by flow 

cytometry and immunofluorescence staining, but their expression was downregulated during the 

follow-up period (after P7). Co-expression of CD73/CD146, CD90/CD146, and CD105/CD146 on 

the proportion of adherent cells was detected in MSCs originating from BM, skeletal muscle and 

skin. A fraction of cells expressing CD146 strongly co-expressed PDGFR-α (up to P7). Cells 
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isolated from all examined tissues were able to differentiate into chondrocytes, osteoblasts and 

neurons. Moreover, MSC isolated from BM and skin differentiated into adipocytes; however, MSC 

isolated from skeletal muscle were not capable to form adipocytes. Our observations suggest that 

MSC isolated from BM and skin biologically represent multipotent cells able to differentiate into 

different types of tissue, whereas progenitor cells isolated from skeletal muscle have tissue-specific 

character. The heterogenic nature of MSC isolated from different tissues was confirmed by the 

presence of subpopulations with phenotypes specific for pro-angiogenic progenitors (expressing 

CD146, VEGF, and PDGFRα).  

Working on tumor cell biology, we are investigating the role of the tumor milieu in anti-tumor 

therapy. The main goal of the project is to determine the role of IL-10 in activation of the 

suppressive mechanisms used by tumor-induced myeloid-derived suppressor cells (MDSCs). 

Research performed in 2016 concerned the construction of lentivectors encoding shRNA sequences 

specific for IL-10 and IL-10R molecules and estimation of the vectors’ efficiency in silencing IL-10 

and IL-10R gene expression in MDSCs differentiated in vitro from murine bone marrow. The next 

stage of our investigations involved preparation of lentivectors suitable for in vivo function which 

will be applied as one of the components of anti-tumor therapy in MC38 colon carcinoma bearing 

mice. 

 

Podoplanin increases the migration of human fibroblasts and affects the angiogenesis of 

endothelial cells. The possible role of cancer-associated fibroblasts in breast cancer progression 

 

 In our previous studies we showed that in breast cancer podoplanin-positive cancer-associated 

fibroblasts (CAFs) correlated positively with tumor size, grade of malignancy, lymph node 

metastasis, lymphovascular invasion and poor patients’ outcome. Therefore, the present study was 

undertaken to determine whether podoplanin expressed by fibroblasts can affect malignancy-

associated properties of breast cancer cells. We found that migratory and invasive properties of 

breast cancer cells were not affected by the presence of podoplanin on the surface of human 

fibroblasts. However, we found that ectopic expression of podoplanin greatly increases the 

migration of such fibroblasts. Our experimental data were supported by clinical studies. When 

invasive ductal carcinoma (IDC) and ductal carcinoma in situ (DCIS) were analyzed by 

immunochemistry according to the presence of podoplanin-expressing CAFs, the numbers of CAFs 

with high expression of this glycoprotein were significantly higher in IDC than in DCIS cases. The 

present study also revealed, for the first time, that such podoplanin-mediated effects can influence 

angiogenesis. When human endothelial cells (EC) were co-cultured with podoplanin-rich fibroblasts 

the EC capillary-like network was characterized by significantly lower numbers of nodes and 

meshes than in co-cultures of endothelial cells with podoplanin-negative fibroblasts. The question 
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remains as to how our experimental data can be correlated with previous clinical data showing an 

association between the presence of podoplanin-positive CAFs and the progression of breast cancer. 

We propose that expression of podoplanin by fibroblasts facilitates their movement into the tumor 

stroma, which creates a favorable microenvironment for tumor progression by increasing the 

number of CAFs, which produce numerous factors affecting proliferation, survival and invasion of 

cancer cells. In accordance with this, the present study revealed, for the first time, that such 

podoplanin-mediated effects can influence angiogenesis and participate in its pathological 

properties in the tumor context. 

 

DEPARTMENT OF ANTHROPOLOGY 

Head: Professor Sławomir Kozieł 

 
Post-migration adaptation and age at menarche in the second generation of migrants 

 

 Age at menarche is one of the most important measures of sexual maturation in girls. Since it 

has a high level of ecosensitivity, early environmental stress may trigger early puberty. One of these 

stress factors may be parental stress caused by the change of living conditions related to migration 

and adaptation to the new environment. Therefore, the aim of this study was to investigate the 

relationship between parental migration status and the timing of sexual maturity in the second 

generation, i.e. migrants’ daughters. Data were collected during the 2nd Polish Anthropological 

Nationwide Field Investigation carried out in 1966-1969. The results show that age at menarche 

was accelerated in girls from low-socioeconomic-status (SES) migrant families in comparison to 

low-SES non-migrant families. This study provides new biosocial evidence on the impact of the 

parental long-lasting post-migration adaptation on the timing of maturity in the second generation 

of migrants. 

 

Controlling behaviors and mate value discrepancy in women’s romantic relationships 

  

 In behavioral ecology, controlling behaviors (CBs) are evolutionary strategies aiming to protect 

parental and relationship investments (P&RI) and reduce the risk of cuckoldry. Different forms of 

CBs are used by males and females. Similarly, from an evolutionary perspective, an individual’s 

mate value (MV) describes all pheno- and genotypic aspects that promote successful reproduction. 

