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Persistent CD70 Signaling Promotes Macrophage Apoptosis   

Abstract 

Persistent co-stimulation of T cells via constitutive expression of CD70 on B cells in vivo 

results in a strong increase in the number of IFN� producing effector-type T cells. CD70 

transgenic (TG) mice show characteristics of patients with chronic active infectious disease 

such as HIV, as they eventually exhaust their naïve T cell pool and show early mortality due 

to opportunistic pulmonary infections caused by Pneumocystis carinii. Since macrophages 

play a central role in the defense against pulmonary pathogens and IFN� is the central 

cytokine in classical macrophage activation, we investigated whether CD70-induced immune 

stimulation affects the myeloid compartment. We found that CD70 TG mice have increased 

numbers of activated circulating monocytes expressing high levels of MHC class II. These 

monocytes have normal phagocytosis and migration characteristics in vitro. Interestingly 

however, monocytes from CD70 TG mice display enhanced IFN�-dependent susceptibility to 

apoptosis in vitro and fail to accumulate at inflammatory sites in vivo, as is illustrated by a 

remarkable protection of these mice against atherosclerosis. This indicates that CD70-

mediated immune activation affects innate cell function, which may contribute to a 

diminished ability to deal with opportunistic pathogens. 
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Introduction 

The binding of TNF-like receptors (TNFR) to their specific TNF ligand family members 

regulates T cell activation, differentiation and survival. The TNFR family includes death 

domain containing receptors and TNF receptor-associated factor (TRAF) binding receptors. 

Ligation of death domain containing receptors results in the activation of caspase cascades 

leading to apoptosis. TRAF binding receptors, such as OX40, CD30, 4-1BB, HVEM, GITR 

and CD27 (reviewed in 1), on the other hand are associated with signaling that leads to 

activation, differentiation and survival.  

CD70, the unique ligand of CD27, is expressed both in humans and mice on activated T cells, 

B cells and dendritic cells 2-4. Its receptor, CD27, is found on the majority of T cells, on 

subsets of antigen-experienced B cells, NK cells and hematopoietic progenitor cells 5-8. 

Signaling via CD27 involves the association of TRAF2 and TRAF5 to the receptor and 

subsequent activation of c-JUN N-terminal kinase (JNK) and the transcription factor NF-�B 9, 

10. In vitro, ligation of CD27 increases the expression of the anti-apoptotic factor Bcl-XL 
11. 

We have recently generated CD70 transgenic (TG) mice that constitutively express CD70 on 

all B cells 12. CD70 TG mice accumulate effector-type T cells that produce ample amounts of 

IFN�, which is dependent on both CD27-triggering and antigen-recognition 12, 13.  This 

increased secretion of IFN� caused by constitutive signaling through CD27-CD70 interaction 

results in the inhibition of B cell development in the bone marrow, a phenotype that can be 

rescued if CD70 TG mice are crossed on an IFN�-/- background 12. 

CD70 TG mice show similarities to individuals with chronic active viral infections such as 

HIV-1. Compared to wild type (WT) mice, young CD70 transgenic mice have superior 

responses to viruses and tumors 13. However, as CD70 TG mice age, the thymus involutes, 

naïve T cell numbers decline and proliferative responses to mitogenic stimuli wane. 

Interestingly, these mice show early mortality to opportunistic Pneumocystis carinii 
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pneumonia (PCP) 14 analogous to untreated HIV-infected patients. We observed that the 

occurrence of PCP was more frequent in CD70 TG mice than in nude mice housed in the 

same specific pathogen free (SPF) facility, suggesting that next to the naïve T cell demise, 

other alterations in the immune system might contribute to the increased susceptibility for 

opportunistic pathogens. As selective depletion of alveolar macrophages leads to an impaired 

clearance of Pneumocystis carinii resulting in pneumonia 15, we here analyzed phenotypic and 

functional traits of the monocyte/macrophage lineage in CD70 TG mice. We observed a 

