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Integrin receptor signaling and matrix 
metalloproteinases regulation
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Integrins play a significant role in the acquisition of  a neo-
plastic phenotype through their ability to induce cell prolif-
eration and prevent apoptosis. Complex alterations in the 
integrin expression profile, including up- or downregula-
tion, are associated with tumorigenesis. It is currently gen-
erally accepted that the combined participation of  integrins 
and matrix metalloproteinases (MMPs) is essential for the 
invasion of  tumor cells into the surrounding connective 
matrix, intravasation and extravasation from blood vessels, 
and metastasis to distant organs. Their functions are tightly 
controlled by several mechanisms, giving more complex-
ity to the system. Modulation of  integrin binding to ligand 
can occur after (a) changes in affinity or conformation, (b) 
the increased valency resulting from the altered density of  
ligand, the geometric arrangement of  integrins, and the 
ability of  integrins to move into the region of  adhesion, (c) 
efficient recycling of  intact integrins through endosomes, 
and (d) modulation of  their synthesis controlled by growth 
factors, cytokines, and other biological substances. Recent-
ly, we demonstrated additional mechanism by which recep-
tor activity of  integrins can be regulated. It involves inter-
action of  β1 integrins with matrix metalloproteinase 2 and 
selective release of  its ectodomain containing the pseudo I 
domain. Thus, MMP-2 amplifies the motility of  cells, not 
only by digesting the extracellular matrix components in 
the vicinity of  cellular membranes, but also by inactivating 
their major β1 integrin receptors. Integrin signaling is also 
enhanced and upregulation of  focal adhesion kinase (FAK) 
and integrin linked kinase (ILK) activities are frequent in 
several malignancies, contributing to tumor growth with 
antiapoptotic advantage.
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Migratory processes and shape changes of  cells are ac-
companied by dynamic actin rearrangements induced at 
the plasma membrane. Actin remodelling events are tightly 
regulated by a multitude of  actin binding proteins and up-
stream signalling pathways converging on them. Prominent 
generators of  actin filaments are Arp2/3-complex and the 
formin family. Both were found to operate in the formation 
of  actin rich cell surface protrusions. Rho-family GTPases 
constitute major signalling switches and translate incoming 
signals into actin polymerisation, turning these machines 
on and off  by binding to them either directly or - in case of  
Arp2/3 — via NPFs (nucleation promoting factors).
Manipulation of  actin cytoskeleton turnover and Rho GT-
Pase signalling is a common theme in bacterial pathogen-
esis and both the actin cytoskeleton and Rho-GTPases are 
prominent targets of  T3SS effectors. One example is the 
diarrhoeagenic pathogen EHEC, which does not invade its 
host cells, but attaches to their surface and induces actin-
rich protrusions termed pedestals. Another example is the 
food-born pathogen S. typhimurium that is capable of  invad-
ing multiple cell types by enforced phagocytosis.
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Ras membrane localization, old 
problems, new avenues
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GTP-binding (G) proteins are molecular switches that cycle 
between a GDP-bound OFF and a GTP-bound ON state 
and are regulated by Guanine nucleotide exchange factors 
(GEFs) and GTPase Activating Proteins (GAPs). The Ras 
superfamily of  G proteins are 20–25 kDa proteins involved 
in almost every aspect of  cell function. Members of  the 
Ras subfamily such as Ras itself  and RheB have a C-termi-
nal CaaX motif, the cysteine residue of  which is modified 
with the lipophilic farnesyl moiety. The farnesyl group and 
further modifications are required for membrane attach-
ment and function. Spatiotemporal regulation of  Ras pro-
teins relies on a highly dynamic shuttling between different 
membrane compartments. Transport between membrane 
compartments in the cell is mediated by factors such as 
PDE, the delta subunit of  phosphodiesterase and similar 
proteins.
Arl2 and 3 are members of  the Arf  subfamily of  the Ras 
superfamily. In the GTP-bound form Arl2/3 interact with 
a variety of  proteins called downstream effectors. These 
are the delta subunit of  phosphodiesterase PDE, HRG4 
(human retina gene 4) also called Unc119 and various other 
proteins such as BART (Binder of  Arl2). 
We will discuss how spatiotemporal regulation of  Ras 
proteins is mediated by the Arl2/3 conformational switch 
cycle and how the action of  Arl3 is specific for targeting 
cargo the ciliary compartment.

L4.4

Advanced gene targeting in eukaryotic 
cells and animals using the zinc 
finger nuclease technology
Jens-Ole Bock
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Rational genome engineering in mammalian cells is of  
enormous potential cross basic research as well as drug-
discovery and cell-based medicines. Zinc finger nucleases 
(ZFNs) are a class of  engineered DNA binding proteins 
that enable targeted modification of  the genome by creat-
ing site-specific double-strand DNA breaks (DSBs). The 
cell’s natural DNA repair processes are then harnessed and 
controlled to create the desired genomic modification. This 
approach enables highly efficient targeted gene knockout, 
point mutation and gene insertion at endogenous loci. 
ZFN-mediated tagging of  endogenous markers of  cell lin-
eage with fluorescent proteins facilitates simple real-time 
monitoring of  cell fate during differentiation. Gene tag-
ging further enables the study of  gene expression, protein 
localization and protein function at true physiological levels 
– the results of  which can differ widely from studies using 
recombinant transgene expression. ZFNs have also shown 
utility in the field of  transgenics and are being applied to 
the creation of  animal models in a wide array of  species. 
Recent advances in the ZFN technology and how it can be 
applied are opening further opportunities for sophisticated 
genomic engineering. Some of  these applications and tech-
nology advances will be presented.
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Cardiovascular disease remains the leading cause of  mor-
bidity and mortality in the western world, despite signifi-
cant progress in the understanding of  the pathogenesis and 
the treatment options. Atherosclerosis is characterized by 
early endothelial dysfunction and altered contractility of  
vascular smooth muscle cells. Recruitment of  blood leuko-
cytes to the injured vascular endothelium characterizes the 
initiation and progression of  atherosclerosis and involves 
many inflammatory mediators, modulated by cells of  both 
innate and adaptive immunity. Identifying the triggers for 
inflammation and unraveling the details of  inflammatory 
pathways should aid the development of  novel strategies to 
predict disease susceptibility, target and monitor therapies, 
and ultimately develop new approaches to the prevention 
and treatment of  atherosclerosis.
The pro-inflammatory cytokine interferon (IFN)γ, derived 
from T cells, is vital for both innate and adaptive immunity 
and is also expressed at high levels in atherosclerotic le-
sions. As such IFNγ plays a crucial role in the pathology of  
atherosclerosis through activation of  signal transducer and 
activator of  transcription (STAT) 1. An important family 
of  transcription factors activated by IFNγ downstream 
of  STAT1 is the interferon regulatory factor (IRF) fam-
ily that serves to amplify expression of  IFNγ-responsive 
genes initiated by STAT1. More recent studies have also 
revealed that STAT1 and IRFs are involved in the pro-in-
flammatory signaling events mediated by Toll like recep-
tors (TLR), leading to increased expression of  several pro-
inflammatory cytokines. TLRs are innate immune pattern 
recognition receptors (PRR) expressed on a variety of  cells, 
and thus initiate and sustain the inflammatory response in 
atherosclerosis.
Altogether, recent finding from our lab and others provide 
support for the novel idea that both in immune cells as 
well as cells from the vasculature STAT1 and IRFs may ac-
count for pro-inflammatory functions of  IFNγ and create 
a platform for cross-talk with TLR signaling. Moreover, the 
STAT1- and TLR4-dependent augmentation of  vascular 
dysfunction and the established roles of  IFNγ and TLRs 
in atherosclerotic pathology point to a potential STAT1-
dependent and IRF-mediated synergism between IFNγ and 
TLR in the pathophysiology of  vascular disease.
This signaling cascade in response to exogenous and en-
dogenous atherogenic ligands could result in amplification 
of  pro-inflammatory responses in the damaged vessel and 
be a novel mechanism involved in the initiation and pro-
gression of  vascular dysfunction and atherosclerosis. As 
such, STAT1-IRF could potentially represent a novel target 
of  therapeutic intervention that has a crucial role in medi-
ating the interplay between damaged vessels and host im-
munity to control vascular dysfunction mediated by IFNγ 
and TLR-directed cross-talk.

L4.6

Tumor-derived small integrin ligands 
polarize host immune response 
and impact tumor progression
Bozena Kaminska
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Inflammatory cells and mediators are an essential compo-
nent of  the tumor microenvironment. Experimental and 
clinical studies show that macrophages accumulating in 
malignant tumors differ considerably in terms of  cellular 
and cytokine networks and molecular drivers. Instead of  
initiating anti-tumor response, infiltrating macrophages 
support invasion, angiogenesis, extracellular matrix remod-
eling and induce immunosuppression contributing to glio-
ma progression. Signaling pathways that direct macrophag-
es toward the pro-invasive phenotype are largely unknown. 
Dissection of  mechanisms underlying cancer-related in-
flammation is required to design of  therapeutic approaches 
that target cancer-related inflammation. Using primary 
brain macrophage (microglial) cultures exposed to glioma 
or a classical inflammatory stimulus – lipopolysacharide, we 
characterized inflammation-related signaling pathways and 
global transcriptional responses. We found that tumor-driv-
en programming of  microglia is not associated with induc-
tion of  inflammation-related signaling and gene expression 
but triggers specific transcriptional responses associated 
with up-regulation of  transcriptional regulators, inhibitors 
of  differentiation, immunomodulatory cytokines and sev-
eral markers of  the alternative M2 phenotype. Proteomic 
analysis of  the C6 glioma secretome identified osteopontin 
(Spp1) and lactadherin (Mfge8) that activate integrin recep-
tors and downstream focal adhesion kinase and PI-3K/Akt 
signaling in microglial cells. It increases cell motility, phago-
cytosis, sustains proliferation and induces specific genes. 
Interference with integrin binding, ablation of  osteopon-
tin or lactadherin expression block microglial activation, 
while recombinant proteins mimic most of  it. Glioma cells 
stably depleted of  osteopontin or lactadherin form signifi-
cantly smaller tumors than controls (expressing a negative 
shRNA), show highly reduced macrophage accumulation/
activation, defects in acquisition of  the pro-invasive phe-
notype and impaired angiogenesis. Quantification of  gene 
expression in low and high grade human gliomas shows 
up-regulated expression of  the osteopontin encoding gene 
— SPP1 in high grade gliomas and an inverse correlation 
with patient’s survival. Our results demonstrate that glio-
ma-derived integrin ligands control alternative activation 
of  infiltrating macrophages, shape tumor microenviron-
ment and contribute to glioma progression.



118 Session 4. Cell Signaling

47th Congress of the Polish Biochemical Society, 2012

Oral presentations

O4.1

PERK-eIF2α signaling pathway activated 
by BCR-ABL promotes resistance to 
imatinib and shows cancerogenic 
potential in vitro and in vivo
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Bartnicka1, Philippos Peidis2, Tomasz Stokłosa3, Eliza 
Glodkowska-Mrowka3, Ilona Seferynska4, Grazyna Hoser5, 
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1Laboratory of Cytometry, Nencki Institute of Experimental Biology, 
Warsaw, Poland; 2Lady Davis Institute for Medical Research, McGill 
University, Sir Mortimer B. Davis-Jewish General Hospital, Montreal, 
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Mild endoplasmic reticulum (ER) stress occurring in can-
cer cells activates pro-survival mechanisms leading to the 
adaptation to the changed microenvironment. Our previ-
ous work demonstrated that expression of  the BCR-ABL 
tyrosine kinase  leads to the activation of  the PERK-eIF2α 
phosphorylation pathway, an important arm of  the Un-
folded Protein Response (UPR) which is induced under 
ER stress. We found that BCR-ABL expression in mouse 
progenitor 32D cell line, human CML cell lines and CML 
CD34+ primary cells leads to activation of  the PERK ki-
nase and an increased phosphorylation of  eIF2α. Moreo-
ver, the active state of  the pathway correlated with CML 
progression and resistance to imatinib. On the other hand, 
inactivation of  the PERK-eIF2α phosphorylation pathway 
by using the PERK-Y615F, PEKR-K618A or eIF2α-S51A 
dominant negative mutants sensitized imatinib-resistant 
cells to apoptosis. Moreover, eIF2α-S51A mutants demon-
strated decreased the population doubling time and can-
cerogenic potential determined by the clonogenic assay.
Studies using NSG mice with the immune system defi-
ciency which were subcutaneously injected with K562 cells 
expressing mutated eIF2α protein showed that the active 
state of  the PERK-eIF2α pathway promotes tumor growth 
in vivo. We found that tumors arising from cells with defec-
tive PERK-eIF2α pathway were significantly smaller with 
symptoms of  necrosis, compared to those from control 
cells,. Moreover, cells with mutated form of  eIF2α isolated 
from tumors were more sensitive to imatinib treatment 
than control cells. 
Altogether, this data show that the PERK-eIF2α pathway 
plays the cytoprotective and anti-apoptotic role in BCR-
ABL-positive leukemia cells, promoting the cancerogenic 
potential of  CML cells. We propose that this pathway could 
be considered as a potential therapeutic target to treat leu-
kemia.
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Regulation of membrane protein cleavage
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Most if  not all cell surface proteins with domains stick-
ing out of  the plasma membrane are subject to shedding, 
the proteolytic removal of  the ectodomain. This process 
enables rapid release of  cytokines, growth factors or ec-
toenzymes from their membrane-bound precursors in the 
“right place and time” without requirement for de novo 
protein synthesis. Ectodomain shedding also modulates 
cell-cell and cell-extracellular matrix interactions by split-
ting cell adhesion molecules and transmembrane receptors. 
In addition, shedding also serves as the rate determining 
step for a second intramembranous cut, which often fol-
lows after the first extracellular cleavage. The intramem-
branous cleavage produces a short extracellular peptide 
and releases an intracellular domain for signal transduction. 
Therefore, ectodomain shedding can initiate intracellular 
processes in addition to the extracellular effects.
Shedding is performed by plasma membrane associated 
metalloproteases, including the family of  ADAMs (a dis-
integrin and metalloproteases). The ubiquitously expressed 
ADAM17 and ADAM10 handle most of  the substrates 
identified. Given the ratio of  few proteases over many sub-
strates and the importance of  this specific type of  protease 
action, tight and specific cleavage regulation is a must. In-
deed it has been shown that ectodomain shedding is trig-
gered by several intracellular stimuli, including increased in-
tracellular concentration of  free Ca2+, activation of  protein 
kinase C (PKC) or of  mitogen-activated protein kinases 
(MAPKs). On which level could ectodomain cleavage be 
controlled? We addressed this question by analysing shed-
ding of  the adhesion molecule CD44 and the growth factor 
precursor pro-neuregulin 1 (pro-NRG1) as well as chimeric 
proteins consisting of  CD44 and NRG domains. We as-
sumed that the most direct and logical target for regulation 
of  ectodomain cleavage by intracellular signals is modifica-
tion of  the cytoplasmic domains of  either a protease or a 
substrate. Interestingly, we could show that the cytoplasmic 
domain of  the protease could be removed without affect-
ing the inducible ectodomain cleavage of  its substrates. 
Instead, we have identified important regulatory sites that 
determine ectodomain cleavage in the intracellular domains 
of  CD44, an ADAM10 substrate, and of  pro-NRG1, an 
ADAM17 substrate. Our results suggest that in addition 
to regulation of  ADAM activity, the predominant load of  
control and specificity must lie on the level of  the sub-
strates.
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From the cell's antenna into the 
nucleus — regulation of Gli protein 
activation at the primary cilium
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The primary cilium is a tiny microtubule-based structure 
that projects from the surface of  most mammalian cells. 
Despite its small size, it plays an important role in cellu-
lar signaling and is considered to be the cell's "antenna". 
Hedgehog signaling, a major developmental pathway of-
ten involved in cancer, is critically dependent on primary 
cilia. Many components of  the hedgehog pathway, such as 
Smoothened, Suppressor of  Fused, and Gli transcription 
factors translocate into cilia upon stimulation. However, 
mechanistic details of  ciliary translocation of  these compo-
nents and its significance for signal transduction are poorly 
understood. We shed new light on the involvement of  cilia 
in the hedgehog pathway by showing that graded multisite 
phosphorylation of  Gli proteins regulates their relocation 
to primary cilia, and that this process directly translates into 
Gli transcriptional activity in the nucleus both in cultured 
cells and in vertebrate embryos.

