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Head: Professor Andrzej Gorski, M.D.

The presence of bacteriophages in alimentary tract of patients with inflammatory bowel
diseases

The presence, frequency and concentration of E. coli bacteriophages in the stools of
healthy volunteers and patients with inflammatory bowel diseases (IBD) (Crohn’s disease and
colitis ulcerosa) as well as the relation between the number of coliphages in intestine and E.
coli bacteria were studied. Stools of 14 healthy volunteers, 18 patients with Crohn’s disease
and 21 with colitis ulcerosa were examined for the presence of coliphages for the following
strains: own strain E. coli from examined patients, E. coli B, E. coli 1962, E. coli DSM
13127. All volunteers and patients were examined for the frequency and concentration of E.
coli bacteria in stools. The material from adult patients was obtained from the Clinic of
Gastroenterology and Hepatology of the Academic Clinical Hospital from Wroctaw.
Coliphage frequencies were lower in the stools of patients with IBD (7.7%-53.8%) compared
with the healthy individuals (14.3%-71.4%). The concentration of coliphages in stools was
higher in patients (10°-10° PFU/g) than in healthy volunteers (10'-10° PFU/g). The
frequencies of E. coli bacteria were 100% in healthy volunteers and 84.6% in patients with
IBD. The mean concentration of E. coli bacteria was 1.5x10" CFU/g in healthy individuals
and 2.4x10” CFU/g in patients with IBD. There was a correlation between E. coli bacteria and
coliphages for strain E. coli DSM 13127 in healthy volunteers and patients with IBD. Under
the bacteria concentration 10° CFU/g the frequency and concentration of coliphages was low.
The differences in the frequency and concentration of phages and bacteria and in the
correlation between bacteria E. coli and coliphages were statistically insignificant with the
exception of results for frequency of coliphages tested on the strain 1962 (p=0.049) in

patients’ stools compared with healthy volunteers.



Neutralization of phages by sera of patients with bacterial infections undergoing phage
therapy

The antiphage sera activity in patients with bacterial infections undergoing phage therapy
in the Center for Phage Therapy IIET in Wroctaw and sera from healthy volunteers was
examined.
Antiphage sera activity was determined in 37 patients with S. aureus, E. coli, P. aeruginosa,
E. faecalis, K. pneumoniae and M. morganii. The phages were administered orally, locally or
intrarectally. Neutralization studies of E. coli T4 bacteriophage by sera of 30 healthy
volunteers and S. aureus 676/Z phage by sera of 21 healthy volunteers were performed.
63.3% of examined sera of healthy volunteers caused low neutralization of E. coli T4 phage
(undiluted sera or diluted 1:10 and 1:100). 57.1% of examined sera of healthy volunteers
inactivated S. aureus 676/Z phage (undiluted sera or diluted 1:10). Prior to phage therapy low
antiphage activity was observed in 86.5% of examined patients’ sera (undiluted or diluted
1:10 and 1:100). During phage therapy (days 7-60) marked antiphage sera activity was
observed in 27% of examined patients (dilutions 1:800, 1:1000 and 1:1500). The highest
antiphage activity was found in patients with S. aureus and E. faecalis infections undergoing
phage therapy. Furthermore, significant antiphage sera activity was observed in patients using
phages locally in contrast to patients receiving phages orally, who usually had low antiphage

sera activity.

The influence of phage lysates on the acute inflammatory process

A study on the influence of phage lysates on carrageenan-induced paw edema in rat was
performed. The activity of phage 119x lysate of P. aeruginosa as well as purified S. aureus
AS5/80, and E. coli T4 phages was tested after intraperitoneal and local (paw soaking in the
phage preparation) administration. A reduction of edema was observed in the case of
intraperitoneally administered 119x phage preparation at 6 hours after edema induction,
whereas a sonicate of P. aeruginosa increased inflammation after 1 hour. Local application of
the phage as well as a sonicate did not increase paw edema. Both purified A5/80 and T4
phages administered intraperitoneally decreased edema at 6 hours after its induction, but this
effect was comparable with the one of phosphate buffered saline which was used as a control.

Our observations do not confirm that 119x phage lysate applied both systemically and
topically may significantly increase local inflammatory processes, which is an important

argument for the safety of phage preparations. The results obtained with the purified A5/80



and T4 phages did not confirm that the anti-inflammatory effect of A5/80 and T4 phage
lysates may be attributed to the phage it self.

Results of grant activities

We established protocols for efficient production and purification of high-purity native T4
bacteriophage proteins gp23, gp24, gpHoc and gpSoc that are stable and suitable for further
immunological studies. Affinity-tagged (GST) proteins were expressed in E. coli from
bacterial vectors, combined with chaperones: phage derived gp31 and E. coli derived tig and
GroEL - GroES. The design of the expression vectors and the conditions of the expression
were optimized to obtain high-level expression; approximate rates of total cell proteins were
60% for gp24, 45% for gp23, 50% for Hoc and 10% for Soc. Two-step affinity and size-
exclusion chromatography was used for purification. Affinity tags were removed by rTEV
proteolytic cleavage. Purity of preparations was determined by SDS-PAGE and analytical gel
filtration. Monomeric state of the proteins in solution was verified by dynamic light scattering
(DLS) for gp23 and gp24; it was positively verified for both products. LPS content was
minimized (less than 1 activity unit per ml).

Native structures of purified proteins were confirmed using circular dichroism (CD)
analysis aided by comparison of computed secondary structure content to predictions from the
amino acid sequence of studied proteins. Essential gp23 and gp24 are the alpha-structure type,
in contrast to non-essential gpHoc in which beta-structure prevails. GpSoc is a mixed type
protein. Thermodynamic stability studies were performed by monitoring the CD signal of
protein solutions supplemented with an increasing concentration of denaturant (guanidine
hydrochloride) and fitting the data to a two-state model to obtain the parameters GdnHCI %2
and deltaGden. Briefly, the least stable were gp23 and Soc, having GdnHCI %2 of 1.08 M and
1.16 M, respectively. Hoc protein had GdnHCI Y2 of 2.03 M. Interestingly, gp24 expressed
two phases of denaturation, which corresponds well with its structure and existence of two
separate domains, a smaller domain A (GdnHCI %2 of 0.133 M) and a larger domain B
(GdnHC1 Y2 of 2.42 M). Interestingly, two essential capsid proteins which are known to be
homologous differ substantially in their stability.

29 bacteriophages from the IIET phage bank for Citrobacter, Enterobacter, Serratia,
Escherichia, Morganella, Pseudomonas and Enterococcus strains have been re-isolated and
the lytic activity of 308 bacteriophages has been estimated. 885 different bacterial strains
from microbiological laboratories have been collected. For bacteriophage isolation the

standard agar plate, broth culture and colorimetric methods were used. 30 specific



bacteriophages for E. faecalis, S. marcescens, S. liquefaciens, P. aeruginosa, E. coli.,
C. freundii, K. oxytoca, K. pneumoniae and S. pyogenes have been isolated from different
crude city sewage and environmental samples.

The biological characteristics and sensitivity to physico-chemical factors (temperature,
chloroform, pH) of newly isolated Serratia and Streptococcus phages as well as for
Staphylococcus phages from the phage bank were determined. The highest average adsorption
rate of examined phages (99.6%) was observed after 30 minutes incubation of phage with
homologous bacterial strain. An apparent decrease of the lytic activity of phages depending
on temperature was found: 60°C (for Serratia and Staphylococcus phages) and 80°C (for
Streptococcus phages) as well as the chloroform (for Serratia phages). The highest (3.5
range) decrease of phage activity and complete phage inactivation was observed at pH 4 for
all phages. The studies of morphology and ultrastructure of two Serratia phages indicate that
they belong to the families of Myoviridae and Caudovirales. Other phages tested belong to

Myoviridae, Siphoviridae and Podoviridae families.

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

The laboratory is involved in studies of pathogenicity mechanisms of diseases with
bacterial etiology, the role of bacterial glycoconjugates and proteins in the immune processes,
the structure and functions of bacterial exopolysaccharides and endotoxins. In the framework
of these studies the method of determination of four different markers specific for Gram-
negative and Gram-positive bacteria has been standardized for serum samples. The work on
determination of these chemical markers is important for clinical practice to improve
diagnostic analyses in monitoring the clinical pattern of sepsis and septic shock. A difficult
problem also concerns identification of actinomycete clinical isolates. Results of experiments
on serological characterization and cross reactivity proved that their glycolipids, mycolic
acids and also exopolysaccharides are relevant as useful markers which facilitate diagnostic
procedures. Studies on probiotics have recently been intensified due to their potential in

protection against invading bacteria. In order to understand the mechanisms of this process we



determined the structure of exopolysaccharides produced by several strains, also to determine
their role in inflammatory bowel disease, where probiotic microorganisms are involved. The
strain Lactobacillus rhamnosus KL37B of human origin had two exopolysaccharides; one
was composed of nine sugar residues (oligosaccharide repeating units) and the other structure
was the same as in L. rhamnosus KL37A, and also as in milk strain, found previously. Strains
KL37A and KL37B co-aggregated, and were isolated from the same source. These
polysaccharides are subjected to studies for potential immunological activities. The other
project concerns studies on advanced glycation end-products (AGE). The procedure with the
aid of a microwave reactor leads to obtaining antigens and then monoclonal antibodies can be
produced, which allows an assay to be developed for determination of AGE and anti-AGE

antibodies in serum of diabetic patients.

