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Abstract
Dendritic cells (DCs) continuously scavenge their environment to capture invading 
pathogens for presentation to T cells. To increase the antigen presentation potential, 
DCs are equipped with several mechanisms that reduce antigen degradation. Alkalization 
of the endosomal and phagosomal compartments by reactive oxygen species (ROS) 
produced by NADPH oxidases is one of these mechanisms. In neutrophils, the respiratory 
burst mediated by NADPH oxidase results in effective bacterial killing, but whether DCs 
also eliminate bacteria via NADPH oxidase activity is not clear. Here we show that murine 
splenic DC subsets differentially express NADPH oxidase subunits and differentially 
produce ROS. Furthermore, preliminary data indicate that killing of Salmonella typhimurium 
by DCs is dependent on NADPH oxidase activity. These results suggest that DCs may 
utilize NADPH oxidase activity to eliminate phagocytosed bacteria. 
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Introduction
Phagocytes such as neutrophils, macrophages, and dendritic cells (DCs) continuously 
scavenge their environment for the presence of harmful pathogens. Neutrophils 
and macrophages completely destroy engulfed pathogens while DCs are required 
to initiate an adaptive immune response. Fusion of phagocytes with endosomal and 
lysosomal compartments recruits NADPH oxidases, vacuolar ATPases and hydrolases 
to the phagosomes. As these phagosomes thereby maintain a proper environment for 
proteolytic enzyme activity, pathogens are completely degraded 1. In DCs, phagocytosis 
serves a different purpose, as immunogenic peptides for antigen presentation should 
be generated. Therefore, DCs express less proteolytic enzymes, with reduced activity 2,3. 
Together, this prevents complete antigen degradation in order to generate peptides that 
can be presented to T cells.

The NADPH oxidase complex consists of five subunits and produces reactive 
oxygen species (ROS). In steady state, gp91phox and p22phox are located in the plasma 
or phagosomal membrane 4 while the activating complex formed by p40phox, p47phox, 
and p67phox is located in the cytoplasm 5. Upon cell priming by different stimuli such as 
proinflammatory cytokines like TNFα and IL1β and TLR agonists, p47phox is recruited to 
the plasma- or phagosomal membrane, where it interacts with gp91phox and p22phox. At 
this stage, no ROS is produced but additional activation by for example PMA is required 
to initiate the production of ROS 6. Dependent on the cell type, one of two Rac GTPases 
(Rac1 and Rac2) participates in the assembly of the NADPH oxidase complex 7,8. The 
NADPH oxidase complex transfers an electron from NADPH at the cytosolic side of the 
complex to O2 that is located outside the cell or inside the phagosome. This results in the 
formation of a superoxide radical (×O2

-) that is converted into hydrogen peroxide (H2O2) 

and nitric oxide (NO) derived peroxynitrite (ONOO-). Hydrogen peroxide is bactericidal 
only at high concentrations 9 while peroxynitrite decomposes to generate the strong 
oxidants OH× and NO2× 10. The generated superoxides mediate bacterial killing directly. 
In addition, the electron transport over the cell- or phagomal membrane, results in a 
charge difference, which is neutralized by the influx of potassium ions. This leads to the 
activation of intraphagosomal peptides, which also mediates bacterial killing 11. Patients 
with chronic granulomatous disease (CGD) where mutations in one of the NADPH oxidase 
complex subunits cause recurrent fungal and bacterial infections dramatically illustrate 
the importance of a functional NADPH oxidase complex 6,12  . 

While elimination of pathogens is the most important function for phagocytes, 
DCs are specialized in the activation of adaptive immune responses, which depends 
on antigen presentation to T cells. To increase antigen presentation, DCs are equipped 
with several mechanisms that limit proteolysis. This allows them to present peptides 
derived from the engulfed antigens to initiate an adaptive immune response. Compared 
to macrophages and neutrophils, DCs express low levels of proteolytic enzymes 3. Also 
inefficient lysosomal acidification due to low V-ATPase activity limits proteolysis and 
thereby facilitates the formation of peptide-MHC complexes in DCs 13. Finally, active 
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alkalization of the endosomal and phagosomal compartments by NADPH oxidase is 
used to further reduce antigen degradation and thereby induces antigen presentation 14. 
These studies clearly indicate a role for NADPH oxidase in antigen presentation by DCs, 
but whether DCs also utilize this enzyme to kill bacteria is unclear. 