significant increase of activated monocytes in the circulation and these monocytes showed a 

strong upregulation of MHC class II. Furthermore, the monocytes in CD70 TG mice have a 

normal capacity to phagocytose and are capable of responding to the chemoattractant MCP-1 

in vitro. Interestingly, under conditions that simulate acute and chronic immune activation in

vivo, in sterile peritonitis and a model for atherosclerosis 16, monocytes are unable to 

accumulate at inflammatory sites. Finally, we found that monocytes from CD70 TG mice are 

more susceptible to apoptosis, which is dependent on IFN�. We conclude that chronic 

immune activation impairs monocyte function in vivo via specific enhancement of apoptosis.  

 

Results 

CD27-induced effector T cell formation affects monocyte maturation.  

B220+ cells in both spleen and bone marrow of CD70 TG mice display a strong upregulation 

of MHC class II, reflecting the high IFN� levels in vivo 12. To analyze the effect of 

constitutive CD27-CD70 interactions and the resulting pro-inflammatory cytokine profile on 

monocyte function, we first analyzed the cell surface phenotype of blood myeloid cells from 

CD70 TG mice in comparison to WT, IFN�-/- and CD70 TG x IFN�-/- mice. Within the 

circulating myeloid (CD11b+) compartment, CD70 TG mice had normal percentages of 

monocytes (GR1-F4/80+ cells, Figure 1A-B). Like B220+ cells, also CD11b+F4/80+ 
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monocytes from CD70 TG mice showed a strong upregulation of MHC class II (Figure 1C-

D). Furthermore, this upregulation was indeed IFN� dependent as monocytes from CD70 TG 

x IFN�-/- mice had normal MHC class II expression. 
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Figure 1. Increase in activated circulating blood monocytes in CD70 TG mice. 
Phenotypic analysis of peripheral blood in WT, CD70 TG, IFN�-/- and CD70 TG x IFN�-/- 
mice. (A) Representative staining and (B) average percentage of monocytes (F4/80hiGR1-) 
within the myeloid compartment (CD11b+). (C) Representative staining and (D) average 
geometric mean fluorescence intensity (GeoMFI) of MHC class II expression on 
monocytes (CD11b+F4/80+). (E) (Ex-vivo analysis of) Integrins, FAS and chemokine 
receptor expression levels on monocytes (F4/80+) in the myeloid compartment (CD11b+) 
of WT (white bar), CD70 TG (black bar), IFN�-/- (hatched bar) and CD70 TG x IFN�-/- 
(dotted bar) mice. Error bars indicate the standard deviation of 3 mice per group. Asterisks 
denote a significant difference (* p<0.05, ** p<0.01) as determined by Student’s t-test. 
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 We also determined if the upregulation of MHC class II was accompanied by changes in 

membrane expression of other cell surface molecules that are regulated during monocyte 

activation 17-21 (Figure 1E). Expression of LFA-1 (CD11a), a member of the �2-integrin 

family, and the FAS receptor (CD95), a member of the tumor necrosis factor receptor 

superfamily, were strongly increased on monocytes from CD70 TG mice in an IFN�-

dependent manner, as were the chemokine receptors CCR5 (receptor for the inflammatory 

chemokines MIP-1�/�, RANTES and MCP-2) and CX3CR1 (the fractalkine receptor) 22, 23 

(Figure 1E). The chemokine receptor for MCP-1, CCR2, was not differentially expressed 

(data not shown), nor was expression of CD62L. The �2-integrin family member MAC-1 

(CD11b) also showed no differential expression. Interestingly, we found that certain 

molecules were upregulated in an IFN�-independent manner, such as VLA-4 (CD49d), MAC-

3 (LAMP-2, CD107b) 17 and to some extent MAC-2 (Galectin-3) 24. These data show that 

both IFN� dependent as well as IFN� independent pathways alter the cell surface phenotype 

of monocytes in CD70TG mice and generate a circulating monocyte pool that has several key 

features of activation.  

