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1.0 Introduction 
 
1.1 Mechanisms of tumor progression 
Malignant diseases are leading causes of death. One of the reasons is, that 
precise molecular mechanism of cancer cell dissemination and metastasis 
formation is still unknown.  
 
1.1.1 Hematogenous dissemination 
Certain steps of hematogenous and lymphogenous metastatic spread are 
similar, but basicly they are very different processes mainly in aspect of 
immunogenity and organ specificity. First the primary tumor starts to grow 
and later new vessels are growing in it (angiogenesis) to povide and 
maintain nutrition. Cancer cells can recognize proteins of extracellular 
matrix (adhesion) and via intensive migration they enter vessels 
(intavasation). Tumor cells in circulation are affected by various mechanical 
(eg. altered pressure conditions) and immunological effects. These 
conditions reduce the number of circulating cancer cells, but also in the 
same time binding of soluble matrixproteins helps them to become 
protected against immunological effects via formation of „microclots”, 
where malignant cells are coated by fibrin. Via extravasation cancer cells 
form new metastatic foci in distant organs. 
 
1.1.2 Lymphogenous dissemination 
Lymphatic spread of malignant cells is a similar process to hematogenous, 
but lymphatic vessels have no basal membrane and endothel layer of 
lymphatic capillaries is fenestarted, so tumor cells have chance to 
intravasate more easily. Intravasation is mediated by various chemokines 
and chemoattractant citokines and just those tumor cells are able to survive 
in immunologically active enviroment, which developed an immunresistant 
character. Later metastatic cancer cells attach to stroma of regional lymph 
nodes and start to proliferate supported by neoangiogenesis. 
 
1.2 Role of coagulation system in cancer cell dissemination 
Most tumor types, especially in advanced stage of the disease, are 
characterized by coagulation disorders, due to a prothrombotic state. Tumor 
cells produce various procoagulants, which are responsible for 
hypercoagulation via activating the extrinsic coagulation pathway and factor 
X, ultimately leading to production of thrombin (factor IIa). Accordingly, 
anticoagulant therapy of cancer patients with thromboembolic 
complications became a standard procedure using heparins. Analysis of 
clinical data revealed that heparins are superior over other anticoagulants in 
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managing cancer-induced thromboembolism where low molecular weight 
heparins (LMWH) outperformed the classical form. Moreover, clinical trials 
proved that the use of heparin-derivative treatments of cancer patients 
delayed tumor progression and prolonged survival. 
 
1.3 Lymphangiogenesis and metastasis formation 
Recent research has indicated that growth of lymphatic vessels 
(lymphangiogenesis) correlates with progression of various diseases 
including tumor metastasis, lymphedema, and inflammation. Lymphatic 
vessels provide one of the main routes for tumor metastasis. Vascular 
Endothelial Growth Factor-C and -D (VEGF-C and VEGF-D) are effective 
lymphangiogen molecules and bind to both (Vascular Endothelial Growth 
Factor Receptor-2 and -3) (VEGFR-2 and VEGFR-3) expressed on 
lymphatic endothelial cells (LEC). These factors are produced by cancer 
cells either. Two other angiogen factors as VEGF-A and Fibroblast Growth 
Factor-2 (FGF-2) are able to induce lymphangiogenesis either. 
  
1.4 Role of inflammation in tumor progression 
Inflammation is a critical component of tumor progression. Many kind of 
cancers arise from sites of infection, chronic irritation or inflammation. 
Inflammatory cells have important role in pathological angiogenesis or 
lymphangiogenesis. In tumor microenviroment there are many 
inflammatory cells which participate in neoplastic process via fostering 
proliferation, migration and survival. In addition cancer cells co-opt some of 
the signalling molecules of the innate immune system, such as selectins, 
chemokines, and their receptors for invasion, migration and metastasis. 
During inflammation proinflammatory cytokines often increase VEGF-C 
and VEGF-A expression and constitutively activate a typical transcription 
factor, the nuclear factor-B (NF-B). 
 
1.5 Function of IL-1 in tumor microenviroment 

Interleukin-1 is a highly inflammatory and prototypical multifunctional 

cytokine that affects nearly all cell types. IL-1 is present in the circulation 
of patients undergoing infectious or inflammatory responses in various 
diseases. IL-1 can induce angiogenesis and can increase invasive potential 
of cancer cells. Nakao and collagues demonstrated that IL-1 induced 
angiogenesis can be inhibited by using dexamethasone in mouse cornea 
models via blocking of NF-B signaling pathway.  
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2.0 Goals of this study 
 
I. Heparins have significant antimetastatic effect. For our studies we chose 
one of the most agressive tumors – the melanoma with high metastatic 
potential – to investigate whether heparins have specific effect on 
hematogenous dissemination of melanoma cells and what is the mechanism 
of blocking malignant spread? 
 

I/a) In our in vitro studies we investigate whether heparins and its 
dervatives have direct effect on melanoma cell proliferation, 
migration, invasion, adhesion and survival? 
 
I/b) What is the mechanism of heparin’s antimetastatic effect in in 
vivo mouse preclinical experimental models? 
 

II. IL-1, a multifunctional cytokine can induce tumor angiogenesis. But we 
have no data about its effect on lymphatic endothelial cells. So we 
investigated whether: 
 

II/a) IL-1 have any effect on lymphangiogenesis in mouse cornea 
models in vivo? 

