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Summary

The immune system functions as a defense mechanism against bacterial and viral infections, parasites and abnormal host cells. Natural killer (NK) cells can nonspecifically kill virus infected and tumor cells. The immune system needs to be controlled to prevent overactivation or immune deficiency.

Leukocyte-associated Ig-like receptor-1 is an inhibitory receptor found on the majority of peripheral blood mononuclear cells including NK cells, B cells, monocytes, eosinophils, dendritic cells as well as the majority of thymocytes. Initially, collagen XVII was found as a ligand for LAIR-1. In addition, other collagens like collagen I and III were identified as functional ligands for LAIR.

When immune cells migrate into the tissues they will be exposed to collagen, which may result in a higher threshold for leukocyte activation, thus preventing unwanted responses against self antigens. Interestingly, tumor cells have the capacity to remodel the extra cellular matrix in order to improve the environment, and they can up regulate collagens. The hypothesis of this study is that collagens on tumor cells can interact with LAIR-1 on NK cells, and CD8+ T cells. This interaction may result in inhibition of the cytotoxic function of these immune cells and thereby effect tumor growth. 

To investigate whether tumor cell lines express the LAIR ligand collagen, four different cell lines were stained with the mLAIR fusion protein. Colon carcinomas DLD-1 and HT29 had the highest collagen expression. Next the effect of collagenase on collagen expression was determined by a titration of the collagenase, to test if the collagens could be removed from the cell surface. A minimum of 20 U/ml of collagenase is required to remove all collagens from both cell lines. Collagenase must always be present in the cell culture medium during assays in which the absence of collagen is required, because in the absence of collagenase the collagens reappear within 4 hours. 

To determine whether the collagens on the tumor cell surface bind to LAIR an adhesion assay was performed. The adherent tumor cells expressing collagens were coated on plastic plates to determine if they could bind to cells expressing LAIR. K562 cells expressing mLAIR were able to bind to collagens expressed on the cell surface of tumor cells.

To investigate whether binding of LAIR to collagen is specific, collagenase was used to remove the collagens from the cell surface of the tumor cells. For the DLD-1 cell line the binding seems to be collagen specific, however these differences were not shown for the HT29 cell line. 

To test the specificity of the binding of LAIR to collagens using an alternative method a polyclonal LAIR-1 antibody was used. This did not show any effect on the binding capacity.

To determine whether the LAIR cross-linking by collagens results in intracellular signaling, reporter cells were used. Cross-linking of LAIR on the reporter cells by either anti-LAIR antibodies or GPO resulted to intracellular signaling. Crosslinking of LAIR-1 by coated tumor cells showed some intracellular signaling however the induction of GFP was a lot lower compared to the previous experiments.

In summary we show that cells expressing LAIR can bind to collagens expressed by tumor cells, and that this interaction can be influenced by using collagenase. The cross-linking between LAIR and collagen also leads to intracellular signaling. It was not possible to influence the binding between LAIR expressing cells and collagens expressed by tumor cells using polyclonal LAIR Abs. 

For future plans the cytotoxicity of the NK cells after LAIR cross-linking must be determined, to see if this is influenced by LAIR. Furthermore in vivo experiments must be performed to show if tumor cells with or without collagen have difference in tumor growth. 

Samenvatting

Het immuunsysteem functioneert als verdedigingsmechanisme tegen bacteriële en virale besmettingen, parasieten en abnormale gastheercellen. De natural killer (NK) cellen kunnen op een niet-specifieke manier met virus geïnfecteerde cellen en tumorcellen doden. Het immune systeem moet gereguleerd worden om over-activatie of immuun deficiëntie te voorkomen.

Leukocyte-associated Ig-like receptor-1 (LAIR-1) is een remmende receptor die wordt gevonden op de meerderheid van de witte bloed cellen, waaronder NK cellen, B cellen, monocyten, eosinofielen, dendritische cellen evenals de meerderheid van thymocyten. Aanvankelijk werd collageen XVII gevonden als ligand voor LAIR-1. Bovendien werden andere collagenen zoals collageen I en III geïdentificeerd als functionele liganden voor LAIR.

Wanneer de immuun cellen naar de weefsels migreren, komen ze in aanraking met collageen. Dit kan resulteren in een hogere drempelwaarde voor de witte bloedcelactivering, waarbij ongewenste reacties worden verhinderd tegen zelfantigenen. Een interessant feit is dat tumorcellen de capaciteit hebben om de extra cellulaire matrix te remodelleren om hun omgeving te verbeteren en collagenen op reguleren. De hypothese van deze studie is dat collagenen op tumorcellen een interactie kunnen aangaan met LAIR-1 op NK en CD8+ T cellen. Deze interactie kan leiden tot remming van de cytotoxische functie van deze immuun cellen en hierdoor tumorgroei bevorderen. 

Om te onderzoeken of de tumorcellijnen LAIR ligand collageen tot expressie brengen, werden vier verschillende cellijnen aangekleurd met mLAIR fusie eiwit. De carcinoma cellijnen DLD-1 en HT29, hadden de hoogste collageenexpressie. Hierna werd het effect van collagenase op collageenexpressie bepaald, door een titratie van collagenase, om te testen of de collagenen hiermee van het celoppervlak werden verwijderd. Een minimum van 20 U/ml collagenase was vereist om alle collagenen van het celoppervlak van beide cellijnen te verwijderen. De collagenase moet altijd aanwezig zijn in het celkweek medium tijdens proeven waarin de afwezigheid van collageen wordt vereist, omdat na het verwijderen van de collagenase, binnen 4 uren de collagenen weer verschijnen op het celoppervlak. 

Om te bepalen of de collagenen op het tumorceloppervlak aan LAIR binden werd er een adhesieproef uitgevoerd. De adherente tumorcellen met collagenen werden uitgeplaat, vervolgens werden cellen toegevoegd met LAIR om te zien of deze konden binden aan elkaar. De K562 cellen met mLAIR konden aan de collagenen binden die op het celoppervlak van de tumorcellen aanwezig waren.

Om te onderzoeken of de binding tussen LAIR en collageen specifiek is, werd er collagenase gebruikt om collagenen van het celoppervlak van de tumorcellen te verwijderen. Voor de DLD-1 cellijn lijkt de binding specifiek voor collageen te zijn, hoewel dit resultaat niet gezien werd bij de HT29 cellijn. 

