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Abstract
The lifespan of dendritic cells (DCs) can potentially influence immune responses by affecting the
duration of DCs in stimulating lymphocytes. Significant differences in the lifespan have been
reported for various DC subsets, however, the molecular mechanisms for regulating such differences
between DC subsets remain unclear. In this study, we compared the apoptosis signaling molecules
in two major DC subjects, the myeloid DCs (mDCs) and plasmacytoid DCs (pDCs). We observed a
lower ratio between anti-apoptotic Bcl-2/Bcl-xL and pro-apoptotic Bax/Bak in shorter-lived myeloid
DCs (mDCs) than in longer-lived plasmacytoid DCs (pDCs) or T cells. Transfection with Bcl-2 or
Bcl-xL prolonged the survival of mouse primary mDCs in vitro, while deletion of Bcl-2 accelerated
DC turnover in vivo. In addition, the ratios between anti-apoptotic Bcl-2/Bcl-xL and pro-apoptotic
Bax/Bak could be regulated in DCs. Signaling from toll-like receptors (TLRs) up-regulated Bcl-xL
and improved DC survival. Our data suggest that differential expression of apoptosis signaling
molecules regulates the lifespan of different DC subsets.
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1. Introduction
Cells in the hematopoietic lineage undergo constant self-renewal. Various cell types have
distinctly different half-lives in vivo. In addition, developmental and activation statuses could
also affect the turnover rates in each cell lineage. For example, naïve T cells are relatively long-
lived, while activated T cells have shorter lifespan to ensure the removal of T cells that have
been significantly expanded after antigen stimulation (Lenardo et al., 1999; Tough and Sprent,
1994; Tough and Sprent, 1998). A small portion of activated T cells may survive longer as
memory T cells (Li et al., 2003; Liu et al., 2004; Sprent and Surh, 2002). The turnover of the
cells in the immune system not only plays an important role in regulating lymphocyte
homeostasis, but also may be important for the maintenance of immune tolerance (Lenardo et
al., 1999; Rathmell and Thompson, 2002). Although the precise molecular mechanisms
governing the rates of self-renewal for different cell lineages are unclear, apoptosis appears to
play an important role in this process (Adams et al., 1999; Lenardo et al., 1999; Rathmell and
Thompson, 2002).
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DCs represent the most efficient antigen presenting cells in capturing, processing and
presenting antigens for lymphocyte activation (Banchereau and Steinman, 1998; Lanzavecchia
and Sallusto, 2001; Liu, 2001; Shortman and Liu, 2002; Steinman et al., 2003). It is conceivable
that the lifespan of DCs can influence the duration for DCs in stimulating lymphocytes, thereby
affecting the outcome of lymphocyte activation and immune responses. Several reports have
suggested rapid turnover of DCs in vivo (Hou and Van Parijs, 2004; Ingulli et al., 1997; Kamath
et al., 2002; Nopora and Brocker, 2002). DCs may also undergo accelerated clearance from
the lymphoid organs after interacting with antigen-specific T cells (Ingulli et al., 1997).
Tracking DC turnover by BrdU labeling has revealed prominent differences in the rates of self-
renewal among different DC subsets (Kamath et al., 2002), suggesting that the lifespan of
different DC subsets varies significantly in vivo. In particular, mDCs in the mouse spleens were
labeled more rapidly than pDCs by BrdU, indicating that mDCs undergo faster turnover and
have a shorter lifespan than pDCs in vivo (O’Keeffe et al., 2002). However, the roles of
apoptosis signaling in regulating the rates of survival and turnover of different DC subsets
remain to be defined.