The rationale of the study was to analyze women’s opinions and determine whether MV 

discrepancy between a woman and her heterosexual partner is related to the intensity of CBs used 

by both partners. Two evolutionary-based hypotheses were tested: i) partners of lower MV would 

more intensely control their higher MV partners; ii) the intensity of CBs would be higher in longer 

relationships (i.e. those with higher P&RI). The results showed that the highest intensity of CBs 

performed by both partners was in couples where a woman assessed her own MV as higher than her 
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partner’s MV. This confirms the evolutionary hypothesis for men (a lower MV man controlled a 

higher MV partner) but not for women. More intense control of a lower MV partner performed by 

high MV women may result from social factors which probably mask biological effects. Higher 

intensity of CBs was also observed in longer relationships. This result is in line with the second 

hypothesis and supports the idea that CBs may operate as a behavioral strategy against squandering 

of high P&RI. The results of the study were published in the peer-reviewed journal Acta 

Ethologica.  

 

Comparison of the disease structures observed in historical populations based on an analysis of 

skeletal paleopathological material unearthed from the medieval cemetery in Byczyna (11th–15th 

century) and the early modern (17th–19th century) cemetery at Czysty Square, Wroclaw  

 

 The aim of my study was to determine the prevalence of various diseases in populations that 

lived in medieval (11th–15th) Byczyna and early modern Wroclaw (17th–19th century) in the context 

of living conditions. I brought the results together to estimate the value of the relative similarity 

measure of these two structures. The calculated value indicates that in terms of the prevalence of 

different types of diseases, the two populations are only 4% similar. The occurrence of this 

difference was affected mainly by two factors: in the urban environment of early modern Wroclaw 

the incidence of infectious diseases (especially tuberculosis and syphilis) has significantly 

increased, as well as the incidence of rickets, which is an example of a deficiency disease. In the 

small-town environment of Byczyna, traumatic injuries and degenerative diseases were the most 

frequent, which could be possibly associated with a high activity level of the residents of this 

historical town. Taking into account the occurrence of these major differences, the research should 

be continued in order to find more detailed relationships between the health status and the structure 

of diseases of historical populations in the context of differentiated environmental conditions. 

 

DEPARTMENT OF MICROBIOLOGY 
 

Laboratory of Molecular Biology of Microorganisms 

Head: Professor Anna Pawlik, Ph.D. 
 

Replication of bacterial chromosomes 

Polyketide synthesis and its regulation in Streptomyces 

 

The research activity of the Laboratory of Molecular Biology of Microorganisms (LMBM) is 

focused on two scientific issues: i/ replication of bacterial chromosomes, and ii/ polyketide 

synthesis in Streptomyces. 

i/ DNA replication is an important event of the bacterial cell cycle. The decision to initiate DNA 

replication is crucial for cell cycle progression, and depends both on intracellular and environmental 

signals. In LMBM we are interested in mechanisms of the initiation and regulation of bacterial 
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chromosome replication, with a special emphasis on the characterization of the key factors engaged 

in initiation complex (orisome) formation, namely DnaA – the initiator protein, and oriC – the 

origin of chromosome replication. We also aim at the identification and functional analysis of 

regulators, which control replication and coordinate the initiation with the cell cycle. We are 

especially interested in orisome formation in Epsilonproteobacteria, which comprise one of the 

classes within the phylum Proteobacteria. Epsilonproteobacteria are globally spread Gram-negative 

bacteria that inhabit a wide variety of ecological niches including water reservoirs, sewage, oil-field 

communities and deep-sea hydrothermal vents. Many of the known Epsilonproteobacteria are 

obligate or facultative human and/or animal pathogens including H. pylori – one of the most studied 

human-associated bacteria, causing gastric ulcer or gastric cancer. A few other 

Epsilonproteobacteria are assumed to be emerging human pathogens. Recently we identified and 

characterized oriCs in three epsilonproteobacterial species: pathogenic Arcobacter butzleri, 

symbiotic Wolinella succinogenes, and free-living Sulfurimonas denitrificans. Based on these data 

and thus far obtained results on the H. pylori orisome, we propose that oriCs typically co-localize 

with ruvC-dnaA-dnaNin Epsilonproteobacteria, with the exception of Helicobacteraceae species. 

The clusters of DnaA boxes localize upstream (oriC1) and downstream (oriC2) of dnaA, and they 

likely constitute bipartite origins. Unlike the DnaA box pattern, which is not conserved in 

Epsilonproteobacterial oriCs, the consensus DnaA box sequences and the mode of DnaA-DnaA box 

interactions are common to the class. Our results will facilitate identification of oriCs and 

subsequent identification of factors which regulate chromosome replication in other 

Epsilonproteobacteria. Since replication is controlled at the initiation step, it will help to better 

characterize the life cycles of these species, many of which are considered as emerging pathogens. 

The results will be beneficial for general knowledge concerning initiation of bacterial chromosome 

replication.  

ii/ Polyketides are a large class of bioactive compounds with extremely diverse structures and 

functions. They are synthesized as secondary metabolites by giant multienzyme complexes – 

polyketide synthases. Our work is focused on the polyketide synthase Cpk from S. coelicolor A3(2), 

which is responsible for the synthesis of a yellow pigment, coelimycin. Expression of cpk genes is 

tightly controlled by regulatory proteins encoded by the genes within the cpk cluster and probably 

by several pleiotropic regulators connected with regulation of secondary metabolite production as 

well as Streptomyces morphological differentiation. We are interested in deciphering the regulatory 

circuits governing the synthesis of coelimycin as well as in the discovery of its biological activity. 
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Laboratory of Signal Transduction Molecules  

Acting Head: Professor Jakub Siednienko, Ph.D. 
 

