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Background: The propensity for sustained inflamma-
tion after bacterial infection in neonates, resulting in inflam-
matory sequelae such as bronchopulmonary dysplasia and 
periventricular leucomalacia, is well known, but its molecular 
mechanisms remain elusive. Termination of inflammatory reac-
tions physiologically occurs early after removal of bacteria by 
phagocytosis-induced cell death (PICD) of immune effector 
cells such as monocytes. PICD from cord blood monocytes 
(CBMOs) was shown to be reduced as compared with that of 
peripheral blood monocytes (PBMOs) from adult donors in vitro.
Methods: PBMOs, CBMOs, and Fas (CD95)-deficient (lpr) 
mouse monocytes were analyzed in an in vitro infection 
model using green fluorescence protein–labeled Escherichia 
coli (E. coli-GFP). Phagocytosis and apoptosis were quantified 
by flow cytometry and CD95L secretion was quantified by 
enzyme-linked immunosorbent assay.
Results: We demonstrate the involvement of the CD95/
CD95 ligand pathway (CD95/CD95L) in PICD and provide evi-
dence that diminished CD95L secretion by CBMOs may result 
in prolonged activation of neonatal immune effector cells.
Conclusion: These in vitro results offer for the first time a 
molecular mechanism accounting for sustained inflammation 
seen in neonates.

Neonatal sepsis is a major cause of mortality and morbidity 
in term and preterm infants (1,2). Although acute bacte-

rial infection can be controlled in many cases, the accompa-
nying inflammatory reaction, sometimes starting before birth, 
may be excessive and hardly controllable (3). Inflammation 
may even persist after resolution of infection, because sepsis 
predisposes to inflammatory diseases exclusively manifest-
ing during the neonatal period, i.e., bronchopulmonary dys-
plasia and periventricular leukomalacia (2,4–7). As for this, 
Dammann et  al. coined the term “sustained inflammation” 
to describe a prolonged inflammatory reaction after an initial 
activation of the neonatal immune system, with an inability to 
resolve the resultant inflammation (8,9). Although the clinical 
consequences of excessive inflammation in developing organs 

have been well recognized, a conclusive pathophysiological 
paradigm for the “sustained inflammation” observed during 
the neonatal period is still missing (8,9).

Monocytes and macrophages represent one of the key play-
ers during bacterial infection. As phagocytes, they are essential 
for the rapid elimination of invading pathogens and the activa-
tion of other immune cells by secretion of proinflammatory 
cytokines. As antigen-presenting cells, they can further trans-
mit signals to cells of the adaptive immune system, launching a 
profound inflammatory response (10).

Under physiological conditions, activity of monocytes at sites 
of infection is terminated by apoptosis (11), mainly induced by 
a process called phagocytosis-induced cell death (PICD), lead-
ing to elimination of activated monocytes (12). PICD seems to be 
a common event in monocyte–bacteria interaction, given that it 
has been shown for a huge variety of bacteria, although the sig-
nals required to induce apoptosis in this process have not yet been 
entirely identified (12). PICD of monocytes, as well as apoptosis 
of other immune cells, is important during the course of sepsis, 
limiting inflammation (13). Reduced monocyte apoptosis has 
been associated with poor outcome in adult septic patients (14).

Apoptosis can be induced by two major pathways: the exter-
nal pathway, initiated by ligation of death ligands to their recep-
tors, and the internal pathway, initiated by a variety of stimuli, 
leading to alteration of the mitochondrial membrane potential. 
Both end up in the activation of effector caspases (13).

Fas-ligand (CD95L) is one of the major death ligands belong-
ing to the tumor necrosis factor family. It is expressed by differ-
ent immune effector cells (15). In monocytes, CD95L is stored 
in the intracellular compartment and can be externalized and 
secreted as soluble ligand (sCD95L) upon stimulation (16).

In previous studies, we analyzed different steps of the interac-
tion of cord blood monocytes (CBMOs) with common bacte-
rial pathogens causative for neonatal sepsis, i.e., Escherichia coli 
(E. coli) and group-B streptococci. Although phagocytic activity 
and intracellular degradation of bacteria did not differ in com-
parison with those of monocytes from peripheral blood of adults 
(PBMOs) (17,18), PICD was greatly diminished in CBMOs (19). 
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The remaining monocytes were capable of producing inflamma-
tory signals (17). We could show that expression of Fas-receptor 
(CD95) was not different between PBMOs and CBMOs but that 
CD95L-mRNA was diminished in CBMOs (19).