 
II/b) If it is proved, we want to know what is the molecular 
mechanism of IL-1’s affect on lymphangiogenesis? Which cells 
and which signaling pathways are involved in this process and how 
could we modulate it?  
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3.0 Materials and methods 
 
3.1 In vitro culture 
HT168-M1 human melanoma cell line, HUVEC (Human Vascular 
Endothelial Cell) and LEC (Lymphatic Endothelial Cell) line was 
maintained in vitro as monolayer culture.  
 
3.2 Anticoagulants 
Two types of heparins were used: unfractionated heparin-natricum (UFH) 
(Mw: 12-15.000 Da, Richter Co) and low molecular weight dalteparin-
natricum (LMWH, Mw: 5000 Da, Fragmin). As control anticoagulant, 
recombinant hirudin (Mw: 6979.5 Da, Refludan) was used in 0.9% NaCl 
solution. 
 
3.3 Cell proliferation assay 
Tumor cells were plated in RPMI-1640 medium and after 24 hours cells 
were treated with 0.01-1 IU/ml UFH or LMWH. At the end of incubation a 
colorimetric assay (MTT, Sigma) was performed in 6 parallel samples. The 
HUVECs and LECs were suspended in Eagle’s basal medium and incubated 
for 24 h, then the medium was changed medium containing VEGF-A, 
VEGF-C, FGF-2, or IL-1 in each well. Cell number in each well was 
counted. 
 
3.4 Cell adhesion to extracellular matrix (ECM) proteins in vitro 
The plates were coated with 5 g/well of ECM proteins overnight at 4°C: 
fibronectin (Sigma), laminin, Matrigel (Collaborative Research), collagen I-
III (from rat tail), fibrinogen (Fraction I from human plasma, Sigma), all 
diluted in 50 l PBS. Tumor cells were pretreated with 0.1-1 IU/ml of UFH 
or LMWH for 1 h at 37oC. After treatment tumor cells were allowed to 
adhere to the matrix. Non-adherent cells were then discarded and the ratio 
of the attached cells - compared to control wells containing all plated cells - 
were determined by staining with Sulforhodamine B. 
 
3.5 Melanoma cell adhesion to endothelial cells in vitro 
Slides were coated with fibronectin (50 g/ml, Sigma). Human endothelial-
derived Kaposi’s sarcoma cells (KS-Imm) in RPMI were allowed to adhere 
to FN. Confluent KS-Imm cells were covered with heparin-pretreated (1 
IU/ml UFH or LMWH) HT168-M1 human melanoma cells. Cells were 
fixed and immunohistochemistry was performed. Mixture of monoclonal 
anti-gp100 (HMB45, DAKO) and anti-MART-1 (M2-7 C10 hybridoma 
supernatant) antibodies was used for the detection of melanoma cells, and 
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PBS for negative control. Adherent melanoma cells were counted and data 
have been statistically analyzed in 4 parallel samples.  
 
3.6 Cell migration and invasion through Matrigel in vitro 
The migration and invasion assays were performed in CXF8 plate. The 
filters were coated with PBS (migration assay) or with Matrigel (50 g/ml, 
invasion assay). Tumor cells were pretreated with 1 IU/ml UFH or LMWH. 
Migration was allowed to proceed for 20 h. The number of migrated tumor 
cells (in 6 parallel samples) was counted in three separate fields for each 
well with and analyzed statistically. HUVEC and LEC migration assay was 
performed in the similar way as mentioned above.  
 
3.7 Animal experiments 
For the Hungarian experiments we used 2-3 months old female BALB/C or 
SCID mice (National Institute of Oncology, Budapest). In Japan 6-10 week-
old male C57BL/6 or BALB/C mice (Kyudo, Japan) were used for 
experiments. 
 
3.8 Lung colonization assay 
106 HT168-M1 human melanoma cells were injected i.v. into anaesthetized 
mice. UFH, LMWH (20-200 IU/kg diluted in 100 l of 0.9% NaCl per each 
animal) and hirudin (3 mg/kg) were administered intraperitoneally daily on 
the day before tumor inoculation till the 3rd day after tumor cell inoculation. 
Controls received saline. Animals sacrificed on day 50. Lungs were 
removed, fixed, and surface tumor colonies were counted under stereolight 
microscope.  
 
3.9 Dynamics of tumor cell seeding in the lung 
Female SCID mice were treated with heparins (200 IU/kg) or saline as 
control, ip. one day before tumor cell inoculation. One million tumor cells 
were injected iv. and animals were terminated after 5 min, 1 or 4 hours. The 
lungs were removed and immunohistochemistry was performed with 
melanoma specific anti-HMB45/anti-MART-1 mixture. Human melanoma 
cells were counted. 
 
3.10 Liver metastasis assay 
Tumor cells (105) were injected into the spleen of SCID mice. Daily 
treatment with UFH and LMWH (20-200 IU/kg), hirudin (3 mg/kg) or 
saline as control, was started on the 8th postinjection day and continued for 2 
weeks. Animals were sacrificed on day 31. The spleens and livers were 
removed and surface liver metastases from 10 parallels were counted. 
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3.11 Tumor-induced platelet aggregation 
Aggregometry was performed by TX4 aggregometer. Human platelets were 
mixed with cancer cells (1:10) and waited 10 minutes until aggregative 
response. 
 