Posters

P4.1

Apoptosis induction by farnezyltransferase 
inhibitor R115777 in melanoma 
cells is Ras independant effect
Barbara Ostrowska, Anna Bentke, Piotr Laidler
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e-mail: Anna Bentke <annabentke@gmail.com>

The anticancer activity of  farnesyltransferase inhibitors 
(FTIs) was attributed mainly to disruption of  Ras signalling 
as the effect of  blocking its prenylation and attachement 
to cell membrane, indispensable for activation of  both 
wild-type and mutated Ras protein. Literature data indicate, 
however, that FTI efficacy is not always related to Ras mu-
tation presence, what may suggest involvement of  another 
agents/factors in the mechanism of  cellular response.
Our previous study, dealing with anticancer properties of  
farnesyltransferase inhibitor R115777, reported strong 
anti-proliferative and pro-apoptotic activity on choosen 
Ras wild-type melanoma cell lines, originated from various 
stages of  cancer progression. Moreover, considering the 
kinetics of  changes one could speculate if  the observed ef-
fects were independant on Ras signaling impairment. The 
aim of  current study was to check the correlation among 
proliferation arrest, apoptosis induction and Ras activa-
tion as well as to search for Ras-independant, molecular 
target of  action of  farnesyltransferase inhibitor R1157777 
in melanoma cells.
Four melanoma cell lines (WM3211 — radial, WM115 — 
vertical, WM266-4 and Lu1205 — metastatic phase) were 
treated with R115777. The induction of  apoptosis was 
monitored by means of  TUNEL assay and fluorimetric 
caspase-3 activity measurements. The proliferation rate was 
assesed by BrdU incorporation assay and by staining cells 
with crystal violet. The level of  activated (GTP-bound) 
Ras protein was determined by luminescence method us-
ing recombinant Raf  Binding Domain (RBD). The changes 
in expression and/or activation of  choosen proteins were 
analyzed by Western Blot.
The experiments showed clearly that in the case of  all 
studied melanoma cell lines the effects of  R115777 action 
were independant on inhibition of  Ras farnesylation and/
or activation. Moreover, the early stage melanoma cells 
(WM3211) did not respond to applied inhibitor with de-
crease in Ras-GTP level even after long, 40 h incubation, 
what may suggest that farnesylation event is not indispen-
sable for Ras activation. Very quick effect of  decrease in 
phospho-Akt level, observed in later stage melanoma cells, 
encourage in turn to consider the possibility that R115777 
can act even at the the level of  cell membrane.
R115777 is well tolerated, orally bioavailable drug but with 
only moderate efficacy when used in monotherapy, so pre-
cise description of  its mechanism of  action may help to 
find targets for compunds that could synergize with FTI to 
more effectively eradicate cancer cells.
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An IFNα-inducible complex of 
phosphorylated STAT2 and IRF9 is 
able to mediate a classical anti-viral 
response independent of STAT1
Adam Olejnik, Katarzyna Blaszczyk, 
Joanna Wesoly, Hans Bluyssen
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The interferon (IFN) system is able to control most virus 
infections in the absence of  adaptive immunity. However, 
some viruses have strategies to partially avoid IFN respons-
es, allowing them to replicate and cause disease. Type I and 
II IFNs induce IFN stimulated gene (ISG) expression by 
phosphorylating STAT1 and STAT2, members of  the sig-
nal transducer and activator of  transcription (STAT) fam-
ily. STAT1 homodimers directly activate genes containing 
the IFNγ activation site (GAS) DNA element. Type I IFN 
drives formation of  the ISGF3 complex (STAT1, STAT2, 
and interferon regulatory factor (IRF)9) that binds to the 
interferon-stimulated response element (ISRE) in ISG pro-
moters. Although IFN responses can take place in the ab-
sence of  STAT1, the molecular mechanisms involved and 
the biological significance remain largely unresolved.
Recently, we showed that STAT2 forms homodimers inde-
pendently of  phosphorylation and that STAT2 can inter-
act with IRF9 in the absence of  STAT1. To prove that the 
latter complex is involved in IFNα-induced transcriptional 
regulation of  ISRE containing ISGs we generated human 
STAT1 KO cells stably overexpressing human STAT2 
(U3C-STAT2). We observed that IFNα treatment of  U3C-
STAT2 in time increased phosphorylation and expression 
of  STAT2 and IRF9 expression, which correlated with in-
creased expression of  IFIT1, IFIT2 and OAS2, and was 
dependent on IRF9 levels. Similar results were obtained 
in murine STAT1 KO fibroblasts transiently expressing 
mouse STAT2, but not truncated STAT2. This suggest-
ed that an IFNα-inducible complex containing IRF9 and 
phosphorylated STAT2, but not STAT1, is able to regulate 
transcription of  ISRE containing genes both in human and 
mouse cells.
Indeed, microarray expression analysis of  Wild type (WT) 
and STAT1 KO cells transiently overexpressing human 
STAT2 and IRF9 (U3C-STAT2/IRF9) confirmed our 
initial observations and identified more than 50 classical 
ISRE containing genes activated in WT as well as in U3C-
STAT2/IRF9 cells. A subset of  these genes is involved 
in the antiviral response, implying that this novel STAT2-
IRF9-dependent IFNα signaling pathway is able to recon-
stitute the classical IFNα response.
Performing an antiviral assay will verify the biological sig-
nificance of  the STAT2-IRF9 complex as compared to 
ISGF3. The distinct possibility of  STAT2 homodimers to 
directly regulate transcription will be addressed by knock-
ing-down IRF9 in our cell systems and performing addi-
tional transcriptome analyses.
Together our results show for the first time that abundance 
of  STAT2 and IRF9 allows a STAT2-IRF9 complex, and 
possibly STAT2 homodimers directly, to be recruited to 
DNA and activate transcription without the direct partici-
pation of  STAT1. Understanding molecular mechanisms 
of  the alternative IFNα signaling and how viruses evade 
them can have potential impact in the field of  vaccine and 
antiviral drug production.

P4.3

Atorvastatin is able to induce apoptosis 
in CM-sensitive and CM-resistant chronic 
lymphocytic leukemia cells ex vivo
Jolanta D. Żołnierczyk1, Arleta Borowiak1, Jerzy Z. 
Błoński2, Barbara Cebula-Obrzut3, Piotr Smolewski3, 
Tadeusz Robak2, Zofia M. Kiliańska1

1Department of Cytobiochemistry, University of Lodz, Łódź, Poland; 
2Department of Experimental Hematology, 3Department of 
Hematology, Medical University of Lodz, Łódź, Poland
e-mail: Arleta Borowiak <jolantazolnierczyk@gmail.com>