Om de specificiteit van de binding tussen LAIR aan collagenen te testen op een alternatieve methode werd een polyklonaal LAIR-1 antilichaam gebruikt. Dit toonde geen effect op de binding tussen LAIR en LAIR ligand, collageen. Om te bepalen of de LAIR collageen crossslinking leid tot intracellulaire signalering, werden er reportercellen gebruikt. De crossslinking van de reportercellen met LAIR met GPO of LAIR antilichamen resulteerde in intracellulaire signalering. Het cross linken van LAIR-1 op een uitgeplaatte laag tumorcellen resulteerde in enige intracellulaire signalering, hoewel het GFP signaal vele malen lager was in vergelijking met vorige experimenten.

Er is aangetoond dat cellen die LAIR tot expressie brengen kunnen binden aan collagenen op tumorcellen, en dat deze interactie kan worden beïnvloed door collagenase. De crossslinking tussen LAIR en collageen leidt ook tot intracellulaire signalering. Het was niet mogelijk om de binding tussen LAIR en collageen te beïnvloeden door een polyklonaal LAIR antilichaam te gebruiken. 

Voor toekomstige plannen moet de cytotoxiciteit van NK cellen na LAIR crossslinking bepaald worden, om te zien of dit wordt beïnvloed door LAIR. Verder moeten in vivo experimenten worden uitgevoerd om aan te tonen dat de tumorcellen, met of zonder collageen, verschil tonen in de tumor groei.
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Abbreviations

	Abs
	Antibodies

	BSA
	Bovine Serum Albumin

	FACS
	Fluorescence-Activated Cell-Sorting

	FCS
	Fetal Calf Serum

	FSC
	Forward SCatter

	GFP
	Green Fluorescence Protein

	GPO
	Glycine Proline Hydroxyproline

	GPP
	Glycine Proline Proline

	IFN
	Interferon

	IL
	Inter Leukine

	ITIM
	Immuno receptor Tyrosine-based Inhibitory Motif

	LAIR
	Leukocyte-associated Ig-like receptor

	hLAIR
	Human LAIR

	mLAIR
	Mouse LAIR

	MHC
	Major Histocompatibility Complex 

	NFAT
	Nuclear Factor of Activated T cells

	NK cells
	Natural Killer cells

	o/n
	over night

	P/S
	Penicillin/Streptomycin

	PBMC
	Peripheral Blood Mononuclear Cells

	PBS
	Phosphate-Buffered Saline

	PI
	Propidium Iodide

	RPMI
	Roswell Park Memorial Institute

	RT
	Room Temperature

	SEM
	Standard error of the mean

	SSC
	Sideward SCatter

	TNFα
	Tumor Necrosis Factor alpha


Introduction

The immune system is set up as a defense mechanism against bacterial and viral infections, parasites and abnormal host cells. Any immune response involves, firstly, recognition of the pathogen or other foreign materials, and secondly elimination. There are two different types of immune responses; innate and adaptive immune response. The innate immune system is the first line of defense against pathogens, it is not antigen specific and reacts equally well to a variety of organisms. This system includes defenses that are constitutively present and ready to be mobilized upon infection. Neutrophils are recruited to the site of infection where they phagocytose invading pathogens and kill them intracellularly. In addition, neutrophils contribute to collateral tissue damage that occurs during inflammation. Eosinophils have proteins in granules that are effective in killing certain parasites. Natural killer (NK) cells can nonspecifically kill virus infected and tumor cells. These cells are not part of the inflammatory response but they are important in nonspecific immunity to viral infections and tumor surveillance. Tissue macrophages and newly recruited monocytes, which differentiate into macrophages, also function in phagocytosis and intracellular killing of pathogens. Additionally, macrophages are capable of extracellular killing of infected or altered self target cells and contribute to tissue repair and act as antigen-presenting cells, which are required for the induction of adaptive immune response. The adaptive immune system is highly specific and based on memory response and thereby works much faster than the innate immune system. There are several lymphocytes in the adaptive immune system with several specialized functions; B cells make antibodies, cytotoxic T cells kill virally infected or tumor cells, T helper cells coordinate the immune response by direct cell-cell interactions and the release of cytokines to help B cells make antibodies and differentiate into memory cells [1].

1.1 Balance of the immune system

The immune system has to be controlled to prevent over activation or immune deficiency. There are several activation signals like antigen presentation by antigen presenting cells, but also co-stimulatory molecules and stimulatory cytokines can activate the immune system. When the immune system is over activated autoimmune diseases may occur. This over activation of the immune system may be prevented by inhibitory signals. For example inhibitory cytokines, the elimination of antigen or death of responder cells may be involved. Inhibitory signals can also be given by inhibitory receptors. These inhibitory receptors have a threshold function for the immune system when present on leukocytes. This threshold function is necessary to prevent severe inflammation and auto-immunity caused by hyper activation of the immune system [2]. 

One of the leukocytes from the innate immune system which expresses inhibitory receptors on their cell surface is the NK cell. NK cells are tightly regulated because of their high cytotoxic function. These cells kill infected cells and abnormal host cells, like tumor cells [3]. NK cells have granules with perforin and other cytotoxic enzymes. These can perforate the cell membrane of its target and hereby lyse the cell. NK cells produce IFNα, β, TNFα and IL-2. IL-2 recruits CD8+ cytotoxic T cells which are also capable of killing virally infected and tumor cells. These cytotoxic T cells continue the killing of the target cells and produce IL-10 which inhibits NK cell function. One of their inhibitory receptors recognizes MHC class I, when target cells express MHC class I NK cells are inhibited in their function. Tumor cells and virally infected cells often do not express MHC class I anymore and therefore will be killed by NK cells[1]. One of the inhibitory receptors expressed by NK cells is LAIR-1.

1.2 LAIR-1

Leukocyte-associated Ig-like receptor-1 (LAIR-1, Figure 1) is an inhibitory receptor found on the majority of peripheral blood mononuclear cells (PBMC) including NK cells, B cells, monocytes, eosinophils, dendritic cells as well as the majority of thymocytes [4;5]. 

LAIR-1 consists of an extracellular Ig-like domain and two intracellular Immune receptor Tyrosine-based Inhibitory Motifs (ITIM) in the cytoplasmic tail as is shown in Figure 1. Nearly all inhibitory receptors have one or more ITIMs in their cytoplasmic tail, these ITIMs are phosphorylated after cross-linking of the receptor with its ligand, which results in the inhibitory function of the receptor [4]. 

Different splice variants of LAIR-1 have been described; LAIR 1a consists of 17 extra amino acids in the stalk region between the transmembrane and Ig-like domain, LAIR1b and c which differ in one amino acid change in the extracellular domain and LAIR 1d which does not have intracellular ITIMs [6]. Activation of LAIR-1 using antibodies leads to inhibition of function of different immune cells. This inhibition may result in an increased threshold for immune activation[7-10]. LAIR has been identified in different species; mice, rats and humans. Furthermore, the binding between LAIR and LAIR ligand has been described to be cross species [11;12]. 