3.12 Measurement of coagulation parameters  
For measurement of the anticoagulant effect of heparins, we examined the 
most widely used laboratory parameters, as activated partial thromboplastin 
time (aPTT), thrombin time (TT), level of prothrombin, International 
Normalized Ratio (INR) and level of fibrinogen. Mice were treated with 
UFH or LMWH (20-200 IU/kg), hirudin (3 mg/kg) or NaCl solution and  
coagulation parameters were determined. 
 
3.13 Detection of circulating melanoma cells 
One ml cardiac blood was drawn from animals 5-60 min. following tumor 
cell injection i.v. Total cellular RNA was extracted from nucleated cells 
using Trizol (Sigma) reagent. Reverse transcription and quantitative PCR 
analysis was performed for mRNA expression of human WT1, which was 
standardized by co-amplifying this gene with the housekeeping human gene, 
ß-actin.  
 
3.14 Corneal micropocket assay in mice  
A corneal micropocket assay was used to quantify corneal 
neovascularization in response to hydron pellets containing 50 ng human 
IL-1 or human FGF-2, together with 500 ng rat anti-mouse VEGFR-3 
antibody in some cases, which were implanted in the corneas of the mice. 
The pellets were positioned with microsurgical technique 1 mm away from 
the corneal limbus. After 6, 12 or 14 days, the corneal vessels were 
photographed. 
 
3.15 Immunohistochemistry on mouse cornea samples 
Corneas got from corneal micropocket assay were immunostained with 
specific lymphatic markers, as anti-LYVE-1 (1:600) and podoplanin 
(1:1000). Presence of angiogenesis was detected by -SMA (1:1000). 
 
3.16 Macrophage depletion 
Liposome-encapsulated clodronate (Cl2MDP-LIPs) was prepared as 
described previously. Cl2MDP-LIPs were injected intravenously and 10 l 
Cl2MDP-LIPs were injected subconjunctivally every other day. As a con 
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trol, the same doses of PBS-LIPs were administered through the dual routs 
every other day. 
3.17 NF-B pathway inhibition in vivo 
To examine the effect of a NF-B inhibition using of NF-B inhibitor, 
SN50 (25 g/l) were applied topically to IL-1 implanted eyes twice a day 
from day -1 to day 13. 
 
3.18 Whole mount double labelled immunostaining 
The mouse eyes were enucleated on day 6 or 12 or 14 after implanting 
pellets containing IL-1 or FGF-2. The whole mounts were immunostained 
separately or with a mixture of anti- LYVE-1 polyclonal Ab and anti-CD31. 
The blood and lymphatic vessels were examined, and photographed under a 
confocal microscope. 
 
3.19 Statistical analysis 
Student’s t-test (p values <0,05) and Mann-Whitney U-test was Used for all 
statistical analyses. 
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4.0 Results 
 
4.1 Effects of anticoagulants on lung colony formation of human 
melanoma cells 
HT168-M1 melanoma cells were injected iv. into anticoagulant-pretreated 
SCID mice which were further treated for 3 days. At termination (on Day 
50), results showed that heparins at low (20 IU/kg) or human equivalent 
dose (200 IU/kg) inhibited lung metastasis formation. This effect was 
specific for heparins, since recombinant hirudin did not affect lung 
colonization at human equivalent dose (3 mg/kg). Moreover, LMWH 
treatment not only reduced the number of lung colonies, but also reduced 
the incidence of metastases unlike UFH or hirudin. 
 
4.2 Effects of anticoagulants on liver metastatization of human melanoma 
cells 
The anticoagulants were tested in a liver metastasis model as well. Animals 
were treated from the 8th postinjection day for another 2 weeks ip. Heparins 
at low and at human equivalent dose effectively and significantly inhibited 
liver metastasis formation. Similarly to lung colonization, hirudin treatment 
did not influence liver metastasis formation. 
 
4.3 Effect of anticoagulants on the hemostasis of SCID mice 
One day and 1h before blood taking, SCID mice were treated ip. with UFH, 
LMWH or hirudin. We have measured the most important blood 
coagulation parameters: aPTT, TT, as well as prothrombin and fibrinogen 
levels were measured. Following heparin and hirudin therapies the aPTT 
and TT levels increased at the human equivalent dose (200 IU/kg and 3 
mg/kg, respectively), and there were no significant differences between the 
anticoagulants in this respect. Prothrombin and fibrinogen levels of SCID 
mice did not change following pretreatment. 
 
4.4 Tumor cell induced platelet aggregation (TCIPA) 
Aggregometry was carried out to clarify whether platelet aggregation could 
be a reason of heparin’s in vivo effect. In our study HT168-M1 melanoma 
cells had just very weak thrombocyte aggregation capacity (8% was the 
maximum compared to normal ADP-induced 62-91% rate). This feature 
couldn’t be affected by any anticoagulants. So this mechanism can’t be the 
reason of heparin’s antimetastatic effect. 
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4.5 Tumor cell proliferation in vitro and in vivo  
None of the heparins affected melanoma cell growth in vitro, or intrasplenic 
tumor growth in vivo, and hirudin was also ineffective in this respect. 
 