Chronic lymphocytic leukemia (CLL) is the most common 
type of  adult leukemia in the Western World. The course 
of  disease is heterogeneous. Moreover, most of  CLL pa-
tients are refractory to first line therapy. Longevity of  CLL 
cells is mainly caused by the inhibition of  apoptosis.
The purpose of  our research was to evaluate the anti-leuke-
mic potential of  atorvastatin in peripheral blood mononu-
clear cells (PBMCs) of  previously untreated patients with 
CLL and to compare its pro-apoptotic activity in these cells 
with convenational chemotherapeutic combination, i.e. 
cladribine + mafosfamide (an active form of  cyclophos-
phamide ex vivo). Moreover, this study was aimed at seeking 
of  correlation between ZAP70 expression and CLL sus-
ceptibility to atorvastatin.
The pro-apoptotic potential of  atorvastain (at increasing 
concentration) in model cells was assessed cytometrically as 
well as by Western blot. The analyses of  chosen cell death-
related protein expression (i.e. PARP-1, lamin B, caspases, 
Bcl-2, Mcl-1) were performed to confirm the induction of  
apoptosis. Moreover, the DNA fragmentation and DNA 
content were analyzed in drug-treated PBMCs. The cellular 
expression of  CLL prognostic marker ZAP70 was investi-
gated by Western blot.
Our results revealed the pro-apoptotic potential of  ator-
vastatin in leukemic PBMCs ex vivo. The tested agent in-
duced the decrease of  PBMC viability and the elevation of  
apoptotic cell number after the 48 hour-incubation. These 
changes were accompanied by diminution of  Mcl-1 and 
Bcl-2 protein expression, the cleavage of  procaspases -9 
and -3, as well as the proteolysis of  PARP-1 and lamin B. 
Furthermore, apoptotic pattern of  DNA fragmentation in 
drug–treated cells was detected. Likewise, the DNA-con-
tent analyses revealed the increase of  sub-G1 cell number, 
typical for apoptosis, in population of  leukemic cells ex-
posed to the tested agent in comparison to control. The 
susceptibility of  leukemic PBMCs to atorvastatin was var-
ied among individual patients, however it was not depend-
ent on the expression of  ZAP70 protein. Moreover, in 
CLL cells expressing ZAP70 the dose-dependent decrease 
of  this kinase cellular level took place after their exposure 
to the statin. Importantly, atorvastatin was able to trigger 
apoptosis in CM-resistant as well as CM-sensitive leukemic 
cells.
Our results confirm the pro-apoptotic activity of  atorvas-
tatin in CLL cells ex vivo and suggest its usefulness particu-
larly for the treatment of  CM-resistant patients.
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Effect of exogenous salicylic acid 
on Solanum tuberosum plants 
exposed to cadmium stress
Tamara Chadzinikolau, Tomasz Adamkiewicz
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Many evidences indicate that salicylic acid (SA), a likely 
signal in the response of  plants to environmental factors 
could perform defense-related functions. The addition of  
salicylic acid to plants grown in the presence of  toxic met-
als increases their resistance through a wide range of  pro-
cesses [1].
In this communication we show that in the leaves and roots 
of  potato (Solanum tuberosum) cv. Bzura, SA induced activ-
ity the phenylalanine ammonialyase (PAL; a key enzyme in 
the phenylpropanoid metabolism) during cadmium stress. 
Changes in PAL activity can provide early stage of  plant 
responses to stress. We observed also the accumulation of  
abscisic acid (ABA) which might have contributed to the 
pre-adaptation of  plants to cadmium stress. ABA induces 
the synthesis of  a wide range of  anti-stress proteins, there-
by providing protection to the plants. Further, PAL activity 
and ABA level were found to be SA or Cd concentrations- 
and time course-dependent.
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Proliferation plays a critical role in tumor growth whereas 
cell migration is essential to cell scattering, tissue invasion 
and metastasis. Prostate cancer is relatively slow growing 
and asymptomatic tumor. Therefore this cancer kills pa-
tients essentially because of  the migratory potential of  
their cells. Several reports have demonstrated that locally 
secreted hormones such as Relaxin-2 can regulate physiol-
ogy and pathology of  the certain reproductive tissues. The 
aim of  this study was to evaluate how the polipeptide from 
relaxin-like family is involved in the cell adhesion and mi-
gration in human prostate cancer cells. The cell lines used 
in the study were characterized by a different invasive po-
tential in vitro, as well as different sensitivity to androgen. 
Migration of  cancer cells is critically regulated by physical 
adhesion of  cells to each other and to extracellular matrix 
(ECM). We examined the influence of  Relaxin-2 on abil-
ity of  prostate cancer cells to adhere to ECM components 
including laminin, collagen I, collagen IV and fibronectin. 
The changes in the migration potential of  prostate cells 
we investigated using Wound Healing Test and Transwell 
Migration Chamber with 3 μm pore size. Our date clearly 
demonstrated that Relaxin-2 modulated migration poten-
tial of  prostate cells and host cell adhesion to the ECM. We 
observed increase cellular adhesion in prostate cancer lines 
but reduced in normal human prostate line. On the other 
hand, our results show that Relaxin-2 is more responsible 
for stimulating the migration of  normal prostate cells and 
nonmetastatic prostate cancer lines. In conclusions, Relax-
in-2 can implicate in various aspects of  prostate tumorgen-
esis such as cell adhesion and migration.
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Chronic myeloid leukaemia (CML) is one of  the most com-
mon haematological malignancies which starts with trans-
formation of  haematopoietic stem cell. Appearance and 
development of  CML is highly correlated with presence 
of  the fusion gene and consequently, fusion protein BCR-
ABL. BCR-ABL protein is a constitutively active tyrosine 
kinase, which drives cell survival and proliferation through 
multiple downstream pathways. Imatinib - routinely used 
drug in CML patients’ therapy is a highly specific inhibitor 
of  BCR-ABL kinase activity. Despite of  great improvement 
the outcome for CML patients resistance often occurs dur-
ing the progression. Finding a cause of  resistance can help 
to find a way to brake it. Signalling pathways, which are 
activated due to tyrosine kinase activity, are proposed to be 
a potential target for therapy. PKR kinase is activated in dif-
ferent types of  cancer, including CML and its role seems to 
be important for cancerogenesis. Accordingly, the aim of  
our study was to test new hypothesis, whether PKR protein 
is a novel substrate for oncoprotein BCR-ABL. To study 
we adapted the murine model of  CML - 32D mouse my-
eloid cell line and their counterparts transfected with p210 
BCR-ABL with high level of  BCR-ABL expression. Us-
ing different approaches we found colocalization of  PKR 
with BCR-ABL as well as their direct binding. Moreover, 
in silico analysis showed that sequence of  PKR was evo-
lutionary conserved with five tyrosines and analysis based 
on the 3D model of  PKR protein led to nomination of  
two tyrosines as the most probable for phosphorylation - 
Y293 and Y404. Altogether, we got the preliminary results 
suggesting direct binding between BCR-ABL and PKR ki-
nases. Further analysis could lead to discovering of  novel 
mechanisms participating in the resistance and gives targets 
for therapeutic intervention.
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Due to unique physicochemical properties of  nanoparti-
cles, nanotechnology have a wide range of  potential and 
therapeutic applications in biomedicine, optics and elec-
tronics. However, the data on nanoparticle toxicity are 
scarce and contradictory. Here, we used human lympho-
cytes to study mutagenicity and genotoxicity of  diamond 
nanopowder (10 nm) in vitro. Peripheral blood lymphocytes 
were subjected to 72-h exposure to diamond nanopowder 
at concentrations ranged from 1 µg/ml to 100 µg/ml. Di-
amond nanoparticles at concentration as low as 1 µg/ml 
were able to induce micronuclei formation, whilst at higher 
concentrations a decreased NDI value, a parameter of  pro-
liferative status of  viable cell fraction and an indicator of  
cytostatic effects of  test agents, induction of  apoptosis and 
an increase in DNA damage were observed.
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Ovarian cancer is the most lethal gynecological cancer 
worldwide. Because of  the lack of  specific symptoms 
and absence of  reliable screening strategies, this kind of  
the cancer is usually diagnosed at an advanced stage and 
is difficult to treat. Currently in the treatment of  ovarian 
cancer multidrug therapy is used. The anthracycline anti-
biotics such as doxorubicin (DOX) in combination with 
taxanes are the most potent compounds in the treatment 
of  this kind of  cancer. However, literature data show a lack 
of  positive effects of  this therapy. The clinical effective-
ness of  this group of  drugs is limited by their side effects 
and development of  multidrug resistance. In order to over-
come these limitations bisintercalators have been designed. 
In the present study, we investigated the anticancer activity 
of  new anthracycline analog — WP 631 in OV90 ovarian 
cancer cells. The effect of  WP 631 was compared with the 
activity of  doxorubicin (DOX), the best known first-gener-
ation anthracycline.
Methods: The morphological changes characteristic of  ap-
optosis and necrosis in drug-treated cells were analyzed by 
double staining with Hoechst 33258 and propidium iodide 
(PI) using the fluorescence microscopy. Determination of  
phosphatidylserine (PS) externalization was studied using 
double staining with annexin V and propidium iodide (PI). 
The production of  reactive oxygen species and changes in 
mitochondrial membrane potential were studied using spe-
cific fluorescence probes: DCFH2-DA and JC-1, respec-
tively.
Results: The data showed that WP 631 was considerably 
more cytotoxic towards OV90 cells than DOX. IC50 con-
centration of  new anthracycline analog (125±2.2 nM) was 
almost five times lower than that of  DOX (591.4±24.7nM). 
It was found that this new analog is able to induce ap-
optosis more effectively than DOX in cancer cells. The 
novel bisanthracycline is also able to produce ROS and 
decrease mitochondrial membrane potential in OV90 cell 
line. Apoptotic cell death investigated by double staining 
with Hoechst 33258 and propidium iodide was associated 
with phosphatidylserine (PS) externalization, production 
of  ROS and depolarization of  mitochondrial membrane. 
The highest ROS level (141.91±0.63% of  control) and also 
the lowest level of  mitochondrial membrane potential ΔΨm 
(71.2±5.5% of  control) were observed after 24 h of  incu-
bation with WP 631.
Conclusions: The results provide direct evidence that nov-
el anthracycline analog is much more cytotoxic to human 
OV90 ovarian cancer cells than doxorubicin. WP631 has 
ability of  ROS production involved in phosphatidylserine 
externalization and as a consequence apoptotic cells death 
induction.
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Chicken cystatin is an egg white protein, that is generally 
known from its inhibitory activity against cysteine proteas-
es, such as catepsins B,H,L,S and legumain. However,  bio-
logical activity of  cystatin seems  to be not well recognized  
in respect to other  possible cellular effects.   
Our attention has been focused on cystatin cytotoxic  ef-
fects  in relation to its potential in apoptosis induction and 
influence on actin cytoskeleton organization.
The studies  in vitro with human melanoma A375 and hu-
man cervix HeLa cancer cells were done. Normal human 
fibroblasts — NHDF were used as their experimental 
counterpart. Cytotoxic activity of  cystatin was seen in the 
respect to apoptosis induction. Phosphatydylserine (rec-
ognized early apoptosis marker) translocation to external 
layer of  cellular membrane was observed  starting from 
its 5–10 µM concentration in cell culture medium, inde-
pendently from applied cellular model. The cells grown 
in the presence of  cystatin presented lower viability and 
shape changes. Those observation were accompanied by 
visible actin cytoskeleton  rearrangement. This structure is 
responsible for cells shape, migration ability and many oth-
er basic cellular life processes. Confocal fluorescence mi-
croscopy, fluorescently labeled antibodies and phalloidine 
rhodamine staining were applied for total and polymerized 
filamentous  actin visualization. The distinct actin cytoskel-
eton reorganization and submembrane, as well as cellular 
extension filamentous actin  concentration  occurs in  can-
cer cells grown in the presence of  cystatin.  Normal human 
fibroblasts  have shown  lower sensitivity for cystatin pres-
ence in culture media as compared with human melanoma 
A375 and human cervix HeLa cancer cells.
In conclusion, cystatin showed proapoptotic activity against 
chosen cancer cell lines. This implicates its application as 
potential anticancer drug. However, its adverse effects on 
normal cells should be taken into consideration.
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Colorectal cancer is one of  the most commonly diagnosed 
malignant tumors. The majority of  cases (80 %) is associat-
ed with mutations in the adenomatous polyposis coli (APC) 
and β-catenin genes [1]. Due to mutation in β-catenin, 
which is a component of  adherens junctions, this protein 
cannot be degraded and accumulates in the nucleus where 
it associates with transcription factors of  the TCF/Lef  
family that activate transcription of  many pro-proliferative 
genes such as cyclin D1 or c-myc. Another protein up-reg-
ulated in colorectal cancer tissue is the S100A6 protein, a 
member of  a group of  small calcium binding proteins [2].  
In this study we investigated whether β-catenin could af-
fect S100A6 expression. We found that overexpression of  
β-catenin in SW480 cells, a non metastatic colorectal can-
cer cell line, resulted in higher S100A6 expression levels. 
In silico analysis identified 3 putative β-catenin/Lef  bind-
ing sites in the S100A6 gene promoter. Luciferase assay 
revealed that the S100A6 gene promoter activity increased 
at least 2 fold in SW480 cells overexpressing β-catenin and 
Lef1, while overexpression of  each protein alone was in-
effective. This activation was limited to the –1371/+134 
promoter fragment harboring all 3 binding sites while a 
shorter (–361/+134) fragment without binding sites was 
not activated. The involvement of  β-catenin in S100A6 
gene transcription was further confirmed by chromatin im-
munoprecipitation (ChIP) analysis. Finally, we have studied 
the possible interaction network of  S100A6 in highly meta-
static colorectal cancer SW620 cell line by means of  mass 
spectrometry. This analysis assigned the highest interaction 
score to lamin A/C, the main component of  the nuclear 
cytoskeleton. We have subsequently confirmed the inter-
action between lamin A and S100A6 by immunoprecipita-
tion, affinity chromatography and crosslinking.
Our results indicate that up-regulated S100A6 expression 
in colorectal cancer tissues might result from increased 
β-catenin transcriptional activity and that S100A6 might 
modulate cancer cell nuclear architecture via interaction 
with lamin A/C.
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Nucleotides are multifunctional molecules and a range of  
tools has been developed to investigate their physiologi-
cal functions. Two useful classes of  compounds are caged 
nucleotides and fluorescent nucleotide analogues. Caged 
nucleotides contain a photolysable cage designed to hin-
der the physiological function of  the nucleotides. The 
fluorescent groups of  fluorescent nucleotide analogues 
are assumed to be inert despite the most efficient tags be-
ing of  similar size as the nucleotide moiety. There is no 
established protocol to check the suitability of  modified 
nucleotides for biochemical, biophysical or cell biology 
studies from a structural perspective. We have applied Sat-
uration Transfer Difference (STD) NMR spectroscopy as 
a potential tool to discriminate between ‘good’ and ‘bad’ 
analogues. STD requires0.1–0.5 mg of  recombinant and 
millimolar concentrations of  ligands. STD compares how 
ligands fit the host protein and has the advantage of  being 
able to assess the unmodified nucleotides. We will discuss 
nucleotide binding studies to AnxA6, alkaline phosphatase 
and MTb HSP70 proteins. STD allows us to observe that 
caged nucleotides are able to bind to proteins with the cage 
moieties making interactions. We also observe that the free 
cage moiety continues to bind to the protein after photoly-
sis. The presence of  the cage can affect the function of  the 
protein and interpretation of  the results. We screen four 
GTP fluorescent analogues for AnxA6 and conclude that 
none are perfect. TNP-GTP interacts with the nucleotide 
site of  the protein in a conformation distinct to that of  
GTP. The fluorescent BODIPY tag makes 3-fold stronger 
interactions with AnxA6 than the attached GTP moiety. 
We will present simple NMR spectra for ATP-processing 
by MTb HSP70 as well as STD analysis of  the nucleotide 
interaction. In conclusion, STD-NMR has the potential to 
help select/verify suitable nucleotide analogues and points 
towards the need for improved nucleotide analogue tools.
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Acute lymphoblastic leukemia (ALL) is the most com-
monly occurring malignancy among children, leading to 
accumulation of  leukemia cells in the bone marrow. Drug 
resistance, a very frequent phenomenon in ALL, is often 
associated with overproduction of  sorcin, a 22kDa, strong-
ly calcium-binding protein belonging to a penta-EF-hand 
protein family. Sorcin commonly occurs in healthy heart 
cells, brain, kidneys and muscles. The amino acid sequence 
shows that sorcin has a high degree of  homology with the 
N-terminal end of  the light chain of  calpain, a protease 
vital for cellular apoptotic pathways. Increased levels of  
sorcin may inhibit apoptosis, by reducing the amount of  
available calcium, increasing the amount of  anti-apoptotic 
protein Bcl-2 and reducing the level of  pro-apoptotic Bax 
protein. In this work we attempted to compare the expres-
sion of  sorcin (SRI) gene and level of  sorcin protein in 
leukemic cells derived from ALL children and from the 
comparison group. To assess the level of  gene expression 
we used the reverse transcription polymerase chain reac-
tion, while sorcin protein levels were estimated by Western 
blotting. The results of  the present study show that blasts 
from bone marrow of  ALL patients exhibit universal over-
expression of  the SRI, while they are heterogeneous with 
respect to the amount of  sorcin and therefore there is no 
direct relation between the levels of  gene expression and 
of  cellular protein. Some association between SRI expres-
sion and protein level on one side and  patient clinical fea-
tures on the other is observed.
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Cells may respond differently to stress conditions; differ-
ent signaling pathways lead to apoptosis or to survival and 
DNA repair can be activated, and sometimes it is difficult 
to predict which pathway will be chosen in a particular cell 
line. Among the players in cellular responses to stress are 
micro RNAs (miRNAs), which are short 22-23 bp-long, 
non-coding RNA molecules that can inhibit mRNA trans-
lation and stimulate mRNA degradation as components of  
the RISC complex.
The main goal of  the present work was to compare the 
miRNA-dependent responses to X-radiation in two human 
tumor cell lines, Me-45 (melanoma) and HCT116 (colon 
cancer). Cells were transfected with two psiCHECK-2 vec-
tors that contained sequences of  two reporter genes whose 
products are easily measurable (renilla luciferase and fire-
fly luciferase). The renilla luciferase gene contained or did 
not contain eight motifs targeted by the miRNA let-7 in its 
3’-UTR sequence, while the continuously-expressed firefly 
luciferase gene served as an internal control for trasfection 
efficiency. Both transfected cell lines were irradiated with 4 
Gy of  X-rays, and the levels of  each mRNA and luciferase 
were measured at 1, 6, 12 and 24 hours after irradiation by 
RT-qPCR or the luminescent Dual-Luciferase® Reporter 
Assay System, respectively.
A significant change in levels of  luciferase transcript and 
protein in response to radiation were observed in both cell 
lines, but with different kinetics. In Me45 cells the maximal 
level of  miRNA-regulated renilla luciferase activity was ob-
served at six hours after irradiation, whereas HCT 116 cells 
showed the lowest luciferase level at that time. The levels 
of  let-7 miRNA did not differ significantly between the cell 
lines, but they showed differences in inhibition of  the cell 
cycle after irradiation. These intercellular differences in re-
sponses to radiation will be discussed in the context of  the 
control of  transcription and translation and in relation to 
cell cycle inhibition.
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Structural alterations generated in antibody molecules by 
antigen binding have been the subject of  a continuing 
search for years. Studies on the problem usually include 
direct antigen-antibody interactions at the binding site as 
well as long distance structural effects involving C domains, 
which are thought to represent intramolecular signal for 
triggering effector activities — interaction with comple-
ment components.
Binding of  bivalent antibody to the antigen is commonly 
associated with straints in the molecule, which arise as a re-
sult of  matching the Fab arms to randomly distributed an-
tigenic determinants. The extorted rotational movements 
direct the overloading to elbow region and cause disruption 
of  the interactions between N- and C-terminal portions of  
V domain polypeptides. The destabilization of  the N-ter-
minal polypeptide fragment of  the V domain increases the 
freedom of  rotation in the elbow region. This mechanism 
making the binding of  antibody to the antygen easier. Si-
multaneously it changes the structural rotations of  V and 
C domains in the Fab fragments and also relations of  Fab 
and Fc fragment. Thus it is thought to be a signal triggering 
Fc-bound activities. Signaling associated movements were 
simulated by computational analysis.
These conformational changes can be detected by self-
assembling dyes like Congo red (CR) or Evans blue (EB), 
which forms complexes exclusively with antibodies bound 
to antigens. CR and EB forms in water solutions ribbon-
like supramolecular entities which may adhere to polypep-
tide strands of  beta conformation. Formation of  protein-
supramolecular ligand complexes requires at least partial 
destabilization of  the native fold, which can be caused by 
unfolding conditions and structural constraints associated 
with the biological function of  a protein. If  the antigen 
complexation is performed in the presence of  self-assem-
bling dye the signal-related effects are expressed much 
more univocally. The dye appeared to replace N-terminal 
polypeptide fragment in V domain from its packing lo-
cus. It increases the mobility of  polypeptide chains in the 
domain involving also CDR loops. All these phenomena 
allows for better fitting of  antibodies to the antigen and 
results in the significant enhancement of  antigen binding 
affinity. Binding self-assembling dyes concerns only com-
plete, bivalent antibodies interacting with the antigen. Nei-
ther single Fab nor even (Fab)2 appeared to bind the dye in-
dicating the structural and functional unity of  the bivalent 
IgG molecule as the whole.
The additional confirmation of  intramolecular signaling 
has come from the observed enhancement of  c1q compo-
nent binding in the presence of  CR or EB.
The selective ligation of  supramolecular compounds to an-
tibodies bound to antigen seems hence to offer possibility 
of  some important medical applications.
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The basic function of  vitamin D and its derivatives  is the 
regulation of  calcium-phosphate homeostasis in organism 
and it has influence on the cellular mechanisms of  bone 
cells. It also supervise the growth, differentiate and prolif-
eration of  various cells.
There is also known its antialergic and antinflammatory 
role. The effect of  the analogues of  vitamin D reactions 
may have influence on the secretion of  hormones and the 
regulation of  the cells reproduction functions which can 
change the immune response. The last years bring new re-
searches and new discoveries of  the role of  vitamin D and 
it’s derivatives/analogues
The purpose of  this work was the valuation of  influence 
the active form of  vitamin D (1-alfa,25 dihydroksychole-
kalcyferol) and it’s derivatives; tacakcitol (1,24-dihydroksy-
cholekalcyferol), PRI-18, PRI-19 i PRI-22  on the various 
cancer cell cultures which has the increase proliferation po-
tential such as human glioma SNB-19 cells (DZMS).
In this paper we analyze the ability to survive and prolifer-
ate the cancer cells. This cells was under the influence of  
calcitriol and it’s derivatives in 0.025–2.5 μg/ml concentra-
tion. There were also made tests by QRT-PCR technique, 
after the previous isolation of  research material which al-
lows us to state cells vitality and detect presence of  the 
apoptotic cells by the pro-apoptotic BAX gene and anti-
apoptotic BCL-2 gene on the RNA level.
The determination which was made show us which of  the 
tested derivatives has the greatest cytotoxic and antiprolif-
erative effects and the involvement of  these analogues in 
the initiation of  intrinsic pathway of  apoptosis associated 
with mitochondrial membrane proteins BCL-2 and BAX.



