Synthetische bloedplaatjes
Bloedplaatjes zijn kleine, kernloze cellen die in het bloed circuleren. Bij een beschadiging van de vaatwand raken ze geactiveerd, waarna ze aan de extracellulaire matrix (en elkaar) gaan plakken. Hierdoor wordt het bloeden tijdelijk gestelpt, terwijl er mechanismen in werking treden om verdere bloedingen te voorkomen en de wond te herstellen.
Normaal circuleren bloedplaatjes met ongeveer 200.000 stuks per µL in het bloed en verkeren zij in een rustende toestand. Indien er veel meer- of minder plaatjes zijn, óf de ‘prikkelbaarheid’ van de plaatjes verhoogd of verlaagd is, kunnen er problemen ontstaan. Overactiviteit van plaatjes kan leiden tot trombose; het vormen van plaatjesproppen in de bloedbaan die tot verstoppingen in de circulatie leiden en hiermee orgaanschade veroorzaken.
In sommige gevallen, veelal met een genetische oorzaak, zijn plaatjes niet in staat om normaal te functioneren. Een voorbeeld hiervan is storage pool disease; waarin plaatjes wel kunnen hechten in wondgebieden, maar vanwege een secretieprobleem niet goed aan elkaar. Dit kan leiden tot bloedingen.

Het plan:

Wij zijn van plan om plaatjesfunctie te reguleren door activatoren- en remmers van plaatjes te verpakken in zogenaamde liposomen, bolletjes van lipidenmembraan. Door ‘ankers’ in de vorm van peptiden te koppelen aan de liposomen willen wij zorgen dat de liposomen zich bevestigen aan geactiveerde plaatjes en daar lokaal hun inhoud verspreiden.

Wat kunnen we?

· Onze vakgroep is gespecialiseerd op het gebied van bloedplaatjesfunctie en bloedstolling. Wij hebben meerdere technieken om het gedrag van bloedplaatjes mee te bestuderen:
1) Het hechten aan extracellulaire matrix kan in real-time bestudeerd worden in stromend bloed of plasma. 
2) Het plakken van plaatjes aan elkaar kan worden bekeken met ‘aggregometrie’.

3) Het gedrag van plaatjes kan bestudeerd worden door te kijken naar secretieproducten (o.a. met ELISA) en activatiemarkers (o.a. met FACS).
· In samenwerking met de vakgroep Biofarmacie van de faculteit:
We zijn in staat om gecontroleerd, fluorescent gelabelde liposomen te maken van een specifieke grootte en die te koppelen aan peptiden. Deze vakgroep heeft uitgebreide ervaring met het verpakken van medicijnen om deze op specifieke locaties.

· In samenwerking met de kliniek:

Kunnen wij aan bloed van patiënten met plaatjesproblemen komen.

De uitdaging:

Op dit moment zijn wij in kaart aan het brengen hoe normale plaatjes op liposomen reageren. Pas als we dit weten kunnen we aan de slag met het laden van de liposomen en het in vitro testen van hun effect op defecte (over overactieve) plaatjes.
Which properties of the platelet mediate their destruction?