In the spleen different DC subsets have been identified according to the expression 
of CD4 and CD8 15. These DC subsets are located in distinct areas of the spleen, are 
dependent on different differentiation stimuli, express specific surface markers, and 
exert distinct functions. CD4+ and CD4-CD8- (double negative (DN)) DCs (together referred 
to as CD8- DCs) are specialized in the presentation of antigens via MHC-II towards CD4+ 
T cells 16,17. On the other hand, CD8+ DCs are specialized in cross-presentation of exogenous 
antigens in MHC-I molecules via which CD8+ T cells are activated 18. Differences in NADPH 
oxidase subunit expression between CD8+ and CD8- DCs have been reported by us and 
others 14,19. Interestingly, Savina et al. recently showed that Rac2 is highly expressed in 
CD8+ DCs and determines the subcellular location of the NADPH oxidase complex to the 
phagosomes. In contrast, in CD8- DCs, Rac1 mediates the assembly of the complex at the 
plasma membrane 4. Therefore, CD8- DCs exert higher production of extracellular ROS, 
while only CD8+ DCs are able to produce ROS in the phagosomes 20. This specific capacity 
of CD8+ DCs to produce ROS in the phagosomes resulted in an enhanced capacity to 
cross-present antigens 14, but whether this also mediates differential bacterial killing is 
not yet established. 

Here, we investigated the capacity of DC subsets to produce ROS and performed 
preliminary studies on the bacterial killing capacity of DCs. We demonstrate that CD4+ and 
DN DCs show higher expression of NADPH oxidase complex subunits and generate more 
ROS than CD8+ DCs. Furthermore, using flt3L bone marrow derived DCs, we determined 
that the expression of NADPH oxidase subunits is stimulated by vitamin A. Preliminary 
experiments showed that bacterial killing by bone marrow derived DCs is dependent on 
their ability to produce ROS. Further research will be necessary to elucidate the bacterial 
killing capacity of DC subsets in vitro and in vivo and its dependence on NADPH oxidase. 

Materials and methods
Mice
C57BL/6 mice were purchased at Charles River Laboratories (Maastricht, The Netherlands) 
and were used at 8-16 weeks of age. The ethical committee of the VU University Medical 
Center approved all animal experiments.

DC isolation and cell sorting
Splenocytes were isolated from C57BL/6 mice as previously described 21. Briefly, spleens 
were cut into grain size fragments and digested with 1 WU/ml liberase TL (Roche 
Diagnostics GmbH, Mannheim, Germany) and 0.2 mg/ml DNAse (Roche) for 20-40 minutes 
at 37°C while stirring. Cells were washed with RPMI medium containing 10%  FCS, 2% 
penicillin-streptomycin, 2% L-glutamine, 10 mM EDTA and 20 mM Hepes. Red blood cells 
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were lysed by incubation with 1 ml ACK lysis buffer (0,15M NH4Cl, 10 mM KHCO3 0.1 mM 
Na2EDTA at pH 7.2–7.4) for 1 minute at room temperature. Non-digested fragments were 
removed by filtration. Subsequently, CD11c+ cells were isolated by positive selection with 
anti-CD11c MACS microbeads (Miltenyi Biotec, Bergisch Gladbach, Germany) according 
to manufacturers’ protocol. Purified CD11c+ cells were stained using antibodies against 
CD11c, CD4 and CD8 (eBioscience, San Diego, CA). Live non-autofluorescent CD11chigh 
cells were sorted in individual DC populations (90-95% pure) using MoFlo XDP cell sorter 
(Beckman Coulter, Woerden, The Netherlands). Cells were stored in TRIzol reagent 
(Invitrogen Life Technologies, Breda, The Netherlands) at -80°C immediately after 
reanalysis until further use.

Bone marrow derived DC cultures and cell sorting
Bone marrow derived DCs were generated as described 22. In brief, bone marrow was 
isolated from C57/BL6 mice and cultured at a concentration of 3·106 cells/ml in the 
presence of 200 ng/ml Flt3L in RPMI 1640 culture medium supplemented with 10% heat 
inactivated FCS, 2% penicillin-streptomycin, 2% L-glutamine. After 9-10 days, cells were 
harvested for analysis. Where indicated, cells were stimulated with 10 nM RA, 18h prior 
to harvesting. 