Laboratory of Virology
Head: Associate Professor Egbert Piasecki, Ph.D.
Study on nonspecific immunity in viral infections

Two mechanisms of innate immunity, i.e. resistance to viral infection and the production

of cytokines by leukocytes, were compared in blood isolated from four groups of donors:
healthy young (19-35 years old), healthy elderly (over 60), elderly Alzheimer's disease (AD)
patients, and elderly patients with alimentary tract cancer (CA).
Peripheral blood leukocytes (PBLs) were isolated by gradient centrifugation in Gradisol G.
The degree of resistance was calculated from the kinetics of vesicular stomatitis virus (VSV)
replication in the PBLs. Cytokine (TNFo, IFNa, IFNy, 1L-12, and IL-10) levels were
determined by ELISA.

The antiviral resistance of the PBLs varied, but a difference was observed only between
the young and elderly groups and not between the healthy elderly controls and those with AD
or cancer. Differences observed in all the groups concerned the ability and intensity of
cytokine production. The most impressive results were obtained for spontaneous TNF and
IFNa release. While TNF was released spontaneously by the PBLs of the elderly CA patients
and the young healthy group, it was usually undetected in the AD and only sometimes in the
healthy elderly group. Leukocytes isolated from the elderly groups responded to VSV
infection with more intense IFNo and IFNy production than the younger group. The results

were published in Experimental Gerontology 2012; 47: 8-13.



DEPARTMENT OF TUMOR IMMUNOLOGY
Head: Professor Pawel Kisielow, Ph.D.

Laboratory of Molecular and Cellular Immunology
Acting Head: Associate Professor Malgorzata Cebrat, Ph.D.
Bidirectional activity of NWC promoter is responsible for RAG-2 transcription in
nonlymphoid cells

Recombination-activating genes (RAG)-1 and RAG-2 encode a recombinase responsible
for rearrangements of antigen-receptor genes during T and B lymphocyte development.
Similarities of RAG-I to transposases, ability of the RAG recombinase to catalyze
transposition reactions in vitro and the highly compact structure of the RAG locus have led to
the hypothesis that RAG genes were acquired by the genome as a result of horizontal transfer
of a mobile genetic element. One of the unanswered questions regarding the evolution of the
RAG gene locus is how the RAG transposon was able to avoid host-mediated epigenetic
silencing. Recent studies showed that active transposon-derived genes are often associated
with genes containing promoters associated with a CpG island to form head-to-head
bidirectional pairs. We show that the CpG island-associated promoter of the NWC gene (the
third evolutionarily conserved gene at the RAG locus) which is located in the second intron of
the RAG-2 gene has bidirectional activity and is responsible for unexpected expression of
RAG-2 open reading frame in nonlymphoid cells. We also identified promoter fragments -71/-
95 and -20/-45 relative to the NWC transcriptional start site as responsible for bidirectional
activity, and showed that the ZFP143 transcription factor is the activator of the NWC/RAG-2

promoter.

Laboratory of Tumor Immunology
Head: Associate Professor Arkadiusz Miazek, Ph.D.

Degradation of the linker for activation of T cells (LAT): molecular switch of T cell
Junction

Degradation of several signaling components of the T cell receptor complex (TCR) was
shown to influence the quantity and the quality of lymphocyte signaling. For example,
degradation of the adaptor SLP-76 and the Vav-1 molecule were shown to be involved in the
active maintenance of T cell unresponsiveness, whereas expression of the degraded fragment

of SLP-76 adapter was shown to heavily impair TCR signaling.



In collaboration with Dr Enrique Aguado and his group at the University of Cadiz (Spain)
we found that the LAT molecule undergoes rapid degradation when immature or mature T
cells are stimulated through the TCR/CD3 or Fas receptors. We developed methods for
measuring kinetics of LAT protein degradation upon Fas and TCR/CD3 mediated signaling
using flow cytometry and Western blotting. We further mapped sites of cleavage within the
LAT molecule and we found that they were conserved among human and murine LAT
proteins. Mutated, cleavage-resistant versions of the LAT proteins were produced and their

signaling capacities are being evaluated.

Expression and functional characterization of hLAT},,s: an alternatively spliced isoform of
the human linker for activation of T cells (LAT)

Although the existence of an alternatively spliced version of the human Latr transcript
(hLAT)ong) was reported by Erwin Petek’s laboratory and entered in the GenBank database, a
physiological function of the resulting protein as well as the expression pattern of the
hLATi;ne mRNA has not been established experimentally. To address these issues we
performed a semi-quantitative evaluation of hLATi,, cytoplasmic mRNA from normal
human peripheral blood mononuclear cells (PBMCs) and the Jurkat T cell line. We found that
the ratio between the canonical and the hLAT,,, isoforms was around 100:1. Sorted
subpopulations of T cells and NK cells obtained from human PBMCs are being evaluated by
real-time PCR in order to confirm the above findings.

We transiently expressed the hLAT)o,; mRNA in mammalian cell lines and found that it
produced a distinctive protein that migrated more slowly than the canonical LAT protein
when assayed by SDS-PAGE. When compared with canonical LAT protein by fluorescent
microscopy, the hLATq,, isoform was predominantly targeted to intracytoplasmic and outer
membrane compartments. Lentiviral vectors were prepared in order to measure the functional
capacities of the hLAT)q, 1soform when transduced to a Lat deficient human T cell line.
Peptides containing amino acid residues expressed by hLAT).,, were obtained and will be

used to raise rabbit immune sera.



DEPARTMENT OF MICROBIOLOGY
Head: Professor Jolanta Zakrzewska-Czerwinska, Ph.D.

Laboratory of the Molecular Biology of Microorganisms
Head: Professor Jolanta Zakrzewska-Czerwinska, Ph.D.

Chromosome replication initiation in bacteria
Home page: www.iitd.pan.wroc.pl/dept/mic/index.htm

In bacteria, chromosome replication is initiated by cooperative binding of the initiator
protein, DnaA, to multiple sequences termed DnaA boxes — 9-mers within the oriC (origin of
chromosomal replication) region. DnaA activity, like that of other initiator proteins, is
regulated by binding and hydrolysis of ATP. DnaA consists of four domains (I-IV): I-
dimerization, II-linker, III- and IV- ATP and DNA binding domains, respectively. Only ATP-
bound DnaA is able to unwind the duplex DNA within the oriC region. Various factors
control the ability of DnaA to bind and unwind DNA. Among them, Escherichia coli DiaA
and Helicobacter pylori HobA have been characterized recently. They were found to interact
with domain I of DnaA and stimulate DnaA binding to oriC. We showed that, despite a high
degree of structural similarity, HobA and DiaA are not interchangeable because they are
unable to interact with heterologous DnaA proteins. We revealed particular structural
differences impeding formation of heterologous complexes and, consistently, we restored
DiaA-enhanced oriC binding by the hybrid Ec(I)-Hp(II-IV)DnaA protein, i.e. H. pylori DnaA
in which domain I was exchanged with that of E. coli. This proved that DiaA and HobA are
functional homologs and upon binding to DnaA they exert a similar effect on orisome
formation. Interestingly, we showed for the first time that the dynamics of DiaA- and HobA-
stimulated orisome assembly are different. HobA enhances and accelerates HpDnaA binding
to oriC, whereas DiaA increases but decelerates EcDnaA binding with oriC. We postulate that
the different dynamics of orisome formation reflect the distinct strategies adopted by E. coli
and H. pylori to regulate the frequency of the replication of their chromosomes. DiaA/HobA
homologs have been identified in many proteobacteria and therefore might constitute a
common, though species-specific, factor modulating bacterial orisome assembly.
Zawilak-Pawlik A, Donczew R, Szafranski S, Mackiewicz P, Terradot L, Zakrzewska-
Czerwinska J.(2011) DiaA/HobA and DnaA: a pair of proteins co-evolved to cooperate
during bacterial orisome assembly. JMol Biol. 408:238-251



Laboratory of Signaling Proteins

Acting Head: Associate Professor Janusz Matuszyk, Ph.D.

Studies on proteins and signaling pathways involved in the activation of proinflammatory and
proapoptotic transcription factors

Our observations and literature data indicate that under certain conditions in human
monocytes there may appear activity of membrane-bound guanylyl cyclase type A (GC-A)
that could play a role in inhibition of bacterial endotoxin-induced nuclear factor-kappaB
activity. It can be assumed that the appearance of GC-A is determined by some unidentified
inflammatory factor. The results of our experiments indicate transcription of the gene
encoding GC-A in the human monocytic cell line SC and in the human acute monocytic
leukemia cell line THP-1 following treatment with phorbol ester as well as a large increase in
the activity of GC-A in phorbol ester-treated THP-1 cells.

The orphan nuclear receptor Nur77 plays roles in the processes of differentiation,
steroid hormone production and apoptosis, depending on cell type and signaling proteins
activated. The results of luciferase reporter assays suggest that cyclic AMP response element
binding protein (CREB) plays a significant role in activation of the nur77 gene in response to
neurotrophin treatment. Using the method of real-time PCR it has been shown that a dominant
negative mutant, A-CREB, inhibited the expression of endogenous nur77 in response to
neurotrophins. In conclusion, analysis of both promoter activation and gene expression

indicates the role of transcription factor CREB in nur77 gene activation by neurotrophins.