Studies on proteins and signaling pathways involved in activation of proinflammatory 

transcription factors and the response to hypoxia 

 

The innate immune response is a universal mechanism of defense against invading pathogens. 

Toll-like receptors (TLRs), being a part of this first line of defense, are responsible for detecting a 

wide variety of microorganisms including bacteria, viruses and fungi, and, in some cases, a number 

of host molecules – the breakdown products from ruptured cells and tissues. When a TLR receptor 

recognizes a disease-causing agent, it initiates an immune response, thus facilitating removal of the 

pathogen. 

 TLR3, TLR7/8 and TLR9 are receptors that mainly recognize viral components. TLR7 

recognizes single-stranded RNA, a genetic material of some viruses such as the influenza virus. 

Despite the differences in ligand specificity the effect of activation of both TLR-dependent 

pathways is the production of antiviral proteins – type I interferons, cytokines and chemokines. So 

far only a few proteins have been characterized as essential for signal transduction from the 

activated receptor to the effector transcription factors. 

 On the basis of our experimental results we identified new Mal-dependent mechanisms that 

regulate the immune response against viral infections especially in the TLR7 and TLR9 context. At 

the molecular level we identified key kinases, ERK 1/2, and transcription factors, p105, c-Rel and 

IRF7, that are involved in the immune response regulated by Mal in TLR 7 and TLR9 signaling 

pathways. 

 

DEPARTMENT OF TUMOR IMMUNOLOGY 

 
 

Laboratory of Molecular and Cellular Immunology 

Head: Professor Małgorzata Cebrat, Ph.D. 
 

The role of NWC protein in murine spermatogenesis 

 

The NWC gene, which was discovered by our team, is strongly conserved among vertebrates 

and invertebrates. Despite the ubiquitous presence of the NWC transcript in several murine tissues 

and cell types (except for mature T and B lymphocytes), the NWC protein is detected only in the 

testis. To gain insight into the function of NWC protein we have generated NWC-knockout mice 

(NWC-KO). Compared to the wild-type (WT) mice, NWC-KO mice did not reveal any apparent 

phenotypic changes; however, due to the presence of NWC in the testis, we decided to investigate 

in detail possible deficiencies in male fertility of the NWC-KO mice.  
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First, we determined NWC distribution in seminiferous epithelial cells. We found that NWC is 

present in preleptotene, leptotene, zygotene, pachytene spermatocytes and in round spermatids up to 

steps 11-12. We did not detect NWC in sperm cells recovered from epididymis and in Sertoli cells. 

We did not find differences between NWC-KO and WT in number of sperm cells recovered from 

epididymides or in testis weight. Hematoxylin-eosin staining did not reveal any changes in testis 

structure. 

In order to fertilize oocytes, sperm cells need to undergo capacitation – a process of functional 

reprogramming manifested at biochemical and physiological levels. Eventually, capacitation 

enables the sperm cells to undergo acrosome reaction. We have shown that a population of 

acrosome reacted sperm cells recovered from epididymis of NWC-KO males was smaller than a 

population of control WT sperm cells.  

Standard, unrestricted breeding protocols applied for reproducing mice in laboratory conditions 

do not reflect the complex mating behavior of these animals. Female mice are polyandrous as in the 

natural environment during estrus they can mate with multiple males, which leads to simultaneous 

presence of sperm cells from different individuals in a single female reproductive tract and 

subsequent sperm cell competition. It is important to stress that taking into account sperm cell 

competition during analysis of fertility might be crucial for finding a critical role of particular 

molecules in male fertility. We have shown that NWC-KO sperm cells have lower chances to 

fertilize oocytes when we experimentally induced competition with WT sperm cells in the female 

reproductive tract. If a WT male was given access to the female first, about 90% of embryos had the 

WT genotype, indicating that WT sperm cells had won the competition with NWC-KO sperm cells. 

When the accession order was reversed, NWC-KO males failed to reproduce similar success and 

were even unable to fertilize a higher number of oocytes than WT males. This result indicates that 

NWC-KO sperm cells might be functionally impaired. 

Verifying our previous discoveries, we have also found, using bimolecular fluorescence 

complementation, that NWC protein interacts with IFT122 (IFT – intraflagellar transport) protein. 

To summarize, we conclude that NWC-KO sperm cells are functionally impaired, as indicated 

in sequential mating experiment when they compete with WT sperm cells to fertilize oocytes. This 

might be a result of a weaker response of NWC-KO sperm to factors triggering acrosome reaction. 

We postulate that the effects of NWC deletion is mediated by NWC engagement in intraflagellar 

(IFT) and/or intramanchette (IMT) transport systems. 
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Laboratory of Tumor Immunology 

Head: Professor Arkadiusz Miążek, Ph.D.  
 