[image: image2]
Figure 1. LAIR-1 is an inhibitory receptor and consists of an extracellular Ig domain and two intracellular ITIM motifs

To identify a ligand for LAIR in recent studies a LAIR fusion protein was created in which the extracellular part of LAIR was combined with a human IgG1 Fc domain. Further details are found in chapter 2.4. Initially, collagen XVII was found as a ligand for LAIR-1, in addition, other collagens like collagen I and III were identified as functional ligands for LAIR [13].

Collagens

Collagens are the most abundant type of proteins in vertebrates and play crucial roles in development, morphogenesis and growth of many tissues [14]. Collagens are substrates for cell attachment, migration and coagulation. Collagens consist of three strands of polypeptides, which form a left handed triple helix. A typical feature of a collagen molecule is the regular arrangement of the amino acids. The sequence often exists of Gly – X – Pro or Gly – X – Hyp, were X can be any other amino acid. Gly – Pro – Hyp (GPO) and Gly – Pro – Pro (GPP) often occurs. Glycine is the smallest amino acid and hereby plays a unique role in collagens; it is required at every third position because the assembly of the triple helix puts this residue at the interior of the helix. As there is no place in the helix for larger side groups than the hydrogen atom from Glycine, the side groups of the Pro and Hyp are located on the outside of the helix. They are involved in stabilization of the collagen molecule [14].

[image: image3.jpg]



Figure 2. Schematic collagen structure consisting of Gly - Pro - Pro or Gly - Pro - Hyp repetitions

1.3 Tumor cells

Tumor cells can occur after multiple mutations in the DNA of normal cells. In general a cell needs to undergo at least five mutations before becoming a tumor cell, meaning that there is no regulation of cell division and programmed cell death. These cells constantly change because of the unlimited cell division. Hereby only the cells that have a mutation that is positive for the cancer survive. Tumor cells remodel the extracellular matrix in order to improve the environment, resulting in better tumor growth [15]. Interestingly, they also can express collagens to improve their environment. There is an established relation between enhanced collagen expression and malignancy, metastatic capacity and/ or tumor progression. As the tumor starts to express more collagens the more treacherous these tumors are [16;17].

1.4 Possible functions of LAIR collagen interaction

Collagens are absent or low in the blood circulation. However when immune cells migrate into the tissues they will be exposed to collagen, which may result in a higher threshold for leukocyte activation caused by LAIR, thus preventing unwanted responses against self antigens. Interestingly, tumor cells have the capacity to up regulate collagens. The leukocytes are now being inhibited in their normal function of killing tumor cells and in this way the tumor cell may escape the immune surveillance. 

1.5 Aim of this study

The hypothesis of this study is that collagens on tumor cells can interact with LAIR-1 on NK, and CD8+ T cells. This interaction may result in inhibition of the cytotoxic function of these immune cells and hereby effect tumor growth. 

To investigate this first the collagen expression on different tumor cell lines was determined. After this the binding of LAIR-1 to these collagens expressed by tumors and the intracellular effect caused by this interaction was determined. 

Materials and Methods

1.6 Cell culture and transfectants

All cell lines were obtained from American Type Culture Collection (ATCC, Rockville, MD US). Cell lines used for these studies were human colon carcinomas HT29, COLO205 and DLD-1, human mamma carcinoma SkBr3, human erythro-leukemia cell line K562, human embryonic kidney 293T cells, mouse pro B cell line Ba/F3 and leukemia virus-induced lymphoma RMA-S cells. All cell lines were cultured in 10% fetal calf serum (FCS), Penicillin (100 μg/ ml), Streptomycin (100 units/ ml) and 100 µl of β mercaptho ethanol in RPMI 1640 (Roswell Park Memorial Institute, NY, US). Ba/F3 is an IL-3 dependent cell line thus these cells were cultured in the presence of 1/10.000 of IL-3. 

Multiple K562 transfectants were available which express hLAIR, mLAIR and collagen XVII. Also Ba/F3 expressing hLAIR and mLAIR were available. 

RMA-S cells expressing collagen XIII were created by using an available construct with collagen XIII in a PGEM T easy vector. The collagen XIII was cut out using restriction enzymes EcoR1 and Not1. Also a Pmx puro vector was cut with the same restriction enzymes.                                                                                                                                                                                                                                                                                                                                                                                                                                                         The collagen XIII insert was ligated in the Pmx puro vector using the ligation protocol described in the appendix. After this XL10 gold bacteria were transformated with the new construct. DNA was isolated by miniprep and checked by restriction analysis. Next this DNA was used for retroviral transduction into RMA-S cells. After transduction the collagen expression was determined using LAIR-1 fusion protein staining described in 2.4. 

FACS analysis

Fluorescence-Activated Cell-Sorting (FACS) is a way to analyze cells according to their labeled cell surface markers or fluorescent light the cells emit. A FACScalibur (BD Bioscience, San Jose, CA USA) was used for these experiments. There are six different channels in which the cells are analyzed. First of all they are analyzed according to size (FSC) and granularity (SSC). Next four different fluorescence channels can be used to measure the labeled cells. The cells can be labeled according to surface markers or fluorescence they emit, like Green Fluorescence Protein (GFP). An example of FACS analysis is shown in Figure 3. During analysis the cells are gated out according to their size and granularity, Figure 3A. Propidium Iodide (PI) stains double-stranded nucleic acids; it is excluded by viable cells but can penetrate cell membranes of dying or dead cells (Figure 3B). The more positive the cells are the more they move to the right of the graph. In the next graph the actual staining is shown, here staining with mLAIR-1 fusion protein (chapter 2.4) with APC labeling, Figure 3C. This histogram plot is another way of showing data; this represents the number of cells with the same fluorescence intensity. Most of the results in this report will be shown in histogram plots. This will also give a mean fluorescence which can be used to compare samples. 
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Figure 3. Example for FACS analysis

Antibodies used

	antibodies used
	Manufacturer
	Concentration

	 
	 
	 

	113 bio
	Own production
	 

	8a8 anti LAIR
	Own production
	 

	Biotinylated Hamster IgG1
	BD
	0.5mg/ml

	Goat-anti-human IgG1
	Caltag
	 

	LAIR-PE
	BD
	 

	mLAIR-Ig
	Own production
	 

	Poly LAIR
	Own production
	 

	Pre Immune serum
	Own production
	 

	Streptavidin APC
	BD
	0.2mg/ml

	Streptavidin PE 
	BD
	0.5mg/ml


1.7 Detection of collagen on cell surface

To detect LAIR ligand, collagen, a mLAIR-1 fusion protein is used, which consists of the extracellular part of mLAIR-1 coupled to an human IgG1 Fc domain [13]. A schematic overview is shown in Figure 4. By using a goat-anti-human-IgG1 APC labeled antibody as a second step this fusion protein can be analyzed by flowcytometry. Four different tumor cell lines were analyzed for collagen expression, three colon carcinoma’s DLD-1, HT29, COLO205, and one mamma carcinoma SkBr3.

mLAIR fusion proteins were used rather than collagen specific Abs. Firstly, the amount of a commercially available collagen XVII Abs was limited. Secondly, a collagen XIII Abs has been described in literature however; we do not have access to it. Finally, these Abs were not sufficient to stain all LAIR specific collagens thus the fusion protein is used.

