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Introduction 
 
Galectin-1 (Gal-1) is the first discovered, well characterized member of a family of 

highly conserved glycan-bindig proteins. Gal-1 has arisen as a regulator of immune cell 

tolerance and homeostasis. This endogenous lectin widely expressed at sites of 

immunoprivilege and tumor growth and has been postulated as an attractive 

immunosuppressive agent to restore immune cell tolerance and homeostasis in 

autoimmune and inflammatory situations. 

Anti-inflammatory effect of Gal-1 is predominantly exerted by induction of apoptosis of 

Th1 and Th17 cells.  In addition, Gal-1 induces immunoregulation underlying distinct, 

but complementary mechanisms, including: deviation of cytokine balance toward a Th2 

dominant profile, controlling immunosuppressive activity and expansion of regulatory T 

cells and modulation of activation, adhesion and transendothelial migration of T cells. 

Gal-1 is differentially expressed by various normal and pathological tissues. Thus, not 

only the tumor cells produce Gal-1, but mesenchymal stem cells (MSCs) derived from 

physiological, healthy tissues also express and secrete Gal-1 to the cell surface and may 

contribute to immunoregulation by these cells. MSCs have a powerful in vitro and in vivo 

immunosuppressive effect on all cells of the immune system, including direct suppression 

of allogeneic and mitogenic T cell proliferation, induction of T cell anergy or apoptosis, 

modulation of cytokine production, inhibition of dendritic cell maturation and antigen 

presentation. Moreover, MSCs regulate immune response by downregulating Th1 and 

CTL, as well as NK cell response. Thus, they possess a powerful anti-inflammatory 

effect. The mechanisms underlying these effects remain to be fully elucidated, but are 

suggested to be mediated by direct cell-to-cell interactions in combination with soluble 

factors. MSC derived soluble factors, hepatocyte growth factor, transforming growth 

factor-, prostaglandin-E2, indolamine-2,3-dioxygenase, nitrogen monoxide, soluble 

HLA-G and IL-10, all act as anti/inflammatory mediators. There is no evidence, however, 

that any of these factors would be solely and sufficiently responsible for the 

immunosuppressive effect in vitro or in vivo. 
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Aims 
 

1. Many studies have emerged analyzing Gal-1 signal transduction mechanism during T 

cell apoptosis, but the data remain very controversial. We have aimed to resolve this 

controversy by comparing cell death induced by low (1.8 µM, lowGal-1) and high (18 

µM, highGal-1) concentration of soluble Gal-1. 

2. Using of soluble recombinant protein in any concentration likely does not reflect the in 

vivo effect of Gal-1 because of two reasons: a) Gal-1 is not supposed to exist in soluble 

form as it binds to high affinity Gal-1-binding structures on the secreting or neighboring 

cells or extracellular matrix components; b) Soluble Gal-1 samples may differ from lab to 

lab due to the differences in the methods of purification, moreover Gal-1 requires 

relatively high concentration of reducing agent for its biological effect. To avoid artificial 

results originating from the mentioned conditions we used Gal-1 producing cell lines as 

effectors for inducing apoptosis of activated T cells (peripheral blood cells or Jurkat 

lymphoblasts) as targets in co-culture system. Our aim was to determine whether Gal-1 

secreted from tumor or MSC cells acted as a soluble or membrane associated factor.   

3. Next, we have compared the role and mechanism of distinct, normal or pathological 

cell-derived Gal-1 in the T cell apoptotic process.  

 

 

Methods 
 

The presence of cell produced Gal-1 on the cell membrane was detected by flow 

cytometry using anti-Gal-1 antibody produced in our laboratory. Measurements were 

evaluated by using CellQuestTM software. 

Apoptotic cells (Sub-G1 cell population) were subjected to DNA content analysis by flow 

cytometry. 

Gal-1 induced T cell apoptosis was also investigated using fluorescent dye-conjugated 

AnnexinV labeling and analyzed by both microscope and flow cytometry. Involvement of 

p56lck and ZAP70 kinases in apoptotic process was proved by enzyme deficient T cell 

lines. Mitochondrial membrane depolarization was showed by using JC-1 which is 
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mitochondrial membrane potential-dependent dye. This molecule accumulates in the 

healthy mitochondria and then emits in red color, while it can not enter into the 

mitochondria with decreased membrane potential therefore only the green monomer form 

of the dye is visible in the cytoplasm. Activation of caspase 3 in the T cells during the 

apoptotic pathway was proved by using an antibody which recognizes only the active, 

cleaved caspase 3. 