Effect of anti-GITR antibody treatment on increase in diversity of regulatory T cells infiltrating 

B16 melanoma tumors 

 

 Cross-linking of glucocorticoid-induced TNF family related receptor (GITR) with agonist 

antibodies restores cancer immunity by enhancing effector T cell (Teff) responses while interfering 

with intra-tumor regulatory T cell (Treg) stability and/or accumulation. However, the direction of 

the T cell receptor (TCR) repertoire changes associated with anti-GITR antibody infusion and their 

significance for tumor eradication is unclear. Here, we used a transgenic mouse model (TCRmini) 

where T cells express a naturally generated but restricted TCR repertoire to trace the fate of 

individual T cells specific for B16 melanoma in tumor-bearing mice, treated or not treated with the 

anti-GITR monoclonal antibody DTA-1. Analysis of TCRs from CD4+ cells sorted from these mice 

revealed that the TCR repertoire of dominant Teff clones locally skewed toward tumor antigens 

remained roughly similar in treated and non-treated mice. In contrast, both the tumor-associated and 

peripheral TCR repertoire of Tregs, which was in the majority distinct from that of Teffs, 

underwent DTA-1 mediated remodeling characterized by depletion of dominant clones and the 

emergence of more diverse, low-frequency clones bearing increased numbers of TCRs shared with 

Teffs. We conclude that the single dose DTA-1 infusion entails a double-edged sword effect by 

eliminating activated Tregs engaged in the initial maintenance of a tolerogenic niche for tumor 

growth on one hand, but on the other hand by favoring progressive tumor replenishment by a Treg 

pool fitted with TCRs able to better compete with Teffs for recognition of common tumor antigens. 

 

DEPARTMENT OF EXPERIMENTAL THERAPY 

Head: Professor Michał Zimecki, Ph.D. 

 

Laboratory of Immunobiology 

Head: Professor Michał Zimecki, Ph.D. 

 
Studies on immunosuppressive properties of selected azaphenothiazines 

 Several azaphenothiazines, previously selected as strongly antiproliferative agents in in vitro 

models, were subjected to evaluation for their potential immunosuppressive effects in the model of 

delayed type hypersensitivity (DTH) to ovalbumin (OVA) in BALB/c mice and in foot pad 

inflammation induced by carrageenan in CBA mice. Among the compounds, significantly 

suppressive activities in both models were exhibited only by compound 5 (6-chloroethyl-

ureidoethyldiquino[3,2-b;2',3'-e][1,4]thiazine) and compound 4 (6-acetylaminobutyl-9-chloroquino 

[3,2-b]benzo[1,4]thiazine). Molecular studies revealed that compound 5 blocked expression of 

caspase 3 and strongly inhibited expression of caspases 8 and 9 in Jurkat cells. Moreover, 
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compound 5, but not 4, induced cell apoptosis in several tumor cell lines. We also investigated the 

efficacy of topically applied compounds 4 and 5 in amelioration of inflammatory symptoms of 

contact sensitivity (CS) to oxazolone in mice, in relation to Protopic, the reference drug. The results 

demonstrated efficient therapeutic properties of both compounds applied in the form of an ointment 

at the time of maximal manifestation of the cutaneous inflammatory reaction. 

 

Studies on immunoregulatory properties of isoxazoles 

 Isoxazoles are an important class of compounds of potential therapeutic value. The aim of this 

study was to determine immunotropic effects of 5-amino-3-methyl-4-isoxazolecarboxylic acid 

hydrazide derivatives on spontaneous and mitogen-induced lymphocyte proliferation in young and 

old BALB/c mice, cytokine production by peritoneal cells as well as the possible mechanism of 

action in a model of Jurkat cells. The mice were used as donors of the cells from thymus, spleen, 

mesenteric lymph nodes, and peritoneal cavity. 5-amino-3-methyl-4-isoxazolecarboxylic acid 

hydrazide, a parental compound, 01K (4-phenyl-1-(5-amino-3-methylisoxazole-4-carbonyl)-

thiosemicarbazide), and 06K (4-(4-chlorophenyl)-1-(5-amino-3-methylisoxazole-4-carbonyl)-

thiosemicarbazide) exhibited regulatory activity in the proliferation tests. Prevailing stimulatory 

activity of the hydrazide and inhibitory activity of 01K and 06K was observed. Those effects were 

connected with different influence of the compounds on signaling proteins’ expression in Jurkat 

cells. The regulatory effects of the compounds on interleukin 1 beta (IL-1β) production were more 

profound than those on tumor necrosis factor alpha (TNF-α). Differences in the compound activity 

in young versus old mice were mainly restricted to 01K. Leflunomide was used as a reference drug. 

Immunoregulatory properties of compound 06K were also tested in vivo for its effects on humoral 

and cellular immune response, carrageenan inflammatory reaction and composition of lymphocyte 

subsets in non-immunized mice. The compound administered before or after immunization with 

sheep erythrocytes (sheep red blood cell (SRBC)) elevated the number of plaque-forming cells 

(PFC), and this effect was stronger at lower doses. Although total hemagglutinin titers to SRBC 

decreased upon post-immunization treatment, the IgG titer increased. In the DTH model to OVA, 

the compound, applied intraperitoneally before an eliciting dose of an antigen but not before 

immunization, inhibited the magnitude of a cutaneous reaction. Furthermore, 06K significantly 

diminished carrageenan-induced foot pad inflammation when administered 1 h before carrageenan. 