In the current study, we analyzed the involvement of the 
CD95/CD95L pathway in PICD of monocytes exposed to 
E. coli and hypothesized that this pathway would be altered in 
CBMOs.

We show that (i) the CD95/CD95L pathway is crucial for 
induction of PICD; (ii) secretion of CD95L leads to apoptosis 
of nonphagocytizing bystander cells, and (iii) CBMOs exhibit 
a diminished CD95L secretion, which leads to reduced effec-
tor cell apoptosis resulting in remnant activated monocytes. 
These results provide an initial molecular explanation for the 
sustained inflammation seen in neonates.

Results
Apoptosis Upon Infection With E. coli-GFP Is Diminished in CBMOs 
and Mediated by Soluble Factors
Infection with E. coli-green fluorescent protein (GFP) induced 
significant apoptosis in PBMOs, whereas apoptosis of CBMOs 
was greatly diminished (Figure 1a) as described earlier (17,19).

To address whether apoptosis was mediated by soluble fac-
tors, we used a media conditioned by infected monocytes. 
Media from peripheral blood mononuclear cells (PBMCs) 
given on freshly isolated allogeneic PBMOs were capable 
apoptosis inductors, with median (minimum–maximum) 
apoptosis rates after 3 h of 46% (20–67%) as compared with 
5% (3–12%) in control PBMOs cultured in fresh medium 
(Figure 1b). However, when incubating PBMOs in media con-
ditioned by cord blood mononuclear cells (CBMCs), apoptosis 
occurred in only 23% (7–41%) of target PBMOs (Figure 1b). 
Neither media conditioned by PBMCs nor that conditioned 
by CBMCs induced apoptosis in freshly isolated, allegeneic 
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Figure 1.  Apoptosis upon infection with E. coli-GFP is diminished in 
CBMOs and mediated by soluble factors. CBMOs (white boxes) and PBMOs 
(gray boxes) were infected with E. coli-GFP for 1 h as described in the 
Methods. (a) After incubation for an additional 24 h, percentage of hypo-
diploid nuclei was assessed by flow cytometry. (b) After 3 h, conditioned 
media were filtered and applied to freshly isolated allogeneic PBMOs and 
apoptosis was assessed after 24 h. PBMOs cultivated in fresh medium only 
(media only) and PBMOs cultivated in medium conditioned by E. coli-GFP 
in the absence of cells (supernatant E. coli) served as controls. The box 
represents the median and 25th and 75th percentiles; n = 8. CBMC, cord 
blood mononuclear cell; CBMO, cord blood monocyte; E. coli, Escherichia 
coli; GFP, green fluorescent protein; PBMC, peripheral blood mononuclear 
cell; PBMO, peripheral blood monocyte.
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Figure 2.  PBMOs and CBMOs are sensitive to CD95L-induced apoptosis. (a) 
Naive and (b) E. coli-GFP–infected CBMOs (white boxes) and PBMOs (gray 
boxes) were incubated with external CD95L with concentrations indicated. 
After 24 h, the percentage of hypodiploid nuclei was assessed by flow cytom-
etry. The box represents the median and 25th and 75th percentiles; open 
circles indicate outliers; n = 6. CBMO, cord blood monocyte; E. coli, Escherichia 
coli; GFP, green fluorescent protein; PBMO, peripheral blood monocyte.
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CBMOs (data  not shown). Medium conditioned by E. coli-
GFP alone was also capable of inducing apoptosis in a relevant 
percentage of PBMOs 20% (19–28%). ANOVA revealed a sig-
nificant main effect for unconditioned media (P value < 0.001). 
Post hoc pair-wise comparisons showed significant differences 
between (i)unconditioned media and all other conditions (all P  
values < 0.001) and (ii) media conditioned by infected PBMCs 
and that conditioned by infected CBMCs (P value = 0.041). 
Thus, conditioning by infected PBMCs generated significant 
apoptosis-inducing capacity in cell culture media, whereas this 
effect was only marginally detectable for infected CBMCs.