Gal-1 production in the cell lines was shown by Western blot. 

 

 

Results and Discussion 
 

1. We showed that lowGal-1 and highGal-1 triggered phosphatidylserine exposure, 

generation of rafts and mitochondrial membrane depolarization. In contrast, lowGal-1 

but not highGal-1 induced signaling events were dependent on the presence of p56lck 

and ZAP70 and activation of the caspase cascade. The results allow the conclusion that 

the cell-death mechanism strictly depends on the used concentration of Gal-1.  

2. In co-culture system Gal-1 remains as a native, functional protein without any 

chemical modification and the apoptosis assay also avoids addition of reducing agent. 

Both Jurkat and activated peripheral T cells died when co-cultured with various Gal-1 

expressing cells, but HeLa, a Gal-1 non-expressing cervix carcinoma cell line did not 

affect T cell viability. Removing cell surface Gal-1 with lactose analogue, TDG, a 

competitor for the carbohydrate recognition or knocking down Gal-1 expression in Gal-1 

producing tumor cells resulted in the diminution of the cytotoxic effect of these cell 

lines. Moreover, T cell apoptosis required intimate interaction between the effector 

tumor and target T cells since neither conditioned supernatant harvested from the tumor 

cells, nor physical separation of tumor and T cells in the same medium triggered T cell 

death. These results show that Gal-1, expressed by the examined tumor cells is 

responsible for inducing T cell apoptosis in the co-culture system and Gal-1  does not act 

as a soluble, but as a membrane associated factor. 

3. Mechanism of apoptosis by tumor cell-bound Gal-1 was comparable to that of low 

concentration of soluble recombinant Gal-1. Requirement for p56lck and ZAP70 kinases 
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were indispensable to trigger T cell apoptosis induced by tumor cell-derived Gal-1. 

Cermide, an essential intracellular mediator in lowGal-1 induced apoptosis  was also 

detected in apoptotic T cells in co-culture. Thus, our results show that cell-derived Gal-1 

and low concentration of the soluble lectin triggers identical pathway of T cell apoptosis 

in contrast to high concentration soluble Gal-1 which act on a different fashion. 

For further studies we have used coculture of murine MSCs (BM-MSC) and activated 

mouse T cells. TDG competition and BM-MSCs derived from Gal-1 knock out mice 

(Gal-1 KO BM-MSCs) were used in parallel to prove the necessity of Gal-1 in BM-

MSCs induced T cell death. Gal-1 was removed from MSCs surface with TDG and it 

resulted in decreased T cell apoptosis and accordingly, Gal-1 KO BM-MSCs did not 

trigger T cell death compared to wild type BM-MSCs. BM-MSC-derived Gal-1 triggered 

T cell apoptosis via the same apoptotic pathway as low concentration of soluble or tumor 

cell derived Gal-1 did. T cell death progressed on mithocondrial pathway, which involved 

ceramide production and activation of caspase cascade. These results show that one of the 

major T cell cytotoxic factors in MSC is Gal-1, which acts similarly to that of soluble 

lowGal-1.  

Thus, the low but not high concentration of soluble Gal-1 and cell-derived Gal-1 

produced by either pathological (tumor) or physiological (MSC) cells trigger.similar 

pathway of T cell apoptosis. 

 

 

Summary 

 
 Both low and high concentrations of Gal-1 induced cell surface exposure of 

phosphatidylserine, raft reorganization and loss of mitochondrial membrane 

potential. There were differences between the function of Lck and Zap70 tyrosine 

kinases as well as the role of caspases. As long as high concentration of Gal-1 

induced caspase independent apoptosis, which occurred without the activity of 

kinases, low concentration of Gal-1 required the activation of caspase cascade and 

tyrosine kinases. 
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 To evolve its cytotoxic effect, Gal-1 needs direct cell-cell interaction, because the 

separation of effector and target cells with microporous membrane inhibited 

apoptosis.  

 Tumor cell derived Gal-1 and low concentration of Gal-1 acts via the same 

siglaling pathway: both required Lck and Zap70 tyrosine kinases for the 

mitochondrial depolarization and caspase dependent apoptosis.  