[image: image5.jpg]human

lgG-Fc
a-human Ig
Ligand extracellular

mLAIR




Figure 4. mLAIR fusion protein consisting of the extracellular part of LAIR coupled to an IgG1 domain. By using a labeled anti-IgG1 antibody this fusion protein can be analyzed by flowcytometry

1.8 Collagenase

24-wells plates were plated overnight at 37°C with adherent tumor cells (2*105 cells/well in 1 ml RPMI/10% FCS/PS/β) with different concentrations of collagenase type VII (C. histolyticum, 1900 units/ mg, Sigma-Aldrich, MO, US). Next the cells were stained for LAIR ligand, collagen, using the mLAIR fusion protein as described in 2.4. 

To investigate whether the collagens reappear after removing the collagenase, the medium with collagenase was removed and replaced by regular medium. After 4 hours of incubation at 37°C the amount of collagen on the cell surface was determined again using the mLAIR fusion protein. 

1.9 Cell adhesion assays

1.9.1 Cell adhesion

96-wells MAXIsorb (Nunc, Denmark) flat-bottom plates were coated overnight at 4°C with purified common collagen trimeric peptides GPP, GPO or complete collagen III (100 μl/well, 10 μg/ml, in 2mM acetic acid in H2O). After washing the plate three times with PBS, the wells were blocked with 1% BSA for 1 hour. Alternatively, adhering tumor cells (2*105 cells /well in 200 μl RPMI/10% FCS/PS/β) were coated overnight at 37°C in 96-wells flat-bottom plates (Nunc). The next day K562/ Ba/F3 cells expressing mLAIR or hLAIR were labeled with calcein (1.5 μl in 1 ml PBS, per 5*106 cells) for 30 min at 37°C. After washing the plate with three times with PBS, K562/ Ba/F3 cells were washed with 1% FCS RPMI and added to wells (1.5*105 cells/well in 100 μl RPMI/1% FCS/PS/β) and plates were incubated for 4 hours at 37°C. For a schematic overview of this assay see Figure 5. After incubation the fluorescence input signal was determined in triplo using a fluorescence plate reader (Fluoroskan Ascent, Thermo Fisher Scientific). The excitation and emission wavelengths used were respectively 485 nm and 527 nm. After this the plates were washed three times with 1% FCS RPMI, following every wash the fluorescence was determined for each well in duplo. The fluorescence input signal was set to 100% and the fluorescence left was set as a percentage of this input signal.

Where indicated collagenase was added to the cell culture medium during the complete protocol to test if the adhesion was specific for the collagens present on the cell surface. 

To test whether the adhesion was specific for LAIR a polyclonal LAIR Ab was used. Here K562 cells expressing LAIR labeled with calcein were incubated for one hour with polyclonal LAIR Abs (50 μl/well) or purified polyclonal LAIR Abs (50 μl/well) at room temperature. After this they were incubated with the adhering tumor cells for the adhesion assay described previously.
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 Figure 5. Schematic overview of binding assay. The blue cells represent the adhering tumor cells with collagen on their cell surface. The green cells represent the calcein labeled K562 cells, transduced with LAIR. 

1.9.2 mLAIR-1 fusion protein block

96-well plates were coated with 200 μl of K562 cell suspension expressing collagen XVII. The cells were spinned down and supernatant was removed. Meanwhile the mLAIR fusion protein was diluted in several concentrations and incubated with a polyclonal LAIR Abs for one hour. After this the mLAIR fusion protein mix was added to the K562 cells and a LAIR ligand collagen staining described in 2.4 was performed. 

1.9.3 Cell adhesion by flowcytometry

K562 transfectants expressing mLAIR and hLAIR, untransfected cells and collagen expressing cells (RMA-S/ K562) were harvested, washed two times with RPMI/PS/β and counted. 1*106 cells were diluted in 100 μl of diluent C (Sigma). K562 transfectants with mLAIR and hLAIR and the untransfected K562 cells were labeled for 10 min at room temperature with PKH26 (red, 1:250 in 100 μl diluent C) and the collagen expressing cells (RMA-S with collagen XIII and K562 with collagen XVII) were labeled with PHK67 (green, 1:100 in 100 μl diluent C) for 10 min at RT. Reaction was stopped by adding FCS (200 μl/ cell line) and incubate them for 1 min. The cells were washed with RPMI/10% FCS/PS/β and were co incubated at 37° C in a 1:1 ratio for 2 hours (mLAIR/ wt) or 5 hours (hLAIR). Afterwards the cells were carefully transferred into a tube for analysis by flowcytometry.

Reporter cells

96-well flat bottom plates (Nunc) were coated with GPP, GPO, 8a8 (anti hLAIR-1 Abs) and hamster IgG as an isotype (100 μl/well, 10 μg/ml, 2mM acetic acid in H2O) overnight at 4°C. Next day 2B4 T hybridoma cells transduced with an NFAT-GFP reporter and hLAIR-1a/b cells were added (5*104 cells/well in 100 μl RPMI/10% FCS/PS/β). Cells were incubated o/n at 37° C. These reporter cells consist of an extracellular LAIR-1 domain and an intracellular T Cell Receptor (TCR) ζ chain. Cross-linking of the extracellular LAIR-1 domain with Abs or collagen (-peptides) will start a cascade of reactions which eventually leads to activation of the Nuclear Factor of Activated T cells (NFAT) which is a transcription factor. Activation of NFAT will induce the transcription of Green Fluorescence Protein (GFP). This fluorescence signal can be measured the following day using flowcytometry.


[image: image7]
Figure 6. Schematic overview of 2B4T hybridoma cells transduced with NFAT GFP reporter and hLAIR-1

Results

1.10 Collagen expression on tumor cells

1.10.1 Collagen expression

[image: image19.wmf]Lungs

4

6

8

10

0

1

2

3

4

5

wt

CD200-/-

Day after infection

Cells (*10^6)

To investigate whether tumor cell lines express the LAIR ligand, collagen, four different cell lines were stained with mLAIR fusion protein. A representative staining of five experiments is shown in Figure 7. Firstly the positive control is shown (A); this is a K562 cell line expressing collagen XVII, showing a high expression of LAIR ligand, collagen. This is also shown by the mean fluorescence value in the upper right corner. The HT29 (B) and the DLD-1 cell line (C) also express LAIR ligand, collagen; HT29 has a slightly increased collagen expression compared to the DLD-1 cell line. The COLO 205 (D) and the SKBR3 cell line (E) however hardly express any collagen. The HT29 and DLD-1 cell line will be used for further experiments. 