PBMOs and CBMOs Are Sensitive to CD95L-Induced Apoptosis
We next analyzed the impact of CD95L on PBMOs and CBMOs. 
Addition of CD95L induced apoptosis in both naive PBMOs 
and CBMOs in a concentration-dependent manner. Apoptosis 
occurred in up to 61% (44–77%) of CBMOs and 86% (71–93%) 
of PBMOs (Figure  2a). ANOVA showed only one significant 
main effect (CD95L; P value <0.001), i.e., cell type (CBMO or 
PBMO) and the interaction term between cell type and CD95L 
were not significant. Post hoc pair-wise comparisons showed 
significant differences only for medium (100 ng/ml; P value 
<0.001) and high (1,000 ng/ml; P value <0.001) CD95L concen-
trations as compared with incubation without external CD95L. 
These results indicated that CD95L is potent to induce apopto-
sis, showing similar effects in CBMOs and PBMOs.

When incubating PBMOs and CBMOs after infection with 
E. coli-GFP, low concentrations of external CD95L (10 ng/ml) 
increased the low apoptosis rates seen in infected CBMOs 
from 20% (16–21%) to 36% (26–47%), comparable with those 
seen in infected PBMOs (43% (37–58%), Figure 2b), whereas 
CD95L in this concentration had no effect on infected PBMOs 
(43% (32–61%)). External CD95L in higher concentrations 
led to further rising of apoptosis rates in infected PBMOs 
and CBMOs. ANOVA revealed significant main effects for 
cell type (CBMO or PBMO) and CD95L (all P values <0.001), 
as well as for the interaction term of both (P value =0.032). 
Again, post hoc pair-wise comparisons showed significant dif-
ferences only for medium (100 ng/ml; P value <0.001) and 
high (1,000 ng/ml; P value <0.001) CD95L concentrations as 
compared with incubation without external CD95L. In con-
trast to uninfected cells, these data indicated different effects 
of CD95L in infected CBMOs as compared with PBMOs, 
with CBMOs tending to be more susceptible to apoptosis 
induction.

Infected PBMOs showed significantly elevated apoptosis rates 
as compared with naive PBMOs exposed to 10 and 100 ng/ml 
CD95L, whereas addition of 1,000 ng/ml CD95L resulted in 
higher apoptosis rates in noninfected PBMOs (Figure  2a,b). 
However, infection had only little effect in CBMOs (data not 
shown).

CD95/CD95L Signaling Is Crucial for E. coli-GFP–Induced 
Apoptosis
To demonstrate the relevance of CD95/CD95L signaling 
for E.  coli-GFP–mediated apoptosis, we chose two different 

approaches. In a first series of experiments, a blocking mono-
clonal antibody against CD95 (αCD95), the receptor of CD95L, 
was used to inhibit CD95L signaling. Incubation of PBMOs 
with αCD95 before, during, and after infection with E. coli-
GFP resulted in a dramatic decrease in apoptosis rates to nearly 
50% of controls (52% (28–74%) vs. 31% (17–46%), Figure 3a). 
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Figure 3.  CD95/CD95L signaling is crucial for E. coli-GFP–induced apoptosis. 
(a) CBMOs (white boxes) and PBMOs (gray boxes) were incubated with block-
ing αCD95L mAb (ZB4, 4 μg/ml) or isotype control and then infected with E. 
coli-GFP for 1 h and free bacteria removed as described in the Methods. After 
24 h, the percentage of hypodiploid nuclei was assessed by flow cytometry, 
n = 3. (b,c) PBMCs from wild-type (WT) and MRL-Faslpr mice were infected 
for 1 h with E. coli-GFP and free bacteria removed as described in Methods. 
Cells were either stained with CD14-FITC and (b) percentage of GFP+ cells of 
CD14+ cells was quantified or cultured for another 24 h and (c) percentage of 
hypodiploid nuclei was quantified by flow cytometry. The box represents the 
median and 25th and 75th percentiles; open circles indicate outliers; n = 3. 
CBMO, cord blood monocyte; E. coli, Escherichia coli; FITC, fluorescein isothio-
cyanate; GFP, green fluorescent protein; mAb, monoclonal antibody; PBMC, 
peripheral blood mononuclear cell; PBMO, peripheral blood monocyte.
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Incubation of CBMOs with αCD95 did not further diminish the 
low apoptosis rate after infection (22% (15–25%) vs. 19% (11–
27%), Figure 3a). However, ANOVA did not show a significant 
main effect of blocking antibody incubation (P value =0.072), nor 
was the interaction term between cell type (CBMO or PBMO) 
and antibody incubation significant (P value =0.195). In one post 
hoc pair-wise comparison, the mean individual differences (SD) 
in apoptosis rate between incubation with isotype antibody and 
incubation with αCD95 were significant (−2% (7%) in CBMOs 
vs. −21% (12%) in PBMOs; unpaired t-test: P value =0.006). This 
supported a relevant role for CD95/CD95L signaling in E. coli-
GFP–mediated apoptosis induction. Control staining with fluo-
rescent labeled anti-CD95 monoclonal antibodies (mAbs) for 
quantifying the blocking effect of αCD95 revealed that 60% of 
CD95 receptors were blocked (data not shown).