 

Monocytes from CD70 TG mice have normal migratory capacity in vitro 

Given the changes in cell surface receptors necessary for monocyte homing (Figure 1E), we 

investigated if myeloid cells from CD70 TG mice would have an altered migratory capacity. 

First, we analyzed the ability of monocytes to transmigrate in vitro. CD70 TG derived 

monocytes showed a comparable chemotactic response to MCP-1 as WT monocytes (Fig. 

2A). We also found that CD70 TG derived monocytes have an increased cytoskeletal staining 

with phalloidin than WT monocytes (data not shown), which reflects their increased 

activation and might indicate an increased cellular rigidity. However, decreasing the pore size 

of the transwells (3.0 �m instead of the standard 5.0 �m) did not show  any differences either 
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in the chemotactic ability of monocytes from CD70 TG compared to WT mice (data not 

shown). These data indicate that CD70 TG derived monocytes have a normal capacity to 

transmigrate in response to the inflammatory chemokine MCP-1 in vitro and are not 

negatively affected by potential cytoskeletal changes. 

 

CD70 TG mice do not accumulate monocytes during acute inflammation  

To fully assess possible changes in the monocyte pool from CD70 TG mice, we analyzed 

their migratory capacity in vivo. To this end, sterile peritonitis was induced by i.p. injection of 

thioglycollate and the accumulation of myeloid cells in the peritoneal cavity was measured. 

The peak of granulocyte influx is generally reached 4 hours after thioglycollate injection, 

whereas the peak of monocyte/macrophage influx is reached 48 hours after peritonitis 

induction 25, 26. CD70 TG mice show normal cell numbers in the peritoneal cavity prior to and 

4 hours after peritonitis induction (Figure 2B). However, after 48 hours CD70 TG mice 

showed lower total cell numbers recruited to the peritoneal cavity and this decrease resulted 

from a diminishment in monocyte/macrophage accumulation (Figure 2B). As this 

accumulation is fully dependent on local production of MCP-1 27, we tested MCP-1 

production by peritoneal macrophages, but found that this was not affected in CD70TG mice 

(Figure 2C). In summary, these findings suggest that constitutive CD27-CD70 interactions 

directly and/or indirectly affect monocyte accumulation at the site of acute inflammatory 

responses. 
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CD70 TG mice do not accumulate monocytes during chronic inflammation  

To examine the effects of enhanced activation on monocyte accumulation during chonic 

inflammation in vivo, we investigated the formation of atherosclerotic plaque development in 

a well-established murine atherosclerosis model. We crossed CD70 TG mice with 

atherosclerosis-prone ApoE*3-Leiden mice, which develop atherosclerosis in a monocyte-
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Figure 2. Chronic T cell costimulation negatively 
affects macrophage accumulation during sterile 
peritonitis. (A) Specific transwell migration of WT 
(white bar) and CD70 TG (black bar) derived blood 
monocytes (CD11b+F4/80+) towards a MCP-1 
gradient. (B) Absolute number of peritoneal myeloid 
cells (CD11b+), granulocytes (CD11b+GR1+) and 

macrophages (CD11+F4/80+) prior to, 4 hours and 48 hours after i.p thioglycollate 
injection. (C) The production of MCP-1 by WT (white bar) and CD70 TG (black bar) 
derived peritoneal macrophages after 24 hour culture with medium or LPS. Data are 
representative of two independent experiments of 3 mice per group. Asterisks denote a 
significant difference (* p<0.05) as determined by Student’s t-test. 
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dependent fashion following a high cholesterol/fat-diet 28. CD70 TG x ApoE*3-Leiden and 

ApoE*3-Leiden mice were analyzed after a 12, 16 or 20 week period of high cholesterol/fat-

diet for the development of lesion formation in the aortic root. Representative sections of the 

aortic root are shown in figure 3A. Strikingly, CD70 TG x ApoE*3-Leiden mice developed 

hardly any atherosclerotic lesions, whereas the control ApoE*3-Leiden mice developed large 

atherosclerotic lesions (Figure 3A-B). We confirmed that also CD70 TG x ApoE*3-Leiden 

had the expected increase in serum cholesterol levels on a high cholesterol/fat-diet (Figure 