Current procedures for the storage of blood platelets are accompanied by changes that decrease their haemostatic effectiveness and impair their survival after transfusion. Improvements have been sought in storage at low temperature, but cold increases platelet destruction by liver macrophages.
Earlier results by our laboratory showed a decrease in Glycoprotein (GP) Ibα antibody AN51-binding after cold-storage; normal binding was restored by the monosaccharide N-acetyl-D-Glucosamine (GlcNAc). GPIbα is the receptor for von Willebrand factor regulating rolling of platelets over a disturbed vessel wall and initial platelet activation. We showed that changes in AN51 binding might reflect reversible shifts between clustered and dispersed GPIbα and that clustered GPIbα is a recognition signal for the MAC-1 receptor on macrophages. However, interference with the GPIbα-MAC-1 interaction only partly prevented platelet destruction, indicating that in addition to GPIbα clustering other mechanisms contribute to platelet destruction.
A recent publication in Cell in 2007 by Mason et al., showed that platelet contain pro-survival and pro-apoptosis proteins and that the ratio of BAK over BCL-xl determines platelet survival. In preliminary studies, we found that after storage at 0°C, expression of pro-apoptotic BAX and BAK increased and that expression of pro-survival BCL-2 and BCL-xl decreased. Thus, cold- storage induced apoptosis. Strikingly, we found that GlcNAc addition decreased pro-survival and increased pro-apoptosis markers, suggesting that the conformation of GPIbα contributes to the regulation of platelet survival. A potential link between the GPIbα  conformation and apoptosis regulation is the 14-3-3ζ protein which is known to bind to GPIbα and regulates pro-apoptotic BAD by controlling its phosphorylation state.
In this project we plan to clarify the link between clustering of GPIbα and the apoptotic machinery in platelets. First, we will investigate the effect of low temperature on GPIbα conformation, expression and activity of BAX, BAK, BAD, BCL-2 and BCL-xl. Second, we want to investigate the role of the 14-3-3ζ protein as a potential messenger that links the conformation of GPIbα to the activity of these pro-apoptotic and pro-survival proteins. Third, we will compare changes in these factors with ‘classical’ markers for apoptosis, e.g. surface expression of phosphatidylserine (PS), cytochrome c release and caspase-3, -8 and -9 activation. Finally, we will investigate these changes in platelets with or without inhibitors in a in vitro binding and phagocytosis assay.  

The project can involve the following techniques: cell culture of monocyte/macrophages (phagocytosis assay), FACS analysis of expression of GPIbα , PS, P-selectin, BCL-2 proteins, cytochrome c, platelet isolation, SDS-PAGE/ western blotting and immune precipitations. 

The antiphospholipid syndrome; where do the auto-antibodies bind? 

Introduction

The antiphospholipid syndrome (APS) is a non-inflammatory auto-immune disease characterized by recurrent thrombosis and pregnancy complications. In the laboratory APS is characterized by a prolonged coagulation time and the presence of antiphospholipid antibodies. The main target of these antibodies is β2-glycoprotein I (β2GPI). 
β2GPI is a 42KDa plasma protein present in a concentration of 3µM. Despite this high concentration the function of this protein remains unclear. β2GPI consist of 5 short consensus repeats domains. However, the first 4 are standard, the fifth has two additional cystines hereby creating an cryptic internal loop: the phospholipid binding site. 
In our laboratory we have made a dimer β2GPI protein that mimics the clinical characteristics of APS. In vitro studies showed interaction between this dimer β2GPI and both  thrombocytes and leucocytes. However no interaction between thrombocytes or leucocytes with monomeric β2GPI was observed (Figure 1). 
All the individual domains of β2GPI are in our laboratory available as well as human derived β2GPI and β2GPI proteins with point mutations. 
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Research questions

So far, the interactions between (dimer) β2GPI and blood cells are only studied in a purified cell system. We would like to investigate this interaction in whole blood. This leads to the research question:
Which blood cells (in whole blood) interact with β2GPI in the presence of APS antibodies? 

Additional research questions are: 

A. Is the interaction between blood cells and dimer β2GPI  dependent on the phospholipid binding site (measure with point mutation W316S β2GPI)? 

B. By which domain of β2GPI is this interaction mediated?

Techniques

· General protein techniques like SDS PAGE, BCA and Western Blotting

· Isolating platelets and polymorphonuclear cells from blood

· FACS: Fluorescence activated cell sorting

Autophagy in antigen presenting cells 
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Background: Autophagy is a mechanism that all cells use to degrade unwanted cytoplasmic proteins and damaged organelles. The process involves the sequestration of cytosolic material into specialized double-membrane structures, which then fuse with lysosomes for degradation. In antigen presenting cells autophagy may assist in the elimination of intracellular pathogens as an innate immune response to viral and microbial infections. During autophagy, pathogens or cytosolic self-antigens reach the lysosomal compartments where MHC class II molecules reside (MIICs), and where peptides are loaded onto MHC class II molecules. Traditionally, the MHC class II molecules present antigenic peptides derived from exogenous proteins to CD4+ T cells and generate a T cell response. Evidence is accumulating that autophagy-mediated presentation of self-antigens may play a crucial role in the maintenance of CD4+ T-cell tolerance. Recently, the endogenous Epstein-Barr virus nuclear antigen 1 (EBNA1) was found to gain access to MHC class II molecules by means of autophagy. The exact pathway by which this occurs is still unknown. Recent work in our laboratory has shown that LPS induces the formation of autophagic-like structures in mature dendritic cells. 