Several lines of evidence indicate that apoptosis can regulate DC survival and functions (Hou
and Van Parijs, 2004; Nopora and Brocker, 2002). It has been shown that overexpression of
Bcl-2 in DCs can prolong DC survival and enhance the immunogenicity of DCs in transgenic
mice (Nopora and Brocker, 2002). In addition, induction of cell death in DCs has been shown
to limit the priming of antigen-specific cytotoxic T cells (Jung et al., 2002), while inhibition
of apoptosis in DCs enhances the potency of DC-based vaccine in triggering tumor-specific
immune responses (Kim et al., 2005; Peng et al., 2005; Pirtskhalaishvili et al., 2000). DCs may
also play an important role in regulating immune tolerance (Banchereau et al., 2004; Steinman
et al., 2003; Steinman et al., 2000). Immunization with excessive activated antigen-pulsed DCs
has been shown to induce systemic and tissue-specific autoimmune responses (Ludewig et al.,
1998; Roskrow et al., 1999). In addition, we have observed that targeted inhibition of apoptosis
in DCs with a caspase inhibitor can induce spontaneous T cell activation and the development
of systemic autoimmunity in transgenic mice (Chen et al., 2006). Therefore, apoptosis in DCs
potentially regulate the scope of immune responses and immune tolerance.

The Bcl-2 family proteins play a major role in regulating mitochondrion-dependent apoptosis
(Adams et al., 1999; Gross et al., 1999). They share one or more Bcl-2 homology (BH) domains
and can be divided into three subfamilies: 1) the anti-apoptotic subfamily proteins, such as
Bcl-2, Bcl-xL and Mcl-1; 2) the pro-apoptotic Bax-and Bak-like proteins; and 3) the pro-
apoptotic BH3-only subfamily. Bax and Bak can oligomerize to form pores on the outer
mitochondrial membrane that cause mitochondrial membrane permeabilization. The anti-
apoptotic Bcl-2 family proteins can bind to pro-apoptotic Bax or Bak to sequester and inhibit
these molecules (Rathmell and Thompson, 2002). BH3-only proteins are the upstream sensors
for different apoptosis signaling (Strasser, 2005). BH3-only proteins either inhibit the anti-
apoptotic molecules as “de-repressors”, or directly activate pro-apoptotic Bax or Bak, resulting
in the aggregation of Bax or Bak to trigger mitochondrial membrane permeabilization, which
then leads to the release of cytochrome c from the mitochondrial intermembrane space to the
cytosol and activation of caspases that demolish the cell(Gross et al., 1999; Strasser, 2005;
Willis and Adams, 2005).

In the present study, we characterized the regulation of DC lifespan by apoptosis in different
DC subsets. We examined the expression of Bcl-2 family proteins in DC subsets, including
CD11c+CD11b+ myeloid DCs (mDCs) and plasmacytoid DCs (pDCs) that are CD11clow and
plasmacytoid dendritic cell antigen-1-positive (PDCA-1+; Miltenyi Biotec, Germany) from
the mouse spleens. We found that the relative expression of anti-apoptotic versus pro-apoptotic
molecules correlated with the differential turnover rates of mDCs, pDCs and T cells in vivo.
Activation of DCs through TLRs up-regulated anti-apoptotic Bcl-xL and improved DC
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survival. In addition, overexpression of Bcl-2 and Bcl-xL by nucleofection prolonged DC
survival. Our results suggest that the balance between anti- and pro-apoptotic molecules
controls the lifespan of different DC subsets.

2. Materials and methods
2.1 Mice

Wild type and bcl-2+/- mice on the C57BL/6 background were obtained from the Jackson
Laboratory. All mice were housed in a specific pathogen-free animal facility at the Baylor
College of Medicine, and experiments were performed according to federal and institutional
guidelines and with the approval of the Baylor College of Medicine Institutional Animal Care
and Use Committee.