3C). Furthermore, CD70 TG x ApoE*3-Leiden mice showed similar to CD70 TG mice a 

marked decrease of their B cells (Figure 3D) and consequently did not produce 

atheroprotective antibodies against oxidized LDL (ox-LDL) 28 (Figure 3E). In conclusion, 

these data suggest that enhanced activation of circulating monocytes results in a sustained 

protective effect against atherosclerotic lesion development, even in the absence of 

atheroprotective antibodies. 

 

The enhanced maturation state of monocytes from CD70 TG mice does not influence 

their phagocytic capacity. 

Next, it was examined if the enhanced activation state of circulating monocytes in CD70 TG 

mice was accompanied by changes in monocyte function. First the phagocytic capacity of 

these cells was measured in vitro, by culturing full blood from WT and CD70 TG mice in the 

presence of ox-LDL (the biological compound responsible for atherosclerotic lesion 

formation) or zymosan (heat-killed yeast particles) and analysis of the specific uptake of these 

compounds by monocytes. We found that monocytes from CD70 TG mice have a similar 

ability to phagocytose ox-LDL as well as zymosan compared to WT mice (Figure 4A-B).  

Circulating ox-LDL levels correlate with lesion size, as uptake of ox-LDL by 

monocytes/macrophages 28 in atherosclerotic lesions is accompanied by foam cell formation28. 
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To determine if CD70 TG derived monocytes processed ox-LDL to a similar extent as their 

WT counterparts, we cultured WT and CD70 TG derived monocytes with ox-LDL for 5 days 

and assessed foam cell formation by oil-red O staining. The development of foamy 

macrophages was similar for WT and CD70 TG mice and was nearly seen for all 

macrophages in both cultures (Fig. 4C shows a representative picture). Thus, altered 

maturation state of monocytes in CD70 TG mice through constitutive CD27-CD70 

interactions does not affect their function as measured by particle uptake and differentiation 

into foamy macrophages. 

 

 

 

 

 

 

 

 

 

 

 

 

 

B C
Control

WT

CD70 TG

WT

CD70 TG

A
Control

WT

CD70 TG

%
 o

f M
ax

%
 o

f M
ax

Zymosan FITC DiI Oxidized LDL

Figure 4. Normal phagocytic capacity of activated monocytes and macrophages in 
CD70 TG mice. Peripheral full blood was incubated in the absence or presence of DiI 
oxidized LDL or zymosan FITC. (A) Representative histogram for zymosan FITC and (B) 
DiI oxidized LDL phagocytosis from WT (dotted line) and CD70 TG (black line) derived 
monocytes. (C) Representative picture of foam cell formation following oxidized LDL 
uptake in WT and CD70 TG derived macrophages. Foam cell formation was determined 
by oil red O staining and shown to be uniform for the entire culture and comparable 
between WT and CD70 TG. Data are representative of two independent experiments of 3 
mice per group.  



Persistent CD70 Signaling Promotes Macrophage Apoptosis   

Chronic CD27-CD70 signaling decreases cell death resistance of monocytes 

Since the enhanced activation status and unaffected migratory potential in vitro appear to 

contradict the diminished accumulation of monocytes/macrophages at inflammatory sites in 

CD70TG mice, we considered the possibility that monocytes have an increased susceptibility 

for apoptosis during chronic immune activation, which would block their accumulation during 

inflammation. Indeed, our phenotypic analysis (Fig. 1E) revealed increased FAS expression 

on monocytes from CD70 TG mice. Therefore, we determined monocyte viability by 

measuring their mitochondrial membrane potential, as this is rapidly lost when cells go into 

apoptosis. The absolute number of circulating monocytes in CD70 TG mice was comparable 

to that of WT mice (5,2 x 105  2 vs 6,4 x 105  4 monocytes/ml) and no major differences 

were observed in cellular viability when measured directly ex vivo (Fig. 5 A-B). However, 