  Session 4. Cell Signaling 127

The First Polish-German Biochemical Societies Joint Meeting, 2012

P4.16
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STAT (signal transducers and activators of  transcription) 
transcription factors have been implicated in many biologi-
cal processes, particularly proliferation, immune response, 
cell fate, cell migration and programmed cell death. In ad-
dition to the mammalian STATs, several vertebrate and in-
vertebrate STATs have now been characterized, including 
Drosophila, Anopheles sp., Dictyostelium discoideum and Danio 
rerio. The previous findings suggested that STAT transcrip-
tion factor family has been conserved throughout evolu-
tion, probably having its origin at the beginning of  meta-
zoans.
However, here we characterize a STAT gene orthologue 
from the unicellular amoeba, Acanthamoeba castellanii. Us-
ing RACE (rapid amplification of  cDNA ends) we were 
able to identify large part of  A. castellanii STAT gene. It 
includes the coding sequence and 3’ untranslated region. 
The coded protein part is 467 amino acid long. We show 
that this protein is structurally related to other vertebrate 
and invertebrate STAT proteins. The sequence homology 
is up to 54% identity compared with D. discoideum STATC 
protein. The A. castellanii STAT sequence includes SH2 do-
main responsible for dimerization and interactions with the 
receptor. Additionally, the sequence includes the coiled-coil 
domain observed in D. discoideum STAT proteins, where it is 
responsible for protein export from the nucleus.
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Cancer cell invasion is a key element in metastasis that re-
quires integrins for adhesion/de-adhesion, as well as ma-
trix metalloproteinases (MMPs) for focalized proteolysis. 
We show, using both Western Blot and Biacor system, 
that MMP-2 is upregulated in resected colorectal tumors 
and degrades β1 integrins with the release of  fragments 
containing the β1 I-like domain. The β1 cleavage pattern 
is similar to that produced by digestion of  human recom-
binant α5β1 and α2β1 with MMP-2. Two such fragments, 
25 kDa and 75 kDa were identified after immunoprecipita-
tion with monoclonal antibody BD 610468 reacting with 
the NH2-terminal I-like ectodomain, followed by SDS 
PAGE, and microsequencing using electrospray (ISI-Q-
TOF-Micromass) spectrometer. Cleavage of  the β1 inte-
grin can be abolished by inhibition of  MMP-2 activity; it 
can be induced by upregulation of  MMP-2 expression, as 
exemplified by HT29 colon cancer cells transfected with 
pCMV6-XL5-MMP-2 or incubated 24h with 160 nM thy-
mosin β4. Moreover, we demonstrate MMP-2 binding to 
integryn α2β1 using Biacore system. The MMP-2 mediated 
shedding of  the I-like domain from β1 integrins results in 
decreased adhesion of  colon cancer cells to collagen and 
fibronectin, thus, abolishing their receptivity. Further-
more, such cells showed enhanced motility as evaluated 
by “wound healing-like” assay and time-lapse microscopy 
indicating their increased invasiveness. Altogether, our data 
demonstrate that MMP-2 amplifies the motility of  colon 
cancer cells, not only by digesting the extracellular matrix 
components in the vicinity of  cancer cells, but also by inac-
tivating their major β1 integrin receptors.
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Radiation induced bystander effect has recently attracted 
significant attention due to its possible implication for ra-
diotherapy. Different cells however present variable radio-
sensitivity and bystander response, that can depend, among 
others, on genetic status. Our studies show that human 
colorectal carcinoma cells HCT116 having different TP53 
status respond differently to ionizing radiation, indicating 
higher radiosensitivity in clonogenic and micronucleus as-
say for p53-knockout cells. Cells exposed to ionizing radia-
tion can die through necrosis, apoptosis, or mitotic death. 
However, it has been reported that cellular senescence, the 
irreversible cytostasis, can be also triggered by ionizing ra-
diation. The physiological purpose of  senescence in vivo is 
yet to be determined, but it is believed to protect tissue 
integrity by disabling mitosis in stressed or damaged cells. 
Senescent cells display altered cell morphologies, overex-
pression of  plasminogen activator protein 1 (PAI-I), and 
senescence-associated β-galactosidase activity.
In current studies we compared the response of  HCT116 
cells with p53 wild (p53+/+) and knockout gene (p53-/-) 
to radiation, and to bystander signals emitted by irradiated 
cells. We focused on cell survival, apoptosis, micronucleus 
induction and senescence. The transwell co-incubation sys-
tem was used, where cells to be irradiated (2-8 Gy) were 
seeded in wells, and bystander cells were seeded in inserts.  
Such system allows to separate both kinds of  cells, with 
medium circulating through the separating membrane 
(pore size 0.4 µm). Thus, mutual communication between 
cells via molecular signals is possible.
Our results indicate that HCT116p53-/- cells in contrast 
to p53+/+ counterparts don’t show the bystander effect 
when only clonogenicity is analyzed. In addition, senescent 
cells were seldom found in p53-/- irradiated and bystander 
populations. On the other hand, bystander effect can be 
seen in p53-/- cells as increase in micronucleus frequency 
and apoptosis, exciding that in p53+/+ cells. Interestingly, 
the p53+/+ cells that showed bystander effect as decrease 
in the clonogenic cell survival responded with significantly 
higher frequency of  senescence. These all prove that the 
lack of  p53 protein blocks the senescence pathways in ir-
radiated and bystander cells forcing them to p53 independ-
ent apoptosis. Furthermore, our data indicate that different 
criteria should be used simultaneously in order to show a 
bystander effect. 
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Introduction: Endothelial cells play an essential role in the 
mechanisms responsible for the transmission of  informa-
tion and interaction between other cells. They affect the 
process of  transmigration of  lymphocytes into tissues, 
which regulates the body’s immune response. The lympho-
cyte migration depends on adhesion molecules expressed 
on endothelial cells. Expression of  those molecules is regu-
lated by cytokines.
Aim of  the study: Analysis of  theimpact of  H6 cytokine 
on the activity of  endothelial adhesion molecules promot-
ers: ICAM, VCAM, ELAM and participation of  STAT 
proteins in this process.
Materials and methods: We used cells from established 
cell lines of  vascular endothelium of  skin, lungs and ilea. 
The pGL3 reporter vector containing the Firefly lucif-
erasegene under the control of  promoters of  adhesion 
molecules ICAM, VCAM and ELAM containing and not 
containing the binding sites of  STAT proteins was con-
structed. Cells were transfected with analyzed vectors and 
pRLTK reference vector containing Renilla luciferase gene, 
and then treated with H6. The role of  H6 on the transcrip-
tional activity of  adhesion molecules was performed by 
comparing the luminescence emitted by Firefly luciferase.
Results: After H6 treatment in all analyzed fragments of  
adhesion molecules promoters containing STAT binding 
sites, there was statistically significant increase in the lu-
minescence emitted by the Firefly luciferase. The largest 
increase in the promoters activity was observed in skin en-
dothelial cells, slightly lower in the ilea endothelium and the 
lowest in lung endothelial cells.
Conclusions: Stimulation of  endothelial cells with H6 
causes significant increase in the transcriptional activity of  
ICAM, VCAM and ELAM promoters containing STAT 
binding sites.
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melatonin secretion by pinealocytes in vitro
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The vertebrate circadian system that controls most biologi-
cal rhythms is composed of  multiple oscillators with varied 
hierarchies and complex levels of  organization and inter-
action. Melatonin is considered a highly reliable circadian 
marker. The pattern of  secretion of  melatonin conveys in-
formation concerning light-dark cycles to the body physiol-
ogy for the organization of  seasonal and circadian rhythms. 
The daily fluctuations in melatonin production and release 
generated by the pineal gland and retina are observed in 
vivo and in vitro. They reflect circadian changes in the 
activity of  serotonin N-acetyltransferase (AA-NAT) and 
hydroxyindole-O-methyltransferase (HIOMT), a key en-
zymes in melatonin synthesis, and in the AA-NAT mRNA 
and HIOMT levels.
Carbon monoxide (CO), a gaseous second messenger, aris-
es in biological systems during the oxidative catabolism of  
heme by the heme oxygenase (HO) enzymes. In 1996, Dan 
A. Oren published hypothesis that the information of  light 
intensity might by transmitted from the retina to the brain 
not only by a neural pathway as generally accepted but also 
by CO and NO using a humoral pathway. According to 
Oren, these two gases are formed under the light influ-
ence in retina's vessels and with haemoglobin participation, 
without the systemic circulation, reach the perihypophy-
seasl vascular complex and thence the brain and pituitary. 
It was shown that the concentration of  CO in the ophthal-
mic venous blood changes depending on the phase of  the 
day and differing extremely light intensity seasons: summer 
and winter. There is substantial evidence to suggest that it 
may play a role in the transduction of  information on day 
length.
The present in vitro data indicate involvement of  carbon 
monoxide in the regulation of  melatonin synthesis. Levels 
of  AA-NAT and HIOMT mRNA in pig pinealocytes and 
concentration of  melatonin in pinealocytes culture me-
dium were changed following carbon monoxide exposure. 
These changes were carbon monoxide concentration- and 
time exposure-depend.
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A characteristic abnormality of  leukemia cells is a block-
ade of  differentiation at a distinct stage in cellular matura-
tion. Inducing leukemic cell differentiation in mature cells 
represents a major strategy for treating leukemia. Previous 
studies have shown that heme oxygenase (HO) a key en-
zyme in the regulating the intracellular heme level, have a 
negative function in DMSO-induced HL-60 cell differen-
tiation and that HO-1 is constitutively expressed in many 
cancers which are resistant to apoptosis. Heme oxygenase 
catabolises heme to generate biliverdin, Fe2+ and carbon 
monoxide (CO). Many biological functions of  HO, such 
as regulation of  vessel tone, smooth muscle cell prolifera-
tion, neurotransmission, and platelet aggregation, and anti-
inflammatory and antiapoptotic effect have been attributed 
to its enzymatic product, CO.
In the present study, we examined the effect of  CO on 
DMSO-induced T cell proliferation and apoptosis. Treat-
ment of  Jurkat cells with DMSO induced changes such as 
DNA fragmentation. Carbon monoxide, in dose-depend 
manner, blocked morphological changes in DMSO-treated 
Jurkat cells.Uunderstanding the mechanisms of  regulation 
of  differentiation may contribute to the development of  
less toxic strategies to control growth and apoptosis of  hu-
man cancer cells.
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Tyrosine hydroxylase (TH) catalyses the first step in a chain 
reaction of  catecholamine synthesis thus limiting the pro-
duction rate of  these important neurotransmitters and hor-
mones. During exposition to various stress agents, such as 
hypoxia, an elevated level of  catecholamine synthesis and 
secretion is observed. Furthermore, hypoxia induces the 
release of  another neurotransmitter — adenosine. It was 
shown that adenosine, in response to hypoxia, enhances the 
expression of  the TH gene via the A2A receptor, leading to 
an increased release of  catecholamines in PC12 cells.
Our studies have shown that adenosine induces transcrip-
tion of  the TH gene through increased intracellular cyclic 
AMP (cAMP) concentration in PC12 cells. Furthermore 
we noticed an important role of  atrial natriuretic peptide 
(ANP) in the regulation of  activation of  the TH promoter. 
Using a luciferase reporter gene under the control of  the 
rat TH promoter we observed that ANP significantly in-
hibits activation of  the adenosine-induced transcription 
of  the TH gene. It is known that ANP activates guany-
lyl cyclase–coupled receptor, GC-A, leading to increased 
synthesis of  cyclic GMP (cGMP). We established that the 
ANP-induced accumulation of  cGMP leads to reduction 
of  the concentration of  adenosine-induced cAMP. These 
findings strongly suggest cross-talk between cAMP and 
cGMP-dependent signaling. We have found that PDE2, 
a phosphodiesterase hydrolyzing both cAMP and cGMP 
whilst being simultaneously activated by cGMP, links these 
two cyclic nucleotide pathways.
In conclusion, our results suggest that the atrial natriuretic 
peptide could function as a negative regulator of  the aden-
osine-induced transcription of  the tyrosine hydroxylase 
gene in PC12 cells. We postulate that the ANP-induced el-
evated level of  cGMP activates PDE2 leading to increased 
cAMP hydrolysis and subsequent decrease in the transcrip-
tion of  the TH gene.
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S-adenosyl-L-homocysteine hydrolase (SAHase) catalyzes 
the hydrolysis of  S-adenosyl-L-homocysteine (SAH) to 
adenosine and L-homocysteine in a reversible reaction. 
Since SAH is a byproduct and a strong inhibitor of  the 
ubiquitous SAM (S-adenosyl-L-metionine) dependent 
methylation reactions, removal of  SAH by enzymatic hy-
drolysis serves as an important mechanism of  control of  
cellular methylation processes.
Crystal structures of  several SAHases are known, includ-
ing mammalian, protozoan and bacterial proteins. The 
enzymes are typically homotetrameric, with each subunit 
comprised of  two principal domains, a substrate binding 
domain and a cofactor (NAD+) binding domain. Phyloge-