2.2. Purification of DC subsets and T cells
Mouse spleens were treated with liberase (Roche) (0.4 mg/spleen) and incubated at room
temperature for 20 min. Single cell suspension was prepared and the red blood cells were lysed
with the ACK lysis buffer (0.15 M NH4Cl, 1 mM KHCO3, 0.1 mM EDTA, pH 7.2). The cells
were blocked with 1 μg/ml CD16/CD32 and 10 μg/ml rat IgG on ice for 15 min, and then
incubated with 1 μg/ml biotinylated antibodies to CD3, Thy1.2, CD19, IgM, DX5, and TER119
(BD Biosciences) on ice for 30 min, followed by incubation with streptavidin-conjugated
Biomag beads (Qiagen) on ice for 30 min. After removal of the cells bound to the Biomag
beads with a Cell Separation Magnet (BD Biosciences), live cells were purified by Ficoll-
gradient separation and incubated with anti-PDCA-1 MACS beads (Miltenyl Biotec) at 4 °C
for 15 min. The cells bound to anti-PDCA-1 beads were purified with a MACS column and
were >90% positive for CD11c and PDCA-1 staining (Fig. 2A). The unbound cells were
incubated with anti-CD11c MACS beads (Miltenyl Biotec) and the cells were purified with a
MACS column. Approximately 95% cells were CD11c+ and more than 90% were
CD11c+CD11b+ mDCs (Fig. 2A). DCs were either used for lysis and Western blot, or cultured
in RPMI complete medium containing 10 μg/ml anti-CD40 plus 1 μg/ml protein A, 5 μg/ml
LPS (Sigma), 50 μg/ml lipoteichoic acid (LTA; Sigma), 0.5 μM phosphorothioate-stabilized
CpG oligonucleotide (TCCATGACGTTCCTGATGCT), 100 ng/ml polyinosinic-
polycytidylic acid (poly I:C; Sigma) or 100 ng/ml peptidoglycan (PGN; Sigma) and lysed for
Western blot analysis. To purify T cells, splenocytes were incubated with biotinylated-anti-
Thy1.2 (BD Biosciences). And Thy1.2+ cells were purified with streptavidin-conjugated
MACS beads (Miltenyi Biotec).

2.3. Antibodies and Western blot
Cells were lysed in lysis buffer (50 mM HEPES, pH 7.4, 150 mM NaCl, 1 mM EDTA, 1%
Triton X-100, and 1x protease inhibitor cocktail from Roche) on ice for 1 h. Cell lysates were
quantitated by the Bio-Rad Protein Assay (Bio-Rad, Hercules, CA), and used for Western blot
by probing with various antibodies, followed by horseradish peroxidase-conjugated secondary
antibodies (Southern Biotechnology, Birmingham, AL). The blots were then developed using
Supersignal Dura substrate (Pierce). Antibodies for Western blot analyses were: monoclonal
mouse antibody to Bax (clone 6A7), Bcl-xL (clone 2H12, BD Biosciences), HA1.1 (clone
16B12, Covance) and α-tubulin (clone B-7, Santa Cruz Biotechnology, Santa Cruz, CA),
polyclonal rabbit antibodies to Bcl-2, Bak (Upstate Biotechnologies), and polyclonal goat anti-
actin (Santa Cruz Biotechnology). The intensities of protein bands were quantitated using the
Kodak Digital Science Image Station 440CF 1D Image Analysis Software (Eastman Kodak
Co., Rochester, NY).
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2.4. Apoptosis assays for DCs
DCs (0.5×105/well) were incubated with different treatments in 96-well flat-bottom tissue
culture plates for 0 h (as control) or indicated time. The cells were then harvested and stained
with propidium iodide or FITC-Annexin V (Sigma) plus propidium iodide to quantitate live
cells by flow cytometry. Percentages of apoptosis were calculated as described (Hornung et
al., 1997).