4.6 Interaction of tumor cells with ECM components and endothelial cells 
in vitro 
For determining the effect of heparins on tumor cell adhesion to ECM 
proteins, melanoma cells were incubated on plates coated with ECM 
proteins: Matrigel, fibrinogen, fibronectin, laminin and collagen I-III for 35-
60 minutes, and the percentage of adherent cells was determined. Heparins 
(0.1-1 IU/ml) did not affect the adhesion potential of human melanoma cells 
to the matrix proteins used. We have also studied the adhesion of melanoma 
cells to endothelial cell monolayer in vitro. Melanoma cells were allowed to 
adhere to endothelial cells for 60 minutes, and adhered cells were identified 
using HMB45/anti-MART-1 antibodies. We found that heparins (1 IU/ml) 
significantly inhibited melanoma cell adhesion to endothelial cells, 
confirming previous observations .  
 
4.7 Effects of heparins on human melanoma cell migration and invasion 
in vitro 
Migration of melanoma cells was also tested after treatment with heparins 
(1 IU/ml). We found that UFH and LMWH pre-treatments significantly 
abrogated melanoma cell migration. Next we studied Matrigel invasion of 
melanoma cells, and found that heparins significantly inhibited matrix 
invasion of human melanoma cells as well.  
 
4.8 Analysis of the anti-metastatic effect in vivo  
Lung colonization assay recapitulates the second phase of hematogenous 
metastasis formation, from their circulating state to extravasation and 
colonization. We have questioned which phase of this complex process is 
affected by the treatment with heparins. For this purpose, we studied the 
dynamics of melanoma cell seeding in the lung of SCID mice directly after 
intravenous injection. Mice were pretreated with the human equivalent dose 
of UFH and LMWH (200 IU/kg) one day or 1 hour before tumor cell 
inoculation, and were terminated at 5 min, 1 h or 4 h following tumor cell 
injection. Tumor cells were identified in the lung tissue by the expression of 
melanoma markers and counted under microscope. Even at the earliest time 
point (5 min) the density of tumor cells in the lung capillaries significantly 
reduced in heparin-pretreated animals to ~40% of the control, which effect 
was maintained for 1 h. The effect of the heparin pre-treatment on the 
amount of circulating viable tumor cells was measured by a sensitive 
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quantitative PCR technique determining the mRNA expression of the 
human WT1 gene. Cardiac blood was drawn from pre-treated animals 5 and 
60 min following iv. injection of tumor cells. Data indicated that in the 
animals pre-treated with heparins (200 IU/kg) the number of circulating 
tumor cells was much higher at the earliest point studied (5 min), while this 
difference disappeared at 60 min, when a significantly reduced number of 
circulating viable human tumor cells could be found in the circulation.  
 
4.9 IL-1 induces lymphangiogenesis as well as angiogenesis in mouse 
corneas  
In this study, we examined whether IL-1 could also induce 
lymphangiogenesis. The implantation of pel ets containing 50 ng IL-1 
induced neovascularization in the corneas of mice. Immunostaining whole 
mounts revealed the development of both LYVE-1+ lymphatic vessels and 
CD31+ blood vessels on day 6 or 12 or 14 after the implantation of pellets 
containing 50 ng IL-1. Immunostaining of the corneal sections revealed 
the formation of both new lymphatic vessels and blood vessels. 
Quantification of the extent of lymphangiogenesis showed that 50 ng IL-1 
induced new lymphatic vessels, and these numbers were comparable to 
those induced by 100 ng FGF-2. By contrast, 10 ng IL-1 or 200 ng VEGF-
A induced much less lymphatic vessels in the cornea. These LYVE-1+ 
vessels did not contain blood cells and did not express -SMA, and most of 
these LYVE-1+ vessels were also found to be positive for podoplanin, 
another lymphatic vessel specific marker. We also observed LYVE-1+ 
vessels in FGF-2-implanted cor neas.  
 
4.10 Morphological analysis of newly dormed lymphatic vessels 
We noticed that different lymphangiogenic factors cause different structure 
in newly formed vessels. IL-1 induced lympahtic vessels are thick, have 
wide lumens, vessels are blind-ended and have rotatory shape. FGF-2 
mediates longer and branching lymphatic vessels. 
 
4.11 Effect of VEGF-A, VEGF-C, FGF-2, and IL-1 on cell proliferation 
and migration by HUVECs (Human Vascular Endothelial Cell) and 
LECs (Lymphatic Endothelial Cell) in vitro 
We next examined whether IL-1 could directly stimulate angiogenic 
activity by looking its effects on proliferation and migration of HUVECs 
and LECs in vitro. HUVEC and LEC proliferation in culture was increased 
in response to exogenous VEGF-A, VEGF-C, and FGF-2, but was not 
affected by various doses of IL-1. IL-1 at dose of 1 ng/mL was found to 
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inhibit HUVEC and LEC proliferation, and IL-1 just mildly stimulates cell 
migration. 
 
4.12 Increased expression of VEGF family proteins in IL-1-treated 
mouse cor neas  
We next examined the effect of IL-1 on the expression of the 
lymphangiogenesis-related factors VEGF-C, VEGF-D, and FGF-2, and the 
potent angiogenic factor, VEGF-A, in mouse cornea on day 0, 2, 4, 6, and 
10. The VEGF-A, VEGF-C, and VEGF-D mRNA levels were increased 
with the time after IL-1 implantation in mice. The VEGF-A mRNA levels 
were markedly elevated on day 4 and followed a marked increase of VEGF-
C and VEGF-D mRNA levels on day 6 and 10. 
 