The compound, administered intraperitoneally to naïve mice, elicited changes in weight, cell 

number in lymphoid organs and content of lymphocyte subsets, depending on the dose and number 

of applications. Phenotypic changes included increased turnover of thymocytes, changes in B-cell 

distribution in spleens and lymph nodes, increased percentage of CD8+ cells and regulatory CD4+ 
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CD25+ Foxp3+ T cells. In summary, the immunoregulatory properties of 06K involved 

mobilization of lymphopoiesis and generation of regulatory T cells. 

 

Laboratory of Immunopathology 

Head: Professor Irena Frydecka, M.D, Ph.D. 
 

Studies on the mechanisms of immune deficiency in neoplastic and autoimmune diseases 

 

Association of genetic variations within CTLA-4, CD28, ICOS and TPO genes with Graves' 

disease in its phenotype 

 

Graves’ disease (GD), an autoimmune disease with heterogeneous symptoms including Graves’ 

orbitopathy, has a combined genetic/environmental background, where several genes may by 

involved in the pathogenesis, including those encoding co-stimulatory molecules CD28/CTLA-

4/ICOS and thyroid peroxidase (TPO) – a key enzyme of thyroid function, having a pivotal role in 

the synthesis of thyroid hormones. We selected functional polymorphisms located within genes 

encoding co-stimulatory molecules: CD28c.17+3T>C (rs3116496), CTLA-4g.319C>T (rs5742909), 

CTLA-4c.49A>G (rs231775), CTLA-4g.*642AT(8_33), CT60 (CTLA-4g.*6230G>A, rs3087243), 

Jo31 (CTLA-4g.*10223G>T, rs11571302), ICOSc.1554+4GT(8_15) and the most significantly 

associated SNP in the TPO region identified in the genome-wide association study: rs11675434. 

Genetic variation within genes encoding co-stimulatory molecules was studied in 561 Polish 

Caucasians, including 172 unrelated Graves’ disease patients, whereas SNP in the TPO region was 

studied in a group of 1231 well-characterized patients with GD (1043 adults and 188 children) and 

1130 healthy controls. 

CD28c.17+3T>C[T]/CTLA-4g.319C>T[C]/CTLA-4c.49A>G[G]/CTLA-4g.*642AT 

(8_33)(AT16–21)/CT60[G]/Jo31[G]/ICOSc.1554+4GT(8_15)(m) and TCA(AT<16)GT(m) haplotypes 

increased the risk of Graves’ disease, especially in males, as well as overall Graves’ orbitopathy 

development with severe outcome. TCG(AT16–21)GG(l) haplotype increased the risk of Graves’ 

disease and reduced the chance of successful medical treatment. Although this haplotype was 

mainly observed in patients without signs of Graves’ orbitopathy, if Graves’ orbitopathy developed 

it favored a Graves’ orbitopathy outcome. Haplotype TCA(AT>21)GT(m) increased Graves’ disease 

risk in women and, in all patients, was linked to Graves’ disease without Graves’ orbitopathy. 

TCG(AT<16)GG(m) haplotype was predominantly observed in patients without Graves’ orbitopathy, 

whereas TCA(AT16–21)GG(m) was absent in those patients. TCA(AT16–21)GG(m) occurred in 

patients with a mild Graves’ orbitopathy outcome. The marker CTLA-4g.*642AT(8_33) was the 

only independent Graves’ disease risk factor, whereas CT60 was an independent factor for disease 

progression. 
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 At a univariate level, sporadic Graves’ disease was related to presence of CTLA-4c.49A>G[A] 

and the rare CTLA-4g.319C>T[T] allele variant. Familial background of the disease was associated 

with CTLA-4g.*642AT(8_33)[AT>21]/[AT>21] genotype.  

 We found that the T allele of rs11675434 was significantly more frequent in GD patients with 

than without GO. Further analyses performed in subgroups of patients showed that the association 

with GO was significant in adult patients with age of GD onset ~45 years, but not in children and 

adolescents or adult patients with earlier onset of the disease. Moreover, a strong association with 

GO was present in males, whereas it was absent in females. 

Taken together, our results showed that CD28/CTLA-4/ICOS loci as well as the TPO region 

may confer inherited susceptibility to Graves’ disease and its outcome – severity and activity of 

Graves’ orbitopathy. Moreover, our results showed that apart from genetic markers, also 

environmental parameter such as gender and familial autoimmune thyroid history should be taken 

into account when a patient’s genetic background is analyzed. 

 

Laboratory of Reproductive Immunology 

Head: Professor Anna Chełmońska-Soyta, Ph.D., V.D.  

 

Immunological mechanisms associated with reproductive processes in health and 

disease  
 

Expression of IL-24 in T cells and B regulatory females and males 
 

 IL-24 is a cytokine belonging to the IL-10 cytokine family. It is produced by T and B 

lymphocytes, macrophages, cancer cells and trophoblast cells. In mice it has been shown that it is 

produced by Th2 lymphocytes differentiated by IL-4. It has immunomodulatory properties exerted 

by inhibiting the proliferation of cytotoxic T cells. Moreover, it shows pro-apoptotic activities in 

cancer cells and inhibits proliferation of trophoblast cells. In previous studies, we have 

demonstrated the presence of IL-24 in CD4+ T cells in the spleen of mice during pre-implantation 

pregnancy after embryo transplantation. 