2.5. Transfection of bone marrow-derived DCs by nucleofection
To transfect primary bone marrow-derived DCs, bone marrow cells were cultured in 10 ng/ml
GM-CSF and 10 ng/ml IL-4 (Biosources) for 5 days. The cells were collected at day 5 and
resuspended in 100 μl Macrophage Nucleofector Solution (107/ml) containing 1 μg pMAX-
GFP plus 3 μg pSH1-bcl-2-HA, pSH1-bcl-xL-HA or control pSH1 plasmid. The cells were
electroporated in a Nucleofector II using program Y-001 (Amaxa). Then, 500 μl of pre-warmed
RPMI complete medium containing 10 ng/ml GM-CSF and 10 ng/ml IL-4 were added to the
transfection cuvette, and the cells were gently transferred to 5 ml pre-warmed RPMI complete
medium containing GM-CSF and IL-4 in 6-well plates. We routinely found that approximately
80% of the transfected cells remained viable after overnight culture and between 30 and 55%
cells were positive for GFP (Chen et al., unpublished observations). Two days after
transfection, live cells were purified by Ficoll-gradient separation and used for Western blot
or apoptosis assays.

2.6. Tracking BrdU-labeled DCs and flow cytometry
Mice were injected daily with BrdU intraperitoneally (1 mg/mouse). Spleens were harvested
at indicated time, treated with 0.4 mg/ml liberase (Roche) at room temperature for 10 min
followed by lysis of red blood cells with ACK lysis buffer. After blocking with 10 μg/ml rat
IgG and 1 μg/ml anti-CD16/CD32 (BD Biosciences), 106 cells were incubated with
fluorochrome-conjugated antibodies to different DC and T cell markers for 15min on ice. Cells
were then used for BrdU staining with the FITC BrdU Flow Kit (BD Biosciences). After
fixation with the Cytofix/Cytoperm buffer (BD Biosciences), the cells were permeabilized with
Cytoperm Plus Buffer (BD Biosciences) and treated with 300 μg/ml DNase and 25 mM
MgCl2 at 37°C for 45 min. The cells were then stained with FITC-anti-BrdU (BD Biosciences)
and analyzed by flow cytometry on an EPICX flow cytometer (Beckman Coulter). The data
were analyzed by the FlowJo software (TreeStar). The conjugated antibodies to CD11c,
CD11b, CD4 and CD8 were obtained from BD Biosciences. PE-conjugated anti-PDCA-1 was
from Miltenyi Biotec. CD11c+CD11b+ mDCs, PDCA-1+ pDCs and T cells were gated to
analyze BrdU staining.

3. Results
3.1. Faster turnover rates in mDCs than in T cells and pDCs

Because terminally differentiated DCs do not undergo significant cell division, it is possible
to track the turnover rates of DCs in lymphoid organs by the rates of their replacement by newly
differentiated DCs labeled with BrdU (Kamath et al., 2002). We examined the lifespan of
CD11chighCD11b+ mDCs in vivo by BrdU labeling. We observed that almost 40% of
CD11chighCD11b+ mDC was labeled with BrdU after two days of BrdU pulsing (Fig. 1). By
day 4, approximately 70% mDC were BrdU+ (Fig. 1). Both CD4+ and CD8+ mDCs were
rapidly labeled with BrdU, although CD8+ DCs were labeled slightly faster. This is consistent
with previous studies that DCs undergo rapid turnover in vivo (Hou and Van Parijs, 2004;
Nopora and Brocker, 2002; O’Keeffe et al., 2002).
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Differential turnover rates for different DC subsets have been observed (Kamath et al., 2002).
In particular, the plasmacytoid DCs (pDCs) have been shown to have a relatively longer
lifespan by slower BrdU labeling in vivo (O’Keeffe et al., 2002). We therefore also examined
BrdU labeling of pDCs. We observed that less than 10% of CD11clowPDCA-1+ pDCs were
positive for BrdU at day 2, and 25% were labeled by day 4. Similar to pDCs, CD4+ or CD8+

naïve T cells also underwent slower rates of BrdU labeling than mDCs (Fig. 1). This suggests
that pDCs and T cells have a relatively longer lifespan than mDCs.