During this rotation the student will further elucidate the role of autophagy in MHC class II restricted antigen presentation in B cells and Dendritic cells. B cells and human DCs will be cultured under normal and starvation conditions, and their response to CD4+ T cells will be determined. To knock-out autophagy a dominant-negative Atg4 construct will be introduced into B cells and/or DCs and CD4+ T cell responses will be compared with WT counterparts. 
Techniques:  
T, DC and B-cell isolation/culture , T cell stimulation assays including IFN-γ  ELISA, IC staining, CFSE assays. Flow Cytometry (FACS), Molecular Biology ( Retroviral transduction), Biochemistry (Western blotting), 
Weekly reports will be held with the project leader. The master student participates in the current scientific meetings of the LCKH. At the end of the rotation a presentation is scheduled.  

The role of the cytoskeleton in platelet tethering and adhesion under flow

Background: Blood platelets are a-nucleated discoid cells that derive from the megakaryocyte in the bone marrow. Platelets circulate in a non-adhesive state in the bloodstream and are crucial for the maintenance of a haemostatic balance. Upon vascular injury they rapidly interact with components of the damaged vessel wall, i.e. collagen, von Willebrand factor, which is a prerequisite for the arrest of bleeding. Upon adhesion to these subendothelial components, platelets become activated, change shape, and release the contents of their storage granules, enabling progression and stabilization of platelet-substrate (spreading) and platelet-platelet interaction (aggregation). To study platelet adhesive responses under flow we make use of a perfusion model, by which whole blood is drawn over immobilized vessel wall components under different flow conditions. Using this model we have established that platelets roll and tether on immobilized vWF, before becoming irreversibly attached. Platelet tethering is the result of transiently formed discrete adhesion points (DAP) that connect the cytoskeleton with GPIb, the receptor for VWF. DAPs are also the starting point of long membrane tethers that are pulled out of the platelet body. Possibly due to shear stress the tethers severe and travel further in circulation as microparticles. 

Central theme of the project will be the application of live-cell imaging techniques to visualize platelet spreading and tethering under high shear conditions using state of the art imaging equipment available at the LKCH. 

Question to address

To determine the role of the platelet cytoskeleton in the platelet adhesive behavior under flowing conditions, in particular to what extent microtubules, actin, and motor proteins are involved. 

Techniques: Whole blood flow studies will be carried out and analysed using high performance live cell imaging equipment. Drugs that selectively interfere in the platelet cytoskeletal organization (blebbistatin, nocodazole, cytochalasins) will be used. 

De actieve vorm van von Willebrand factor in de ontwikkeling van trombose complicaties en bloedingen.

Arteriële trombose (zoals een hartaanval of herseninfarct) wordt veroorzaakt door een verstopping van de bloedvaten door geaggregeerde bloedplaatjes. Bij dit aggregatie proces speelt von Willebrand factor (VWF) een essentiële rol. Uit epidemiologisch onderzoek blijkt dat verhoogde plasma spiegels van VWF leiden tot een verhoogd risico op trombose. Verlaging van VWF spiegels geven aan de andere kant weer risico’s op bloedingen.

Alleen de actieve vorm van VWF kan aan bloedplaatjes binden en daarmee aggregatie van bloedplaatjes veroorzaken en dus uiteindelijk trombose. Onder gezonde omstandigheden is deze actieve vorm van VWF, maar in hele lage concentratie aanwezig. Sinds kort zijn we in staat met een unieke ELISA deze vorm van VWF te detecteren en hebben we al in verschillende patiëntengroepen gekeken of er meer of minder actief VWF aanwezig is. Inderdaad hebben we verhoogde waarden gevonden in patiënten o.a. met trombotische trombocytopenische purpura, met het HELLP-syndroom en geïnfecteerd met malaria. 