 The aim of this study was to test whether IL-24 is produced by lymphocyte subpopulations with 

regulatory properties, i.e. Treg cells (CD4+ CD25+ FOXP3+) and Breg (CD19+ CD1d+ CD5+ 

B220 +) in the central and peripheral lymphoid organs in CBA/J mice. Studies were carried out in 

male CBA/J mice at the age of 5 weeks. IL-24 was detected within the cell after stimulation with 

PMA and ionomycin. The presence of IL-24 was demonstrated in 76.8 +/- 11.97% of double 

positive thymocytes CD8b CD8a++ FOXP3+ CD4+ and 95.85+/- 1.69% of double negative 

thymocytes CD8b-CD8a-CD4+ FOXP3+ (p < 0.005). In regulatory T cells (CD4+ CD25+ 

FOXP3+) at the periphery the presence of IL-24 was confirmed in more than 70% of cells in the 

spleen, lymph nodes, and over 60% of the cells in the blood. Similarly, in B regulatory cells 
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(CD19+ CD220+ CD5+ Cd1high) the presence of IL-24 was confirmed in over 70% of the cells in 

the spleen, lymph nodes and blood. In conclusion: the ubiquitous presence of IL-24 in regulatory 

lymphocytes may be used as an additional phenotype marker of these cells.  

 

DEPARTMENT OF IMMUNOLOGY OF INFECTIOUS DISEASES 

Head: Professor Andrzej Gamian, Ph.D. 

 

Laboratory of Medical Microbiology 

Head: Professor Andrzej Gamian, Ph.D. 

 
Studies on the pathogenesis of some diseases of bacterial etiology and the role of bacterial 

surface glycoconjugates and protein antigens in the immune response, as well as studies on 

probiotic glycoconjugates 

 

 Studies performed in our laboratory concern mechanisms of pathogenicity of diseases with 

bacterial etiology, the role of bacterial glycoconjugates and proteins in the immune processes, and 

the structure and functions of bacterial exopolysaccharides, including those from probiotics. Studies 

on the OmpC protein recognized by umbilical cord serum revealed that cyclic hexapeptide but not 

linear mimics the unique conformational epitope of OmpC protein, exposed on the cell surface of 

Shigella flexneri. Such a cyclic peptide is a proper antigen for construction of a conjugate vaccine, 

potent to induce protective immunity. Interesting results have been obtained from a survey on the 

global phylogeography and evolutionary history of Shigella dysenteriae type 1. The strains kept in 

our Polish Collection of Microorganisms (PCM) have been identified among world epidemics of 

dysentery. Regarding the studies on advanced glycation end-products, a mouse monoclonal 

antibody has been obtained, of IgE class. In order to investigate whether this antigen is present in 

different animals, its distribution in various species was investigated with immunohistochemical 

experiments. This epitope was detected in tissues of rat, rabbit, swine, sheep, hen, frog, fish and 

snail, which indicates its common occurrence. Determination of the level of this antigen in different 

clinical cases will allow for better understanding of the biology of these advanced glycation end-

products and their significance in pathology. Other studies indicate that major glycolipids of 

Lactobacillus johnsonii may serve as new biomarkers for inflammatory bowel disease diagnostics. 

Identification of Bifidobacterium and Lactobacillus proteins immunoreactive with human serum, 

together with umbilical cord serum and revealing their immunogenic properties, is a milestone in 

understanding the biology of these microorganisms regarding their protective activity to pathogens 

and commensals. In this context there is important observation on the reactivity of one of the 

polysaccharides from Lactobacillus with human adult sera, while it is not recognized by umbilical 

cord serum. Exopolysaccharides from probiotics present a potential for immune system modulation.  
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Laboratory of Virology 

Head: Professor Egbert Piasecki, Ph.D. 
 

Study on nonspecific immunity in viral infections  
 

 Natural killer cells play an important role as effectors of innate immunity and regulators of 

adaptive immunity. They are important elements of the innate response to viral infections, which 

they detect using human leukocyte antigen (HLA) class I-binding receptors. The most polymorphic 

of these are killer cell immunoglobulin-like receptors (KIRs), which exist as two basic isotypes, 

activating or inhibitory receptors, and are encoded by genes distributed differently in unrelated 

individuals. We searched for links between selected clinical data (including HCV viremia, liver 

enzyme levels and liver histology parameters) and the presence of genes encoding these receptors 

and their ligands in hepatitis C virus-infected individuals subjected to pegylated interferon-a and 

ribavirin therapy. Genomic DNA samples from two hundred and ninety-two chronically infected 

patients were typed by polymerase chain reaction for the presence or absence of genes for KIRs and 

their ligands, class I HLA molecules, and clinical data of the patients were collected. Our results 

suggest the importance of clinical parameters and the contribution of KIR and HLA genes to the 

course of hepatitis C virus infection and the response to therapy. The study revealed that levels of 

liver enzymes before therapy were about 30% higher in patients who possessed a variant KIR2DS4 

gene with 22-base pair deletion. The decrease of ALT activity after treatment was higher in HLA-C 

C2-positive than negative individuals. Additionally, patients demonstrated an early virologic 

response to the therapy if the time lag before treatment was short, particularly in women. The 

results were published in Archivum Immunology and Experimental Therapy, 2016; 64: 65-73. 