 Apoptosis induced by murine MSCs, which express a high level of Gal-1 acted on 

the same pathway as those induced by low concentration of Gal-1. 

 

 

Acknowledgement 

 
I would like to express my thanks to my supervisor, Dr. Éva Monostori to her 

contributions of time and ideas to my Ph.D. studies. 

The members of the Lymphocyte Signal Transduction Laboratory have contributed 

excessively to my personal and professional time in BRC. I am especially grateful to 

Dr. Roberta Fajka-Boja, Dr. Ferenc Kovács-Sólyom, Dr. Ágnes Czibula, Dr. Gabriela 

Ion, Dr. Ádám Légrádi, Gábor János Szebeni, Julianna Novák, Éva Kriston-Pál and Lea 

Végh. They were a source of good cue and collaboration that was essential for my work. 

I very much appreciate the technical assistance of Mrs. András Gercsó. 

I would also like to acknowledge to Dr. Róbert L. Katona and Dr. Péter Blazsó for the 

siRNS transfected murine MSCs as well as the help of Edit Kotogány, Ferhan Ayaydin, 

Zsuzsanna Kószó. 

I thank Robert Kiss and Ferenc Uher for cell lines. 

 

 



 7 

Publications 

 
Papers 

Fajka-Boja R, Blaskó A, Kovács-Sólyom F, Szebeni GJ, Tóth GK, Monostori E (2008) 
Co-localization of galectin-1 with GM1 ganglioside in the course of its clathrin- and raft-
dependent endocytosis. Cell Mol Life Sci; 65(16):2586-93 IF: 5.511 
 
Kovács-Sólyom F#, Blaskó A#, Fajka-Boja R, Katona RL, Végh L, Novák J, Szebeni GJ, 
Krenács L, Uher F, Tubak V, Kiss R, Monostori E.(2010) Mechanism of tumor cell-
induced T-cell apoptosis mediated by galectin-1. Immunol Lett.; 127(2):108-18. IF: 2.906 
#equal distribution 
 
Blaskó A, Fajka-Boja R, Ion G, Monostori E (2011) How does it act when soluble? 
Critical evaluation of mechanism of galectin-1 induced T-cell apoptosis. Acta Biologica 
Hungarica; 62(1):114–119 IF: 0.551 
 

Presentations 

Gábor J. Szebeni, Roberta Fajka-Boja, Andrea Blaskó, Éva Kriston-Pál, Ágnes Czibula, 
Ferenc Uher, Péter Blazsó, Róbert Katona, Gabriella Joó, László Krenács, Éva Monostori 
(2010) Straub-days, Szeged 
’Is mesenchymal stem cell - derived galectin-1 a master or staff in immunomodulation 
and tumor progression?’   
 
Szebeni Gábor János, Kriston-Pál Éva, Blazsó Péter, Katona Róbert, Joó Gabriella, Uher 
Ferenc, Krenács László, Blaskó Andrea, Fajka-Boja Roberta, Vizler Csaba, Monostori 
Éva (2010) MIT, Szeged 
’A mesenchymális őssejtekben termelődő galektin-1 alapvetően szabályozza a 
mesenchymális őssejtek tumor fejlődést serkentő hatását’ 
 
Fajka-Boja Roberta, Blaskó Andrea, Czibula Ágnes, Szebeni Gábor János, Blazsó Péter, 
Katona Róbert, Hegyi Beáta, Uher Ferenc, Monostori Éva (2010) MIT, Szeged 
’A galektin-1 termelés befolyásolja a mesenchymális őssejtek limfocita proliferáció-
szabályozó hatását’ 
 
Blaskó Andrea, Kovács-Sólyom Ferenc, Fajka-Boja Roberta, Szebeni Gábor János, 
Tubak Vilmos, Krenács László, Végh Lea, Monostori Éva (2009) MIT, Harkány 
‘A galektin-1 a tumorsejtek egyik fő, T-sejtekre ható citotoxikus faktora’  
 
Gábor János Szebeni, Andrea Blaskó, Gabriella Joó, László Krenács, Csaba Vizler, 
Ferenc Uher, Éva Monostori (2008) Straub-days, Szeged 
’Bone marrow derived mesenchymal stem cells influence the progression of mouse 
tumors in models of 4T1 breast carcinoma and B16F10 melanoma’  
 