3.2. Correlation of the turnover rates in DC subsets with the molecular ratios between anti-
apoptotic Bcl2/Bcl-xL and pro-apoptotic Bax/Bak

To determine the molecular mechanisms that account for the differences in the lifespan between
mDCs and pDCs in vivo, we enriched CD11clowPDCA-1+ pDCs and CD11c+CD11b+ mDCs
from the spleens of C57BL/6 mice (Fig. 2A). Using positive selection with anti-PDCA-1- and
anti-CD11c-microbeads (Miltenyi Biotec) in combination with depletion of non-DCs in the
spleens (described in details in Materials and Methods), we were able to significantly enrich
CD11clowPDCA-1+ pDCs and CD11c+CD11b+ mDCs from mouse spleens (Fig 2A).

We next lysed freshly purified splenic DCs and T cells to examine the expression of apoptosis
signaling molecules by Western blot. We detected less anti-apoptotic Bcl-2 and Bcl-xL in mDC
than in pDCs or T cells (Fig. 2B). When normalized with actin, T cells expressed >4-fold of
Bcl-xL compared with mDCs (Fig. 2B). Similar to T cells, pDCs also expressed >3-fold as
much Bcl-xL as in mDCs (Fig. 2B). In addition, T cells contained >3-fold Bcl-2 (Fig. 2B),
while pDCs also had >2-fold of Bcl-2 compared with mDCs (Fig. 2B). This suggests that T
cells and pDCs expressed more anti-apoptotic Bcl-2 and Bcl-xL than mDCs.

By contrast, mDCs expressed significantly more pro-apoptotic Bax than pDCs or T cells (Fig.
2B). Bak in mDCs was higher (>6-fold) than in T cells, and also slightly higher (30%) in pDCs
than in mDCs (Fig. 2B). In addition, mDCs also contained >2-fold Bax compared to T cells
or pDCs (Fig. 2B). Therefore, the shorter-lived mDCs had more pro-apoptotic Bax and Bak
than longer-lived pDCs or T cells. A lower molecular ratio between anti-apoptotic Bcl-2/Bcl-
xL and pro-apoptotic Bax/Bak (Fig. 2B) is correlated with the shorter lifespan of mDCs in
vivo (Fig. 1).

3.3. Anti-apoptotic Bcl-2 and Bcl-xL prolong the survival of DCs
The relative expression of pro-apoptotic and anti-apoptotic molecules is correlated with the
rates of spontaneous turnover of mDCs and pDCs in vivo (Fig. 1 and Fig. 2B). Changing the
balance between pro-apoptotic and anti-apoptotic molecules could potentially alter the lifespan
of DCs. It has been shown that overexpression of Bcl-2 in DCs slows down DC replacement
in the spleens of CD11c-bcl-2 transgenic mice by BrdU labeling (Nopora and Brocker,
2002). This indicates that Bcl-2 indeed contributes to prolonging the lifespan of DCs in vivo.
We also examined the rates of self-renewal of DC subsets in bcl-2-/- mice. Because most
bcl-2-/- mice do not survive beyond 4 weeks, we performed BrdU labeling in 3-week-old
bcl-2-/- mice and wild type littermates and examined BrdU labeling of DC subsets in the spleens
two days later. As expected, we observed that more mDCs and pDCs in the spleens of
bcl-2-/- mice were labeled with BrdU than in wild type controls (Fig. 3A). The increased rates
of self-renewal of both mDCs and pDCs in bcl-2-/- mice suggest that Bcl-2 helps to prolong
the lifespan of both mDCs and pDCs in vivo.