In a second approach, a transgenic mouse model helped 
to confirm the relevance of CD95/CD95L signaling in PICD, 
using isolated CD95-deficient MRL-Faslpr mouse monocytes. 
MRL-Faslpr monocytes showed slightly elevated phagocytosis 
activity as compared with wild-type mice (21% (21–26%) vs. 
17% (13–18%), Figure 3b) after in vitro infection with E. coli-
GFP. However, E. coli-GFP–induced apoptosis rates were 
diminished in MRL-Faslpr as compared with monocytes from 
wild-type mice (10% (9–30%) vs. 39% (38–66%), Figure 3c).

sCD95L Secretion Is Diminished in CBMCs
Having shown that media conditioned by CBMCs exhibited a 
weaker potency to induce apoptosis, we quantified sCD95L in 
media conditioned by PBMCs and CBMCs. CD95L content in 
media of naive CBMCs and PBMCs was low (8 (7–10) pg/ml 
and 10 (2–23) pg/ml, Figure 4). Twenty-four hours after infec-
tion with E. coli-GFP, CD95L concentration was increased 

to 52 (21–88) pg/ml in media from PBMCs, whereas in 
media from CBMCs, CD95L content remained low (10 (5–18) 
pg/ml, Figure 4). ANOVA showed significant main effects for 
cell type (CBMO or PBMO; P value =0.001) and infection (P 
value <0.001), as well as for the interaction term of the two (P 
value =0.001). These data indicate a strongly diminished secre-
tion of CD95L by CBMCs upon infection with E. coli-GFP.

Remaining CBMOs Are Capable of Inducing T-Cell Proliferation
Finally, the functional consequences related to the observed 
differences in monocyte PICD of PBMOs and the functionality 
of the remaining CBMOs were assessed. Therefore, we analyzed 
an obligatory monocyte-dependent function and chose αCD3 
mAb–stimulated T-cell proliferation, which depends on mono-
cyte capacity to provide costimulatory signals (20,21). PBMOs 
and CBMOs were infected with E. coli-GFP and, after removal 
of free bacteria, T cells were stimulated with αCD3 for 48 h and 
analyzed by flow cytometry. Noninfected cells served as con-
trols. Representative histograms are presented in Figure 5a.
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Figure 4.  sCD95L secretion is diminished in CBMCs. CBMCs (white boxes) 
and PBMCs (black bars) were infected for 1 h with E. coli-GFP and free bac-
teria removed as described in Methods. After 24 h, media were removed 
and analyzed for sCD95L by ELISA. Uninfected PBMCs and CBMCs served 
as controls. The box represents the median and 25th and 75th percentiles; 
open circle indicate outliers; n = 6. CBMC, cord blood mononuclear cell; 
E. coli, Escherichia coli; ELISA, enzyme-linked immunosorbent assay; GFP, 
green fluorescent protein; PBMC, peripheral blood mononuclear cell.

a 350

0
350

0
0 101 102 103 104

b 100

80

60

T-
ce

ll 
pr

ol
ife

ra
tio

n 
(%

)