DEPARTMENT OF EXPERIMENTAL THERAPY
Head: Professor Michal Zimecki, Ph.D.

Laboratory of Immunobiology

Head: Professor Michal Zimecki, Ph.D.

Studies on synthetic and natural immunoregulators of potential application in prevention and
therapy

Cyclic peptides

The laboratory has been involved for decades in the search for compounds of various
origin, both natural and synthetic, with a potential for application in therapy. Among the
studied compounds, derivatives of cyclolinopeptide are of particular interest since they may
replace calcineurin inhibitors such as cyclosporin A or tacrolimus with well-known side-
effects. In 2011 the immunosuppressive and anti-inflammatory properties of several
cyclolinopeptide analogs were investigated in in vitro and in vivo models, such as:

proliferation of human peripheral blood mononuclear cells to phytohemagglutinin, the



secondary humoral immune response to sheep erythrocytes, production of proinflammatory
cytokines in human whole blood culture, growth of selected tumor cell lines and the
carrageenan inflammatory reaction in the air pouch of mice. Two particularly interesting
compounds were identified, JK-VDS (strongly antiproliferative) and KJ-6¢ (strongly anti-

inflammatory). The compounds were also low-toxic with regard to human lymphocytes.

Benzoquinothiazines

A second group of 61 compounds from the benzoquinothiazine family was subjected to
evaluation in similar models. In the last stage of investigation three compounds (KPC4a,
KPS4c, KPC3c) exhibiting the strongest antiproliferative action and low toxicity were used to
study their effects in relation to 3 tumor lines (L-1210 lymphoma, SV-948 colon tumor and
A-341 epidermal tumor). It appeared that the compounds displayed a comparable or only

somewhat lower anti-tumor action than cisplatin. The compounds will be patented.

Bone-associated cells and their suitability for regenerative medicine

Studies were focused on three types of cells supporting the bone system: osteoblasts,
chondrocytes, and fibroblasts and factors influencing their condition and biological function.
In cooperation with the Department of Maxillofacial Orthopedics and Orthodontics, Wroclaw
Medical University, a pilot study on the impact of nickel ions on the condition and
functioning of human osteoblasts was conducted. These cell types are under long-term
influence of the metal ions in patients with occlusion corrective braces. The oral environment
is conducive to corrosion of joining elements. Cell culture techniques demonstrated discrete,
adverse effects of nickel on human osteoblasts. In collaboration with the Tissue Bank at the
Regional Centre of Blood Donation and Blood Treatment in Katowice, the root regeneration
potential of human chondrocytes, used in autologous re-implantations, was proved. This
potential is probably based on an autocrine regulation mechanism via autologous biologically
active bone morphogenetic proteins (BMP). Two of the most osteogenic isoforms (BMP-2
and BMP-4) were purified from the culture medium of chondrocytes and their biological
activities were demonstrated at two molecular levels: signal transduction and an increase in
the effector protein concentration due to specific gene activation. In cooperation with "SOL-
GEL Laboratory", the Institute of Material Science and Mechanics, Wroctaw University of
Technology, the influence of silica-coated austenitic steel 316L probes was examined for the

reaction of the recipient tissue in fibroblast cultures in vitro. These silica layers were obtained

10



by a new sol-gel technique making possible immobilization of biologically active particles on
the implant surface due to low temperature of coating. The synthesis of two gene constructs

for expression of genes of human BMP-2 and BMP-4 in Yarrowia lipolytica was started.

Activation of nuclear transcription factor and TNF-a production by human lung cells
treated with polycyclic aromatic hydrocarbons and fungal spores

The pulmonary tissue is exposed to inhaled infectious agents and chemical compounds.
We previously showed that fungal spores and polycyclic aromatic hydrocarbons (PAHs),
byproducts of carbon-based fuel combustion, induced activity of signal transcription and
activator of transcription (STATs) in human lung epithelial cells. In these studies we
investigated PAHs, Aspergillus fumigates and Alternaria sp. spores for their ability to activate
nuclear transcription factor (NF-xB) and stimulate synthesis of inflammatory cytokine TNF-a
in the human lung epithelial A549 cell line. The fungal spores and PAHs stimulated activation
of the NF-xB system and TNF-a production in these cells. Aspergillus fumigates spores
induced the highest activity of the transcriptional system and TNF-a synthesis after 24 h.
When the lung cells were treated with PAHs and spores, activation of NF-kB and production
of TNF-a were lower in comparison to cells incubated separately either with PAHs or spores.
In conclusion, the studied environmental pollutants stimulated NF-kB system activation and
production of TNF-a by the respiratory tract epithelium. The PAHs suppressed the pulmonary
epithelial response to fungal spores, which could promote the development of fungal

infections in the lung.

Application of short-term tests in assessment of atmospheric air pollution

The investigations have confirmed high sensitivity of employed Salmonella typhimurium
strains TA98 and YG1041 tester strains as well as the Escherichia coli K12 PQ37 to organic
pollutants absorbed on airborne particulates of the PM10 fractions, which provided evidence
for occurrence of PAHs and their nitro, amino and hydroxylamino derivatives in atmospheric
air. Mutagenic effect of airborne particulates was presented in the form of the mutagenicity
ratio (MR) and the genotoxic effect of airborne particulates was evaluated in the form of
induction factor (IF). MR and IF values obtained in both bacterial tests indicated that chemical
compounds of both promutagen and direct mutagen nature were present in tested samples, and
moreover, similar MR values were obtained in the Salmonella assay from experiments carried
out with metabolic activation by the microsomal fraction S9 as well as in the absence of the

SO fraction. By including the YG series strains in the assay, it was possible to confirm that
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moderately and highly polar classes of compounds are responsible for the mutagenic effect of
air pollutions, and besides that, to detect the presence of mutagens in very small volumes of
sampled air, of the range of 0.0061-0.049 m’. Considering the results obtained from SOS
Chromotest, a higher genotoxicity was found in tests carried out without metabolic activation
than in the presence of the microsomal S9 fraction. Among chemical compounds capable of
producing such effect are nitro and amino PAH derivatives, polar aromatic compounds,
heterocyclic compounds and phenols.

The only way to provide integrated and quick estimation of human exposure to chemicals
adsorbed on airborne particulate matter is implementation of biological monitoring. Because
of the complexity of the carcinogenesis, it is necessary to adopt suitable organisms, cells and
short-term test systems. Use of human cell culture in research, along with bacterial assays,
will provide an opportunity to get a correct response of mammal cells to organic compounds

that are pollutants of the atmospheric air.
Antifungal activity of new synthetic analogs of allicin — a preliminary examination

Despite tremendous progress achieved in antifungal therapy, there is still a need for the
development of efficient and safe antimycotics, for control of fungal grow in infected mucosa
and deep-seated tissues. Development of phyto-preparations — highly effective, non-toxic and
devoid of side effects — is an urgent task. Thiosulfinates are garlic compounds characterized
by the ability to inhibit the growth of different microorganisms. The main active substance of
garlic is allicin, one of the esters of thiosulfinic acid. The purpose of the present study was to
test in vitro the cytotoxicity and antimycotic activity of two new synthesized thiosulfonates
and rhamnolipid biosurfactant isolated from Pseudomonas sp. PS-17. Thiosulfonates and
rhamnolipid were low-toxic. Thiosulfonates showed inhibitory activity against Candida
and Aspergillus, but A. fumigatus was more susceptible than Candida. Rhamnolipid RL
displayed no activity against C. albicans or A. fumigatus, in the tested range of
concentrations. Low concentrations of synthetic thiosulfonates inhibited growth of C.

albicans, C. glabrata and A. fumigatus.
New synthetic analogs of garlic biocides with antifungal activity

The incidence of invasive fungal infections caused by Candida spp. is increasing
worldwide. Emergence of antimicrobial resistance, high toxicity caused by antifungal agents,
therapeutic limitations and high cost of treatment justifies the search for new therapeutic
agents, especially for herbal products. We investigated the antifungal potential of the in vitro

activity of Hydrastis canadensis (“‘goldenseal”) tincture, Casearia sylvestris (‘‘guacatonga’)
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tincture, Calendula officinalis (“pot marigold”) tincture and Vaccinium macrocarpon
(“cranberry”) in glycerol against ATCC and clinical strains of Candida spp. Average
diameters of the inhibition zone (37 mm) were observed for H. canadensis, clinical and
ATCC strains of Candida spp. In addition, the antifungal activity of C. sylvestris was detected
for clinical and ATCC strains of Candida albicans and C. krusei, with average diameters of
the inhibition zone of 20 mm. Interestingly, C. officinalis showed inhibition only for ATCC
strains of C. albicans and C. glabrata (10 mm). Vaccinium macrocarpon was effective
against C. albicans from both origins (18 mm). In conclusion, the herbal products exhibited
moderate to appreciable antifungal activities. These preliminary data should be supported by
further large-scale studies since new molecules can be used for microbiological control,
providing a relevant therapeutic alternative for treatment of mycosis, as well as prevention of

recurrence.