netic and biochemical analyses indicate that some groups 
of  SAHases may be significantly different. In particular, 
plant SAHases have a unique sequence signature and func-
tion as dimers.
In this project, we focus on the crystal structure of  SA-
Hases from legume plants, such as yellow lupine, and form 
their bacterial symbionts (rhizobia), looking for possible 
interdependencies during the formation and existence of  
the symbiotic association. Here, we present the results of  
our crystallographic analysis of  recombinant SAHase from 
Bradyrhizobium elkanii (BeSAHase). It is the first structure 
of  this enzyme from a nitrogen-fixing bacterium.
Single crystals of  BeSAHase were grown by vapor diffusion 
in hanging drops using protein preparations preincubated 
with the NAD+ cofactor. They diffracted synchrotron ra-
diation to 1.7 Å. The structure was solved by molecular 
replacement, using as a model the structure of  SAHase 
from B. melitensis, and refined to R/Rfree of  0.14x/0.17x. 
The crystals are orthorhombic, space group P21212, with 
four protein molecules in the asymmetric unit (473 amino 
acid residues each) forming a tetrameric enzyme. There is 
one cofactor molecule bound in each subunit, as required 
by the enzymatic mechanism. In addition, a molecule of  
adenosine (Ado) is present in three subunits. In conse-
quence, the homotetrameric enzyme is found in a mixed 
conformational state: while the Ado-binding subunits are 
in a closed conformation, the fourth subunit is open. The 
structure gives us a unique glimpse of  SAHase during a 
conformational transformation required for its enzymatic 
cycle.
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Actin undergoes several post-translational modifications 
regulating actin functions in the cell. It can be acetylated, 
metylated, arginylated, SUMOylated and phosphorylated. 
However, it is still very little known about actin phospho-
rylation and events leading to it. In recent years it was prov-
en that under certain conditions actin in Dictyostelium discoi-
deum can be phosphorylated at tyrosine residue in position 
53 (Liu et al., 2006). Though lately there were published 
some mass spectrometry studies of  human cancer cells 
lysates showing actin phosphorylation at tyrosine residues 
in positions 53, 166, 218 and 294 (Rush et al., 2005; Rikova 
et al., 2006; Wu et al., 2010), until now there were almost no 
functional analyses published concerning actin phospho-
rylation. It is for instance still unclear what is the subcellular 
localization of  phosphorylated actin in mammalian cells, 
how it interacts with actin binding proteins and what is the 
physiological role of  it.
One of  aims of  our recent activity is to elucidate if  cyto-
plasmic actins can be phosphorylated in human cells and 
under which conditions. One of  approaches applied by us 
involved generation of  four mutants of  beta actin: Tyr-
53Phe, Tyr166Phe, Tyr218Phe, Tyr294Phe and four analo-
gous versions of  gamma cytoplasmic actin. A substitution 
of  tyrosine with phenylalanine prevents potential phos-
phorylation of  protein in certain position. For this purpose 
we have performed site-directed mutagenesis of  WT beta 
and gamma actin where as templates served pOTB7 plas-
mids coding for WT isoactins. Next we have cloned WT 
actins and their mutated forms into pAc-GFP-C1 vector. 
Having pAcGFP-C1-actin constructs we have transfected 
A375 (malignant melanoma) and LS180 (colon adenocarci-
noma) cells. A375 cells are characterized with high invasion 
potential, whereas LS180 cells growing in colonies exhib-
it very low invasion potential. To confirm expression of  
AcGFP-actins we have performed Western blot analysis of  
transfected cells lysates and stained transfected cells with 
TRITC-phalloidin to confirm incorporation of  AcGFP-
actins into stress fibres. We have also analyzed with the 
help of  confocal microscopy colocalization of  different 
AcGFP-actin versions with some actin binding proteins 
such as cofilin, gelsolin and profilin.
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Nuclear Factor of  Activated T cells (NFAT) is a good 
candidate to provide a switching mechanism that de-
cides whether pro-angiogenic or pro-inflammatory pro-
gram should be taken in during activation of  endothelial 
cells. NFAT is known to be involved in angiogenesis by 
up regulation of  Cox-2 activity, it is stimulated by VEGF, 
while its downregulation inhibits angiogenesis. In this re-
port we attempted to identify integrin receptors that may 
be controlled by NFAT in response to VEGF, and thus 
involved in this process. Human Umbilical Vein Endothe-
lial Cells (HUVECs) were treated either with VEGF165 or 
TNFα and expression of  integrin subunits (α2, α4, α5, α6, 
αV, β1, β3, β4  and β5) was evaluated at the mRNA level (RT-
PCR), total protein level (Western immunoblotting) and at 
the surface of  the cells (Flow Cytometry). Our data showed 
that there was a differential effect of  the pro-angiogenic 
and pro-inflammatory stimulators on integrin expression 
profiles in HUVECs.  TNF upregulated both, the αV subu-
nit and intact αVβ3 receptor, while integrin subunits α6, 
β4, β5 and intact  αVβ5 were downregulated.  In contrast, 
VEGF selectively increased expression of  α2, α4, α5, α6, 
β1, β4, and β5 as well as intact receptors such as α2β1 and 
α5β1. Of  integrin subunits, alteration of  the β4 expression 
seems to be unique indicating that it is a strongly inducible 
and very sensitive marker of  endothelial cells proangiogen-
ic activation.  All the observed changes in integrin expres-
sion were abolished to different extent by NFAT inhibi-
tors (cyclosporin A, 11R-VIVIT) as well as siRNA specific 
to NFATc1 and NFATc2. The most consistent inhibition 
was observed in the case of  α6 (pro-angiogenic) and αV 
(pro-inflammatory and also pro-angiogenic) integrin subu-
nits. In conclusion, our data support the role of  NFAT in 
inducing either pro-angiogenic or pro-inflammatory state 
of  endothelial cells by expression modulation of  different 
sets of  integrin receptors.
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Grainyhead (GRH) family of  transcription factors is an-
cient and has appeared in evolution in early unicellular an-
cestor of  animals, choanoflagellates, and fungi. In extant 
animals, as evolutionary distant as insects and man, they 
are involved in regulation of  development, functioning and 
regeneration of  epidermal barrier and in other processes.
In mammals there are three homologous factors - Grainy-
head-like 1/2/3 (GRHL1/2/3). All of  them are highly ex-
pressed in the epidermis and appear to be crucial for the 
maintenance of  this organ. Knock-out mutations of  Grhl2 
and Grhl3 ale lethal in mice. Grhl3 mutant embryos do not 
develop proper epidermal barrier and die shortly after birth 
because of  extensive water loss. Only Grhl1 knock-out 
mice are viable but they also have some minor epidermal 
defects — thick epidermis and palmoplantar keratoderma, 
delay in coat growth, and hair loss.
There are numerous but inconsistent reports linking these 
transcription factors to carcinogenesis. The decreased level 
of  GRHL2 inhibits the growth of  hepatoma cells but also 
enhances the epithelial-to-mesenchymal transition process 
in breast cancer. Furthermore, GRHL3 is reported to be 
a downstream effector of  TNFα signaling pathway and 
stimulates migration of  endothelial cells, but also is a tu-
mor suppressor in the context of  aggressive squamous cell 
carcinoma.
My research focuses on the involvement of  GRHL1 tran-
scription factor in carcinogenesis process, as it has not yet 
been studied. Preliminary experiments, performed using 
transgenic animal model, demonstrated increased suscep-
tibility of  Grhl1-deficient mice to developing chemically-
induced non-melanoma cutaneous carcinomas. Moreover 
the epidermis of  these mice is thicker than in their wild 
type littermates. The impairment of  keratinocytes differen-
tiation can be detected as well. Also the keratinocytes' cell-
cell junctions — desmosomes — appear to be disrupted, as 
GRHL1 directly regulates expression of  one of  their com-
ponents — desmosomal cadherin desmoglein 1 (DSG1). 
These features are reported to be attributed to skin barrier 
defects.
I will present the results of  my investigation on details of  
the role of  GRHL1 transcription factor in signaling path-
ways involved in keratinocytes proliferation and differentia-
tion, formation of  skin barrier and cutaneous inflamma-
tion. The impairment of  these processes appears to be the 
foundation of  increased susceptibility of  Grhl1-deficient 
mice to the development of  epidermal carcinomas.
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Accumulating clinical studies demonstrated that circadian 
rhythm abnormalities plays a pivotal role in the pathophysi-
ology of  depression. Nearly all patients with  major depres-
sion experience sleep disturbances, diurnal mood changes, 
and body temperature and hormone secretion dysregula-
tion. Treatment with mood stabilizers and antidepressants 
can restore these daily rhythms, and this is correlated with 
patient recovery. However, it is still uncertain whether clock 
abnormalities are the cause of  bipolar disorder or if  these 
rhythm disruptions are secondary to alterations in other 
circuits. Furthermore, the mechanism by which the circa-
dian clock might influence mood is still poorly understood.
The master clock of  circadian system in mammals is lo-
cated in the suprachiasmatic nucleus (SCN), but genes 
responsible for generating circadian oscillations are ex-
pressed in a variety of  brain regions, not typically associ-
ates with circadian timing. Therefore, the aim of  our study 
was to examine the effects of  olfactory bulbectomy on the 
brain expression of  clock genes (Period1, Period2, Period3, 
Cryptochrome1, Cryptochrome2) in the prefrontal cortex 
and hippocampus. These two brain structures are particu-
larly involved in the development of  depressive disorders.
Olfactory bulbectomy (OB) is a reliable animal model of  
depression with good face, predictive, and constructive 
validity, used not only for detecting antidepressant activity 
but also for exploring the neurochemical and biochemical 
abnormalities involved in the mechanism of  pathophysiol-
ogy of  depression.
In the present study, we demonstrated that the OB proce-
dure increased the Per1, Per2 and Cry1 expression in the 
prefrontal cortex and Cry1 expression in the hippocampus 
of  Sprague Dawley rats. These changes were reversed and 
normalized by repeated (14 days) amitryptyline at a dose of  
10 mg/kg administration.
Our results suggest that the clock genes located in other 
areas of  the brain (not only in SCN) may be involved in 
pathophysiology of  depression.
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The family of  Grainyhead–like transcription factors con-
sists of  three members (GRHL1, GRHL2, GRHL3) which 
are involved in regulation of  biological processes such as: 
neurulation, wound healing, formation and maintenance of  
the epidermal barrier and cancer development. The Grhl1 
gene is highly expressed in the kidney and in the human it 
is located on chromosome 2p25. Linkage of  susceptibility 
to essential hypertension to the 2p25 locus was reported in 
two independent studies, with the causative gene remain-
ing unknown. On the basis of  this knowledge we posed a 
question: is GRHL1 relevant for kidney function? In order 
to investigate this hypothesis we performed experiments 
utilizing Grhl1-null mice and their wildtype littermates 
as controls. Using tail — cuff  method we measured ani-
mals' blood pressure and examined the expression of  21 
potential target genes for GRHL1 (selected by bioinfor-
matics methods) in their kidneys. Although we have not 
yet observe any phenotypic differences between Grhl1-null 
mice and wildtype controls we identified links with some 
molecular pathways which could yield new insights into ge-
netic background of  hypertension. We hope that employ-
ing more reliable blood pressure measurements method 
– telemetry and measuring total renal blood flow (using a 
Transonic flowmeter), renal cortical and medullary blood 
flow (laser-Doppler technique), glomerular filtration and 
renal excretion will shed new light on the influence of  lack 
of  Grhl1 on renal physiology.
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The Aedes aegypti mosquito is the major vector that spread 
dengue and yellow fever virus to humans. In this insect, 
vitellogenesis is stimulated by ecdysteroids. The functional 
receptor for ecdysteroids is a transcription factor com-
prised of  two nuclear receptors: the 20-hydroxyecdysone 
receptor (20E) and the Ultraspiracle protein (Usp). The 
Usp is an insect homolog of  the mammalian retinoid X 
receptor (RXR). The N-terminal domain (NTD) of  Aedes 
aegypti Usp isoform B (NTDUsp) encodes 124 amino ac-
ids and this region is relatively poorly conserved in other 
species. Unknown structure, conformational changes and 
molecular mechanism of  the functioning NTD domain 
makes it an interesting object of  study. In this research, 
recombinant plasmid containing cDNA coding N-terminal 
domain (124 amino acids encoding a polypeptide of  12,72 
kDa) of  Usp from Aedes aegypti, was prepared. The pres-
ence of  correct insert was confirmed by sequencing analy-
sis. To verify the functional expression of  this construct, 
pQE-80L-NTDUsp was transformed into the Escherichia 
coli competent cells and synthesis of  recombinant protein 
was induced. NTDUsp was detected in soluble fraction. 
High protein yields by two-step purifications were ob-
tained for recombinant protein. Using ESI-TOF MS mo-
lecular weight was confirmed. Initial bioinformatic analysis 
and circular dichroism spectroscopy (CD) revealed that the 
NTDUsp displays characteristic featuresfor intrinsically 
disordered proteins (IDPs) family. 
Acknowledgements
This work was supported by a statutory activity subsidy from the Polish 
Ministry of  Science and High Education for the Faculty of  Chemistry of  
Wroclaw University of  Technology.