To ensure that Bcl-2 and Bcl-xL can prolong the survival of DCs by inhibiting apoptosis, we
transfected Bcl-2 and Bcl-xL into mouse bone marrow-derived DCs by the nucleofection
method (Amaxa). This nucleofection protocol yielded 30-50% transfection efficiency for
primary mouse CD11c+ bone marrow-derived DCs as indicated by the expression of co-

Chen et al. Page 5

Mol Immunol. Author manuscript; available in PMC 2010 April 8.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



transfected GFP (Fig. 3B), while approximately 80% cell viability was routinely achieved after
nucleofection (data not shown). Western blot analysis indicates that transfection led to the
expression of Bcl-2 or Bcl-xL in DCs (Fig. 3C, left panels). Despite similar transfection
efficiencies and the use of an identical expression vector, we consistently detected better
expression of Bcl-xL than Bcl-2 in DCs after nucleofection (Fig. 3C, left panels). We observed
that spontaneous cell death of bone marrow-derived DCs was suppressed by nucleofection with
Bcl-2 or Bcl-xL (Fig. 3C, right panel), supporting the roles of these anti-apoptotic molecules
in inhibiting cell death in DCs. Anti-apoptotic Bcl-2 and Bcl-xL therefore likely promote the
lifespan of DCs by inhibiting apoptosis.

3.4. Increased expression of anti-apoptotic Bcl-xL in DC subsets after TLR-stimulation
We next examined whether the molecular ratios between anti-apoptotic Bcl-2/Bc-xL and pro-
apoptotic Bax/Bak could be regulated by different stimulation signals. We purified splenic
mDCs and pDCs and treated them with different stimuli. We observed that the activation of
DCs by CD40 crosslinking or various TLR stimuli significantly increased the expression of
Bcl-xL in mDCs (Fig. 4A). Bcl-2 was also up-regulated to some extents in mDCs, but the
induction was not as significant as Bcl-xL (Fig. 4A). CpG, but not other stimuli, up-regulated
Bcl-xL in pDCs (Fig. 4A). In comparison, pro-apoptotic Bax and Bak were not significantly
induced in either mDCs or pDCs after various treatments (Fig. 4A). This suggests that
stimulation of DCs with TLR stimuli up-regulated the anti-apoptotic Bcl-xL, but not pro-
apoptotic Bax/Bak.

3.5. TLR signaling protects DCs from spontaneous cell death
We also measured spontaneous cell death in purified splenic DCs. We observed that >70% of
splenic mDCs underwent cell death, with only approximately 30% viability remaining after
24 h culture in vitro. This rate of cell death is much faster than that would be predicted from
in vivo BrdU labeling of DCs in the spleen (Fig. 1), suggesting that taking DCs out of the spleen
microenvironment represents a stress that induced accelerated cell death in DCs. Correlated
with the increase in Bcl-xL, CD40 crosslinking and treatments with various TLR stimuli
improved the viabilities of mDCs derived from the spleens after 24 h of in vitro culture (Fig.
4B).

Although pDCs exhibited slower turnover rates than mDCs in vivo (Fig. 1), pDCs underwent
more accelerated cell death than mDCs in vitro. Purified splenic pDCs underwent 84% cell
death, with 16% cell viability remaining after 24 h of in vitro culture (Fig. 4B). This suggests
that the removal from the splenic microenvironment represents an even more severe stress for
pDCs than for mDCs. Consistent with CpG-induced up-regulation of Bcl-xL, CpG also
improved the survival of pDCs to 37% (Fig. 4B). This suggests that CpG inhibited cell death
of pDCs in vitro.

Consistent with the findings in splenic DCs, spontaneous apoptosis in bone marrow-derived
DCs was also inhibited by treatments with different TLR stimuli after 24 h or 48 h in vitro
culture (Fig. 5A), while CD40 crosslinking only showed marginal effects in suppressing
spontaneous apoptosis in DCs (Fig. 5A). Nucleofection of Bcl-2 or Bcl-xL inhibited
spontaneous apoptosis in DCs, while treatments with LPS or CpG further suppressed apoptosis
in DCs transfected with Bcl-2 or Bcl-xL (Fig. 5B). These data further support the possibility
that TLR stimuli inhibit spontaneous cell death in DCs.