CD70 TG derived monocytes rapidly died upon overnight culture, which was dependent on 

IFN�, as it was not seen in monocytes of CD70TG x IFN�-/- mice (Fig. 5A-B). This survival 

defect was specific for monocytes, as it was not seen for granulocytes present in the same 

cultures (Fig. 5A-B). This indicates that CD70-driven immune activation and the resulting 

enhanced levels of IFN� may suppress monocyte accumulation at inflammatory sites via 

enhanced susceptibility to cell death. 
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Discussion  

Ligation of CD27 by its unique ligand CD70 has been shown to have a strong potentiating 

effect on T cell proliferation, survival and IFN� production (reviewed in 1). Moreover, 

previous studies have identified a direct effect on the colony forming potential and outgrowth 

of hematopoietic stem cells (HSC) and early progenitor cells 29. Here, we provide evidence 

that constitutive ligation of CD70 to its receptor CD27 indirectly alters the monocyte pool 

predominantly via an IFN�-dependent mechanism. Circulating monocytes display an 

activated phenotype and fail to accumulate at sites of inflammation most probably due to their 

enhanced propensity for apoptosis. 

To resolve the issue of the effects of chronic costimulation on the function of monocytes and 

macrophages in vivo, we analyzed experimental models in which acute and chronic 

recruitment of monocytes can be analysed. The induction of sterile peritonitis via i.p injection 

of thioglycollate is generally accepted as an acute inflammatory model to investigate 

monocyte and granulocyte recruitment 26, 30. We found a significant decrease of monocyte and 

macrophage accumulation in the peritoneum of CD70 TG mice, but we could not definitively 

settle the role of IFN�, as the CD70 TG mice on an IFN�-deficient background developed a 

lethal inflammatory response and could not be analyzed for peritoneal infiltrates (data not 

shown). In mice prone to atherosclerotic plaque formation, a model for chronic inflammation, 

we found that CD70 TG x ApoE*3-Leiden mice were less susceptible to diet induced 

atherosclerosis compared to ApoE*3-Leiden mice. Additional studies to clarify the role of 

IFN� on monocyte migratory capacity and accumulation should be performed in this setting, 

but will be hampered by the fact that IFN� also functions as a monocyte maturation factor in 

WT mice and is indispensable for the development of atherosclerotic lesions in this model 31.  

We found that CD70 driven costimulation results in an IFN� dependent loss of cells and of 

mitochondrial potential after a short period of in vitro culture. To resolve the mechanism of 
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cell death, we first investigated the FAS-FASL apoptotic pathway. Although FAS expression 

was upregulated on monocytes from CD70 TG mice in an IFN� dependent manner (Figure 

1E), we were not able to block the loss of mitochondrial potential in vitro, nor the 

monocyte/macrophage accumulation in the peritonitis model, using FASL blocking antibodies 

(data not shown). In addition, the pan-caspase inhibitor QVD did not rescue survival of CD70 

TG monocytes (data not shown), which could suggest that this is a caspase-independent 

mechanism. Finally, since also the GSK inhibitor SB216763, that would interfere with the 

process of autophagy 32, did not rescue cell vitality (data not shown), the mode of monocyte 

death in CD70 TG mice remains elusive.  