Figure 7. Results after staining for collagen with mLAIR fusion protein. The green line represents the complete staining, the blue dotted line represents background levels after only staining with anti-IgG1 labeled antibody; the second step of this staining. As a positive control a K562 cell line expressing collagen XVII is used. In the upper right corner the mean fluorescence value is shown.

Collagenase treatment

Next the effect of collagenase on collagen expression was determined by a titration of the collagenase. Staining with mLAIR fusion protein, in the absence of collagenase, shows similar collagen expression as shown in experiment 3.1.1. For the DLD-1 cell line as little as 3 U/ml of collagenase was sufficient to remove all LAIR specific collagens shown in the left panel of Figure 8A. For the HT29 cell line 20 U/ml of collagenase was necessary to remove all the collagens from the cell surface, shown in the left panel of Figure 8B. Next, the effect of the collagenase was determined four hours after removing this from the cell culture medium. Within four hours the collagen expression on both cell lines was back to normal levels shown in the right panels of Figure 8A and B. This means that in future experiments, collagenase must always be present in the cell culture medium during assays in which the absence of collagen is required. 

[image: image8.jpg]HT29

o) 1 o0
750

z50m

DLD-1

Lk

5T

]

4 hrs.

5T

]

0 hrs. 3

NN

4 hrs.

5o

N

Sunoo

0 hrs. .

mLAIR Ig APC



a

Figure 8. Collagenase treatment of DLD-1 and HT29 showing direct staining (left panel) and 4 hrs after removing the collagenase (right panel). The green lines represent the complete staining; the pink dotted lines represent background after staining with only anti-IgG1 labeled antibody (2nd step). Data are representative for three experiments.

1.11 Adhesion assays

1.11.1 Plate bound peptides

To determine whether the collagens on the tumor cell surface bind to LAIR an adhesion assay was performed. K562 cells expressing mLAIR or hLAIR were used for this assay. First LAIR expression on these cells was determined by flowcytometry. Using mLAIR/ hLAIR Abs, results are shown in Figure 9.
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Figure 9. LAIR expression on different K562 cell lines, the black line shows the complete staining, the grey line represents the isotype control.

To investigate whether the LAIR expressing cell lines were able to bind to collagen peptides, an adhesion assay from literature was repeated [13]. Common collagen trimeric peptides GPP and GPO, as well as collagen III were coated over night. Binding of K562 cells expressing mLAIR or hLAIR was determined the next day, by incubating them for four hours with the collagens/ peptides. 

The results were based on the fluorescence input signal caused by calcein which was set to 100%. The amount of fluorescence left after three washes with medium was correlated with input signal. The results are shown in Figure 10; K562 cells expressing mLAIR bind to collagen III as well as GPO. Interestingly, K562 cells expressing hLAIR bind to collagen III, but not to GPO. The negative control GPP did not bind to either of the cell lines. The other negative control, the K562 wt cell line also did not bind to any of the peptides. The results are the same as given in the literature, indicating this assay works adequately. 

The Ba/F3 cell line was also tested once to show that the binding is not cell line dependent, but LAIR dependent. Here the same results are shown by the LAIR expressing cells as with the K562 cells. Ba/F3 cells expressing mLAIR bind to collagen III as well as GPO. Ba/F3 cells expressing hLAIR do not bind to either of the peptides or to the full collagen III. 
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Figure 10. Test for adhesion of K562 cells expressing mLAIR/ hLAIR to coated GPP, GPO and collagen III, as a control for binding assay. Adhering cells % represents the amount of fluorescence related to the input signal after three washes. The results represent two independent experiments.
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Figure 11 Test for adhesion of Ba/F3 cells expressing mLAIR/ hLAIR, coated GPP, GPO and collagen III, as a control for binding assay. Adhering cells % represents the amount of fluorescence related to the input signal after three washes. The results represent a single experiment.

Adhering tumor cell lines

Next the adherent tumor cells expressing collagens were coated to determine if they could bind to cells expressing LAIR. Again the calcein labeled K562 cells expressing LAIR were added and the fluorescence input signal was measured. The results of seven independent experiments are shown in Figure 12. K562 cells expressing mLAIR showed significantly more binding to the tumor cells than the K562 wt cells. Similar results were found for HT29, although these cells showed more background signal compared to DLD-1 cells; their binding capacity was also increased. Unfortunately hLAIR did not bind to DLD-1 or HT29. Therefore K562 cells expressing hLAIR were excluded in further experiments. Thus, mLAIR is able to bind to collagens expressed on the cell surface of tumor cells.
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Figure 12. Adhesion assay for DLD-1 and HT29 with calcein labeled K562 cells to determine whether K562 cells expressing LAIR bind to collagens on tumor cells. Adhering cells % represents the amount of fluorescence left compared to the input signal after three washes.

1.11.2 Collagenase adhesion assay

To investigate whether binding of LAIR is specific for collagen, collagenase was used to remove the collagens from the cell surface of the tumor cells. Earlier the effect of collagenase showed that 20 U/ml was required to remove the collagens from the cell surface of both cell lines. For the adhesion experiments however several concentrations of collagenase were used: 10 U, 20 U, 40 U and 60 U/ml. For these experiments the binding of K562 wt cells was set at 100% to better compare the results between the different cell lines. As the collagenase concentration increased the binding of LAIR transduced cells onto DLD-1 cells decreased as shown in Figure 13A. However the binding did not go back to the levels shown by the K562 wt. The collagenase did not have this effect on HT29 cells; the difference between K562 wt and mLAIR cells stayed the same, as is shown in Figure 13B. Thus for the DLD-1 cell line the binding seems to be collagen specific, however these differences were not shown for the HT29 cell line. 
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Figure 13. Adhesion assay DLD-1 (A) and HT29 (B) with collagenase in different concentrations to determine if binding of LAIR expressing cells is indeed specific for collagens. The relative adhering cells % represents the amount of fluorescence left compared to the input signal when K562 wt with no collagenase is set to 100% to better compare the independent experiments. Eight experiments were done for 0U/ml and four for 60U/ml of collagenase.