Laboratory of Reproductive Immunology
Head: Associate Professor Anna Chelmonska-Soyta, Ph.D., V.D.
Immunological mechanisms associated with reproductive processes in health and disease

Studies of etiopathogenesis of endometriosis

Cells with the characteristics of stem cells were isolated from endometrial biopsies of the
uterine cavity of patients treated for endometriosis, unexplained infertility or simple ovarian
cysts. The phenotype of these cells is characterized by flow cytometry as CD34-CD133 +
CD271 + CD90 + CD146 + CD105 + CXCR4 + CD13-. No difference was found in the level
of expression of studied antigens between the cell lines isolated from women with
gynecological diseases listed. Cells in addition to the above phenotype were characterized by
formation of colonies, and the possibility of renewal during long culture in vitro. Identified
cells resemble stem cells from umbilical cord blood and support evidence of the occurrence in
adult body cells in the early stages of differentiation.

The involvement of antigen-presenting cells in establishing peripheral tolerance during
preimplantation period of pregnancy in mice. Supported by Gemini Cost Action FA0702
“Embryo-maternal interactions”

The overall aim of the research project is to check whether in the preimplantation period
of pregnancy in the mouse in the peripheral compartment the antigen-presenting cell
phenotype is changed towards the tolerogenic phenotype. The aims of the study were to: 1/
identify changes in the expression of costimulatory molecules (CD80, CD86, CD40, and
MHCII) at the level of protein on the surface of DC (CD11b +) and macrophages (CD11c +
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and F4/80 +) (task completed in 2010) 2 / identify changes in the expression of costimulatory
molecule transcript levels at the surface of DC and macrophages 3 / determine the ability of
dendritic cells and macrophages to present antigen in vitro, 4 / determine in vivo the effect of
blocking of costimulatory molecules CD86, CD80 and CD40 on maintenance of pregnancy
(number of implantation places), the number of activated Th cells and cytokine
concentrations.

It was found that changes in expression of individual molecules are varied depending on
the cell population, which may suggest changes in the repertoire of the population of cells
involved in antigen presentation at the periphery in the preimplantation period of pregnancy.
In all populations of cells expression of CD86 on day 3.5 of pregnancy was increased, while
CD80 surface density varies only in CD11b of pregnant females. In in vitro experiments the
capacity of APC (CD11b + and F4/80 +) for antigen presentation was assessed. For this
purpose, at 3.5 days dendritic cells and macrophages from pregnant females and mice in
pseudopregnancy were sorted, pulsed with ovalbumin and cultured with haplotype identical,
sorted CD4 + T lymphocytes, isolated by MACS from spleens of mice strain C57BL6/J-Tg
(TcraTerb) 1100Mjb/ J. These cells were characterized by a transgenic TCR recognizing
OVA fragment. The intensity of TCD4 +, cell proliferation production of cytokines by
activated cells and the expression of CD25 activation antigen ware studied. Blocking the
interaction of the molecule CD80 with its ligands was manifested by a more than three-fold
increase of the rate of lymphocyte proliferation in the presence of F4/80 + as APC. CD80
molecule seems to have no effect on the proliferation of T lymphocytes stimulated by
dendritic cells. The opposite effect was observed in the case of blocking the CD86 molecule.
Despite sharing the same ligand molecule, CD80 in this case, a decrease in proliferation of
lymphocytes activated by all APC populations studied was observed. An analysis of the
cytokine secretion profile showed that blocking of the CD80 molecule led to lower secretion
of all tested cytokines (IL-10, IL-12, IL-4, IFN-y, IL-6). Cytometric analysis of activated
CD4+ T lymphocytes from co-culture showed a decrease of the number of CD4 + CD25+
after blocking of CD86 on CD11b+ cells. Blocking of CD80 molecules remained without
effect on the number of CD4 + CD25 + in all test cultures containing APC, but resulted in a
reduction in mean fluorescence intensity for CD25 relative to appropriate controls. In the
experiment in vivo antibodies selectively blocking costimulatory molecules anti-CD40, anti-
CD80, anti-CD86 and the appropriate isotype control were administered to strain C57B16
female/ J at 3.5 days after mating. At 10.5 days of gestation, serum cytokine profile of

animals, the distribution of T lymphocytes in the spleen and the effect of blocking
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costimulation on the number of fetuses were determined. Blocking of costimulatory
molecules CD40, CD80 and CD86 had no effect on the number of fetuses compared with
appropriate control groups. The in vivo experiment revealed little change in the profile of
secreted cytokines. However, blocking of CDS80 in pregnant mice results in increased
concentration of ILL-12 and decreased concentration of IL-10. Moreover, observations on
changes in the number of activated T cells in the spleen of pregnant females treated with anti-
CD80 showed a decrease in the number of these cells in relation to the number of CD4+CD25
+ in the control group. In conclusion, the results of the project indicate that in the
preimplantation period of pregnancy at the periphery the pattern of costimulatory molecules is
changed (advantage of CD86) and favors recognition of exogenous (paternal?) antigens. In
turn, it seems that CD80 costimulatory molecule signaling is responsible for cytokine

secretion beneficial for pregnancy maintenance.

The development of Lab-on-chip with optical detection — diagnostic device for quick and
cheap quality qualification of bovine embryos. Micro- and Nano-Systems in Chemistry and
Biomedical Diagnostics. Supported by POIG 01.03.01-00-014/08-00

Apoptosis plays a special role in the differentiation of multicellular organisms and is an
important marker of developmental potential of embryos in the preimplantation stage. Most of
the research methods of apoptosis require the preservation of biological material or supravital
use of dyes that may adversely affect the development of embryos. The aim of this study was
to evaluate the lab-on-a-chip microcytometer for supravital assessment of apoptosis in mouse
embryos. The study used morula-stage embryos obtained from the mouse strain C57BL/6J.
Embryos were obtained post mortem at 2.5 days of gestation and cultured for 10-12 hours in
the presence of actinomycin D and a solution of TNF-alpha as an inducer of apoptosis. After
the culture the embryos were evaluated morphologically and then stained with annexin V —
FITC conjugate. Some of the embryos were cryopreserved. The research intensity of
fluorescence staining of mouse embryos was determined on silicon-glass lab-on-chip with
integrated optical fibers. Mean fluorescent intensity of embryos incubated with TNF-a or
actinomycin D was significantly higher than in the non-stained control. The level of PS
expression in TNF-a treated embryos was comparable to the actinomycin D treated group.
However, developmental progress of TNF-a treated embryos was similar to the negative
control (medium alone), in contrast to the actinomycin D treated group where all cultured
embryos degenerated after 24 hours of culture. In conclusion, we developed a chip which

enables assessment of mean fluorescence intensity of stained single embryos. This device
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may serve as a useful tool for monitoring of spontaneous and induced apoptosis in live

embryos.

Laboratory of Immunopathology

Head: Professor Irena Frydecka, M.D.

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

Comparative analysis of cytokine profile in sera from rheumatoid arthritis (RA) patients
before and after treatment with methotrexate and/or TNF-alpha inhibitors

Cytokine profile may provide a suitable environment for differentiation of Th1, Th17, and
Treg cells in peripheral blood (PB) of RA patients. We performed analysis of serum
concentrations and modifications of TNF-alpha, IL-17, VEGF, IL-6, IFN-gamma, and IL-2
after therapy with methotrexate (MTX) and/or TNF-alpha inhibitors in RA patients.

Thirty-six RA patients and 13 healthy controls were included. Nineteen patients were
treated with MTX (MTX group); TNF-alpha inhibitors were administered to the other 17
patients (iITNF group). Serum levels of studied factors were detected before and after 4-6
months of therapy by using cytometric bead array (CBA).

Before therapy, all patients showed higher concentrations of IL-6 and VEGF. Serum
levels of TNF-alpha and IL-17 were similar in patients and controls. In progressive RA (iITNF
group), we observed lower levels of IL-2 and IFN-gamma compared to the MTX group and
controls. After treatment, there was a decrease of IL-6 in the MTX group, but its levels did
not normalize in all patients. We noted a trend towards VEGF decline in this group. Both Th1
cytokines, IL-2 and IFN-gamma, remained at lower concentrations in the iTNF group
compared to the MTX group and controls. Increased IL-2 levels over control values were
found in the MTX group. Neither MTX nor iTNF changed TNF-alpha and IL-17 in patients.

In conclusions, therapy of RA does not result in normalization of proinflammatory factors.
The MTX group exhibits higher potential for reversion of an imbalanced cytokine network.
Progression of disease leads to irreversible systemic Th1 cytokine defects. Restoration of Thl
protective responses would be of interest as a target for treatment of progressive RA. Our
study shows that patients with progressive rheumatoid arthritis exhibit irreversible systemic
Thl cytokine defects, which may contribute to persistent imbalance in PB Th cells

differentiation.
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CTLA-4 gene polymorphisms influence susceptibility to acute graft versus host disease
after allogeneic hematopoietic stem cell transplantation

Donor T lymphocytes play a crucial role in alloimmune recognition and their ability to
detect non-self antigens can differentiate predisposition to acute graft versus host disease
(aGvHD). The effective recognition and activation of naive T-cells requires two independent
signals. The first is antigen-specific and is sent via the TCR on T-cells. The second signal is
critical for allowing full activation. Cytotoxic T-cell antigen (CTLA-4) is a co-inhibitory
molecule which downregulates T-cell activation. Polymorphisms in the CTLA-4 gene result in
abnormal expression function as well as dysregulated trafficking of that molecule within
cellular compartments. Moreover, the human CTLA-4 gene is known as a susceptibility region
for autoimmune diseases.