In human peripheral blood two distinct subsets of monocytes can be distinguished via CD14 

and CD16 expression. CD14++CD16- monocytes account for approximately 90% and 

CD14+CD16+ cells for the remainder of the monocyte population 33. CD14+CD16+ monocytes 

have lower levels of CD11b, CD33 and CD64 and higher levels of MHC class II, VLA-4 and 

ICAM-1 34, suggesting a more mature, activated phenotype than the CD14++CD16- 

monocytes. In several pathological situations, including sepsis 35 and tuberculosis 36, a 

significant increase in human peripheral CD14+CD16+ blood monocytes is found. Moreover, 

HIV-infected individuals also show a marked increase in CD14+CD16+ blood monocytes 37, 

38, which increases during disease progression 39, 40. It thus appears that HIV-infected people 

and CD70 TG mice are strikingly similar with respect to the presence of an activated 

monocyte pool in the circulation. Likewise, both CD70 TG mice and HIV infected individuals 

are susceptible to opportunistic pulmonary infections such as Pneumocystis carinii 

pneumonia14, 41. Our data now demonstrate that chronic costimulation results in impaired 

monocyte accumulation at inflammatory sites and which could thereby contribute to in an 

increased susceptibility for opportunistic infections. This would suggest that specific 
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inhibition of IFN� signaling pathways in lymphocytes could improve the innate immune 

response in patients with chronic active infection. 

 

Materials and Methods 

Mice 

CD70 TG, IFN�-/-, CD70TG x IFN�-/-, ApoE*3-Leiden and wild-type mice, all on a C57Bl/6 

background, were maintained at the animal department of the Academic Medical Center 

(Amsterdam, The Netherlands). For the induction of atherosclerosis, CD70 TG mice were 

backcrossed on a ApoE*3-Leiden-background. From these crosses, the female ApoE*3-

Leiden+ littermates (WT and CD70 TG) mice were used and were fed a high cholesterol/fat 

diet (1% cholesterol, 18% fat, Purif Diet W, 4021.36, Hope Farms, Woerden, The 

Netherlands). Identification of mutant mice was performed by PCR analysis of tail DNA or 

by FACS analysis of peripheral blood cells. All mice used were 8-10 weeks of age at the 

onset of the experiment and were handled in accordance with institutional and national 

guidelines. All experimental protocols were approved by the Ethics Committee for Animal 

Experiments of the Academic Medical Centrum in Amsterdam. 

 

Antibodies and conjugated reagents 

The following monoclonal antibodies were obtained from Pharmingen: allophycocyanin-

conjugated (APC) anti-CD11b (clone M1/70), peridinin chlorophyll protein-conjugated 

(PerCP) anti-B220 (clone RA3-6B2), Fluorescein isothiocyanate-conjugated (FITC) anti-

CD3� (clone 17A2), PerCp-conjugated anti-CD4 (clone L3T4), APC-conjugated anti-CD8 

(clone Ly-2), phycoerythrin-conjugated (PE) anti-GR-1 (clone RB6-8C5), PE-conjugated 

FAS (clone Jo2) and PE- or APC- conjugated anti-CD62L (clone MEL-14). The following 

antibodies were purified from hybridoma supernatants and conjugated to FITC or biotin 
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according to standard procedures: biotinylated anti-MHC class II (clone M5-114) and FITC-

conjugated CD70 (clone 3B9). For the detection of biotinylated antibodies, streptavidin-PE 

(Caltag Laboratories, CA), streptavidin-APC (Pharmingen) or streptavidin-conjugated PerCP-

Cy5.5 (SAv-PerCP-cy5.5., Pharmingen) was used. Antibody used from eBioscience: FITC-

conjugated anti-F4/80 (clone BM8). Non-conjugated antibodies used: anti-VLA-4 (clone 

PS/2, a kind gift from Dr. Reina Mebius), anti-MAC2 and anti-MAC-3 (both a kind gift from 

Dr. Reina Mebius), anti-CCR5 (clone MC-68, a kind gift from Dr. Matthias Mack 42) and 

anti-LFA-1 (a kind gift from Dr. Yvette van Kooyk). Antibody used from Sanbio: PE-

conjugated anti-CX3CR1 (clone 2A9-1). For the detection of non-conjugated antibodies a PE- 

or FITC-conjugated Donkey anti Rat (Jackson) or Goat anti-Rabbit (Southern Biotechnology 

Associates) was used. Intracellular stainings for FITC-conjugated phalloidin (Sigma) were 

performed subsequent to surface stainings followed by fixation and permeabilization (Becton 

Dickinson). Cells were then incubated for 30 min with phalloidin-FITC, thoroughly washed 

and analyzed by flow cytometry. When possible, Fc-receptor-mediated binding was blocked 

by preincubation with the 2.4G2 anti-Fc�RII/III receptor (kind gift from Dr. Louis Boon, 

Bioceros, Utrecht, The Netherlands). 