40

20

0

E. Coli
anti-CD3

−
−

+
−

−
+

+
+

Figure 5.  Apoptosis-resistant CBMOs are capable of inducing T-cell prolif-
eration. CFSE-labeled PBMCs and CBMCs were infected for 1 h with E. coli 
and free bacteria removed as described in Methods. Cells were stimulated 
with αCD3 (OKT3, 5 μg/ml) for 48 h, and T-cell proliferation was analyzed 
by flow cytometry. Uninfected cells and cells not treated with αCD3 
served as controls. (a) Representative histogram overlays of αCD3-treated 
PBMCs (above) and CBMCs (below) infected with E. coli (black lined graph) 
or uninfected controls (filled gray graph) are given. (b) Proliferating T cells 
in CBMCs (white boxes) and PBMCs (gray boxes) are depicted. The box 
represents the median and 25th and 75th percentiles; n = 11. CBMC, cord 
blood mononuclear cell; CBMO, cord blood monocyte; CFSE, 5-carboxy-
fluorescein diacetate succinimidyl ester; E. coli, Escherichia coli; PBMC, 
peripheral blood mononuclear cell.
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In the absence of αCD3 mAb, T-cell proliferation was negli-
gible, both in uninfected and infected CBMCs vs. PBMCs (9% 
(4–16%) vs. 2% (1–6%)) and 15% (4–25%) vs. 3% (1–22%) 
(Figure  5b), respectively. As shown earlier (20,22), αCD3 
mAb-mediated T-cell proliferation in uninfected CBMCs was 
diminished as compared with that of PBMCs (28% (15–80%) 
vs. 64% (40–85%), Figure 5b). Infection of monocytes resulted 
in a greatly diminished αCD3-mediated T-cell proliferation in 
PBMCs as compared with their uninfected counterparts (21% 
(12–82%), Figure 5b), whereas T-cell proliferation in CBMCs 
was increased (82% (46–89%), Figure  5b). In ANOVA, the 
interaction term between cell type (CBMC or PBMC) and 
infection with E. coli-GFP was not significant in the absence 
of αCD3 stimulation (P value =0.614) but was significant in 
the presence of αCD3 (P value <0.001). This indicated that 
infection of PBMCs leads to diminished capacity to stimulate 
T cells, whereas in CBMCs, stimulatory capacity was strongly 
enhanced.

Discussion
In this study, we analyzed signals involved in inducing PICD in 
monocytes and contributing to diminished PICD in CBMOs 
and found that (i) media conditioned by infected monocytes 
contained apoptosis-inducing capacity, (ii) blocking CD95 and 
using CD95-knockout monocytes diminished PICD, and (iii) 
CD95L was secreted during PICD. Furthermore, we showed 
that diminished PICD of neonatal monocytes was associated 
with a diminished secretion of CD95L and provided evidence 
that the remaining CBMOs were capable costimulators and 
may thus be causing continuing inflammation.

Signals inducing apoptosis in monocytes during their inter-
action with bacterial pathogens have mostly been linked 
to direct binding and/or phagocytosis, leading to the term 
“phagocytosis-induced cell death” (12). In addition, phagocy-
tizing monocytes were shown to be capable of inducing apop-
tosis in bystander cells (15).

Our data show that cell culture media conditioned by 
E.  coli-infected monocytes was capable of inducing apopto-
sis in bystander cells (Figure  1). This effect has already been 
shown for in vitro infection models of monocytes/macro-
phage phagocytosis with a variety of other pathogens such as 
Chlamydia trachomatis (23), Streptococcus pneumoniae (24), or 
yeast wall–prepared zymosan (15). Moreover, two studies with 
sera from patients suffering from severe infections, i.e., sepsis, 
pneumonia, or urinary tract infection, also exhibited apoptosis-
inducing capacity when tested in an in vitro cell culture system 
(25,26). Of note, in the experiments presented here, even cell-
culture medium inoculated with E. coli only and conditioned in 
the absence of cells was capable of inducing apoptosis, although 
no bacteria could be cultivated from it (Figure 1). We there-
fore think that bacterial cell wall components that cannot be 
detected by flow cytometric analysis might be ingested as sub-
cellular fragments thereby inducing apoptosis in monocytes. 
On the whole, these data underscore the role of soluble factors 
involved in PICD and document the occurrence of bystander 
apoptosis.

Apoptosis-inducing capacity was associated with dramati-
cally elevated CD95L content in media from PBMOs (Figure 4). 
This is in line with data showing elevated CD95L mRNA (19) 
and protein levels (27) after infection of PBMOs, and with data 
from adult patients showing elevated CD95L levels during the 
course of sepsis (26). The relevance of CD95-signaling for termi-
nation of inflammation demonstrated here (Figure 3) has been 
demonstrated in a mouse model of bacteria-induced acute lung 
injury. Monocytes invading the lung during the acute phase of 
inflammation were effectively eliminated by CD95L-induced 
apoptosis and cleared by local immune cells. Apoptosis could 
be prevented by the addition of neutralizing antibodies against 
CD95 or CD95L, leading to a delayed resolution of inflamma-
tion and pronounced organ damage (28).