For cell sorting, day 9 bone marrow derived DCs were stained for CD11c, Sirpα 
and CD24 (eBioscience, San Diego, CA). Live non-autofluorescent CD11chigh cells were 
sorted in individual DC populations (90–95% pure) using MoFlo XDP cell sorter (Beckman 
Coulter, Woerden, The Netherlands). Cells were stored in TRIzol reagent (Invitrogen Life 
Technologies, Breda, The Netherlands) at -80°C immediately after reanalysis until further 
use.

mRNA isolation, cDNA synthesis and quantitative PCR
Total RNA was isolated from sorted ex vivo DCs or bone marrow derived DCs using TRIzol 
reagent (Invitrogen Life Technologies, Breda, The Netherlands). RNA was precipitated 

Table 1. Primers sequences used for quantitative polymerase chain reaction.

Forward Primer (5’- 3’) Reverse Primer (5’- 3’)

HPRT CCTAAGATGAGCGCAAGTTGAA CCACAGGACTAGAACACCTGCTAA

gp91phox TATGCTGATCCTGCTGCCAGT CGAATCCTTGTCGAGCAACAC

p22phox TACTCTATCGCTGCAGGTGTGC GACCCCTTTTTCCTCTTTCCC

p40phox GCTTTTCTGACTACCCACAGCC AAAGTCGCTCTCTGATCGCAG

p47phox GATCCCAACTACGCAGGTGAAC CATCTCGTCCTCTTCAACAGCA

p67phox TGCGTGAACACTATCCTGCAAA TGATGCTTTTGGTGAAGGCC

HPRT = hypoxanthine guanine phosphoribosyl transferase, gp91phox = CYBB (cytochrome 
B-245 beta polypeptide), p22phox = CYBA (cytochrome B-245 alpha polypeptide), p40phox = 
NCF4 (neutrophil cytosolic factor 4), p47phox = NCF1 (neutrophil cytosolic factor 1), p67phox = 
NCF2 (neutrophil cytosolic factor 2). Primers were designed using the online NCBI primer 
design tool (http://www.ncbi.nlm.nih.gov/tools/primer-blast/). 
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with isopropanol and cDNA was synthesized using RevertAid First Strand cDNA Synthesis 
Kit (Fermentas Life Sciences, Vilnius, Lithuania) according to manufacturers’ protocol. 
Quantitative PCR was performed using SYBR Green Mastermix (PE Applied Biosystems, 
Foster City, CA) on an ABI Prism 7900HT Sequence Detection System (PE Applied 
Biosystems Foster City, CA). A standard curve was generated using pooled lymph node 
tissue to correct for primer efficiency. mRNA quantities were normalized to HPRT.

Detection of reactive oxygen species by amplex red assay
ROS production by bone marrow derived DCs upon phorbol myristate acetate (PMA) 
stimulation (1 μg/ml) was determined by measuring the oxidation of the fluorogenic 
indicator Amplex Red (0.1 units/ml) (Molecular probes) into the fluorescent product 
resofurine. The NADPH oxidase inhibitor apocynin (1-(4-Hydroxy-3-methoxyphenyl)
ethanone, or acetovanillone, Sigma, Missouri, USA) was used where indicated at a 
concentration of 500 μM. Fluorescence was recorded over time for indicated time period 
with a fluorstar spectrofluorimeter (BMG Labtec, Offenburg, Germany) equipped with 
535 nm excitation and 595 nm emission wavelengths. Relative ROS production is depicted. 

Salmonella typhimurium
Virulence of Salmonella typhimurium is dependent on its ability to produce enterochelin 23. 
Salmonella typhimurium (SL3261) that was attenuated for the aromatic biosynthetic 
pathway (deltaAroA) that produces enterochelin, was kindly provided by Dr. J. Luirink 
(department of molecular microbiology, VU medical center, Amsterdam) 24.