Therefore we postulate that polymorphism in the CT7TLA-4 gene in donors after
hematopoietic stem cell transplantation (HSCT) might be associated with predisposition to
aGvHD. Our attention has focused on four functional polymorphic sites: CTLA-4c.49A>G,
CTLA-4g.319C>T, CT60, and Jo31, which have been reported as associated with altered
immune responses.

Altogether 175 patients (74 female/101 male), 67 transplanted from related donors (RD-
HSCT) and 108 unrelated donors (URD-HSCT) in the Department of Hematology and Bone
Marrow Transplantation, Medical University of Silesia, Katowice, Poland in 2006-2009 were
included in this study. Median age of patients was 33 (range 18-57). In 86 patients there were
no aGvHD symptoms, while in 87 patients aGvHD incidences were observed.

The single-nucleotide polymorphisms (SNPs) were genotyped using allelic discrimination
methods with the following TagMan SNP Genotyping Assays: C__2415786_10 for c.49A>G,
C_27834180_10 for g.319C>T, C__3296043_10 for CT60, C__30981406_10 for Jo31.

The increased frequency of CT60 [G] allele among patients with aGvHD I-IV was
observed in the whole group of patients (pts.) and in pts. after RD-HSCT, while it was not
present in URD-HSCT pts. A similar trend was noted for Jo31 SNP. Associations between
CTLA-4c.49A>G[GG] genotype and aGvHD were observed in all HSCT patients and in pts.
after URD-HSCT. The donor haplotype CTLA-4c.49A>G[A], CTLA-4g.319C>T[C],
CT60[A], Jo31[T] was protective against aGvHD grade I-IV in the whole studied group of
patients (OR=0.60, p=0.025) and in the group of pts. transplanted from related donors
(OR=0.39, p=0.02).

Our study indicated that CTLA-4 gene polymorphism might be associated with occurrence

of aGvHD, especially in recipients transplanted from HLA-identical sibling donors.
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DEPARTMENT OF IMMUNOCHEMISTRY
Head: Professor Czestaw Lugowski, Ph.D.

Laboratory of Microbial Inmunochemistry and Vaccines
Head: Professor Czestaw Lugowski, Ph.D.
Biochemical characteristics of macromolecules involved in immunological processes

Immunochemical studies of bacterial endotoxins

Bacterial infections are considered to be involved in the development of acute anterior
uveitis (AAU). According to epidemiological and clinical data, infections with such
enterobacteria as Escherichia coli, Klebsiella, and Campylobacter could play a significant
role in the aetiopathogenesis of AAU. One of the common features of these bacteria is the
presence of endotoxin (lipopolysaccharide, LPS), which is the main surface antigen of Gram-
negative bacteria. Although its role in AAU remains unclear, endotoxins have been proved to
be responsible for AAU in animals. In an experimental animal model of endotoxin-induced
uveitis (EIU), symptoms of AAU have been successfully induced by LPS isolated from

different bacterial species, e.g. Escherichia, Shigella, and Salmonella.

Most of the results related to bacterial etiology of AU are based on investigations of the
presence of specific antibodies against bacterial antigens because it is difficult to identify
bacteria directly among patients with AU without reactive arthritis. The purpose of our study
was to detect antibodies against endotoxins of selected enterobacteria in the sera of patients
with idiopathic AAU and search for correlations between the levels of these antibodies and
the presence of HLA-B27 antigen accompanied by characteristic symptoms of EIU such as
bilaterality and the absence of spontaneous recurrences of the disease. In our study, we
selected the lipopolysaccharides (LPSs) isolated from five bacterial species to search for the

presence of antibodies against the O-antigen, in the sera of patients and healthy volunteers.

We observed that the sera of patients with a first attack of AAU reacted more strongly
with the LPS of K. pneumoniae O3 than the sera of patients with relapse of the disease.
Patients with bilateral AAU had markedly higher levels of antibodies against four of the five
used LPSs than patients with one eye involved. A statistically significant comparison showed
higher levels of IgG reacting with LPS of E. coli Ol111 in patients with bilateral eye
inflammation admitted with the first attack of AAU compared to controls. The incidence of
recurrent form of AAU was significantly increased in HLA-B27-positive patients compared

to HLA-B27-negative patients. However, we found in HLA-B27 carriers that those with the
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bilateral form of AAU had over three times smaller risk of recurrence and showed a stronger

anti-endotoxin immune response than patients with unilateral inflammation.

Our results suggest a potential role of endotoxins in the etiology of the nonrecurrent
bilateral form of AAU. We conclude that not only HLA-B27 status but also determination of

the number of involved eyes may be useful to assess the risk of recurrence of idiopathic AAU.

Laboratory of General Imnmunochemistry
Head: Professor Maria Janusz, Ph.D.

Studies on the mechanism of action of proline-rich polypeptide complex (PRP)

Proline-rich polypeptide complex (PRP) provides a combination of immunoregulatory and
antioxidative effects. It shows multidirectional activity, concomitantly affecting the immune
and nervous system. Some PRP complex properties are reflected by its nona- and hexapeptide
constituent components.

The properties of PRP, its role in the development of the immune system and cognitive
function indicated its potential use in the treatment of neurodegenerative disorders. The
positive clinical effect of the polypeptide complex in the form of sublingual tablets
Colostrinin® was demonstrated in the case of Alzheimer’s disease (AD), especially when
given to patients in the early stages of the disease.

After analysis of the pathogenic phenomena in the case of AD and the properties of
PRP/Colostrinin known so far, we can assume that the beneficial clinical effects besides the
direct effect on AP aggregation could also be connected with the modification of cytokines,
reactive oxygen species release as well as the functional/phenotypic differentiation of cells.

In the pathogenesis of aging disease, e.g. AD, inflammatory processes — so-called
inflammageing — play a role. Inflammageing can be regulated by transforming growth factor —
TGF-B. The suggested role of TGF-f in the early stages of AD indicated the possible
regulatory role of PRP and NP in TGF-f induction. It was shown in whole blood cell cultures
that neither PRP nor NP are TGF- inducers. Also no statistically significant modulatory
effect of peptides studied at the level of TGF-f induced by LPS+PHA was observed.

The results obtained show that modulation of TGF-B secretion is not a component of

positive effects of PRP/Colostrinin shown in the case of AD.
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Results of grant activities

Proline-rich polypeptide complex (PRP) and its nonapeptide fragment (NP) influence
neuritogenesis and protect neuronal cells against the toxic effect of amyloid f 1-42

PC12 is a cell line derived from a pheochromocytoma of the rat adrenal medulla. PC12
cells stop dividing and terminally differentiate when treated with nerve growth factor. This
makes them useful as a model system for neuronal differentiation.

In PCI12 cells, treated and not treated with AP peptides, the influence of proline-rich
polypeptide complex (PRP) and its constituent nonapeptide (NP) on expression and activity of
neuronal nitric oxide synthase (nNOS) was described. In 80% of PC12 cells cultured in the
presence of nerve growth factor (NGF) (10-100 ng/ml) neurite formation was observed.
When PRP and NP were used instead of NGF neuritogenesis was also observed, but at lower
intensity (30% of cells with shorter neuritis compared with NGF). The optimal effective dose
of PRP and NP, 0.1 pg/ml, was selected for the next experiments. Much higher nNOS
expression and activity was observed with the use of RT-PCR, Western blot and confocal
microscopy. In these cells in the presence of PRP and NP increase of NO release was
observed in 77% and 95%, respectively.

Currently, the protective role of PRP and NP against toxic effects of aggregated AP
peptides (survival of cells, nNOS expression, intracellular NO and cGMP level) is being

investigated.

Studies on the transcriptional regulation of the gene encoding the human neonatal Fcy
receptor (hFcRn)

In 2011, studies of the interaction of the nuclear proteins from interleukin-6 (IL-6),
lipopolysaccharide (LPS) or phorbol 12-myristate 13-acetate (PMA)-stimulated THP-1, Caco-
2, Lu 106, HUVEC cell lines with the promoter region of the hFcRn gene were carried out.
The aim of these studies was: to indicate the specificity of the observed protein/DNA
interactions; identify the transcription factors that interacted specifically with the hFcRn
promoter and the binding sites for these nuclear proteins activated by agents such as IL-6,
LPS or PMA. The electrophoretic mobility shift assays and Supershift-EMSA analysis
revealed specific binding of nuclear proteins from IL-6, LPS or PMA-stimulated cell lines
THP-1, Caco-2, Lu 106, HUVEC to the sequence at -497 and -233 of the hFcRn promoter.
Specificity of the protein-DNA interactions was studied by competitive binding assays, which
showed complete inhibition of complex formation by a 100-fold molar excess of unlabeled

DNA probes. Specificity was further confirmed by the observation that 100-fold molar excess
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of unlabeled DNA probes with a mutation in the core binding motif did not suppress complex
formation. In the specific interaction with the regulatory element at position -497 of the
hFcRn promoter there participate the heterodimer transcription factors of the C/EBP family
NF-IL6 and NF-IL6f (also called C/EBPB and C/EBPJ, respectively), activated in THP-1,
Caco-2, Lu 106 cell lines, but in HUVEC, most likely, there participates a heterodimer
transcription factor from the C/EBP family and nuclear protein from the other family. The
regulatory sequence at position -233 of the hFcRn promoter binds an NF-IL6-NF-IL6[
heterodimer from the stimulated THP-1, Caco-2 cell lines and a homodimer NF-IL6 activated
in the Lu 106 and HUVEC cell lines. The specific DNA-protein complexes possessed distinct
EMSA mobilities, suggesting that the different isoforms of NF-IL6 protein participate in the
specific interaction with the regulatory sequences within the hFcRn promoter. The DNA -
433/-409 probe representing the sequence of the hFcRn promoter containing the putative
binding site for transcription factor STAT3/APRF at position -424 produced the specific
DNA/protein complex only with the nuclear protein from the stimulated THP1-cell line. This
complex was disrupted by the excess of unlabeled DNA -433/-409 probe and unlabeled DNA-
433/-409 probes with mutations in the motif at -424 position, but remained unchanged in the
presence of an antibody against STAT3. These data taken together suggest that it is possible
that other unrecognized transcription factors from the stimulated THP-1 cell line may bind to
the fragment between -433 and -409 bp of the hFcRn promoter.