LAIR-1 Abs assay

To test the specificity of the binding of LAIR and collagen using an alternative method a polyclonal LAIR-1 antibody was used. The adhesion assay was repeated in the presence of a polyclonal LAIR Ab with labeled K562 cells which were pre-incubated before adding them to the coated tumor cells. This did not show any effect on the binding capacity (data not shown).

To test whether the polyclonal Ab was indeed able to block the interaction between LAIR and collagen, the antibody was tested with a fusion protein staining. The antibody was incubated with the mLAIR-1 fusion protein. After this the fusion protein was used for a LAIR specific collagen staining on K562 cells expressing collagen XVII. Due to recent problems with the capability of the mLAIR fusion protein to stain positive controls, this is not shown yet.

1.11.3 Creating RMA-S with collagen XIII

To test whether in addition to collagen XVII, also other collagens can bind to LAIR, a RMA-S cell line was retrovirally transduced with collagen XIII. The RMA-S cell line normally does not express collagen, moreover this cell line can, because of its tumor forming capacity, be used for in vivo experiments. After transduction the expression of collagen XIII was very low and thus the cells were sorted, however a week after sorting the collagen XIII expression went down again.
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Figure 14 RMA-S cells expressing collagen XIII two weeks after sorting high positive cells. White line represents the second step of the mLAIR fusion protein staining; the grey line represents the complete staining. 

1.11.4 FACS adhesion assay

To test whether this RMA-S cell line with transduced collagen XIII binds to LAIR a flowcytometry based adhesion assay was set up. Because the RMA-S are a suspension cell line, another adhesion assay must used. In literature a FACS based assay is described for K562 cells with collagen XVII. This was repeated and in the same assay the RMA-S with collagen XIII was used. The cells were labeled either green or red as described in chapter 2.6.3. This signal can be measured by flowcytometry. Via clustering of the red and green cells the adherence could be determined. The positive control; K562 cells expressing collagen XVII and K562 cells expressing mLAIR showed clustering of the red and green cells. However the RMA-S cell expressing collagen XIII did show some slight binding to the K562 expressing mLAIR. 

[image: image16.jpg]K562 hLAIR K562 mLAIR

6%| 6%
K562 i it 3
col XVII
6%| 6%|
RMA-S  Ji :
3%| 19%|
RMA-S
col XIlI





Figure 15 FACS based adhesion assay. Upper right corner shows percentage of cells positive for both fluorescent colors.

1.12 Reporter cell assay

1.12.1 Reporter cells

To determine whether the LAIR cross-linking by collagen results in an intracellular response, reporter cells were used. These cells have the extracellular LAIR domain and the intracellular T cell receptor ζ domain. After cross-linking this starts a cascade of intracellular reactions which will eventually via the NFAT transcription factor result in GFP transcription. This can be measured by flowcytometry. Common collagen trimeric peptides GPP and GPO, as well as hLAIR Abs (8a8) and isotype (hamster IgG), were coated over night at 4°C. Next day the reporter cells were added and incubated o/n. The following day the GFP signal was measured. Results of three independent experiments are shown in Figure 16. Cross-linking of LAIR-1 by anti-LAIR Abs (8a8) results in signaling. Interestingly, cross-linking by GPO peptides also results in GFP expression, although to a lesser extend. The negative controls GPP and 8a8 isotype do not induce GFP production. Thus, cross-linking of LAIR by either 8a8 or GPO leads to intracellular signaling. 
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Figure 16. Reporter cell assay. To determine whether the cross-linking of LAIR, by collagen peptides and anti-LAIR Abs, leads to intracellular signaling. GPO and 8a8 show good GFP production.

1.12.2 Tumor cell assay

To investigate whether the collagens expressed by the tumor cells are also able to induce LAIR-1 signaling, HT29 cells were coated o/n, the next day the reporter cells were added. 22 hours after adding the reporter cells the GFP signal was measured by flowcytometry. Incubation with HT29 cells results in induction of the GFP signal, higher compared to wt cells shown in Figure 17, but the fluorescence is still very low. The effect seems to be dose dependent, although the highest concentration of tumor cells resulted in a lower signal. Thus there is some intracellular signaling however the induction of GFP is much lower compared to the previous experiments. 

[image: image18.emf]0

0.05

0.1

0.15

0.2

0 0.25 0.5 1 2

HT29 cells (x10 6)

% GFP positive

wt

LAIR-1a


Figure 17 reporter cells incubated with coated HT29 tumor cells. To investigate if collagens expressed by tumor cells are also able to cross-link LAIR-1 and induce intracellular response. Figure is representative for three different experiments.

2 Conclusion and discussion

In this report the effect of the interaction between LAIR-1 and collagens on tumor cells was investigated. First the collagen expression of four tumor cell lines was determined using a mLAIR fusion protein. DLD-1 and HT29 had the highest expression. mLAIR fusion proteins were used rather than collagen specific Abs. Firstly, the amount of a commercially available collagen XVII Abs was limited. Secondly, a collagen XIII Abs has been described in literature however we do not have access to it. Finally, these two collagen Abs would not be sufficient for this assay because LAIR is a common collagen receptor. Therefore the fusion protein is used. Another problem with the mLAIR fusion protein staining is the fact that it consists of three different steps, which make it very susceptible for false negative results. For the experiments done in this report the LAIR specific collagen expression was probably sufficient, because the binding should only take place between LAIR and LAIR-specific collagens. It was shown that the mLAIR fusion protein only bound to collagens by using collagenase, after which there was no staining shown.
To investigate if cells expressing LAIR could bind to collagen, adhesion assays in which common collagen peptides were coated were performed. The K562 cells expressing mLAIR bound to all peptides which were known to bind to LAIR. Unfortunately hLAIR did bind to collagen III but not to the GPO triplet, this was already know from literature [13]. Nonetheless in the reporter cell assay, the reporter cells expressing hLAIR did cross-link with GPO, resulting in GFP induction. This difference may be due to the incubation time, which was o/n in the reporter cells assay and just four hours in the adhesion assay. For future experiments the incubation time of hLAIR onto GPO can be increased to test if this improves the binding of hLAIR and GPO. 

In the adhesion assay using tumor cells the K562 cells expressing hLAIR showed no additional binding compared to the K562 wt cell line. This again may be due to the short incubation time. The background binding levels caused by the K562 wt cell line were rather high in this assay. This may be because the K562 cells themselves are slightly adherent. Therefore the non adherent Ba/F3 cells were used to see if this results in a lower background level. Due to a shortage of time the Ba/F3 cell line has only been tested once on the common collagen peptides. Here the binding between the common collagen peptides and the LAIR expressing cells was a lot lower than showed with the K562 cell line. This maybe because the Ba/F3 cells are smaller and less likely to sink to the bottom of the well, as compared to the larger K562 cells. Therefore there probably is no binding seen for Ba/F3 hLAIR and collagen III. In future experiment the cells should first be spinned down before incubating them. Nonetheless there is a difference shown between mLAIR and wt Ba/F3 cell lines, suggesting that the binding of LAIR-1 is specific for collagens and is not cell line dependent. For future experiments this adhesion assay with Ba/F3 should be repeated and also with coated tumor cells. 