 

 Killer cell immunoglobulin-like receptors (KIR) are the most polymorphic receptors of natural 

killer (NK) cells. Their activity diversifies the functions of NK cells in the antiviral immune 

response, so the presence of certain KIR may affect transmission of HIV-1. The aim of the study 

was to evaluate the influence of KIR genes on the susceptibility to HIV-1 infection in the Polish 

population depending on the route of exposure. We determined the frequencies of activating (2DS1, 

2DS2, 2DS3, 2DS4f, 2DS4del, 2DS5, 3DS1) and inhibitory (2DL1, 2DL2, 2DL3, 2DL5, 3DL1) 

KIRs in HIV-1-positive patients (n= 459), individuals exposed to HIV-1 but uninfected (EU, 

n=118) and in uninfected, healthy blood donors (BD, n=98). Analysis was performed using 

stepwise logistic regression. Apart from KIRs, CCR5-Δ32, and CCR2-64I, alleles were also 

analyzed, as we knew or suspected that these features could affect susceptibility to HIV infection. 

The regression confirmed the protective effect of CCR5-Δ32 (OR=0.25, p=0.006) and CCR2-64I 

(OR = 0.59, p = 0.032) against HIV infection. Among KIR genes, 2DL3 was found to be a 

protective factor (OR=0.30, p=0.015). A similar effect was seen for 3DS1 but only in intravenous 
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drug users (IDUs) (OR=0.30, p=0.019), not in sexually exposed people. 2DL5 was found to be a 

factor facilitating HIV infection (OR=2.13, p=0.013). A similar effect was observed for 2DL2 but 

only in females (OR=2.15, p=0.040), and 2DS1 in IDUs (OR=3.03, p=0.022). Our results suggest a 

beneficial role of KIR3DS1 and 2DL3 supporting resistance to HIV infection and harmful effect of 

2DS1, 2DL5, and 2DL2 genes promoting HIV acquisition. The results were published in 

Immunogenetics, 2016; 68: 327-337. 

 

 Complex genetic diagnosis of seronegative (HIV-) long-term partner of female patient with 

AIDS C3 in the context of HIV transmission – case report. HIV infection was excluded in a 47-

year-old man, a long-term sexual partner of a female patient diagnosed with AIDS C3. The risk of 

HIV infection was estimated as high. We focused on the genetic diagnosis of the serodiscordant 

couple. We determined the presence of CCR5-Δ32, CCR2-64I, HLA-B, killer cell immunoglobulin-

like receptor (KIR) and their ligand genes and human endogenous retroviruses K113 and K115. 

Genotyping was performed using PCR methods. Analysis of the partner’s genotype revealed the 

presence of CCR5-Δ32/Δ32 and KIR genes encoding activating receptors (KIR2DS1, 2DS5, 

3DS1), features associated with reduced risk of HIV transmission. Similarities in the patient’s and 

her partner’s HLA (HLA-B*51) and similar inhibitory KIR repertoire and their ligands 

(KIR2DL1+HLA-C2, KIR2DL3+HLA-C1, KIR3DL1+HLA-B Bw4-80Ile) could favor the 

transmission of the virus. Genetic diagnosis is not routinely recommended. Observation of exposed 

and uninfected individuals would allow implementation of new knowledge into more effective care. 

The results were published in HIV & AIDS Review, 2016; 15: 97-100. 

 

DEPARTMENT OF IMMUNOCHEMISTRY 

Head: Professor Czesław Ługowski, Ph.D. 
 

Laboratory of General Immunochemistry 

Head: Professor Maria Janusz, Ph.D. 

 

Neuroprotective properties of the naturally derived polypeptide complexes 

Yolkin effect on ERK1/2 kinase activation and protection against toxic effect of free 

radicals 

 

 Egg yolk proteins are considered a rich source of nutrients. Among them an important 

role is played by yolkin – a polypeptide complex with properties similar to colostrum-

derived proline-rich polypeptide complex PRP/Colostrinin. Yolkin modulates both pro- and 

anti-inflammatory cytokine secretion. The effect of Yolkin on improvement of locomotor 

function and exploratory behavior, preventing their decline, and the functioning of episodic 

and spatial memory in aging rats was observed. The neuroprotective effect of Yolkin is 
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connected with its positive effect on cell viability and brain-derived neurotrophic factor 

(BDNF) secretion.  

 One of the primary causes of neurodegeneration of nerve cells is oxidative stress. The 

endogenous system (both enzymatic and low molecular antioxidants) protects cells against 

toxic effects of free oxygen radicals (ROS). When ROS secretion inside cells is elevated in 

the presence of Aβ42 or tau protein the structure and function of nerve cells are disturbed. 

In oxidative stress condition protein kinases ERK1/2 are induced. Their sustained activation 

can cause mitochondrial destruction, Bc1 protein activation and, as an end effect, neuronal 

apoptosis. To consider the mechanism of Yolkin action in neurodegenerative processes it 

was interesting to assess its modulatory effect on ERK1/2 activation and regulation of ROS 

intracellular secretion. 

 A Yolkin preparation was tested for its purity in SDS PAGE and its activity was checked 

as ability to induce IL6 secretion in whole blood cells. As model cells the neuronal rat cell 

line PC12 was used. It was found that Yolkin does not induce free radical species. However, 

in oxidative stress conditions (induced with the use of 75 μM H2O2) Yolkin in a dose-

dependent manner reduces intracellular ROS accumulation (20–30%). Moreover, it was 

observed (by Western blotting) that in oxidative stress conditions Yolkin inhibits sustained 

activation of ERK1/2 kinases. 