The observations concerning the small differences in respect to the nature of IL-6, LPS or
PMA activated nuclear proteins, binding to the hFcRn promoter, may point to subtle, cell-type
specific differences in the regulation of hFcRn gene expression under pathophysiological

conditions.

Laboratory of Glycoconjugate Immunochemistry
Head: Professor Hubert Krotkiewski, Ph.D.
Immunochemical and genetic studies of human glycophorin and other proteins active in the
immune system

The purpose of this project was to produce the recombinant form of Region II of EBA-140
Plasmodium falciparum protein. Region II was cloned from genomic DNA of P. falciparum
clone Dd2. To elucidate the most appropriate overproduction system for the recombinant
form of EBA-140, two bacterial expression systems have been examined using the following

vectors: pET28a" (Novagen) and pMALc2x (New England BioLabs). The His-tagged form of
Region II of EBA-140, obtained in the pET expression system, was purified from cytoplasm,
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periplasm and inclusion bodies of E. coli BL21 RIL on Ni-NTA agarose. The resulting
protein was poorly soluble and degraded into two regions, F1 and F2, due to proteolysis. The
full-length and soluble form of RII of EBA-140 ligand was generated as maltose-binding
protein (MBP) fusion in the SHuffle strain of E. coli using pMAL-c2x vector. The fusion
protein MBP-EBA-140 RII with added C-terminal His-tag and c-myc-tag was purified from
cytoplasm of E. coli Shuffle by affinity chromatography on amylose and cleaved with Factor
Xa. To remove a free form of MBP protein the recombinant form of RII ligand was next
purified using Ni-NTA agarose resin. Fermentation culture resulted in average yields per 7
liters of 1 mg recombinant form of Region II of EBA-140.

Carcinoembryonic antigen (CEA) is a member of the immunoglobulin superfamily (IgSF).
CEA interactions are involved in colon cancer metastasis and, according to recent studies, the
antigen is a receptor for some pathogens (E. coli and some Neisseria sp.). Our main task was
characterization of CEA interactions with several Enterobacteriaceae species (Escherichia
coli, Plesiomonas shigelloides, Shigella flexneri, Salmonella enteritidis). Because of
extensive glycosylation of CEA molecule, its N-terminal domain which is devoid of
oligosaccharide chains is the most probable interaction site. In the first step we obtained
domain N in E. coli cells, purified, and determined its biophysical characteristics. Next we
performed dot-blot experiments to check the N-domain and lipopolysaccharide (LPS)
binding. We found that CEA N-domain binds to LPS molecules, so we extended the dot-blot
analysis using 96 O-serotypes of P. shigelloides and chose five strains with diverse affinity
against the N-domain. We confirmed the results via ELISA. In order to compare the binding
affinity we tested selected LPS as an analyte and N-domain as a ligand in SPR analysis. The
biosensor analysis confirmed the N-domain — LPS binding specificity and enabled us to
establish that lipid A is a part of the LPS molecule responsible for the interactions. The
analysis showed that there is no binding between N-domain and polysaccharide molecules
(LPS without lipid A) or LPS-OH (lipopolysaccharide with damaged lipid A).

The inheritable NOR polyagglutination was identified in 1982 in the USA, and the second
case was found in a Polish family in 1999. The NOR red blood cells are agglutinated by most
ABO blood group-matched human sera. It was shown before that the NOR antigens are two
globoside elongation products with a terminal Galal—>4GalNAc unit. Reactivity of naturally
occurring human antibodies with synthetic oligosaccharides showed that they recognize the
terminal di- or trisaccharide unit of NOR glycolipids and cross-react weakly with

Galal—4Gal. We found that all available NOR-positive donors (13 members of the Polish
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family and one member of the American family) were heterozygous for the mutation C—G at
the nucleotide position 631 of the Pk transferase gene (A4GALT), which catalyzes synthesis of
the Pk antigen (Galall—4Gal). All tested NOR-negative members of the Polish family and
non-related NOR-negative probands were homozygous for C at this position. The C—>G
mutation causes a Q—E substitution at position 211 of the polypeptide chain in the vicinity of
the DXD motif, which is necessary for activity of transferases (amino acid position 193-195).
In order to confirm that the C631G mutation causes change of specificity, the 2102Ep cells
were transfected with the pCAG vectors containing cDNA encoding the wild-type Pk
transferase or the enzyme with the Q211E mutation. Expression of Pk and NOR antigens was
evaluated using anti-Pk and anti-NOR antibodies and measured by flow cytometry. We
suggest that the substitution of an amide group by a carboxyl group at position 211 results in a
change in specificity of the enzyme, which acquires the ability to add galactose not only to
galactose, but also to N-acetylgalactosamine. As a result, the Pk transferase with Q211E
mutation can synthesize both Pk antigen (Galal—4Gal) and NOR antigen
(Galoul—=4GalNAc). To find the frequency of NOR antigen in the Polish population, samples
from blood donors were evaluated using monoclonal anti-NOR antibody. In the year 2011,
200 blood donors were evaluated and no NOR-positive individuals were found.

The Duffy blood group system consists of two major antigens, Fy* and Fyb, encoded by
two codominant alleles designated F'Y*A and FY*B. Three phenotypes Fy(a+b-), Fy(a-b+) and
Fy(a+b+) are identified in the Caucasian population. The absence of both Fy* and Fy’
antigens on erythrocytes, which is frequent in West Africans and those of African descent, is
designated as the Duffy-negative phenotype Fy(a-b-). It is defined by homozygous
FY*B**/FY*B** (SE-silent erythroid) allele. The Duffy-negative phenotype is associated with
-33TC mutation in the promoter region of the FY gene disrupting a binding site for the
erythroid transcription factor GATA-1. The Duffy allele, FY*X, encodes an altered form of
Fy" antigen poorly expressed on the erythrocyte surface. Fy* antigen differs from the native
Fy® by the Arg89Cys and AlalOOThr mutations due to C265T and G298A nucleotide
substitutions in the FYB gene. In our study we describe a Polish family with three Duffy-
negative siblings. These individuals are heterozygous FY*X/FY®. Their mother is
heterozygous for FY™ and their father is heterozygous for FY*X. To our knowledge this is the
first report on occurrence of FY*X/FY™ genotype in the Polish population. The aim of another
project was to evaluate 2C3 antibody that recognizes DARC and construct recombinant

fragments that are able to inhibit binding of P. vivax to erythrocytes. We found that the
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epitope recognized by 2C3 antibody is a linear sequence, “FEDVW?°, with some minor effect
on binding that can be attributed also to sulfation at Tyr-30 that occurs close to the
recognizing sequence. The Fab fragment of 2C3 antibody has been prepared, and it was
shown that it binds strongly to its target and can inhibit DARC functions. As an alternative to
the mouse monoclonal antibody, two libraries of variable domains of camel heavy chain
antibodies (VHH) have been obtained. The libraries were prepared from dromedaries
immunized by variants of the first extracellular domain of DARC expressed in bacteria.
Several VHH fragments recognizing DARC have been obtained, but almost all of them
recognized the same epitope, “FEDVW?. One of the VHHSs, named CA52, was selected for
further studies because of its high affinity to the antigen. It was established that CA52 inhibits
some DARC functions, such as chemokine binding and invasion of erythrocytes by P. vivax
merozoites. It was also demonstrated that immobilized CAS52 can be used for purification of
DARC from K562 cells transfected with cDNA encoding DARC or from red blood cell
membranes. Thus, it was shown that fragments Fab and VHH can be useful tools in DARC

studies, as both of them bind DARC with a high affinity and can inhibit its functions.

DEPARTMENT OF EXPERIMENTAL ONCOLOGY
Head: Professor Leon Strzadata, Ph.D.

Laboratory of Tumor Molecular Immunobiology
Head: Professor Leon Strzadata, Ph.D.

Deregulation of BNIP3 by oncogenic ras — implications for oncogene-regulated autophagy

Autophagy, regulated cellular self-digestion, represents one of the fundamental
mechanisms regulating cell survival. During cancer progression autophagy can be triggered
by ionizing radiation, chemotherapeutics and hypoxia, the latter of which activates several
responses mediated by HIF-1. High levels of HIF-1 are usually associated with poor
prognosis and may signify tumor promoting changes in metabolism, angiogenesis, drug
responses and survival.