To investigate whether the cross-linking between LAIR and collagens resulted in intracellular signaling reporter cells were used. The tumor cells coated for the reporter cell assay also showed a GFP signal caused by cross-linking with LAIR. This effect is dependent on the concentration of tumor cells coated, however when too many cells are coated the GFP signal decreases. This is due to a shortage of nutritions in the culture medium. A solution to this problem may be to irradiate the tumor cells before coating them, so they will not divide and grow anymore. The GFP signal may be increased by sorting the reporter cell line for high LAIR expression. 

When trying to influence the binding between LAIR and collagens on the cell surface of tumor cells, collagenase was used. The collagenase did affect the binding between DLD-1 and the K562 cells expressing mLAIR, however there was no effect seen of the collagenase in the HT29 cell line. This may be due to the higher collagen expression of HT29 compared to the DLD-1 cell line. Interestingly the binding between DLD-1 and K562 mLAIR was influenced after adding 20 U/ml of collagenase to the cell medium, while in previous experiments no LAIR specific collagens were present after adding 3U/ml of collagenase. The HT29 cell line therefore should probably be repeated with higher concentrations of collagenase. In future experiments a different collagen staining, other than just the mLAIR fusion protein staining, can be used previous to the adhesion assay to test if there are any collagens present.

The LAIR Ab assay does not work properly at the time, due to recent problems with the mLAIR fusion protein, in which the positive controls do not show any staining. 

Influencing the adhesion assay with the polyclonal LAIR Abs did not work. Probably there was too much LAIR present on the LAIR expressing K562 cells. Hereby the added polyclonal Abs was not sufficient to block all the LAIRs or the binding between K562 cells and tumor cells is not LAIR dependant. For future experiments the LAIR Abs assay with the mLAIR fusion protein must be optimized, for example by reducing the concentration of the LAIR fusion protein.

To investigate if collagen XIII is a ligand for LAIR and can be used in an in vivo experiment a with collagen XIII transduced RMA-S cell line was made. However the transduced RMA-S cells did not bind to K562 cells expressing LAIR. This might be caused by the low expression of collagen XIII after transduction. Furthermore the RMA-S cells showed a high unspecific binding to the K562 cells. Collagen XIII can not be excluded as ligand for LAIR before other experiments, such as coating the full collagen in an adhesion is performed. 

The hypothesis of this study was that collagens on tumor cells could interact with LAIR-1 on NK, and CD8+ T cells. This interaction might result in inhibition of the cytotoxic function of these immune cells and hereby effect tumor growth. 

It has now been shown that cells expressing LAIR can bind to collagens expressed by tumor cells, and that this interaction can be influenced by using collagenase. The cross-linking between LAIR and collagen also leads to intracellular signaling, even with hLAIR expressing cells, which did not show any binding in the previous adhesion assays. It was not possible to influence the binding between LAIR expressing cells and collagens expressed by tumor cells using polyclonal LAIR Abs. 

For future plans the cytotoxicity of the NK after LAIR cross-linking must be determined, to see if this is influenced by LAIR. Furthermore in vivo experiments must be performed to show if tumor cells with or without collagen have difference in tumor growth. RMA-S cells can be used for these experiments when the collagen XIII expression is improved, by culturing them on selection and in the presence of vitamin C which up regulates the collagens. We hypothesize that the in vivo experiments will show an increase in tumor growth with the tumor cells expressing collagen as compared to the ones without collagen expression.
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Appendixes
Buffers and medium

Culture medium

FCS


50 ml

Penicillin

100 μg/ ml

Streptomicin

100 units/ ml

RPMI 1640

500 ml

β-mercaptho ethanol
100 μl

FACS buffer

BSA


1 mg

PBS


100 ml

LB medium

Tryptone

10 g

Yeast


5 g

NaCl


10 g

Fill with aquadest 
1000 ml

50 x TAE buffer

Tris base 

242 gm   
Acetic acid 

57.1 ml  
0.5M EDTA 

100ml  

Fill with aquadest
1000 ml 

Ligation buffer

Tris-HCl pH 7.8
500 µl

MgCl2 1M

50 µl

β-mercapto-ethanol
7 µl

ATP 100 mM

50 µl

BSA 0,1g/ml

50 µl

H2O


343 µl

S1 (resuspention buffer)

tris-Cl, pH 8.0

50 mM

EDTA


10 mM

RNase A

100 μg/ml

S2 (lysis buffer)

NaOH


200 mM

1 % SDS (w/v)

S3 (neutralization buffer)

Potassium acetate
3.0 M

pH 5.5

Experiments

Transformation

· 50 μl bacteria per reaction, 100 μl for more difficult ligations

· 50 / 100 μl bacteria + 10 μl ligation mix, 5’ on ice

· 1’ at 42° C

· 2’ on ice

· add 0,2 ml SOC medium (or LB without amp)

· 30’ at 37° C

· spin 2’ 5000 rpm

· remove 100 μl, resuspend other 100μl

· plate on LB amp plates (pre dryed) 

· o/n at 37° C

· next day ent colony 

· place tip in 15 ml tube with 3 ml LB medium

· o/n at 37° C in shaking incubator

Miniprep; Chloroform/ ethanol

· pour half of o/n liquid culture into eppendorff vail

· spin 1’max speed

· resuspend in 200 μl cold S1

· Add 200 μl warm S2

· Mix carefully until mixture is clear

· Add 200μl S3 and mix well

· Incubate 15’ RT

· Add 600 μl chloroform and mix well

· Spin for 10’-5’ at max speed

· Recover 500 μl aqueous top into clean eppendorff vail

· Add 50 μl of 3M NaAc, pH 5,6 and 500 μl isopropanol and mix well

· Spin tubes 10’at max speed

· Wash pellet with 70% ethanol 10’max speed

· Redissolve in 40 μl H20

· Analyze 1 μl on gel to determine quality and quantity

QIAEX II Agarose gel extraction protocol

· Excise the DNA band from the agarose gel with a clean, sharp scalpel

· Add 300 μl of buffer QX1 to each 100 mg of gel

· Add QIAEX II to sample according to table below

	< 2 μg DNA
	10 μl QIAEX II

	2- 10 μg DNA
	30 μl QIAEX II

	Each additional 10 μg DNA
	Add additional 30 μl QIAEX II


· Resuspend by vortexing for 30 sec. 