4.13 Inhibition of IL-1-induced lymphangiogenesis by anti-VEGFR-3 
antibody 
VEGF-C and VEGF-D mediate their potent lymphangiogenic effects 
through their receptor, VEGFR-3, and neutralizing anti-VEGFR-3 antibody 
has been shown to selectively inhibit VEGF-C induced lymphangiogenesis. 
Treatment with anti-VEGFR-3 Ab (-R3) had no apparent effect on IL-1-
induced angiogenesis, but inhibited the IL-1-induced formation of LYVE-
1+ lymphatic vessels. Quantitative analysis demonstrated a significant (P < 
0,05) reduction in IL-1-induced lymphangiogenesis by the -R3 Ab. By 
contrast, -R3 Ab did not affect the IL-1 induced formation of CD31+ 
vascular endothelial cells. 
 

4.14 Effect of macrophage depletion on IL-1-induced 
lymphangiogenesis and production of lymphangiogenic factors in vivo 
Immunohistochemical analsis with the neutr phil-specific anti-Gr-1Ab and 
the macrophage-specific anti-F4/80 Ab revealed the infiltration of these 
inflammatory cells in IL-1-induced lymphatic vessels and blood vessels in 
the cornea. We previously reported that IL-1-induced angiogenesis in the 
mouse cornea was markedly suppressed when the macrophages in corneas 
and blood were depleted to 10–20% of the normal number by 
administration of Cl2MDP-LIP via intravenous and subconjunctive 
injections. Administration of Cl2MDP-LIP markedly reduced the number of 
F4/80+ macrophages in the cornea and also markedly inhibited 
angiogenesis (CD31+ cells) and lymphangiogenesis (LYVE-1+ cells) 
induced by IL-1. Quantitative analysis demonstrated that mRNA levels of 
VEGF-A, VEGF-C, and VEGF-D in cornea were reduced by 50% or more 
in IL-1-implanted mice only when the macrophages was depleted by 
Cl2MDP-LIP. Taken together, macrophage depletion also affected the 
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expression of VEGF-C, VEGF-D, and VEGF-A mRNA expression as well 
as lymphangiogenesis in IL-1-treated corneas. 
 

4.15 Effect of NF-B inhibition on IL-1-induced lymphangiogenesis and 
production of lymphangioge ic fa tors in vivo 
To examine the role of NF-B in the IL-1-induced lymphangiogenesis and 
angiogenesis in the mouse corneas, we examined the effect of selective NF-
B inhibitor peptide, SN50. Typical examples of immunostaining whole 
mounts showed both LYVE-1+ lymphatic vessels and CD31+ blood vessels 
on day 14 after IL-1 implantation with or with out SN50. Quantitative 
analysis resulted in significant reduction of both angiogenesis and 
lymphangiogenesis by SN50 treatment in comparison with the untreated 
control group. Expression of VEGF-C and VEGF-D was markedly reduced 
to 20% or less in IL-1-treated mice by SN50 as compared with control 
mice when those of VEGF-A mRNAs were reduced to about 50%. NF-B 
activation thus might play a key role in the inflammatory cytokine-induced 
lymphangiogenesis and production of potent lymphangiogenic factors. 
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5.0 Conclusion 
 
a) We have shown that both unfractionated (UFH) and fractionated 
(LMWH) heparins have specific antimetastatic effect in human melanoma 
lung colonization and liver metastasis models. 
 
b) We provided evidence first time that UFH and LMWH directly can 
inhibit human melanoma cells’ migration, invasion and adhesion to vessel 
endothelial cells. 
 
c) As our experimental model (HT168-M1 human melanoma cell line) has 
no significant thrombocyte aggregation capacity, we concluded that the in 
vivo effect of heparins depends on direct antitumor effect.  
 
d) We showed that the beneficiary effect of heparins show up in a very early 
phase of in vivo hematogenous dissemination, in the first moments of 
entrapment of tumor cells in the lung capillaries. 
 
e) We first time proved that IL- can induce lymphangiogenesis in mouse 
cornea model and which induction level is comparable with VEGF and FGF 
either. 
 
f) IL-1 can selectively enhance blood and lymphatic endothel cell 
migration, but has no effect on proliferation. 
 
g) We presented evidence that IL- increases expression of angiogenic and 
lymphangiogenic growth factors on mRNS level in mouse cornea model. 
 
h) It’s our new and very important result in aspect of new therapeutic 
startegies that IL-1 induced lymphangiogenesis is mediated through 
activation of NF-B signaling pathway. 
 
i) IL-1 induced lymphangiogenesis is mediated by the up-regulation of 
potent lymphangiogenic factors and their receptors (VEGF-C, VEGF-D, 
VEGFR-3) or by activation of infiltrating macrophages. These facts are also 
new findings which could be potent targets to develop new strategies in 
cancer therapy. 
 