134 Session 4. Cell Signaling

47th Congress of the Polish Biochemical Society, 2012

P4.30

Cadmium stress causes accumulation 
of cAMP and this signal molecule 
induces phenylpropanoid pathway 
in Arabidopsis thaliana seedlings
Małgorzata Pietrowska-Borek1, Katarzyna Nuc2, 
Tamara Chadzinikolau1, Katarzyna Lechowska1

1Department of Plant Physiology and 2Department of Biochemistry 
and Biotechnology Poznań University of Life Sciences, Poznań, Poland
e-mail: Małgorzata Pietrowska-Borek <gospi@up.poznan.pl>

Cyclic-AMP and cyclic-GMP are important second mes-
sengers in many procaryotes and eucaryotes [1]. cAMP in 
plants plays a role in iron transport in Arabidopsis thaliana 
[2], in the signal transduction and cell cycle progression in 
tobacco BY-2 cells [3], in plant defense [4, 5], and in stress 
responses [6].  More aspects of  the biological functions of  
cAMP are comprehensively presented in a recent review 
[7].  In plants, the phenylpropanoid pathway yields metabo-
lites protecting these organisms against biotic and abiotic 
stress including that caused by heavy metals.
In this communication we show effects exerted by cad-
mium on the metabolism of  the A. thaliana seedlings.  We 
noticed that 50 μM CdCl2 caused increase of  the cAMP 
concentration (almost 2-fold), the adenylate cyclase gene 
expression (about 4-fold) and of  the enzyme activity (about 
2-fold) higher than in control plants.  The exogenously ap-
plied 5 μM 8-Br-cAMP induced synthesis of  the following 
enzymes of  the phenylpropanoid pathway: phenylalanine 
ammonia-lyase (PAL), 4-coumarate:coenzyme A ligase 
(4CL) and chalcone synthase (CHS).  With respect to the 
control samples in the plants which grown 1h on the sup-
plemented medium we observed up to 40-fold increase of  
the PAL2 gene expression and about 5-fold increase of  the 
4CL and CHS genes. Activities of  these enzymes were in-
duced (4-, 2- and 0.5-fold, respectively). We did not observe 
accumulation of  anthocyanin on the analyzed seedlings.
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Cyclic adenosine monophosphate (cAMP) is an ubiquitous 
second messenger used for intracellular signal transduction 
in biological systems. The cAMP signaling pathway con-
trols a wide range of  cellular processes, including immune 
response.
In the present study pharmacological agents, that target dif-
ferent components of  the cAMP signaling pathway, such 
as: forskolin (an adenylyl cyclase activator), Rp-camps (a 
competitive inhibitor of  protein kinase A), pentoxifylline (a 
phosphodiesterase inhibitor), and ibubrofen (a COX inhib-
itor), were used to investigate their influence on the expres-
sion of  proinflammatory cytokines: tumor necrosis factor-
alpha (TNF-α) and interleukine-6 (IL-6) in LPS-stimulated 
rat peripheral blood mononuclear cells (PBMC). The cells 
were separated from heparinized blood and incubated 
(4x106 cell per ml) in the absence and presence of  LPS 
and these agents for 1, 4, 6, and 24 hours (37°C, 5% CO2). 
mRNA was isolated using a commercial kit (Promega, Ger-
many) and cytokine gene expression was assessed by a two-
step quantitative RT-PCR method (Finnzymes, Finland) 
with beta- actin as a house-keeping gene. Amplifications 
were performed in a Rotor-Gene thermocycler (Corbett 
Research, Australia). ELISA kit (R&D Systems) was used 
for measuring of   intracellular cAMP concentrations.
The results of  the present study indicated that following 
LPS stimulation, the expression of  both cytokines attained 
the peak values at 4 h and they increased 25- and 100-fold 
for TNF-α  and IL-6, respectively in relation to untreated 
controls. The expression of   TNF-α  decreased to the base-
line value at 6 h, whereas the expression of  IL-6 was still 
increased 20-fold at this time point and maintained at this 
level up to 24 h. Concentration of  cAMP well correlated 
with changes in TNF-α gene expression. Among all agents 
used in the study, pentoxifylline and ibuprofen caused the 
greatest decrease in TNF-α gene expression, whereas the 
influence of  Rp-camps was negligible. In turn, this in-
hibitor of  protein kinase A suppressed the expression of  
IL-6 most effectively. Interestingly, in contrast to the other 
agents studied, in the presence of  pentoxifylline the expres-
sion of  IL-6 was significantly up-regulated at 6 and 24 h. 
When compared to pentoxifylline, another cAMP increas-
ing agent forskolin influenced cytokine gene expression in 
similar fashion, however  its potency to inhibit expression 
of  both cytokines was considerably lower. This  indicates, 
that pentoxifylline may exert its anti-inflammatory effects 
also by the mechanisms unrelated to cAMP regulation.
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Introduction: Galectin-3 (gal-3) is a 31-kDa member of  
the family of  β-galactoside-binding animal lectins. It is 
chimeric multifunctional protein which regulates: cell ad-
hesion, migration, apoptosis, invasion and metastasis. This 
lectin is localized both in the cytoplasm and nucleus as well 
as in extracellular milieu. Gal-3 distribution is related to 
the functions which it performs in the cell. Gal-3 has been 
shown to have considerable sequence similarity to Bcl-2 
protein, a known suppressor of  apoptosis. Both proteins 
contain the Asp-Trp-Gly-Arg (NWGR) sequence — des-
ignated as the anti-death- motif. Gal-3 may bind to a Bcl-2 
protein and form with it functional heterodimers. Depend-
ing on the type, state and condition of  the cell as well as 
depending on the type of  stimulus gal-3 can show pro- or 
anti-apoptotic activity. Gal-3 apoptotic activity is also de-
pendent on its localization. It has been demonstrated that 
the antiapoptotic activity of  gal-3 is regulated by the phos-
phorylation at Ser6 by casein kinase 1 (CK1).  In response 
to proapoptotic stimulus, phosphorylated gal-3 is exported 
from the nucleus to the cytoplasm and protects cells from 
drug induced apoptosis. Cytoplasmic gal-3 expression 
seems to be strongly implicated in antiapoptotic function 
and drug resistance in cancer cell. Expression of  gal-3 is 
associated with neoplastic progression and metastatic po-
tential in many tumors, among the other, in melanoma.
Aim: The aim of  the present study was to demonstrate 
gal-3 translocation between nucleus and cytoplasm in WM-
266-4 human melanoma cells treated with cisplatin.
Materials and Methods: WM-266-4 line subcellular pro-
tein fractions (cytoplasmic, membrane and nuclear) were 
incubated with an antibody for the phosphoserine. Next, 
the antibody/antigen complex was pulled out of  the sam-
ple using protein G coupled agarose beads. The resulting 
precipitates were separated by SDS-PAGE. Gal-3 was de-
tected by immunobloting. To determine the effect of  cis-
platin on the localization of  the gal-3 we performed also 
confocal immunofluorescence microscopic analysis.
Results and Conclusions: We observed changes in cel-
lular localization of  gal-3 after cisplatin treatment. Western 
blot analysis of  whole cell lysates revealed that exposure 
to cisplatin did not change the total level of  gal-3, indicat-
ing that up-regulation of  gal-3 in nucleus and up-regula-
tion of  phosphorylated-gal-3 in cytoplasm are the results 
of  theirs  movement between nucleus and cytoplasm after 
drug treatment.
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Starmaker protein (Stm) is involved in otoliths' biominerali-
zation in the inner ear of  fish. This protein has an extended 
rod-shaped conformation and belongs to the class of  in-
trinsically disordered proteins (IDPs). Stm is characterized 
by unique amino acid composition without C, W and Y 
residues and overrepresentation of  polar charged amino 
acids (H, S, D, E, K, T). IDPs are characterized by incred-
ible flexibility and plasticity and in consequence occur-
rence as a heterogeneous population of  molecules in sev-
eral different conformational states. The aim of  this work 
was to investigate the effect of  phosphorylation, calcium 
ions and GdmCl on the conformational changes of  Stm 
molecule. Two cysteinyl residues were introduced into the 
Stm sequence in positions 54 and 109 using site-directed 
mutagenesis. Stm mutant was expressed in E. coli, purified 
by three step procedure and phosphorylated by casein ki-
nase 2. Subsequently AlexaFluor®488 and AlexaFluor®594 
fluorescent dyes were attached to Stm mutant sulfhydryl 
groups. Finally mixture of  DA, AD, DD, AA samples were 
obtained (D-fluorescence donor, A-fluorescence acceptor). 
Freely diffusing smFRET experiments were performed 
using confocal smFRET microscopy. The effect of  differ-
ent GdmCl and Ca2+ concentration on Stm structure was 
monitored. Small concentration of  GdmCl of  about 0.6 
M caused compaction of  Stm molecule. The similar col-
lapse of  Stm N-terminal fragment was observed upon Ca2+ 
ion binding, which is putative ligand of  Stm. The most sig-
nificant conformational change was observed in the con-
centration range between 0–5 mM Ca2+, which is close to 
physiological conditions.
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Uncontrolled and prolonged inflammation is associated 
with earlier onset and/or progression of  virtually all neu-
rological diseases including Alzheimer's and Parkinson's 
disease, brain trauma and stroke. Microglial cells accumu-
late in regions of  degeneration and produce a wide variety 
of  pro-inflammatory molecules. The Janus Kinase (JAK)-
Signal transducer and activator of  transcription (STAT) 
pathway converts the cytokine or TLR signals into gene 
expression programs that regulates immune and glial cell 
functions. Stat targets and molecular mechanisms under-
lying inflammatory activation of  microglia are unknown. 
In primary microglial cultures lipopolysacharide (LPS) 
induced stimulation leads to rapid activation of  Stat1, 3, 
and 5. We mapped the genome-wide occupancy of  active, 
phospho-Stats by hybridization of  immunoprecipitation-
enriched genomic DNA to promoter microarrays (3x720K 
RefSeq Promoter microarrays, NimbleGen). We found cor-
relation of  active Stat1 and 3 binding sites with changes in 
expression of  many genes encoding cytokines/chemokines 
and transcription regulators. The most interesting hit, rep-
resenting a newly identified Stat target, was jmjd3, encoding 
a JmjC family histone demethylase and transcription factor, 
which controls inflammatory gene expression in peripheral 
macrophages. Silencing of  Stat1 and Stat3 blocked Jmjd3 
and inflammatory gene expression in Bv2 microglial cells, 
while overexpression of  constitutively active Stat1 and 
Stat3 was sufficient to induce Jmjd3 and inflammation-re-
lated genes in the absence of  LPS. Action of  Jmjd3 did not 
depend on its histone demethylase activity, but was lost af-
ter interference with its transactivator domain. These data 
show that Stat1 and Stat3 are necessary and sufficient for 
initiation an appropriate inflammatory response.
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Breast cancer is one of  the most common women cancer. 
Detection of  breast cancer at an early stage permit ear-
lier implementation of  appropriate treatment and greatly 
increases the chances of  patient survival. Initially, breast 
cancer was treated surgically by performing a radical mas-
tectomy. Currently, through a widely used educational pro-
grams and breast screening, it is possible to early detection 
of  disease and use treatments that do not require drastic 
and mutilating operations such as mastectomy.
Photodynamic therapy (PDT) is a noninvasive method that 
allows a highly selective destruction of  cells in the body, 
with maintaining very good cosmetic effect. Due to these 
properties, it is more frequently being considered as a 
method of  therapeutic or supportive treatment in various 
types of  cancers. The research on the sensitivity of  differ-
ent tumor cells to this type of  therapy and improve the 
effectiveness of  PDT are still conducted.
The aim of  this study was to assess the expression of  genes 
involved in apoptosis: antiapoptotic gene BCL2 and proa-
poptotic genes BAX and P53 in breast cancer cells treated 
with PDT.
The effect of  PDT-Photolon on human breast cancer cell 
lines MCF-7 and T-47D was analyzed. The determination 
of  the cell viability in cultures treated with therapy (cyto-
toxic effect and influence on proliferative capacity of  cells) 
by using the WST-1, Cytotox - CVDE and Cytotox – LDH 
was performed. The expression of  genes BCL-2, BAX and 
P53 was assessed at the transcript level by RT-QPCR.
The results indicated that PDT reduced the viability and 
proliferative activity of  breast cancer cells line MCF-7 and 
T-47D. However, in the case of  cell line MCF-7, under the 
influence of  PDT, the expression of  antiapoptotic gene 
BCL-2 increased and the expression of  proapoptotic genes 
BAX and P53 decreased. Whereas, in breast cancer cells 
line T-47D the expression of  antiapoptotic gene BCL-2 as 
well as proapoptotic genes BAX and P53 increased.
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Chronic lymphocytic leukemia (CLL) belongs to group of  
hematological cancers with unknown etiology. A distinct 
disease progression, deregulated apoptosis and differences 
in response to treatment are main problems in curing of  
patients with this type of  leukemia.  Thus very important 
for choosing effective type of  treatment for individual pa-
tient is to looking for new agents with anti-cancer poten-
tial, that could expand the number of  potential drugs and 
increase the patient’s chance to remission. One of  natural 