Bacterial killing assay
An overnight culture of Salmonella typhimurium was diluted until OD600 0.2 and grown 
for 3 hours in LB medium until bacteria reached logarithmic growth phase. Salmonella 
was opsonized by incubation with 50% normal mouse serum for 20 minutes at 37°C to 
ensure uptake by DCs. Salmonella was washed twice in RPMI containing 10% FCS and 
brought to desired concentration assuming OD600 = 1 corresponds to 1.2·109 cells/ml. 
Bone marrow derived DCs were incubated with Salmonella at MOI = 10 for 30 minutes 
at 37°C and 5% CO2 in RPMI1640 culture medium containing 10% heat inactivated FCS to 
allow bacterial uptake. Extracellular bacteria were killed by addition of RPMI 1640 culture 
medium supplemented with 10% heat inactivated FCS, 2% penicillin-streptomycin and 2% 
L-glutamine. Apocynin was added at 500 μM as NADPH inhibitor from this step onwards 
when indicated. After 30 minutes at 37°C and 5% CO2, free bacteria and antibiotics 
were removed by centrifugation and DCs were left for another 3 hours to allow killing 
of intracellular Salmonella in medium without antibiotics in the presence of apocynin 
where indicated. DCs were lysed with 0.025% Triton X-100 to release the intracellular 
Salmonella, and a dilution range was plated on Salmonella-Shigella specific agar plates 
(Becton Dickinson Microbiology Systems, Maryland, USA). Colonies were counted after 
overnight incubation at 37°C. 
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Statistical analysis
Statistical significance was tested using GraphPad Prism 4 (La Jolla, CA) by performing a 
two-tailed Student’s T-test or ANOVA with Bonferroni’s correction as indicated. 

Results
CD8- dendritic cells express higher levels of NADPH oxidase subunits and produce 
more ROS
Various studies have shown differential gene expression in CD4+, CD8+ and DN DCs in the 
spleen 16,25. We determined the expression of NADPH oxidase subunits in sorted CD4+, 
CD8+ and DN DCs by quantitative PCR. CD4+, CD8+ and DN DCs expressed the five subunits 
of the NADPH oxidase complex. However, CD4+ and DN DCs expressed significantly higher 
levels of gp91phox, p40phox

 and p22phox transcripts than CD8+ DCs (figure 1A). No significant 
differences were found between CD4+ and DN DCs in the expression of these genes. 
This is in line with previous publications, in which CD4+ and DN DCs showed similar gene 
expression profiles 16,25. 

To determine whether these differences in expression of the NADPH oxidase 
subunits was also reflected in the activity of the NADPH oxidase complex, we investigated 
the production of reactive oxygen species (ROS) in FACS sorted CD8- and CD8+ DCs. ROS 
production was determined in PMA stimulated CD8- and CD8+ DCs by measuring the 
oxidation of the fluorogenic substrate amplex red into the fluorescent product resofurine. 
CD8- DCs exerted higher ROS production capacity than CD8+ DCs (figure 1B). These data 
indicate that higher expression of NADPH oxidase subunits in CD8- DCs results in the 
generation of more ROS in sorted splenic DCs. 

Figure 1. Ex vivo dendritic cell subsets differentially express NADPH oxidase subunits and 
differentially produce reactive oxygen species. (A) mRNA expression of NADPH oxidase subunits in 
sorted CD11chighCD4+, CD11chighCD8+ and CD11chighCD4-CD8- (double negative (DN)) DCs was determined 
by quantitative PCR. mRNA levels were normalized to HPRT. (B) Production of reactive oxygen species by 
FACS sorted CD11chighCD8- (triangles) and CD11chighCD8+ (squares) DCs in the presence of 1 μg/ml PMA 
measured by amplex red based luminescence assay. *P<0.05, **P<0.01, ***P<0.001, one-way ANOVA 
using Bonferonni’s correction. Data are shown as mean + SEM of triplicate wells and are representative 
of at least 1 (B) or 2 (A) experiments performed. 
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Bone marrow derived DCs produce ROS
Bone marrow derived DCs can be generated by culturing bone marrow in the presence 
of growth factor, FMS-like tyrosine kinase 3 ligand (Flt3L). As the resulting DCs are not 
fully matured, they do not express CD4 or CD8. Therefore, other subset specific markers 
such as Sirpα and CD24 are used to discriminate the CD8- and CD8+ DCs, respectively 22. 
To determine whether bone marrow derived DCs also exert differences in the expression 
of NADPH oxidase subunits, we determined mRNA expression of the NADPH oxidase 
subunits in Sirpα+ and CD24+ DCs sorted from bone marrow derived DC cultures. In line 
with ex vivo DCs, Sirpα+ DCs expressed significantly more mRNA transcripts of gp91phox, 
p40phox

 and p22phox than CD24+ DCs. While p47phox expression did not differ in ex vivo DC 
subsets, higher p47phox expression was observed in bone marrow derived CD24+ DCs 
(figure 2A).