Momenteel zijn we ook aan het kijken, wat voor rol actief VWF speelt in patiënten met een hartaanval, hart klep problemen, een herseninfarct of sepsis. Daarnaast is de communicatie over en weer met het immuun systeem van groot belang. In samenwerking met de afdeling Pathologie kijken we naar de interactie tussen plaatjes aggregatie en het immuun systeem. Hierbij worden veel verschillende biochemische en cellulaire technieken gebruikt. Een andere vraag die wij willen beantwoorden is; vindt er endotheel activatie plaats in patiënten? VWF wordt gemaakt en uitgescheiden door endotheel cellen, dus het erg belangrijk of verhogingen van VWF inderdaad worden veroorzaakt door activatie van de endotheel laag in de bloedvaten bij patiënten. Als de endotheel cellen inderdaad een belangrijke rol spelen, zouden therapieën daarop in de toekomst gericht worden.

Tether vorming vanbloedplaatjes na adhesie aan matrix eiwitten

Introductie:

Plaatjes zijn, na rode bloedcellen de meest voorkomende cellen in het bloed en spelen een sleutelrol in de haemostase. Bij beschadiging van de endotheelcelwand komen allerlei matrix eiwitten in contact met bloed. De eerste cellen die in contact komen met deze matrix eiwitten zijn bloedplaatjes, die vervolgens aan de matrix kunnen plakken, geactiveerd raken en een aggregaat vormen. Hierdoor kunnen bloedplaatjes in korte tijd de beschadiging afsluiten. Op bloedplaatjes bevinden zich verschillende receptoren die belangrijk zijn voor adhesie, zoals glycoproteine 1b (GP1b). GP1b is betrokken bij de initiële adhesie van bloedplaatjes aan collageen bij hoge stroomsnelheden, via von Willebrand factor. 
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Uit de literatuur is gebleken dat bloedplaatjes lange membraanstructuren (tethers) uitslaan voordat ze definitief aan het oppervlak binden.  In eerdere experimenten in ons lab is gezien dat bloedplaatjes ook tethers kunnen vormen wanneer ze onder minder grote stroomsnelheid hechten aan bepaalde eiwitten uit de vaatwand. De functie van deze tethers zijn tot heden nog niet volledig bekend. Mogelijk speelt het een rol bij oppervlakte en inhoud vergroting van het plaatje. Hoogstwaarschijnlijk speelt glycoproteine 1b een belangrijke functie bij tethervorming.

Doel: 
Uitzoeken wat de rol is van GP-1b bij tethervorming in een real time perfusie model onder fysiologische flow condities.

Technieken:
· Real-time perfusie met microscopische digitale video opnamen om real time de adhesie, aggregatie en retractie van bloedplaatjes op collageen, fibrinogeen vWF en fibronectine  te meten en om de vorming van tethers te quantificeren.

· Aggregatie tests

· Clot-retractie analyse

· Plaatjes gevoeligheid metingen mbv FACS

· Fluorescentie microscopie.

Red cel maturation and autophagy 

Background: Autophagy is an important mechanism for cells to overcome starvation conditions and plays an important role in the degradation of unwanted protein material and damaged organelles. The process involves the sequestration of cytosolic material and/or organelles into specialized double-membrane structures, which then fuse with lysosomes for degradation. Circulating red blood cells do not contain any organelles. During terminal differentiation, erythroid cells lose their nucleus, which is followed by a coordinated removal of all organelles (ER, mitochondria, peroxisomes), to ultimately form the mature red blood cell. Exactly, what triggers the specific elimination of the organelles during red cell maturation is not known. Emerging evidence suggests that autophagy plays an important role herein. Disturbances in the autophagy pathway may for example be important in the context of PK deficiencies, which are connected with an impaired maturation program ( of zoiets).
During this rotation the student will start pilot experiments to investigate the role of autophagy in red cell maturation. Erythroid progenitor cells and the K562 cell line provide an ideal model to study this process. Cells will be cultured and their development towards mature red cells will be monitored under conditions where autophagy pathways are either up-regulated (rapamycin, starvation) or inhibited by selective autophagy inhibitors and /or silencing of Atg genes. 