 

Flow cytometry 

Single-cell suspensions from spleen were obtained by mincing through cell strainers. Blood 

(  700 l) was obtained by heart puncture and mixed with 10 l heparine ( 5000 IE/ml, LEO 

Pharma bv). Erythrocytes were lysed with an ammonium chloride solution and cells were 

subsequently counted. Cells (5 x 105) were collected in 96-well V-bottomed plates in staining 

buffer (PBS with 0.5% bovine serum albumin) and stained for 30 min at 4�C with antibodies 

in the presence of anti-CD16-CD32 (FcBlock, clone 2.4G2, PharMingen). Data acquisition 

was done with FACSCalibur and data were analyzed with Flowjo software (Tree Star). 
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Phagocytosis assay 

Approximately, 700 μl blood was obtained by heart puncture and mixed with 10 μl heparin 

(5000 IE/ml). To determine the phagocytic capacity of blood monocytes, 100 μl blood was 

cultured for 3 hours at 37�C in a total volume of 1 ml Iscove’s modified dulbecco’s medium 

(IMDM) + 10% FCS in the presence or absence of DiI-labeled oxidized LDL (5 μg/ml, 

Intracel) or FITC-conjugated zymosan. Next, cells were washed, erythrocytes were lysed with 

an ammonium chloride solution and leukocytes were subsequently stained for analysis by 

flow cytometry as described above. 

Fluorescent zymosan was prepared as follows: unlabeled zymosan (a kind gift from Dr. 

Esther de Jong, AMC, The Netherlands) was resuspended in PBS at 25 mg/ml and heated for 

30 min at 100°C. This suspension was pelleted by centrifugation and washed 2x with sterile 

PBS. Subsequently, the zymosan particles were resuspended at 5 mg/ml in PBS and incubated 

with 2,5 �g/ml fluoroscein-isothiocyanate (FITC; Sigma) for 45 minutes at RT. Finally, 

zymosan particles were washed 5x in sterile PBS, resuspended to a concentration of 5 mg/ml 

and stored at -20°C.  

 

Foam cell formation 

To determine foam cell formation, 100 �l blood was cultured in a total volume of 200 �l 

medium (IMDM 10% FCS) in the presence of 100 �g/ml ox-LDL for 5 days at 37	C (5% 

CO2). Foam cell formation was visualized by oil red O (Sigma) staining. 

 

Chemotaxis assay 

Blood was obtained by heart puncture (±700 �l blood in 10 �l Heparine, 5000 IE/ml) after 

which specific chemotaxis towards a MCP-1 gradient was determined via transwell assay. 120 

l full blood was loaded in triplicate into 5 m pore size polycarbonate transwell inserts 
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(Costar, Corning). The lower well was loaded with 600 l medium (IMDM, 10% FCS) with 

0, 5, 25 or 125 ng/ml MCP-1 (R&D). After 4 hours incubation at 37	C (5% CO2) cells from 

the lower compartment were washed, erythrocytes were lysed with an ammonium chloride 

solution and leukocytes were subsequently stained for analysis by flow cytometry as 

described above. MCP1-specific migration was calculated as (the average amount of cells 

which migrated towards MCP-1) minus (the average amount of cells which migrated to 

medium) divided by the average amount of cells applied to the transwell. 

 

MCP-1 production assay 

Peritoneal cells were obtained by peritoneal lavage with 4 ml cold IMDM, 5% FCS. 