 The results obtained indicate that Yolkin neuroprotective properties are connected with 

reduction of the ROS level. 

 

Laboratory of Glycoconjugate Immunochemistry 

Head: Professor Hubert Krotkiewski, Ph.D. 

 

Evaluation of relationship between polymorphisms in human A4GALT gene and the 

number of P1PK blood group antigens on erythrocytes 

 

The P1PK blood group system consists of three glycosphingolipid antigens: Pk (Gb3, 

CD77), P1 and NOR. The Pk antigen is expressed on most human red blood cells (except 

those of p phenotype), whereas P1 is present only in a fraction with ethnicity-specific 

frequency, thus underlying two common phenotypes: P1, if the P1 antigen is present, and P2, 

if the P1 antigen is absent. The molecular mechanism for the formation of P1/P2 blood 

groups remains not fully elucidated. We sequenced the promoter region of the A4GALT 

gene from 85 individuals of different PIPK status, and evaluated the A4GALT transcript 

level and the P1PK antigen number on erythrocytes. Conclusions are as follows: 



 28 

1. The best correlation between genotype and P1PK number was found for the SNP 

rs5751348. 

2. The number of P1PK antigens on erythrocytes from individuals of different 

genotypes is as follows: P1P1>P1NORP1>P1P2>P1NORP2>P2P2. 

3. Presence of NOR antigen causes a decrease of levels of other P1PK antigens. 

4. There is no correlation between the LDL/HDL cholesterol level and the number of 

P1PK antigens on erythrocytes. 

 

Distribution of Duffy blood group antigens in Polish population 

 

 

 Duffy genotyping of 596 unrelated donor blood samples was investigated by 

high-resolution melting (HRM) analysis. It was found that phenotype Fy(a+b+), defined by 

the heterozygous genotypes FY*A/FY*B (33%) and FY*A/FY*B298A (13%), was the most 

common in the Polish population (~46%), followed by Fy(a-b+), ~29%, determined by the 

genotypes raised from the FY*B allele and all its variants. Phenotype Fy(a+b-) occurred 

with a frequency of 24% and was defined by the following genotypes: FY*A/FY*A (21%), 

FY*A/FY*X (2.8%) and FY*A/FY*B-33 (0.3%). Among the Polish population the 

frequencies of FY*A, FY*B, and FY*B298A alleles were 45.7%, 36% and 15.5%, 

respectively. The alleles FY*B298A and FY*B, combined together, represented higher 

frequency (51%) than FY*A. Alleles FY*X and FY*B-33 had low frequencies of 2.51% and 

0.25%, respectively. To our knowledge the present study is the first to report the genotypes 

and allele frequencies of the FY gene in the Polish population. 

 

Laboratory of Microbial Immunochemistry and Vaccines  

Head: Professor Czesław Ługowski, Ph.D.  

 

Biochemical characteristics of macromolecules involved in immunological processes. 

Immunochemical studies of bacterial endotoxins  
 

 The complement system is a part of innate immunity and represents the first line of defense 

against infections. Its activation leads to initiation of the inflammatory response followed by death 

of the pathogen. There are three pathways of complement activation: classical, alternative, and 

lectin-based. The lectin pathway in humans is initiated by certain collectins, such as mannose-

binding lectin (MBL), collectin-10 (CL-10), collectin-11 (CL-11), and all known ficolins, including 

ficolin-1 (M-ficolin, p35-related protein), ficolin-2 (L-ficolin) and ficolin-3 (H-ficolin). Despite 

recombinant protein technology development, proteins isolated from natural sources remain 

important for structure and activity determination. Ficolins represent a class of proteins that are 
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difficult to isolate. To date, three methods for purifying ficolin-3 from plasma/serum have been 

proposed, defined by the most critical step: (i) hydroxyapatite absorption chromatography, (ii) N-

acetylated human serum albumin affinity chromatography, and (iii) anti-ficolin-3 monoclonal 

antibody-based affinity chromatography. We present a new protocol for purifying ficolin-3 

complexes from human plasma that is based on an exclusive ligand: the O-specific polysaccharide 

of Hafnia alvei PCM 1200 LPS (O-PS 1200). The protocol includes (i) poly(ethylene glycol) 

precipitation; (ii) yeast and L-fucose incubation, for depletion of mannose-binding lectin; (iii) 

affinity chromatography using O-PS 1200-Sepharose; and (iv) size-exclusion chromatography. 

Application of this protocol yielded on average 2.2 mg of ficolin-3 preparation free of mannose-

binding lectin (MBL), ficolin-1 and -2 from 500 ml of plasma. The protein was complexed with 

MBL-associated serine proteases (MASPs) and was able to activate the complement in vitro. In-

process monitoring of MBL, ficolins, and total protein content revealed the presence of difficult-to-

remove immunoglobulin G, M and A, to some extent in agreement with recent findings suggesting 

crosstalk between IgG and ficolin-3. We demonstrated that recombinant ficolin-3 interacts with IgG 

and IgM in a concentration-dependent manner. Although this association does not appear to 

influence ficolin-3-ligand interactions in vitro, it may have numerous consequences in vivo. Thus 

our purification procedure provides Ig-ficolin-3/MASP complexes that might be useful for gaining 

further insight into the crosstalk and biological activity of ficolin-3. 
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