cytokinin derivative — kinetin riboside [(6)-furfuryladeno-
sine] reflects its activity on cell cycle and cellular signaling.  
The aim of  our ex vivo studies was to analyze the induction 
and progress of  apoptosis in peripheral blood mononu-
clear cells (PBMCs) from CLL patients exposed ex vivo to 
anti-cancer agent — kinetin riboside, as well as drug(s) used 
in hematological clinics to cure of  this type of  leukemia, i.e. 
purine analogs combined with active form of  cyclophos-
phamide — mafosfamide, CM (cladribine + mafosfamide), 
FM (fludarabine + mafosfamide), and additionally to CM 
combined with monoclonal antibody, rituximab — RitCM. 
CLL cell viability and rate of  apoptosis was analyzed using 
Vybrant Apoptosis Assay #4. Changes in chromatin con-
formation was studied by differential scanning calorimetry 
(DSC). The expression/proteolysis of  apoptosis related 
proteins was analyzed by Western blot technique.
In respect to treatment schedules used in hematological 
clinics to treat CLL, the strong decrease in cell viability of  
leukemic PBMCs exposed ex vivo to kinetin riboside oc-
cured. The strong decline of  viable cell levels, as well as 
increase of  apoptotic cell number was concomitant to the 
decrease or loss of  transition at 95±5°C in thermal scans 
of  nuclear fraction preparations. The proteolytic cleavage 
of  apoptotic marker — PARP-1, as well as decrease of  an-
tiapoptotic proteins expression Mcl-1 and Bcl-2 was dem-
onstrated.
The results of  our ex vivo studies revealed that multidirec-
tional approach is useful in the monitoring of  anti-leukemic 
treatment potential and could predict patient’s response to 
therapy in vivo.
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Phosphatidylcholine is the most abundant phospholipid 
that spontaneously organizes into bilayers. In addition to its 
function as a membrane constituent, it may have a role in 
signalling via the generation of  diacylglycerols. Lysophos-
phatidylcholine, with one mole of  fatty acid per mole of  
lipid in position sn-1, is found in small amounts in most 
tissues. It has pro-inflammatory properties in vitro and 
it is known to be a pathological component of  oxidized 
low density lipoproteins in plasma and of  atherosclerot-
ic lesions. Also it plays some functions in cell signalling. 
Phosphatidylcholine is the biosynthetic precursor of  sphin-
gomyelin, therefore it was decided to evaluate the specific 
features of  its composition in the umbilical cord artery 
(UCA) and alteration in preeclampsia. Solid phase extrac-
tion, thin layer chromatography and high-performance 
liquid chromatography were employed for these analyses. 
It was found an increase in total content of  phosphatidyl-
cholines and especially lysophosphatidylcholines in preec-
lamptic UCAs. A marked elevation in sphingomyelin with 
a slight reduction in ceramide content was observed in our 
earlier studies. Taking into account the decrease in DNA 
content it seemed an accumulation of  phoshpolipids in 
preeclamptic UCAs. It could make easier signal transduc-
tion into the cells and, in consequence, stimulation for ob-
served overproduction of  extracellular matrix components 
in preeclamptic umbilical cord arterial wall.
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Recent studies have focused on long-term effects of  pu-
rinergic signalization in proliferation, differentiation, mo-
tility and death of  cells. Ecto-enzymes metabolizing nu-
cleotides are an important part of  purinergic signalization 
system. However, there are no data concerning the activity 
of  these enzymes in mesenchymal stem cells. Mouse MSCs 
share the same morphological and functional characteris-
tics as human MSCs and therefore can be an important tool 
to study the metabolism and immunophenotype of  this cell 
type. The potential therapeutic applications of  MSCs have 
increased research and interest in correct identifying of  
these cells.
We analysed the activity of  ecto-nucleotidases in mesenchy-
mal stem cells (MSCs) of  mouse bone marrow as well as 
in MSCs-derived differentiated osteocytes cultured in vitro. 
We detected some substantial differences in the activity of  
ecto-nucleotidases between both types of  cells. Therefore, 
these ecto-enzymes may be considered as specific markers 
of  undifferentiated and mature cells.
Incubation of  growing MSCs with ATP and ADP as sub-
strate demonstrated mainly the hydrolytic activity of  ecto-
NTPDases. On the other hand, mature osteocytes hydro-
lyse ATP more effectively. But the main difference between 
MSCs and osteocytes concerns metabolism of  ADP — 
only osteocytes metabolize ADP to ATP and AMP, that re-
sults from adenylate kinase activity. Furthermore, undiffer-
entiated MSCs have the ability to produce adenosine from 
AMP due to activity of  ecto-5’nucleotidase. In the opposite 
to MSCs, mature osteocytes incubated with AMP produce 
rather ADP and small amounts of  ATP.
Our further studies concerning expression analysis of  
enzymes metabolizing nucleotides on the surface of  un-
differentiated MSCs and osteocytes, confirmed that ecto-
enzymes are expressed distinctly. Ecto-nucleotidases and 
adenylate kinase mRNA expression level is higher in the 
osteocytes, when compared to the undifferentiated MSCs. 
Surprisingly, mRNA coding CD73 (ecto-5’nucleotidase) is 
present in osteocytes as well as in MSC cells.
Concluding, NTPDase1 and NTPDase8 are engaged in 
metabolism of  ATP in MSCs-derived mature osteocytes 
that is in contrary to undifferentiated MSCs. MSCs-derived 
mature osteocytes effectively metabolize ADP to ATP and 
AMP. The enzymatic activity of  adenylate kinase (AK) on 
the osteocytes surface is consistent with the high expres-
sion level of  AK gene. Adenylate kinase, together with 
NTPDase1 and NTPDase8, may be considered as specific 
markers that allow to distinguish progenitor cells or ma-
ture differentiated cell lineages from early, undifferentiated 
MSCs. Undifferentiated MSCs have the activity of  5’-nu-
cleotidase (CD73) in the opposite to mature osteocytes. 
However, the expression analysis of  CD73 showed no dif-
ferences between MSCs and osteocytes. These results raise 
doubt about whether CD73 may be considered as marker 
of  mesenchymal stem cells.
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Phosphorylation is a ubiquitous regulation mechanism used 
by all living organisms. Eukaryotic pathways usually involve 
either tyrosine or serine/threonine phosphorylation by 
protein kinases. In prokaryotes, a two-component system 
consisting of  histidine-aspartate (His-Asp) phosphorelay 
is responsible for signal transduction initiated by various 
stimuli. A very similar process operates in fungi and plants, 
although at first glance they do not have much in common 
with bacteria. However, despite their obvious biochemical 
differences, bacteria, fungi and plants have to face the same 
problem of  adaptation to environmental conditions. This 
can explain why the two-component system is absent only 
in animals.
In plants, the cascade is more complex and consists of  
three elements: a sensory histidine kinase (HK), a histidine-
containing phosphotransfer protein (HPt), and a response 
regulator (RR). When the signal transduction pathway is 
triggered, the HK autophosphorylates a His residue in its 
histidine kinase domain, which in turn phosphorylates an 
Asp residue in the receiver domain. Subsequently, the phos-
phoryl group is transferred to a His residue of  the HPt 
protein and passed downstream to an Asp residue of  the 
receiver domain of  RR. The latter event initiates the final 
response by binding to a specific DNA motif  or a target 
protein.
Here we report two crystal structures of  HPt proteins 
from Medicago truncatula, MtHPt1 and MtHPt2, determined 
at 1.45 and 0.92 Å resolution, respectively. There is one 
MtHPt molecule in the asymmetric unit in both cases. The 
structures have been refined to very low R factors using 
low-temperature synchrotron-radiation X-ray diffraction 
data. The protein fold consists of  six α-helices, four of  
which form a C-terminal helix bundle. The structure re-
veals a fully exposed His side chain, which is the poten-
tial phosphorylation site, surrounded by highly conserved 
residues present in all plant HPts. The conserved residues 
form a putative docking interface for either the receiver do-
main of  the sensory kinase, or for the response regulator.
We have also performed biochemical tests to assay the en-
zymatic and binding activities of  studied proteins. Auto-
radiography of  HPt enzymatic phosphorylation by intra-
cellular moiety of  receptor kinase with g32P- labeled ATP 
as a donor of  phosphoryl group proved specificity of  the 
transfer reaction. The interaction between CRE1 and HPt1 
was also confirmed by microscale thermophoresis. The de-
termined Kd is 14.1 mM.
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induced macroautophagy in non-
small cell lung carcinoma cell lines
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HSPA2 is a poorly characterized member of  heat shock 
protein HSPA (HSP70) family, and was originally identified 
as a specific chaperone crucial for spermatogenesis. Re-
cently, human HSPA2 was found to be expressed in various 
cancer cell lines and primary tumors. The highest level of  
the HSPA2 gene products was found in cell lines originat-
ing from non-small cell lung carcinomas (NSCLC).
This study was designed to characterize the HSPA2 expres-
sion in NSCLC primary tumors and to search for HSPA2 
function in NSCLC cells. Our immunohistochemical analy-
sis showed that HSPA2 is frequently expressed in surgically 
resected early-stage NSCLC tumors (n=86; 61%). HSPA2 
was more frequently detected in squamous cell carcinoma 
than in adenocarcinoma. Moreover, strong and moder-
ate HSPA2 expression was more frequent in early than in 
advanced stages. Importantly, HSPA2 was also found in 
normal bronchial epithelium. All these findings led us to 
assume that HSPA2 expression can be down-regulated in 
more advanced stages of  NSCLC.
To study the function of  HSPA2 protein in NSCLC cells 
we established stable cell lines with HSPA2 knock-down 
using retroviral transfer of  RNAi-inducing vectors. We 
found out that morphology, viability and proliferation rate 
of  HSPA2-depleted cells were unaffected. This indicates 
that HSPA2 is not required for NSCLC growth. The main 
finding of  our work is that silencing of  HSPA2 expres-
sion leads to augmented induction of  macroautophagy in 
response to cisplatin treatment. We found out that cispl-
atin efficiently induces macroautophagy in NSCLC cells. 
HSPA2-depleted cells responded to cisplatin by higher 
macroautophagy induction reflected by higher rates of  
LC3-I and LC3-II conversion and lysosomal fraction for-
mation. Moreover, we found that HSPA2 downregulation 
can lead to increased resistance of  NSCLC cells to cispl-
atin. The increased resistance of  HSPA2-depleted cells to 
cisplatin was reverted by 3’-methyloadenine, a well-known 
inhibitor of  macroautophagy. The above findings suggest 
that augmented macroautophagy can be triggered as a pro-
survival response, which in turn increases cells’ resistance 
to cisplatin.
Altogether our finding suggest that the low HSPA2 level 
can modulate cell response to anticancer therapy via acti-
vation of  pro-survival cytoprotective mechanisms (macro-
autophagy). Thus, in the light of  our in vitro study, loss 
of  HSPA2 in more advanced stages of  NSCLC can be an 
important prognostic factor.
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Intracellular thymosin β4 enhances 
cancer cell motility and their 
transendothelial migration
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The typical sequence of  events whereby an epithelial cell 
(e.g., a CRC cell) eventually colonizes a distant site and es-
tablishes a metastatic tumor, includes: (a) loss of  cell polar-
ity and detachment from surrounding cells in the primary 
tissue, (b) increased interaction with the extracellular matrix 
(ECM) through integrins, (c) migration through the ECM 
towards blood and lymphatic vessels, (d) migration from 
the vasculature into tissue stroma and finally (e) growing 
into secondary tumor masses. 
Since, transendothelial migration of  cancer cells is a criti-
cal step of  the metastatic invasion, in this report we tested 
the effect of  thymosin β4 (Tβ4) on this process. We used 
two colon cancer cell lines (HT29 and CX1.1) which were 
transiently transfected to increase expression of  Tβ4 and 
characterized their adherence and transmigration through 
endothelial cells. Tβ4 is a small protein that plays an es-
sential role in regulation of  actin polymerization. It is 
also involved in number of  cell functions such as migra-
tion, differentiation, directional migration, angiogenesis, 
wound healing, and apoptosis. We found that HT29 cells 
with upregulated Tβ4 showed enhanced motility as evalu-
ated by wound healing assay and time-lapse microscopy. 
Transendothelial migration was performed using Transwell 
cell culture inserts (Costar). HUVEC were grown on gelati-
nized polycarbonate membrane. Tumor cells labeled with 
Cell Tracker (Invitrogen) and added for an additional 6 h 
on the upper face of  the membrane. NIH3T3 conditioned 
medium was used as the chemoattractant.  The number of  
cancer cells that have migrated to the lower face of  the fil-
ter was counted with a fluorescence microscope.  We pro-
vide an evidence, that overexpression of  Tβ4 in HT29 and 