Peritoneal cells were counted and plated in a 6 well-plate at 6 x 105 cells per well in a total 

volume of 200 l for 2 hours at 37	C, 5% CO2. Non-adherent cells were removed by washing 

with medium and remaining cells were cultured for 24 hours in a total volume of 2 ml 

medium (IMDM, 10% FCS) with 0, 10 or 100 ng/ml LPS. Supernatants were collected and 

MCP-1 levels were determined by MCP-1 ELISA (Pharmingen; kindly provided by Dr. Tom 

van der Poll). 

 

Thioglycollate-induced peritonitis 

Mice were injected with 1 ml 3% (weight/volume) thioglycollate solution (T9032, Sigma) 

intraperitoneally. Four hours or 48 hours after injection, the total number of recruited 

peritoneal cells were collected by washing the peritoneum with 4 ml of sterile saline buffer. 

Peritoneal cells were counted and analyzed by flow cytometry as described above. 
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Serum cholesterol analysis 

Mice underwent a fasting period of 4-12 hours after which blood was isolated. The 

concentrations of total cholesterol in the serum were determined according to the 

manufacturer’s instructions (bioMerieux, France). A cholesterol calibrator (standardized 

serum; bioMerieux) was used as internal standard. 

 

Measurement of oxidized LDL antibodies 

The antibody titers were determined by an enzyme-linked immunosorbent assay. 96 wells 

plates were coated overnight at 4	C with oxidized LDL (10 μg/ml) (RP-047, Intracel) in 

coatings buffer (0.1 M NaH4CO3). Subsequently, plates were blocked with 5% BSA for 2 

hours at room temperature. Sera from CD70 TG x ApoE*3-Leiden and ApoE*3-Leiden mice 

were added into duplicate wells in various dilutions for 2 hours at room temperature. The 

quantification of bound immunoglobulin was performed by incubating the plates with a 

biotin-conjugated goat anti mouse IgG (1034-08, SBA) followed by a 20 minute incubation at 

room temperature with streptavidin-conjugated horse radish peroxidase (P0397, DAKO). 50 

μl substrate (10 ml NaAc, 100 μl Tetramethylbenzidine (6 mg/ml in DMSO, VWR), 10 μl 3% 

H2O2) was added and the enzyme reaction was terminated after approximately 25 minutes by 

the addition of 25 μl 2 N H2SO4. The optical density was measured at 450 and 540 nm using a 

microplate reader. Between the various steps the plate underwent extensive washing.  

 

Histological analysis of hearts and aortas for atherosclerosis 

Atherosclerotic lesion development was analyzed after completion of the high cholesterol/fat 

diet. Mice were anesthetized by i.p. injection of FFM mix (1 part hypnorm, 1 part dormicum, 

2 parts H2O). Hearts and aortas were perfused in situ with phosphate-buffered saline for 10 

min via a cannula in the left ventricle. This was followed by a 10 min post-perfusion fixation 
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with 1% neutral-buffered formalin (Formal-Fix, Shandon Scientific UK) and subsequent 

storage of the hearts and aortas in formalin. Hearts were bisected at the level of the atria and 

the base of the heart was taken for analysis. Cryostat 7 μm cross-sections of the aortic root 

were made and stained with oil red O (Sigma). Quantification of the atherosclerotic lesion 

area in the sections was performed by Q-win analysis (Leica). The mean lesion area was 

calculated (in m2) from ten sections, starting at the appearance of the tricuspid valves. 

 

Analysis of viable cells via mitochondrial activity 

Cellular viability of the myeloid compartment was determined following incubation of 50 l 

blood in a total volume of 200 l IMDM with 200 nM MitoTracker Orange (Molecular 

Probes, Leiden, The Netherlands) for 30 minutes at 37°C. Cells were subsequently washed, 

stained on ice for cell surface molecules and analyzed by flow cytometry as described above. 

 

Statistical analysis 

Statistical analysis of the data was performed using an unpaired Student’s t-test. 
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