 
 



 - 15 -

6.0 List of publications 
6.1 Publications connected to dissertation 
 

 Bíborka Bereczky, Réka Gilly, Erzsébet Rásó, Ágnes Vágó, József 
Tímár, József Tóvári: Selective antimetastatic effect of heparins in 
preclinical human melanoma models is based on inhibition of 
migration and microvascular arrest. Clin.Exp.Met. 2005; 22:69-76. 
(IF: 2,811) 

 
 József Tímár, József Tóvári, Erzsébet Rásó, Lívia Mészáros, 

Bíborka Bereczky, Károly Lapis: Platelet-mimicry of cancer cells: 
epiphenomenon with clinical significance. Oncology 2005; 69:185-
201. (IF: 1,985) 

 
 Tóvári József, Bereczky Bíborka, Gilly Réka, Skopál Judit, Vágó 

Ágnes, Tímár József: Effect of heparin treatment on metastatic 
potential of melanoma cells  in preclinical experimental model. 
Magyar Onkológia 2004; 48(3):235-241 {Hungarian} 

 
 Kosuke Watari, Shintaro Nakao, Abbas Fotovati, Yuji Basaki, 

Fumihito Hosoi, Biborka Bereczky, Ryuichi Higuchi, Tomofumi 
Miyamoto, Michihiko Kuwano, Mayumi Ono: Role of macrophages 
in inflammatory lymphangiogenesis: Enhanced production of 
vascular endothelial growth factor C and D through NF-B 
activation. Biochemical and Biophysical Research Communications 
2008; 377:826-831. (IF: 2,648) 

 
6.2 Other publications 
 

 Pál Ondrejka, Bíborka Bereczky, Zoltán Ráth, Gábor István, Bence 
Forgács, István Sugár: The treatment of gastric tumours in our 
practice: a five year survey Zentralbl Chir2004; 129(2):122-124. 
(IF: 0,339) 

 
 József Tóvári, Réka Gilly, Erzsébet Rásó, Sándor Paku, Bíborka 

Bereczky, Norbert Varga, Ágnes Vágó, József Tímár: Recombinant 
human erythropoietin- targets intratumoral blood vessels, 
improving chemotherapy in human xenograft models. Cancer Res. 
2005; 65(16):7186-7193. (IF: 7,616) 

 



 - 16 -

 Yukio Nishimura, Kiyoko Yoshioka, Ora Bernard, Bíborka 
Bereczky, Kazuyuki Itoh: A role of LIM kinase 1/cofilin pathway in 
regulating endocytic trafficking of EGF receptor in human breast 
cancer cells. Histochem.Cell.Biol. 2006 Nov; 126(5):627-638. (IF: 
3,220) 

 
 Yukio Nishimura, Bíborka Bereczky, Mayumi Ono: The EGFR 

inhibitor gefitinib suppresses ligand-stimulated endocytosis of EGFR 
via the early/late endocytic pathway in non-small cell lung cancer 
cell lines. Histochem.Cell.Biol. 2007, 127:541-553. (IF: 2,893) 

 
 József Lövey, Bíborka Bereczky, Réka Gilly, István Kenessey, 

Erzsébet Rásó, Erika Simon, Judit Dobos, Ágnes Vágó, Miklós 
Kásler, Balázs Döme, József Tímár, József Tóvári: Recombinant 
human erythropoietin alpha improves the efficacy of radiotherapy of 
a human tumor xenograft, affecting tumor cells and microvessels. 
Strahlenther Onkol. 2008 Jan; 184(1):1-7. (IF: 3,005) 

 
 Gábor Bognár, Gábor István, Bíborka Bereczky, Pál Ondrejka: 

Detection of human papillomavirus type 16 in squamous cell 
carcinoma of the colon and its lymph node metastases with PCR and 
southern blot hybridization. Pathol Oncol Res. 2008;14(1):93-96. 
(IF: 1,260) 

 
 Gábor Bognár, Bence Forgács, Gábor István, Bíborka Bereczky, 

Lajos Berczi, György Ledniczky, Pál Ondrejka: Successfully treated 
case of postoperative mesenteric panniculitis. Magyar Sebészet 2008 
Apr;61(2):84-7. {Hungarian}  

 
 Yukio Nishimura, Kiyoko Yoshioka, Bíborka Bereczky, Kazuyuki 

Itoh: Evidence for efficient phosphorylation of EGFR and rapid 
endocytosis of phosphorylated EGFR via the early/late endocytic 
pathway in a gefitinib-sensitive non-small cell lung cancer cell line. 
Molecular Cancer. 2008; 7:42 (13 pages) (IF: 5,362) 

 
 Gábor Bognár, Andreas Imdahl, Bíborka Bereczky, György 

Ledniczky, Gábor István, Éva Katalin Tóth, Christian Ihling, Pál 
Ondrejka: Prognostic role of vascularisation and proliferation in 
rectal cancer with liver metastasis. Magyar Sebészet 2009, 62 
(1):15-21. {Hungarian}  

 



 - 17 -

 György Ledniczky, Gábor Bognár, Bíborka Bereczky, Loránd 
Barabás, Pál Ondrejka: Precursors of pancreatic cancer: 
intraepithelial neoplasia{PanIN} and intraductal papillary mucinous 
neoplasms {IPMN} Magyar Sebészet 2009, 62 (1):22-26. 
{Hungarian} 

 
 György Ledniczky, Gábor Bognár, Csaba Diczházi, Bíborka 

Bereczky, Loránd Barabás, Pál Ondrejka: An uncommon 
malignancy of the breast: dermatofibrosarcoma protruberans with 
fibrosarcomatous transformation {DFSP-FS} Magyar Sebészet 2009, 
62(1): 27-29. {Hungarian} 