CBMOs exhibited diminished CD95L secretion (Figure 4), 
leading to remnant and activated immune effector cells 
(Figure 5). Former reports on serum sCD95L predominantly 
revealed decreased levels in cord blood and during the neo-
natal period as compared with adults and pregnant women 
(29,30). In view of balancing inflammatory reactions in neo-
nates, we therefore speculate that reduced levels of external 
death ligands such as CD95L might shift the balance toward 
prolonged inflammation by insufficient downregulation of 
immune effector cells, possibly leading to tissue destruction.

Recent data indicate that concentrations of inflammation- 
related proteins were elevated peripartally and slowly decreased 
in an “inverse developmental” pattern (8). Moreover, clinical, 
histological, and experimental data on diseases exclusively 
manifesting during the neonatal period, such as bronchopul-
monary dysplasia (3,6,31) and periventricular leukomalacia 
(4,7,32), are all linked to prolonged inflammation leading to 
tissue destruction. Thus, the data presented here might con-
tribute to a molecular explanation for the “sustained inflam-
mation” seen in neonates.

However, because the data presented here are in vitro data, 
the relevance of CD95/CD95L signaling during inflammation 
in neonates has to be evaluated in clinical studies and data 
from preterm infants should be included, as we analyzed only 
cord blood from term neonates.

In view of regulating apoptosis not only in immune cells, 
but in the developing organism at large, the role of the CD95/
CD95L system might be a double-edged one. For CD95L to 
become operant, its receptor, CD95, has to be expressed on tar-
get cells, rendering these cells sensitive toward CD95L-mediated 
apoptosis (33). Although CD95 is constitutively expressed on 
monocytes and granulocytes in low densities (19,34), in other 
cell types such as epithelial cells, CD95 expression is well con-
trolled and can be upregulated upon activation, for example 
during inflammation (35). In a series of elegant studies on the 
impact of CD95/CD95L signaling in fetal and neonatal lung 
development, De Paepe et al. showed in a mouse model that 
CD95L expression was regulated in a highly specific pattern 
and that overexpression of CD95L, especially during the late 
antenatal period, was associated with massive respiratory epi-
thelial cell apoptosis. They related this to perinatal inflamma-
tory conditions (35).
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Recent data on the developing brain show that elevated 
CD95L levels in the cerebrospinal fluid of preterm infants 
may be correlated with progressive cystic white matter dam-
age, suggesting that apoptosis via the CD95/CD95L pathway is 
involved in the pathogenesis of this disease (32).

Taken together, induction of apoptosis in inflamed tissues to 
control immune effector cells has to be balanced against the sucep-
tibility of parenchymal cells toward apoptotic stimuli. This balance 
might be altered in the developing neonatal system as compared 
with conditions seen in adults. Diminished CD95L secretion 
of neonatal immune cells, e.g., monocytes, during inflamma-
tory reactions as shown in our in vitro model might avert direct 
parenchymal damage on the one hand but might lead to damage 
through sustained inflammation on the other hand. A profound 
knowledge of the regulation of apoptosis induction in neonates 
and an understanding of the phenomenon of sustained inflam-
mation are essential to develop new anti-inflammatory strategies.

Methods
Patients
The study protocol was approved by the ethics committees of Tuebingen 
University Hospital and Aachen University Hospital. All the mothers 
gave written consent before they went into labor. Randomly selected, 
unrelated adults donated blood and served as controls. All term neo-
nates were delivered spontaneously and did not exhibit signs of infec-
tion, as defined by clinical status, white blood cell count, and C-reactive 
protein. Mothers with amnion infection and prolonged labor were 
excluded. Umbilical cord blood was placed in heparin-coated tubes 
(4 IU/ml blood), immediately following cord ligation.

Reagents
mAbs to CD14 (MFP9) were from BD Biosciences (Heidelberg, 
Germany), anti-CD95L-PE (MHCD95L04) from Caltag/Invitrogen 
(Karlsruhe, Germany), Ig-matched controls (IgG1, IgG2b) and Fix-
and-Perm-Solution from BD Biosciences. SuperFasLigand was from 
Alexis (Lörrach, Germany). Blocking anti-CD95 mAb (ZB4) was from 
Beckman Coulter (Krefeld, Germany). Propidium iodide, isopropyl-β-
D-thiogalactopyranosid, and antibiotics were purchased from Sigma 
(Munich, Germany), CD95L-enzyme-linked immunosorbent assay 
was from Ebiosciences (Ebiosciences-Natutec, Frankfurt, Germany). 
αCD3 mAb (OKT3) was from Ortho Diagnostics (Raritan, NJ), and 
5-carboxyfluorescein diacetate succinimidyl ester (CFSE) was from 
Molecular Probes (Eugene, OR).