BNIP3 protein is among notable HIF-1 targets implicated in cell survival. BNIP3
regulation in cancer cells has been mainly subject to external influences, such as hypoxia-
dependent activation of HIF-1, but we reasoned that similar effects are often exerted
intrinsically, by the activation of oncogenic pathways within cancer cells. This circumstance

could render BNIP3 expression constitutive, and alter its molecular context and activity.
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Indeed, we observed marked upregulation of BNIP3 in cancer cells harboring activated
ras. Thus, we screened a set of human cancer cell lines for Ras activity and BNIP3 status, and
found a consistent and positive correlation — the highest Ras activity, the highest BNIP3
expression. Transformation of mouse dermal fibroblasts with H-ras expression vector led to a
robust increase in BNIP3 level.

Our results shed new light on the regulation of BNIP3 expression in cancer cells. In
addition, they point to a new aspect of the oncogenic transformation, where a single genetic

event (e.g. ras mutation) may significantly influence the ability of cells to undergo autophagy.

Laboratory of Experimental Anticancer Therapy

Head: Associate Professor Joanna Wietrzyk, Ph.D.

Studies of the mechanisms of tumor progression and metastasis and the effects of experimental
antitumor therapy

The comparison of two vitamin D analogs’ antitumor activity in combined treatment with
imatinib in mice bearing A549 tumors

Our previous in vitro studies have shown that the proliferation inhibition caused by
imatinib can be potentiated/enhanced by PRI-2191 or PRI-2205 calcitriol analogs.

In the present studies, mice receiving imatinib alone had lower tumor weight than animals
from the control group, but this effect was not statistically significant. There was also a tumor
growth decrease observed in groups treated with imatinib in combination with vitamin D
analogs. Moreover, in almost all days of the experiment, the A549 tumor volume of mice
treated with imatinib combined with PRI-2191 or PRI-2205 was statistically significant as
compared to control mice.

All mice receiving imatinib had lower average body weight during the course of the
experiment and this effect was even more pronounced in mice receiving combined
chemotherapy with the addition of vitamin D analogs. The highest decrease in body weight
(15%) was observed on the 22m day of the experiment in mice treated with imatinib
combined with PRI-2191; after this day mice started to recover.

Our previous results of the individual PRI-2191 s.c. and p.o. toxicity evaluations, showed
that the LDs, values after s.c. injection varied from 13.6 to 32.4 pg/kg/day in 3 independent
determinations, whereas those after p.o. administration were a little higher (lower toxicity)
and ranged from 20.0 to 47.1 ng/kg/day. The aim of this experiment was to compare the
antitumor effect of PRI-2191 administered p.o. or s.c. in mice bearing A549 tumors and

treated with imatinib. Imatinib administered alone in the dose and schedule used
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(75 mg/kg/day) did not affect tumor growth. The antitumor effect of PRI-2191 used alone or
in combined treatment with imatinib depends on the route of administration. In the case of
oral administration, PRI-2191 used alone exhibits a better effect than after s.c. injections.
However, in combined treatment with imatinib, synergistic interaction was observed when
PRI-2191 was administered subcutaneously. Comparing two days of the experiment, 14 and
21, when both schedules of treatment led to statistically significant tumor growth inhibition
when compared to control or imatinib alone, analysis of interactions shows a synergistic
effect only in the case of s.c. administration.

Moreover, we observed a decrease of body weight of mice treated with imatinib and PRI-
2191. The highest body weight decrease was observed in mice administered orally. However,

even in this schedule of the experiment body weight decrease did not exceed 12%.

Studies on a new carrier for effective delivery of siRNA into cancer cells

Studies were carried in a B16 melanoma model. siRNA against integrin 33 were applied.
Attention was focused on the chemical modification of side chain of polyethyleneimines
(PEIs). N-methylated derivatives of linear PEIs were obtained. This modification aimed at
increasing the basicity of a carrier and, in consequence, the strength of a bond between siRNA
and a carrier. The relationship between the degree of methylation and efficiency of
transfection was examined. Moreover, additional basic groups (e.g. imidazole ring) were
introduced into the lateral chain of PEIs. These modified PEIs resemble polylysine, used for
transfection. In contrast to polylysine, PEI possess basic centers both in main and lateral
chains. In both cases, no enhancement of the efficacy in transfection was observed in

comparison to non-modified PEI.

Laboratory of Biomedical Chemistry
Head: Professor Janusz Boratynski, Ph.D., Eng.
Studies on drug-carrier conjugates

The Laboratory of Biomedical Chemistry is focused on the development of drug-carrier
conjugates for the treatment of experimental cancer and immunological diseases. We investigate
the chemical and physical properties of drug conjugates with proteins (for example fibrinogen,
albumin, antibodies) and oligosaccharides. Moreover, we developed original procedures for

constructing conjugates of boron with carriers potentially applicable to neutron capture therapy.
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Physicochemical studies of bacteriophages

Besides the chemical modification of macromolecules, we investigate the physicochemical
properties of bacterial viruses (bacteriophages). In particular, we have developed an effective

procedure for the purification of bacterial viruses.

Collaboration with industry.
We collaborate with the pharmaceutical companies Adamed and Finepharm.
The Laboratory of Biomedical Chemistry is a part of the Integrated Laboratory of

Experimental Oncology and Innovative Technologies - “NEOLEK”

DEPARTMENT OF CLINICAL IMMUNOLOGY
Head: Professor Andrzej Lange, M.D.

Laboratory of Clinical Inmunology
Head: Professor Andrzej Lange, M.D.

Genetic background and pathomorphological evaluation of allogeneic reaction after
transplantation of hematopoietic stem cells

The research activity of the laboratory is devoted to elucidation of factors influencing the
outcome of allogeneic hematopoietic stem cell transplantation (HSCT). The study consists of
research on the genetic background and phenotypically described immune system network. In
addition, we are carrying out a study on reactivation of Herpes and Polyoma viruses to

determine the immune system potential in patients post HSCT. The outcome is as follows:

1. In continuation of our previous study on CXCL12 (SDF-1) we looked at the
polymorphism of CXCR4, which is a receptor of SDF-1. It appeared that CXCR4
(rs2228014) — T allele was present in similar proportions in donors and recipients (30.5
vs. 47.5%). The polymorphism did not influence the mobilization potential of donors but

the presence of T allele favored platelet recovery post transplantation.

2. The immune system network involves a recently described population of Thl7
lymphocytes which produce IL-17, a very potent proinflammatory cytokine. Th17 activity
may be controlled by T regulatory cells furnished with suppressor cells machinery
visualized by staining for FoxP3. Immunocytochemical analysis documented that the
presence of IL-17 producing cells is closely associated with the severity of mucous injury

in the course of graft-versus-host disease (GvHD). Unfortunately, these Th17 FoxP3-
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positive cells associated with inflammation are rarely present at the tissue site. However,
FoxP3-positive cell proportions in GVHD lesions follow the extent of infiltration of the

tissue by CD3+ cells not being IL-17+.

Survival post HSCT largely depends on the potential of the immune system
originated/stemmed by transplanted CD34+ progenitors. We found that the percentages of
naive T cells significantly correlate with numbers of CD34+ in transplanted material
(CD4+, CCL7+, CD45RA+). Also it was apparent from our study that anti-thymocyte
antibodies hampered T cell recovery but only during the first week post transplant. In
contrast, anti-CD52 antibody negatively influenced lymphocyte recovery at least for one

month post HSCT.

. In our recent study, we defined the pace of CD4+ cells reconstitution. We found that early

post transplant HHV6 reactivation exerted an advert effect of CD4+ cells recovery. In
contrast, cytomegalovirus (CMV) reactivation and Epstein-Barr virus (EBV) reactivation
followed poor CD4+ cell reconstitution. Survivors post CMV reconstitution showed an
increase in proportions of CD8+ cells (sign of cytotoxic cell response to the virus) but
those having EBV reactivation also showed in a period of 1 month an increase in CD20+
lymphocytes (sign of B lymphocytes expansion and humoral response). This observation
coined a standard of CD4+ cell reconstitutions in patients with event-free post-transplant

outcome and in those with Herpes viruses reactivation.

The above activity was undertaken as a preliminary work performed prior to grant

application. Considering the activity supported by grants the following achievements have

been gained so far.

1.

Dynamics of Th17 changes in a population of peripheral blood stem cells (PBSC) were
elucidated. It was documented that the increase of IL-17+ cells may be seen prior to acute
GvHD (aGvHD) but they promptly disappeared from the blood when aGvHD began.
Immunopatho-morphology of aGvHD was evaluated to find out whether homing of Th17

cells at the site of aGvHD was associated with clinical symptoms and tissue pathology.

Our group plays a leading role in the study on “Implementation and harmonization of
national immunogenetic studies supporting a final decision of recipient - alternative
donor pair selection of allogeneic hematopoietic cell transplantation”. This study was

based on 370 donor-recipient pairs that gave an opportunity to discuss a number of
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concordant and discrepant results to provide a hint as to the clinical significance of
selected immunogenetic factors. The outcome brought information on the association
between IFNYy, TNFa, IL-6, CCRS, CXCL12 and NOD2/CARD15 genotypes and aGvHD
and infections post transplant. Also the study on IL-10 genotype gave a new insight as to
the association between IL-10 genotype and aGvHD. ATA/ATA genotype was found to
be associated with aGvHD, independently of whether present in donor or recipient. ATA
carriers were at higher risk of CMV reactivation during one year post HSCT observation.
Recipients having ACC haplotype or transplanted with ACC-positive donors less
frequently developed aGvHD. Patients with ACC haplotype had higher proportions of
CD4+FoxP3+ lymphocytes in blood in two longitudinal observations post HSCT, at the
time of hematological recovery and two weeks later, while those that were ACC/ACC

homozygotes were characterized with better 5-year overall survival.