 
 Gábor Bognár, Bíborka Bereczky, Loránd Barabás, Csaba Diczházi 

Pál Ondrejka: Recurrent retroperitoneal liposarcoma presenting as 
an incarcerated femoral hernia Magyar Sebészet 2009, 62 (1):30-33. 
{Hungarian} 

 
6.3 Scientific presentations connected to dissertation  
 

 Bíborka Bereczky1,5, Shintaro Nakao1, Ri-ichiro Kono2, N. Yusuke 
Kimura 3,4, Toshiaki Nakano2, Mayumi Ono1,3, Michihiko 
Kuwano3,4, Pál Ondrejka5  1Department of  Medical Biochemistry, 
Graduate School of Medical Sciences, Kyushu University, Fukuoka, 

Japan;  
2
Division of Pathophysiological and Experimental Pathology, 

Department of Pathology, Kyushu University, Fukuoka, Japan; 
3Station for Collaborative Research II., Kyushu University, Fukuoka, 
Japan ; 4Research Center of Innovative Cancer Therapy of the 21st 
Century COE Program for Medical Science, Kurume University, 
Kurume, Japan; 5 Semmelweis University 2nd Department of Surgery, 
Budapest, Hungary Role of lymphangiogenesis in tumor 
microenviroment (oral presentation in Japanese) 

3rd Scientific Meeting of the Japanese-Hungarian Surgical Society; 
8th-10th September 2008; Budapest, Hungary 

 
 Bereczky Bíborka1,5, Shintaro Nakao1, Ri-ichiro Kono2, Bognár  

Gábor5, N. Yusuke Kimura 3,4,  Toshiaki Nakano2, Mayumi Ono1,3, 
Michihiko Kuwano3,4  1Department of  Medical Biochemistry, 
Graduate School of Medical Sciences, Kyushu University, Fukuoka, 

Japan;  
2
Division of Pathophysiological and Experimental Pathology, 

Department of Pathology, Kyushu University, Fukuoka, Japan; 3 

Station for Collaborative Research II., Kyushu University, Fukuoka, 



 - 18 -

Japan ; 4Research Center of Innovative Cancer Therapy of the 21st 
Century COE Program for Medical Science, Kurume University, 
Kurume, Japan;  5Semmelweis Egyetem II.sz. Sebészeti Klinika, 
Budapest Role of lymphangiogenesis and inflammation in 
metastasis-formation (poster) 27th Jubilee Congress of Hungarian 
Oncological Society; 8-10th November 2007; Budapest, Hungary 

 
 Bíborka Bereczky1,5, Shintaro Nakao1, Ri-ichiro Kono2, Gábor 

Bognár5, N. Yusuke Kimura 3,4,  Toshiaki Nakano2, Mayumi Ono1,3, 
Michihiko Kuwano3,4   1Department of  Medical Biochemistry, 
Graduate School of Medical Sciences, Kyushu University, Fukuoka, 

Japan;  
2
Division of Pathophysiological and Experimental Pathology, 

Department of Pathology, Kyushu University, Fukuoka, Japan; 3 

Station for Collaborative Research II., Kyushu University, Fukuoka, 
Japan ; 4Research Center of Innovative Cancer Therapy of the 21st 
Century COE Program for Medical Science, Kurume University, 
Kurume, Japan; 5Semmelweis University, 2nd Department of 
Surgery, Budapest The role of lymphangiogenesis in tumor 
microenviroment (oral presentation) 21st Conference of Hungarian 
Surgical Society, Section of Experimental Surgery; 2nd June – 31st 
May 2007; Pécs, Hungary 

 
 Bíborka Bereczky1,5, Gábor Bognár5, Shintaro Nakao1, Ri-ichiro 

Kono2, N. Yusuke Kimura3,4,  Mayumi Ono1,3, Michihiko Kuwano3,4  

1Department of  Medical Biochemistry, Graduate School of Medical 

Sciences, Kyushu University, Fukuoka, Japan; 
2
Division of 

Pathophysiological and Experimental Pathology, Department of 
Pathology, Kyushu University, Fukuoka, Japan; 3Station for 
Collaborative Research II., Kyushu University, Fukuoka, Japan ; 
4Research Center of Innovative Cancer Therapy of the 21st Century 
COE Program for Medical Science, Kurume University, Kurume, 
Japan; 5Semmelweis University, 2nd Department of Surgery, 
Budapest The role of angiogenesis – lymphangiogenesis – 
inflammation in metastatic  process (oral presentation)  
1st prize lecture      
3rd Conference of Young Surgeons and Young Oncologists; 26-27th 
April 2007; Kecskemét, Hungary 

 
 
 
 



 - 19 -

 Bíborka Bereczky1,5, Shintaro Nakao1, Ri-ichiro Kono2, N. Yusuke 
Kimura 3,4, Toshiaki Nakano2, Mayumi Ono1,3, Michihiko Kuwano3,4          

1Department of  Medical Biochemistry, Graduate School of Medical 

Sciences, Kyushu  University, Fukuoka, Japan;  
2
Division of 

Pathophysiological and Experimental Pathology,  Department of 
Pathology, Kyushu University, Fukuoka, Japan; 3Station for 
Collaborative Research II., Kyushu University, Fukuoka, Japan ; 
4Research Center of Innovative Cancer Therapy of the 21st Century 
COE Program for Medical Science, Kurume University, Kurume, 
Japan; 5Semmelweis University, 2nd Department of Surgery, 
Budapest Role of  IL-1induced lymphangiogenesis in the 
metastatic process (oral presentation) 
58th Conference of Hungarian Surgical Society; 6-9th September 
2006, Budapest, Hungary 