Cell Cultures
PBMCs and CBMCs were isolated by density gradient centrifugation 
(Biochrom AG, Berlin, Germany) as described (18). Washed cells were 
resuspended in VLE RPMI-1640 (Biochrom) containing 10% heat-in-
activated fetal calf serum (Biochrom) at 2 × 106 cells/ml in flat-bottom 
24 well cell culture plates (Costar, Bodenheim, Germany).

Purification of Monocytes
Monocytes were separated by negative selection using magnetic cell 
sorting Monocyte Isolation Kit II (Miltenyi Biotec, Bergisch Gladbach, 
Germany) according to the manufacturer’s instructions. The purity of 
the resulting population was >92% CD14-positive cells as detected by 
flow cytometry.

Mice
B6.MRL-Faslpr/J or C57BL/6 (Jackson Mouse Database, Jackson 
Laboratories, Bar Harbor, ME) mice were killed by dissection of the 
abdominal artery. Whole blood (2 ml) was collected in heparinized 
tubes and mononuclear cells were prepared using density gradient 
centrifugation as described (18). Amounts of gradient solutions were 
downscaled to the smaller sample volume.

Bacterial Culture
E. coli DH5α, an encapsulated K12 laboratory strain, carrying the 
GFP-mut2 gene (36), was used for most infection assays (E. coli-GFP) 
except for infection of CFSE-labeled cells, in which the wild-type E. 
coli DH5α (E. coli) was used. Bacteria were freshly grown in Lennox-
L-Broth-medium (Invitrogen) until early logarithmic growth, resus-
pended in phosphate-buffered saline, and used immediately.

Phagocytosis Assay
The phagocytosis assay was carried out as previously described (18). 
Incubation was performed for 60 min at a multiplicity of infection of 50:1. 
For analysis of postphagocytic reactions, washed cells were cultured in 
RPMI supplemented with 10% fetal calf serum and gentamycin (Sigma; 
200 µg/ml). To collect conditioned media, washed cells were cultured for 
1 and 3 h; then the supernatant was removed and centrifuged at 2,000g 
for 5 min at room temperature. The supernatant was filtered through a 
0.2 µm filter (Millipore, Schwalbach, Germany) and either used immedi-
ately or stored at −70 °C until use. For incubation, 50 µl supernatant was 
added to 2 × 105 allogeneic PBMOs in 50 µl fresh RPMI supplemented 
with 10% fetal calf serum to a final volume of 100 µl.

DNA Fragmentation
DNA fragmentation was assessed according to Nicoletti (19,37). 
Washed cells were slowly resuspended in 2 ml of −20 °C ethanol 70% 
under continuous vortexing and stored for 4 h at −20 °C. Cells were 
washed twice, resuspended in 50 µl phosphate-buffered saline con-
taining 13 kunitz units RNase (DNase free; Sigma) and incubated for 
15 min at 37 °C. Thereafter, 180 µl of propidium iodide (70 µg/ml) 
was added; the mixture was incubated for 20 min and immediately 
analyzed.

Enzyme-Linked Immunosorbent Assay
The CD95L enzyme-linked immunosorbent assay was purchased 
from Ebiosciences and used according to the manufacturer’s recom-
mendations, as described previously (38).

T-Cell Proliferation Assay
T-cell proliferation was assessed by Vybrant CFDA SE Cell Tracer Kit 
(Molecular Probes, Eugene, OR), as described before (20).

Statistical Analysis
The primary study variable was the percentage of hypodiploide nuclei, 
which showed a right-skewed distribution. Hence, descriptive statistics 
such as median, minimum, and maximum as well as box-and-whisker 
plots were used to summarize results and present distributions. For 
statistical testing, the variable was log-transformed to achieve a nor-
mally distributed test variable. Means of this test variable were com-
pared across factors using fixed-effects two-way ANOVA. Post hoc 
pair-wise comparisons were performed using Scheffé’s or Dunnett’s 
method where appropriate. A P value of <0.05 was considered statis-
tically significant. Analyses were done with statistical software (IBM 
SPSS Statistics 20, Ehingen, Germany).
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