 8 

Kovács-Sólyom Ferenc, Blaskó Andrea, Katona Róbert, Szebeni Gábor János , Krenács 
László, Végh Lea, Fajka-Boja Roberta, Tubak Vilmos, Monostori Éva (2008) MIT, 
Budapest 
‘A galektin-1, mint legfőbb effektormolekula az U87-globlasztóma által indukált T sejt 
apoptózisban’  
 
Fajka-Boja Roberta,  Blaskó Andrea,  Kovács-Sólyom Ferenc,  Szebeni Gábor János, 
Tóth K. Gábor, Monostori Éva (2008) MIT, Budapest 
’A galektin-1 és GM1 gangliozid kolokalizációja a klatrin- és raftfüggő endocitózis 
során’  
 
Ferenc Kovács-Sólyom, Andrea Blaskó, Gábor János Szebeni, Vilmos Tubak, László 
Krenács, Roberta Fajka-Boja, Lea Vég, Éva Monostori (2007) Straub-days, Szeged  
‘The role of galectin-1 in the war of tumor cells against T cells’ 
 
Posters 
Szebeni Gábor János, Blaskó Andrea, Blazsó Péter, Katona Róbert, Joó Gabriella, Uher 
Ferenc, Krenács László, Fajka-Boja Roberta, Kriston-Pál Éva , Vizler Csaba, Monostori 
Éva  (2010) 40. Membántranszport Konf., Sümeg 

’A csontvelői eredetű mesenchymális őssejtek és az általuk termelt galektin-1 szerepe 4T1 
emlő karcinóma és B16 melanóma fejlődésében’  
 
Szebeni Gábor János, Blaskó Andrea, Joó Gabriella , Krenács László, Fajka-Boja 
Roberta, Katona Róbert, Blazsó Péter, Vizler Csaba, Uher Ferenc, Monostori Éva  (2009)   
MIT, Harkány 

’A csontvelői eredetű mezenchymális őssejtek és az általuk termelt galektin-1 szerepe a 
tumorfejlődésben’  
 
R. Fajka-Boja, F. Kovács-Sólyom, R.L. Katona, G.J. Szebeni, L. Krenács, L. Végh, A. 
Blaskó, F. Uher, J. Novák, V. Tubak, R. Kiss, É. Monostori (2009) EFIS, Berlin 
’Mechanism of T-cell death induced by tumor cell derived galectin-1, that acts via direct 
cell-cell contact’ 
 
Blaskó A., F. Kovács-Sólyom, R. Fajka-Boja, R.L.Katona, G.J.Szebeni, L. Krenács, 
L.Végh, J. Novák, V. Tubak, É. Monostori (2009) Signals and signal processing in the 
immune system, Balatonöszöd 
’Mechanism of T-cell death induced by tumor cell-derived galectin-1, that acts via direct 
cell-cell contact’  
 
Blaskó Andrea, Kovács-Sólyom Ferenc, Fajka-Boja Roberta, Uher Ferenc, Monostori 
Éva (2008) MIT, Budapest 
’Galektin-1 a mesenchymális őssejtek által termelt egyik fő T sejtekre ható citotoxikus 
faktor’ 
 
Fajka-Boja Roberta, Blaskó Andrea, Kovács-Sólyom Ferenc, Szebeni Gábor János, Tóth 
K. Gábor, Monostori Éva (2008) Membántranszport Konf., Sümeg  



 9 

‘A Galektin-1 klatrin- és raftfüggő endocitózisa’   
 
Kovács-Sólyom Ferenc, Blaskó Andrea, Katona Róbert, Szebeni Gábor János, Krenács 
László, Végh Lea, Fajka-Boja Roberta, Tubak Vilmos, Robert Kiss, Monostori Éva 
(2008) Membrántranszport Konf., Sümeg 
‘A galektin-1, mint legfőbb effektormolekula az U87-globlasztóma által indukált T sejt 
apoptózisban’  
 
Blaskó Andrea, Kovács-Sólyom Ferenc, Fajka-Boja Roberta, Uher Ferenc, Monostori 
Éva (2008) Membrántranszport Konf., Sümeg 
’A mesenchymális őssejtek által termelt galektin-1 aktivált T-sejtek apoptózisát okozza: 
egy újonnan azonosított citotoxikus faktor az MSC-ben’ 
 
 