4. Discussion
In this study, we investigated the molecular mechanisms that account for the differences in the
in vivo lifespan of DC subsets. Our data suggest that the ratios between anti-apoptotic Bcl-2/
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Bcl-xL and pro-apoptotic Bax/Bak help to determine the lifespan of different DC subsets. BrdU
labeling experiments showed that mDCs had a relatively shorter lifespan and underwent faster
self-renewal, while pDCs and T cells survived longer and were replaced more slowly.
Compared to the longer-lived naïve T cells, the shorter-lived mDCs expressed lower levels of
anti-apoptotic Bcl-2/Bcl-xL but higher pro-apoptotic molecules Bax/Bak. By contrast, pDCs
that showed longer lifespan had a higher anti-apoptotic to pro-apoptotic molecular ratio similar
to naïve T cells. In addition, deletion of Bcl-2 accelerated DC turnover, while transfection of
Bcl-2 or Bcl-xL inhibited cell death in DCs. Therefore, the ratios between anti-apoptotic and
pro-apoptotic molecules potentially regulate the lifespan of individual DC subsets in vivo.

The molecular ratios of anti-apoptotic Bcl-2/Bcl-xL to pro-apoptotic Bax/Bak could be
regulated in DCs by stimulation. We observed that activation of DCs by different TLR ligands
up-regulated Bcl-xL in mDCs (Fig. 4). These signals also improved the expression of Bcl-2 in
DCs to lesser extents. However, pDCs were only responsive to treatment with CpG. It has been
reported that pDCs express TLR9, a receptor for CpG, but lack most other TLRs (Liu, 2001).
This may explain why only CpG induced up-regulation of Bcl-xL in pDCs.

Apoptosis plays an important role in regulating lymphocyte homeostasis in the immune system
(Lenardo et al., 1999; Rathmell and Thompson, 2002). It has been observed that lpr mice
deficient in Fas have accumulated DCs (Fields et al., 2001). DC-specific expression of
baculoviral p35 that targets caspase-8 in the Fas signaling pathway induces the accumulation
of DCs (Chen et al., 2006; Xu et al., 2001). Therefore, apoptosis also plays an important role
in regulating homeostasis of DCs. Previously, we have observed that DCs express abundant
signaling molecules in the Fas signaling pathway (Chen et al., 2006). Activated T cells kill
DCs through Fas- and perforin-dependent pathways (Chen et al., 2006). Targeting the Fas
signaling pathway with p35 transgene inhibited T cell-dependent killing of DCs but did not
affect spontaneous DC turnover in the spleens (Chen et al., 2006). However, expression of a
bcl-2 transgene slowed the rates of DC turnover (Nopora and Brocker, 2002). Therefore, Fas
may be important for regulating T cell-mediated DC apoptosis during interactions with
activated T cells, while Bcl-2 family proteins may be more important in regulating spontaneous
cell death in DCs, as well as TLR-induced DC survival.

The functional significance for different turnover rates in DC subsets is currently unclear. It
has been shown that mDCs are efficient in presenting antigens on MHC class I and MHC class
II molecules in humans, however, pDCs are more limited to class II presentation (Schnurr et
al., 2005). Rapid turnover of mDCs may favor their engulfment by other DCs and promote
antigen processing and presentation (Schnurr et al., 2005; Zimmermann et al., 2004). Faster
turnover could also contribute to abilities for mDCs in cross-presentation.