· Incubate at 50° C for 10’, mix by vortexing every 2’

· Spin 30 sec at max speed and carefully remove supernatant with pipet

· Wash with 500 μl of buffer QX1

· Wash pellet twice with 500 μl of buffer PE

· Air-dry pellet for 5’-10’ until pellet becomes white

· Add 20 μl H20 and vortex to elute DNA

· Incubate according to table below

	DNA fragments <4 kb
	Room temp. for 5’

	DNA fragments 4-10 kb
	50° C for 5’

	DNA fragments > 10 kb
	50° C for 10’


· Spin for 30 sec at max speed and carefully pipet the supernatant into clean tube

Transfection with FUGENE
· Day 0

· Plate 0,25*106 293T cells

· Day 1


· Add 2,5 μl FUGENE to 100 μl RPMI with p/s

· Incubate 5’-10’ RT

· Add max 1 μg DNA

· Incubate for 30’ RT

· Remove medium from cells and add DNA FUGENE mixture

· Add 2 ml RPMI P/S

· Day 2

· Detach the cells by pipetting, wash and replate in new flask

· Day 3

· Detach cells by pipetting wash and stain them 

LAIR-1-hIg staining

· 0,5*106 cells/tube

· Spin and remove supernatant

· Add 10 μl 20% mouse serum 20% FCS

· Incubate 15’ RT

· Add 10 μl mLAIR-Ig 1:100in PBS-1% BSA

· Incubate 30’ RT

· Wash twice with PBS-BSA and remove supernatant

· Add 15 μl goat-anti human IgG1 biotin (Caltag) 1:100

· Incubate 15’ RT

· Wash once with PBS-BSA and remove supernatant

· Add 15 μl strep-APC (1:75) or strep-PE (1:50)

· Incubate 15’ RT

· Wash once with PBS-BSA and remove supernatant

· Resuspend cells in 300 μl PBS-BSA

· Add 5 μl PI just before analyzing by FACS

Collagenase treatment adhering cells

· Day 1

· remove medium

· wash with 12 ml PBS

· Add 1.5-2 ml 5mM EDTA (in PBS)

· Incubate at 37°C until no cells remain on the bottom

· Resuspend in 10 ml RPMI/10% FCS/PS/β 

· Divide in falcon tubes

· Spin and remove supernatant

· Resuspend in medium with different amounts of collagenase

· o/n at 37°C

· Day 2

· Analyze 50% of the cells by LAIR-1 hIg staining

· Remove medium from other cells and replace this with regular medium

· Stain these cells after 4 hours

mLAIR-1 staining

· Stain cells with 15 μl 113 bio (1:150)

· Incubate 15’ RT

· Wash once with FACS buffer 1300 2’

· Add 15 μl strep-PE (1:50) or strep-APC (1:75)

· Incubate 15’ RT

· Analyze by flow cytometry 

hLAIR-1 staining

· Stain cells with hLAIR-1-PE (1:50)

· Incubate 20’ at 4°C

· Wash once with FACS buffer

· Analyze by flow cytometry

Adhesion assay K562

· Day 0 

· Coat maxisorb 96 wells plate;

· GPP (1:50)

· GPO (1:50)

· collagen III (1:50) 

· in 50µl per well (o/n 4 ºC)

· or adherent tumor cells in 200 μl medium (o/n 37 ºC)

· Day 1

· wash plate 3x with 100µl PBS

· block: incubate plate 1 hr RT with 1% BSA in PBS (100µl/ well)

· wash plate 3x with 100µl PBS

· Meanwhile label cells with calcein

· count cells 1.5x105 cells per well

· create mix of calcein and PBS (3µl calcein in 2 ml PBS: 1 ml mix per 5x106 cells)

· Incubate 30’ at 37 ºC, in aluminum foil. Shake now and then

· Wash 3x with 1%-RPMI

· spin 3600 rpm 2‘ (eppendorf centrifuge) or 3’ 1300 rpm (15 ml tube)

· Add 100µl cell suspension per well ( 1.5x105 cells in 100µl RPMI-1% FCS)

· Incubate at 37 ºC (2 hr mLAIR- 6 hr hLAIR)

· Measure input signal with FluorSkan (485nm, 527 nm), 3x

· Remove medium by flicking 

· Add 100µl 1% RPMI, measure 2x

· Input, wash 1, 2, 3, 4, 5, 6, 10, 15, 20 measure 2x

Binding assay FACS

· Wash tumor cells 3x with RPMI (without FCS) 1300 rpm 3’

· Count cells 1*106 per cell line

· Spin down cells 1300 rpm 3’

· Remove medium an re-dissolve cells in diluent C 100 μl (kit PKH Sigma)

· Mix well

· Add staining PKH26 red (1:125) PKH67 green (1:50)

· Mix well and incubate for 10’ RT

· Stop reaction by adding FCS 200 μl

· Incubate 1’ RT

· Spin and remove supernatant 1300 rpm 3’

· Wash 3x with complete medium 10% FCS RPMI

· Use new tube once during washing

· Re-suspend in 500 μl 10% FCS RPMI

· 100 μl of suspension per well in 96 wells plate

· Spin 1200 rpm 1’

· Incubate mLAIR 2 hours at 37 ºC

· Incubate hLAIR 5 hours at 37 ºC

· Carefully transfer into FACS tube

Reporter cells assay

· Day 0

· coat maxisorb plates 100μl/ well

· GPP/GPO 10μg/ml in 2 mM AA

· 8a8 10μg/ml in PBS

· isotype 10 μg/ml in PBS

· o/n at 4ºC

·  Day 1

· wash plate 4x with PBS

· Add 5*104 cells/well in 100 μl

· o/n at 37 ºC

· Day 2

· 22 hours after adding the cells measure GFP signal by flowcytometry

CD200 in vivo experiments

Another inhibitory receptor is the CD200 receptor. This is a project of a colleague in which I helped with the in vivo experiments. For the CD200 receptor, knock out mice are available. For the CD200R a function is still not found, thus in vivo experiments were performed. 

The knock-out mice were infected with influenza to see how these mice handle viral infections. The mice were weighed every day, data shown in Figure 18. A maximum of 80% of original weight was set as a humane end point for these animals.

The knock-out mice did not survive the influenza infection and had to sacrificed after 8 days. The wt mice did not show any sickness due to the infection.
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Figure 18 weight loss after influenza infection
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The viral loads of the lungs were determined to investigate if difference could be shown between the wt and knock-out mice.

Figure 19 viral load in the lungs of wt and knock-out mice
There was no difference shown for the viral load. In future experiments, to investigate which different subsets of leukocytes are responsible for the response to the influenza, subsets of cells can be depleted using Abs. 
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