 
 Yusuke Kimura1, Shintaro Nakao2, Shu-ichi Ueda2, Takashi 

Kuwano2, Bíborka Bereczky2, Shinji Oie3, Michihiko Kuwano1,3, 
Mayumi Ono2 1Research Center for Innovative Cancer Therapy, 
Kurume University, Kurume, Japan; 2Department of  Medical 
Biochemistry, Graduate School of Medical Sciences, Kyushu 
University, Fukuoka, Japan; 3Station for Collaborative Research II., 
Kyushu University, Fukuoka, Japan Inflammatory cytokine IL-1 beta 
– induced malignant cancer progression and an involvement of 
macrophage (poster, No.PP1 0434) 64th Annual Meeting of  
Japanese Cancer Association,  

           Sapporo, Japan; 14-16 September 2005  
 

 Bíborka Bereczky1,2, József Tóvári1, József Tímár1 1National 
Institute of Oncology, Department of Tumor Progression, Budapest 
2Semmelweis University, 2nd Department of Surgery, Budapest 
Antimetastatic effect of heparin-derivatives in preclinical models 
(oral presentation) 
57th Conference of Hungarian Surgical Society; 16-18th June 2004, 
Pécs, Hungary 
 

 Bíborka Bereczky, József Tóvári, József Tímár 

National Institute of Oncology, Department of Tumor Progression, 
Budapest Our preclinical experiences with antimetastatic effect of low 
molecular weight heparin (oral presentation) 1st Conference of Young 
Surgeons and Young Oncologists; 16-17th April 2004, Kecskemét, 
Hungary 



 - 20 -

 
 Bíborka Bereczky, József Tóvári, József Tímár 

National Institute of Oncology, Department of Tumor Progression, 
Budapest Effects of heparins on progression of human melanoma in 
experimental models (oral presentation) 
25th Conference of Hungarian Oncological Society; 12-15th November 
2003, Szeged, Hungary 

 
 József Tímár, Bíborka Bereczky, Réka Gilly, József Tóvári  
National Institute of Oncology, Budapest, Hungary 
Selective antimetastatic effect of low molecular weight heparin on 
human melanoma xenograft (poszter) 
The Federation of European Cancer Societies – ECCO 12,  
Copenhagen, Dennmark; 21-25 September 2003 

 
 Bíborka Bereczky1,2, József Tóvári 2, József Tímár 2 

1Semmelweis University, Faculty of Medicine 6th grade medical student 
and 1st grade M.D. Ph.D. student 2 National Institute of Oncology, 
Department of Tumor Progression, Budapest Effects of heparins in 
tumor progression and in vivo tumor dissemination - preclinical 
investigation (oral presentation) 19th Conference of Hungarian 
Surgical Society, Section of Experimental Surgery; 11-13th September 
2003, Siófok, Hungary 

 
 Bíborka Bereczky (1st grade MD PhD student) 
National Institute of Oncology, Department of Tumor Progression, 
Budapest and Semmelweis University, 1st Pathological and 
Experimental Oncological Institute, Budapest Effects of heparins on 
proliferation and dissemination of human melanoma (oral 
presentation) 
Tutor: Prof. József Tímár Semmelweis University, PhD Scientific 
Days; 10-11th April 2003, Budapest, Hungary 
 

 


	3.1 In vitro culture
	3.2 Anticoagulants
	3.5 Melanoma cell adhesion to endothelial cells in vitro
	3.6 Cell migration and invasion through Matrigel in vitro
	3.9 Dynamics of tumor cell seeding in the lung
	3.10 Liver metastasis assay
	3.12 Measurement of coagulation parameters 
	4.8 Analysis of the anti-metastatic effect in vivo 
	 Gábor Bognár, Andreas Imdahl, Bíborka Bereczky, György Ledniczky, Gábor István, Éva Katalin Tóth, Christian Ihling, Pál Ondrejka: Prognostic role of vascularisation and proliferation in rectal cancer with liver metastasis. Magyar Sebészet 2009, 62 (1):15-21. {Hungarian} 
	 György Ledniczky, Gábor Bognár, Bíborka Bereczky, Loránd Barabás, Pál Ondrejka: Precursors of pancreatic cancer: intraepithelial neoplasia{PanIN} and intraductal papillary mucinous neoplasms {IPMN} Magyar Sebészet 2009, 62 (1):22-26. {Hungarian}
	 György Ledniczky, Gábor Bognár, Csaba Diczházi, Bíborka Bereczky, Loránd Barabás, Pál Ondrejka: An uncommon malignancy of the breast: dermatofibrosarcoma protruberans with fibrosarcomatous transformation {DFSP-FS} Magyar Sebészet 2009, 62(1): 27-29. {Hungarian}
	 Gábor Bognár, Bíborka Bereczky, Loránd Barabás, Csaba Diczházi Pál Ondrejka: Recurrent retroperitoneal liposarcoma presenting as an incarcerated femoral hernia Magyar Sebészet 2009, 62 (1):30-33. {Hungarian}