CX1.1 cells increases their  transendothelial cell migration 
indicating that Tβ4 may regulate their enhanced motility.
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Growing body of  evidence supports an important role for 
platelets in inflammatory response. After platelet activa-
tion, during an inflammation or injury, protein stored in 
platelet alpha-granules are released in large amounts. One 
of  these proteins in human is neutrophil activating peptide 
2 (NAP-2/CXCL7) that plays a role recruiting leukocytes 
and binds chemokine receptor CXCR2. Human (h) NAP-
2 is a degradation product of  pro-platelet basic protein 
(PBP). Human PBP is cleaved to NAP-2 by neutrophil 
enzyme, cathepsin G. Both human and mouse magakaryo-
cytes synthesize PBP but those two protein differ in their 
sequence and size. We have created knockout mice that 
lack of  mouse (m) PBP (mPBP KO) to study the biology 
of  this protein. Thus it was crucial for our future studies 
to establish if  mPBP can be processed in mouse blood to 
yield biologically active degradation product that will bind 
CXCR2. We have purified both recombinant mPBP and 
mNAP-2. Our experiments confirmed that both human 
and mouse recombinant NAP-2 increased human neu-
trophil chemotaxis. We have also looked for degradation 
products of  mouse platelet PBP, both recombinant and 
native released from mouse platelets. After digestion by 
cathepsin G we observe in electrophoresis gel additional 
proteins that were absent in platelets from mPBP KO mice 
that corresponded by size with NAP-2 protein and were 
reacting with anti-mouse PBP antibody. Mass spectrometry 
(MS/MS) established this as a product of  degradation PBP. 
Thus, we confirmed that mouse PBP can be processed to 
yield biologically active mouse NAP-2/CXCL7.
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Inhibition of LPS-induced activation of 
TLR4 modulates the CXCL8 secretion by 
lightly and darkly pigmented melanocytes
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Epidermal melanocytes are the component of  the immune 
defense system and their strategic location in the epidermis 
suggest a role in the response against invading pathogens. 
Recently, it has been reported that normal human melano-
cytes constitutively express a panel of  functional toll-like 
receptors, including the transmembrane toll-like receptor 
4 (TLR4). TLR4 is implicated in recognition of  bacterial 
lipopolysaccharide (LPS) and its stimulation results in se-
cretion of  several cytokines and chemokines via activation 
of  the NF-κB and IRF3 signaling pathways.
The purpose of  our studies was to investigate the effect of  
polymyxin B (PMB), an inhibitor of  LPS-induced activa-
tion of  TLR4, on the release of  CXCL8 in normal human 
melanocytes.
Human epidermal melanocytes originated from lightly and 
darkly pigmented donors (HEMn-LP and HEMn-DP; 
Cascade Biologics/GIBCO Invitrogen) were cultured in 
complete M-254 medium and treated separately or simul-
taneously with E. coli LPS (20 µg/ml) and PMB (10 - 100 
µg/ml) for 48 hours. CXCL8 levels in the cell culture su-
pernatants were measured with the ELISA method (Quan-
tikine® Human CXCL8/IL-8, R&D Systems). Cell pro-
liferation and cytotoxicity were tested by CyQuant® Cell 
Proliferation Assay Kit (Molecular Probes) and CytoTox 
96® Non-Radioactive Cytotoxicity Assay (Promega). 
Both, lightly and darkly pigmented melanocytes did not 
constitutively express CXCL8 and PMB alone, was not able 
to induce CXCL8 secretion. High chemokine-levels were 
observed in the cultures stimulated with LPS. The stimulat-
ing effect was twice as much stronger in the case of  darkly 
pigmented melanocytes. PMB diminished the CXCL8 
release in the LPS-activated melanocyte cultures. The de-
crease was approximately 60% in DP melanocytes and ap-
proximately 40% in their lightly pigmented counterparts, 
and was not dose-dependent.
Our results shown that PMB have the ability to block LPS-
induced CXCL8 secretion by melanocytes, and the inhibi-
tory effect depends on melanocyte pigmentation.
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We investigated the pro-apoptotic activities of  two novel 
synthetic pyrazoles: 5-(p-toluenesulfonyl)pyrazolo[4,3-f]
quinoline (JK1) and 3-(p-toluenesulfonyl)-5-chloroinda-
zole (JK2) in cultured colon cancer cell line HT29 and 
compared with the effects of  the apoptosis positive con-
trol, camptothecin. The MTT test showed that either JK1 
or JK2 in the concentration range 2.5–15 mM caused 20% 
diminishment in cell growth. In higher concentrations 
(25–100 mM) the observed effect depended on pyrazole 
structure and time of  treatment. Indazole derivative (JK2) 
revealed greater cytotoxicity in HT29 cells than JK1 (IC50 
29.9±3.5 and 37.3±2.0, respectively). JK1 and JK2 induced 
morphological changes characteristic of  apoptosis in nu-
clei, when assessed microscopically in the DAPI staining 
assay, which correlated with the results from the MTT test. 
Flow cytometry analysis was performed after 24 hr treat-
ment of  cells with JK1 (110 mM) or JK2 (90 mM). Neither 
JK1 nor JK2 inhibited cell cycle, as no accumulation of  
cells was found in any of  the cycle phases, however greater 
number of  apoptotic cell death was measured after the JK2 
treatment when compared to the effect of  JK1 (23.7% and 
14.9%, respectively). Immunoblotting revealed no effect of  
pyrazoles on the level of  the proliferating cell nuclear an-
tigen (PCNA) level, while camptothecin caused a marked 
increase of  this antigen. Western blot analysis showed that 
JK1 and JK2 induced expression of  the pro-apoptotic pro-
tein Bax and inhibited expression of  the antiapoptotic Bcl-
2 in a concentration-dependent manner. More over JK1 
and JK2 treatments shown to induce PARP-1 cleavage but 
the are no effects on procaspase-3. DNA damage evalu-
ated in Comet assay was dose-dependent for both, JK1 and 
JK2, however no differences between effects of  the two 
pyrazoles was noticed. Our results conclusively demon-
strate the pro-apoptotic and DNA damaging potential of  
the synthetic pyrazoles tested.
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PACAP38 and PACAP6-38 decrease 
viability of Y-79 retinoblastoma cells 
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Introduction: Retinoblastoma is a tumor occurring mainly 
in children, with the highest prevalence between 0-4 years 
of  age. It is mostly composed of  undifferentiated anaplas-
tic cells that arise from the retina, and shows similarities 
in histology with neuroblastoma and medulloblastoma. 
Standard treatment strategies of  retinoblastoma include: 
enucleation, radiation, cryotherapy, thermotherapy, and 
chemotherapy. Although systemic chemotherapy is proven 
to be effective, the addition of  local treatment can improve 
the outcome and reduce side effects.
Pituitary adenylate cyclase-activating peptide (PACAP) and 
vasoactive intestinal peptide (VIP) belong to the family of  
structurally related peptides. They are present in various 
regions of  the nervous system, where they act as neuro-
transmitters. VIP and PACAP bind with similar affinities 
to VPAC1 and VPAC2 receptors, whereas PAC1 receptor 
is preferentially activated by PACAP. Endogenous PACAP 
is present in two forms: 38-aminoacid and C-terminally 
truncated PACAP27. An N-terminally truncated synthetic 
PACAP6-38 is an antagonist of  PAC1 and VPAC2 recep-
tors. It has been demonstrated that PACAP can affect vi-
ability of  several tumor cell lines in either stimulatory or 
inhibitory manner, depending on the type of  cancer.
In this study we examined effects of  VIP and three forms 
of  PACAP (PACAP38, PACAP27, PACAP6-38), alone or 
in combination, on viability of  Y-79 retinoblastoma cell 
line.
Methods: Cell viability and mitochondrial function were 
measured by 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-
tetrazolium bromide(MTT) reduction to MTT formazan 
by cellular mitochondrial dehydrogenases following 24, 48 
and 72 h incubation with the peptides.
Results: Incubation of  Y-79 cells with VIP (0.001-1 μM) 
did not alter their survival. PACAP38 and PACAP6-38 (0.1–
5 μM) decreased viability of  Y-79 cells in a concentration-
dependent manner. The cytotoxic effect of  both peptides 
was additive. Exposure of  Y-79 cells to PACAP27 also re-
duced their survival, but the observed effect was markedly 
weaker than those evoked by PACAP38 and PACAP6-38.
Conclusions: PACAPs exhibit cytotoxic effect on Y-79 
cells. The fact that both agonist and antagonist of  PAC1 
exert similar actions suggest the presence of  splice variants 
of  PAC1 receptor in Y-79 cells or the peptides’ action on 
another, non PAC1, receptor.
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Bronchial asthma development is accompanied by airway 
remodeling, increased secretion of  cytokines, growth fac-
tors and deposition of  extracellular matrix proteins. Con-
nective tissue growth factor (CTGF) has been suggested 
to contribute in many fibrotic disorders. Moreover the 
secretion of  CTGF can be induced by stimulation with 
TGF-β. The ability to express of  CTGF under the action 
transforming growth factor-β1 (TGF-β1) by bronchial fi-
broblasts has not been studied so far. On the other hand it 
has been reported that FMT can be inhibited by activation 
of  some signaling pathways within the cell, including WNT 
pathway. We also tested if  WNT pathway activation can 
attenuate TGF-β-induced CTGF expression  and secretion 
in human bronchial fibroblasts (HBFs).
Experiments were carried out on in vitro provided cultures 
of  HBFs isolated from bronchial biopsies obtained from 
patients with asthma (AS) and from non-asthmatic (NA) 
individuals.
We show for the first time that asthmatic HBFs are capable 
of  connective tissue growth factor expression, when stimu-
lated with TGF-β1 in contrast to non-asthmatic  fibroblasts. 
Furthermore activation of  WNT signaling pathways  by in-
hibition of  GSK 3b activity diminishes this effect.
Our model, based on primary cultures of  bronchial fibro-
blasts in vitro, can be a valuable experimental system to 
study mechanisms underlying bronchial wall remodeling. In 
the future it can help in development of  new therapeutic 
strategies against asthma.
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Proline-rich polypeptide complex (PRP) isolated from 
ovine colostrum contains high proportion of  proline resi-
dues (25%) and hydrophobic amino acids (40%). The activ-
ity of  PRP is not species specific. PRP induces maturation 
and differentiation of  murine thymocytes, promotes pro-
liferation of  human peripheral blood leukocytes, induces 
immunoregulators, including Th1 (TNF-α, IFNs) and Th2 
(IL-6, IL-10) cytokines, inhibits release of  free oxygen radi-
cals and nitric oxide (1-4). Similar activity shows its nona-
peptide component (NP). The sublingual application of  
tablets containing PRP (Colostrinin™) improves the out-
come of  Alzheimer’s disease patients (5-6).
Binding of  NGF to Trk A receptors activates protein ki-
nases and adaptor proteins in multiple signaling pathways. 
In this way transcription factors and other cellular proteins 
are ultimately regulate.
The now presented results show, that in differentiation of  
PC12 cells under influence of  PRP and NP, stimulation 
of  nNOS and increased level of  NO are involved. An in-
creased level of  NO released by PC12 cells observed after 
PRP/NP treatment activate soluble guanylyl cyclase, evalu-
ate cyclic GMP, which next regulate of  phosphorylation of  
ERK 1/2 kinases.
This study provides new insight into mechanism by which 
PRP and NP modulate MAP kinase activation and neurite 
outgrowth, similarly to NGF. The decreased of  NGF level 
observed during aging and in neurodegenerative diseases, 
like Alzheimer’s disease, can be compensated by action of  
PRP and NP, which are able to modulate the NGF-depend-
ent processes.
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In the silkworm, Bombyx mori, 20-hydroxyecdysone regu-
lates morphogenesis through the activation of  the func-
tional ecdysone receptor: a heterodimer consisting  of  two 
nuclear receptors ecdysone receptor (EcR) and Ultraspira-
cle (Usp). It controls transcription of  target genes via in-
teraction both with DNA and other transcription factors. 
N-terminal domains (NTDs) of  the nuclear receptors, 
especially steroid hormone receptors, possess disordered 
structure. Moreover, these regions are known to interact 
with several coregulators, for example from the basal tran-
scriptional complex, which results in the structural changes 
of  NTDs. In this study, different growth media were tested 
for obtaining recombinant NTDs of  EcR and Usp from 
Bombyx mori. Subsequently, the procedure of  purification 
was optimized. It allowed to obtain purified NTDs of  EcR 
and Usp proteins. Molecular weights of  proteins were con-
firmed by ESI-TOF MS. The determination of  secondary 
structure of  NTDs by far-UV circular dichroism (CD) 
spectroscopy revealed that spectra of  recombinant pro-
teins possess characteristics of  intrinsically disordered pro-
teins. Additionally, we observed that the potential partner, 
TATA-box binding protein (TBP), induces conformational 
changes in the investigated NTDs.
Acknowledgements
This work was supported by a statutory activity subsidy from the Polish 
Ministry of  Science and High Education for the Faculty of  Chemistry of  
Wroclaw University of  Technology.


	Lectures
	L4.5

	Oral presentations
	Posters
	P4.5
	P4.10
	P4.15
	P4.20
	P4.25
	P4.30
	P4.35
	P4.40
	P4.45