Stimulation of DCs with TLR stimuli is critical for the activation and maturation of DCs
(Banchereau and Steinman, 1998; Lanzavecchia and Sallusto, 2001). Maturation of DCs is
characterized by increased expression of co-stimulatory molecules and improved abilities in
activating antigen-specific T cells (Banchereau and Steinman, 1998; Blander and Medzhitov,
2006). It has been shown that anti-apoptotic Bcl-2 and Bcl-xL enhance the immunogenicity of
DCs in inducing antigen-specific immune responses (Hou and Van Parijs, 2004; Nopora and
Brocker, 2002). We observed that stimulation with TLR stimuli increased the expression of
Bcl-xL and promoted the survival of mDCs and pDCs. Therefore, prolonged survival of DCs
may contribute to better stimulation of lymphocytes by mature DCs in addition to increased
expression of co-stimulatory molecules.
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Figure 1.
Spontaneous turnover of DC subsets. Two-month-old mice were labeled with BrdU for
different days. Spleens were collected at different time and stained for markers of mDCs, pDCs
or T cells. After fixing and permeabilization, the cells were stained with FITC-anti-BrdU and
analyzed by flow cytometry. The percentages of BrdU+ cells were presented as mean ± SD of
3 mice at each time point. Data shown are representative of four independent experiments.
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Figure 2.
Expression of Bcl-2 family proteins in splenic DC subsets. (A) T cells, mDCs and pDCs were
purified from mouse spleens. An example of the purities of enriched mDCs and pDCs after
enrichment from mouse spleens was shown. (B) T cells, mDCs and pDCs isolated from mouse
spleens were lysed for Western blot analysis of Bcl-2 family proteins. The intensities of protein
bands were quantitated using the Kodak Image Station 440CF 1D Image Analysis Software.
The ratios of the intensities between the Bcl-2 family proteins and actin were indicated. The
data are representative of two independent experiments.
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Figure 3.
Bcl-2 and Bcl-xL in regulating DC survival. (A) Three week-old wild type and bcl-2-/- mice
were labeled with BrdU and the percentages of BrdU+ cells in splenic DCs were determined
48 h later. (B) Bone marrow-derived CD11c+ DCs were transfected with pMAX-GFP by
nucleofection. Two days later, the cells were collected to analyze GFP expression by flow
cytometry. An example of GFP expression in DCs after a typical nucleofection is shown. (C)
Two days after transfection with GFP plus Bcl-2-HA or Bcl-xL-HA, DCs were lysed for
Western blot analyses by probing with anti-HA1.1 or anti-α-tubulin (left panels). The cells
were also cultured for 24 h, and cell loss of GFP+ DCs was quantitated by flow cytometry
(right panel). Data shown are representative of three experiments and are presented as mean ±
SD.
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Figure 4.
Regulation of expression of Bcl-2 family proteins in splenic DC subsets and splenic DC
survival by stimulation. (A) mDCs and pDCs purified from the spleens of C57BL/6 mice were
treated with anti-CD40 or different TLR stimuli for 24 h. Cells were lysed for Western blot
analyses of Bcl-2, Bcl-xL, Bax and Bak. (B) Splenic mDCs purified from mouse spleens were
cultured at 37 °C for 24 h with anti-CD40, LPS, LTA, CpG or poly I:C. pDCs purified from
mouse spleens were cultured at 37 °C for 24 h with anti-CD40, poly I:C or CpG, followed by
analysis of cell survival. Data shown are representative of three independent experiments and
are presented as mean ± SD.
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Figure 5.
Spontaneous apoptosis in activated DCs. (A) Bone marrow-derived DCs were treated with
anti-CD40 or different TLR stimuli. Spontaneous apoptosis were quantitated 24 and 48 h later.
Data (mean ± SD) are representative of four experiments. (B) Bone marrow-derived DCs were
transfected with pMAX-GFP alone, or pMAX-GFP with bcl-2 or bcl-xL plasmids by
nucleofection. Two days later, live cells were purified and cultured in 96-well plates for 24 h
with medium alone, or in the presence of LPS or CpG for 24 h. The cells were collected and
the loss of GFP+ DCs was quantitated by flow cytometry. Data (mean ± SD) are representative
of two experiments. Statistical significance between bcl-2 or bcl-xL transfected group and
control group was analyzed by Student’s t test using GraphPad Prism version 4 for Macintosh
with P <0.05 considered statistically significant.
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