Laboratory of Immunogenetics and Tissue Immunology
Head: Professor Piotr Kusnierczyk, Ph.D.

Immunogenetics of human diseases

We are presently carrying out 12 projects granted by the Polish Ministry of Science and
Higher Education or by the National Centre of Science, and one project (Wrovasc) from the
Programme Innovative Economy co-sponsored by the European Fund for Regional
Development of the European Union. Some of these projects are at their beginnings. The most

important results of others are as follows:

a) Associations of HLA-DR and HLA-DQ alleles with the presence of antisperm
autoantibodies in cryptorchidism

This work was done in collaboration with Professor Maciej Kurpisz from the Institute of
Human Genetics, Polish Academy of Sciences, Department of Reproductive Biology and
Stem Cells, Poznan, Poland.

Cryptorchidism is a frequent syndrome occurring in 1-2% of males within the first year of
age. Autoimmune reactions, particularly directed to testicular elements and/or spermatozoa,
have been found to be often associated with cryptorchidism. Therefore we investigated in this
study the frequency of HLA class II alleles in order to recognize possible genetic
predisposition for antisperm antibodies development in prepubertal boys with diagnosed
cryptorchidism in a Caucasoid population. Sixty prepubertal boys with cryptorchidism and

sixty healthy boys were examined for anti-sperm antibodies by indirect immunobead test as
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well as for their HLA-DRBI1 and -DQBI1 alleles using DNA obtained from peripheral blood
leukocytes. The typing of HLA-DRBI1 and -DQB1 was performed by using the PCR-SSP low
resolution method.

Allele frequencies of HLA-DRB1 and HLA-DQBI1 did not differ between boys with
cryptorchidism and control boys. However, weakly significant differences in DRB1*04 (p
corrected = 0.0475) and DQB1*06 (p corrected = 0.0385) were seen between cryptorchid
patients with and without AsA, but neither of these two patient groups differed significantly
in HLA class II frequencies from controls except for AsA-negatives and HLA-DQB1*06 (p
corrected = 0.0247). On the other hand, comparison of cryptorchid boys with familial
cryptorchidism and/or infertility to control boys revealed a highly significant (p corrected =
0.0006) difference in HLA-DRB*11 frequency, whereas boys with sporadic cryptorchidism
did not differ from controls. A much weaker, but still significant difference in DRB*11
frequency was also observed between boys with bilateral cryptorchidism and controls (p
corrected = 0.037), whereas patients with unilateral cryptorchidism were not different from
controls in frequency of any HLA-DRB1 or -DQBI allele tested.

Thus, predisposition to produce anti-sperm antibodies seems to be only weakly associated
with HLA class II genes, although this question requires further study on a much larger
population sample. It is plausible that familial and sporadic cryptorchidism may present a
distinct genetic background. The same may, to a lower extent, apply to bilateral and unilateral

cryptorchidism. (publication)

b) Genetics of kidney allograft rejection: role of KIR and HLA genotype

Recipient NK cells may detect the lack of recipient’s HLA antigens on donor renal tissue
using their killer cell immunoglobulin-like receptors (KIRs). KIR genes are differently
distributed in individuals, possibly contributing to differences in response to allogeneic graft.
We compared frequencies of 10 KIR genes by PCR-SSP in 89 kidney graft recipients
rejecting allogeneic renal transplants with those in 194 recipients accepting grafts and 690
healthy control individuals. HLA matching results were drawn from medical records. We
observed higher frequency of both a full-length KIR2DS4 gene and its variant with 22-bp
deletion in rejectors than in non-rejectors. This effect was modulated by the HLA-B,-DR
matching, particularly in recipients who did not have glomerulonephritis but had both forms
of the KIR2DS4 gene. In contrast, in recipients with glomerulonephritis, HLA compatibility
seemed to be much less important for graft rejection than presence of the KIR2DS4 gene.

Simultaneous presence of both gene variants strongly decreased the probability of free-from-
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rejection course. Interestingly, KIR2DS5 seemed to protect the graft in the presence of
KIR2DS4fl but in the absence of KIR2DS4del. Our results suggest a protective role of
KIR2DSS5 in graft rejection and a possible association of KIR2DS4 with kidney rejection,
particularly in recipients with glomerulonephritis. (publication under consideration by

editorial office)

¢) Genes of killer cell immunoglobulin-like receptors and their HLA ligands associated
with susceptibility to non-small-cell lung cancer and with response to treatment
Non-small-cell lung carcinoma (NSCLC) is a multifactorial disease influenced by both
environmental and genetic factors. Here, we examined whether the repertoire of killer
immunoglobulin-like receptor (KIR) genes and genes for their ligands, C1 and C2 (on HLA-
C) and Bw4 (on HLA-B and some HLA-A), may affect susceptibility to non-small-cell lung
cancer and response to treatment. We typed 269 NSCLC patients and 690 healthy control
individuals for KIR genes and for C1/C2 and Bw4 markers. Neither individual KIR genes nor
numbers of activating or inhibitory KIR genes were associated with NSCLC. C1C2 genotype
was less frequent in patients than in controls, whereas both C1C1 and C2C2 homozygotes
were more frequent in patients (x> = 7.73; df = 2; p=0.021). Patients positive for KIR2DL2 and
KIR2DS2 genes and homozygous for the C1 HLA-C ligand were 6 times more likely to
respond to treatment than those with other genotypes (p = 0.034). In accordance with this,
patients with the KIR2DL2+/KIR2DS2+, CIC1 genotype survived longer than others
(p=0.0094). Median survival was 23 months for KIR2DL2/2DS2-positive, C2-negative

patients, but only 10 months for other genotypes.

LABORATORY OF GLYCOBIOLOGY AND CELLULAR INTERACTIONS
Head: Associate Professor Danuta Dus, Ph.D.

Mechanisms of tumor progression. Intercellular adhesive interactions during metastatic
spread of cancer cells

Biology of endothelial precursor cells

Our main topic was to prepare model endothelial cell lines, representing early endothelial
cell differentiation stages. These model cell lines may be applied for studies on regenerative
potential of endothelium, but also serve for elaboration of a tumor neoangiogenesis inhibition
strategy. In collaboration with Dr Claudine Kieda from Centre Biophysique Moleculaire

(CNRS, Orleans, France) we have established two unique cell lines of human early
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endothelial precursor cells (CD133*, CD34", VEGFR2") with retained high proliferative
potential. The phenotypic and functional analysis of these cell lines was published in an
original paper (Cytometry part A, 2011, 79(8): 594-602). Both these cell lines were also
patented (patent No: PTC/FR2011/050045).

Another study, performed in collaboration with Wroctaw Medical University clinics,
concerned the levels of circulating endothelial precursor cells (EPCs) and circulating
endothelial cells (CECs) in patients with pregnancy-induced hypertension (PIH) and in
psoriasis. Both EPCs and CECs are described as cell populations reflecting the state of
patients’ vasculature, in the context of its regenerative potential (EPCs) and/or vascular
dysfunction (CECs). In PIH patients both EPC and CEC numbers were found to be
diminished, as compared with the controls, which may suggest severe endothelial
dysfunction. In contrast, in psoriatic patients EPC levels were decreased, whereas those of
CECs were significantly increased. Moreover, plasma levels of factors connected with
endothelial injury, such as sSICAM-1, sE-selectin, von Willebrand factor and VEGF, were
found to be significantly increased in psoriatic patients as compared with the controls. The
levels of these factors are presently considered, in the context of clinical parameters of the

patients, as potential prognostic disease markers.

Expression of MUCI in human and murine mammary carcinoma cells change their
glycosylation profile and carbohydrate-dependent adhesive properties

MUCI1 mucin is one of the most studied molecular markers associated with breast cancer.
This mucin is the carrier of many O-glycans which in normal breast epithelium are
synthesized as extended carbohydrate chains. However, during neoplastic transformation O-
glycans undergo characteristic changes and are present as short core 1-based structures
represented, among others, by T antigen (GalB1-3GalNAc), another well-established marker
of breast cancer. The T antigen is synthesized by C1GalT1, which adds a Gal residue to Tn
antigen (GalNAc). In normal breast tissues, the core 1 T antigen is usually converted to the
branched core 2 structures by the action of C2GnT, resulting in elongation of the
carbohydrate chain. However, in breast cancer cells the expression of this enzyme is highly
decreased, giving T antigen. This structure in breast tumors is usually cryptic and present as
sialyl T antigen, because of high activity of ST3Gall. In breast cancer the major carrier of T
antigen is MUCI. Despite this fact there is not much known about the relations between the
expression of this mucin and the occurrence of this carbohydrate antigen in breast carcinoma.

Also, essentially nothing is known about the mechanisms which control the expression of
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C1GalT1, C2GnT and ST3 Gall in normal and cancerous breast tissues. In the current studies,

we present evidence that overexpression of MUCI mucin in breast cancer cells can affect

their O-glycosylation pattern by down-regulation of C2GnT and ST3GalTI. As T antigen, the

product of such changes, is mostly carried by MUCI, it is the first example of a glycoprotein

which directs its own glycosylation. We also show that changes in the expression of tumor-

associated carbohydrate structures such as the loss of sialyl LewisX structures and appearance

of T antigen could strongly affect the adhesive properties of cancer cells and in this way their

metastatic properties.
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