Techniques:  
CD34+ cell isolation/culture, K562 cell culture, Molecular Biology (Retroviral transduction, RNAi); Confocal microscopy, Electron microscopy, Biochemistry (Western blotting). 
Weekly reports will be held with the project leader. The master student participates in the current scientific meetings of the LCKH. At the end of the rotation a presentation is scheduled.

Protective role of β2-Glycoprotein I (β2GPI) in LPS caused sepsis (AMC).

β2GPI is a highly abundant plasma protein in blood. Besides a few suggested pathological functions, no physiological function has yet been ascribed to β2GPI. In pilot studies in our lab we have shown that β2GPI binds to different lipopolysaccharides (LPS: can cause sepsis in patients). Our hypothesis now is that β2GPI binds to and helps with the clearance of LPS and has therefore a possible protecting function during sepsis.
When LPS binds to monocytes in blood and/or endothelial cells, there is expression of tissue factor (TF) on the surface of the monocytes and endothelial cells. This expression causes an “over-activation” of the extrinsic pathway of coagulation that in its turn can cause sepsis.

Part of this project is investigating the binding of LPS to these cells and the inhibiting function of β2GPI in these processes. Next to this we will perform additional experiments related to a possible physiological function of β2GPI. 

The techniques which you will apply are:

· Human monocytes and/ or endothelial cell isolation

· Culture of cell lines

· TF expression in monocytes and endothelial cells

· HPLC and spectrofotometric methods

· Enzyme-linked immunosorbent assays

· 2D-electrophoresis

· BIAcore experiments

· Protein and antibody purifications

For the execution of this project, we are looking for a motivated student with a keen interest in biochemistry. You will primarily participate in setting up and performing these experiments. Next to the practical work we engage you to think about the outcomes and participate in designing new experiments.

Remarks:

Research in the department of Experimental Vascular Medicine is executed according to quality guidelines and the department has received external accreditation in 2005. This implies that the student will be trained to work with Standard Operating Procedures and other necessary procedures.

Student internship (AMC)

Introduction.

Coagulation begins almost instantly after an injury to the blood vessel has damaged the endothelium (lining of the vessel). Platelets immediately form a plug at the site of injury and then proteins in the blood plasma, called coagulation factors, respond in a complex cascade to form fibrin strands, which strengthen the platelet plug. This fibrin clot is broken down during the process of fibrinolysis.

The protein Thrombin-activatable Fibrinolysis Inhibitor (TAFI) inhibits the clot lysis, links the coagulation and fibrinolytic systems, and it can regulate the inflammatory response.

In the department of Experimental Vascular Medicine at the Academic Medical Center (AMC) in Amsterdam we study TAFI and its implication in different biological processes. This internship will be focused in the relationship between TAFI and bacterial infections. 

Project 1.

TAFI interactions between endothelial cells and bacterial proteins.

TAFI interacts with bacteria (Streptococcus pyogenes) by binding to surface proteins A and B. On the other hand, bacterial proteins A and B bind to mammalian cell surface proteins (integrins), by doing that  the bacteria enter the mammalian cell and intracellular signaling cascades are started.

Hypothesis: TAFI regulates the signaling/adherence/internalization of S.pyogenes by interfering with the interactions between SclA and α2β1integrin.

Techniques to use:

Cell culture, purification of TAFI from plasma and analyze the purification protein by SDS-PAGE, activity assay and ELISA. Binding assays in a 96-well format, microscope techniques (staining), microbiology techniques (bacterial culture), Fluorescence Activated Cell Sorting (FACS, sorting based upon the specific light scattering and fluorescent characteristics of each cell.)

Project 2.

TAFI binding to cells of the immune system.

We have seen binding of TAFI to white blood cells and in this project we would like to characterize this interaction.

Techniques to use:

Cell culture, purification of TAFI from plasma and analyze the purification protein by SDS-PAGE, activity assay and ELISA. Fluorescence Activated Cell Sorting (FACS, sorting based upon the specific light scattering and fluorescent characteristics of each cell.) Binding assays in a 96-well format.
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