Figure 2. Bacterial killing by bone marrow derived DCs is NADPH oxidase dependent. (A) mRNA 
expression of NADPH oxidase subunits in sorted CD11c+Sirpα+ and CD11c+CD24+ DCs was determined 
by quantitative PCR. mRNA levels were normalized to HPRT. (B) mRNA expression of NADPH oxidase 
subunits in total bone marrow derived DC cultures stimulated with retinoic acid (RA) for 2 or 5 hours 
or vehicle control. mRNA levels were normalized to HPRT. (C) Production of reactive oxygen species in 
total bone marrow derived DC culture in the presence of 1 μg/ml PMA measured by amplex red based 
luminescence assay. Cells were stimulated with RA (squares) or vehicle control (triangles) 18 hours prior 
to assay. Apocynin was used at 500 μM as NADPH oxidase inhibitor (open triangles and squares). (D-E) 
Bone marrow derived DCs and Salmonella typhimurium were mixed at a multiplicity of infection of 10 and 
incubated for 30 minutes to allow bacterial uptake by the DCs. Extracellular bacteria were removed after 
which DCs were incubated for an additional 3 hours in the presence of indicated stimuli to allow bacterial 
killing. Intracellular bacteria were released and serial dilutions were plated on Salmonella-Shigella specific 
agar plates. After overnight incubation, bacterial colonies were quantified. ns: not significant, *P<0.05, 
**P<0.01, ***P<0.001, one-way ANOVA using Bonferonni’s correction. Data are shown as mean + SEM 
of triplicate wells and are representative of at least 1 (B), 2 (A), or 4 (C-E) experiments performed.
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Retinoic acid (RA) is described to induce the expression of the NADPH oxidase 
subunits gp91phox, p47phox

 and p67phox in a human myeloblastic leukemia cellline 26. 
To  determine whether RA also induces the expression of NADPH oxidase subunits in 
bone marrow derived DCs, we stimulated bone marrow derived DCs for 2 or 5 hours with 
RA and determined mRNA expression of the NADPH oxidase subunits by quantitative 
PCR. Expression of all NADPH oxidase subunits was significantly increased 2 and 5 hours 
after RA stimulation (figure 2B). Strikingly, this increased expression was not reflected 
in an increased ROS production (figure 2C). However, since the amplex red assay only 
detects extracellular H2O2, predominant intracellular production of ROS or differences in 
the production of other types of ROS could possibly explain this discrepancy.

Bacterial killing by bone marrow derived DCs is ROS dependent
In chronic granulomatous disease (CGD) patients, mutations in the NADPH oxidase 
subunits are associated with recurrent Salmonella infections indicating a role for NADPH 
oxidase generated ROS in the killing of Salmonella 27-30. To determine whether ROS is 
involved in killing of Salmonella by DCs, we incubated bone marrow derived DCs with 
opsonized Salmonella typhimurium for 30 minutes to allow bacterial uptake. Subsequently, 
extracellular Salmonella was washed away with medium containing antibiotics, after 
which DCs were incubated for 3 hours to allow bacterial killing. Colony forming units were 
determined after overnight growth on Salmonella-specific agar plates. Inhibition of ROS 
via the NADPH inhibitor apocynin, resulted in a significant decrease in bacterial killing by 
the DCs, as indicated by an increase in Salmonella colonies (figure 2D and 2E). Interestingly, 
even though RA did not increase extracellular ROS production, fewer Salmonella colonies 
were found when bone marrow derived DCs were stimulated with RA 18 hour prior to and 
during bacterial killing assay. In addition, blockade of NADPH oxidase in RA treated BM 
derived DCs resulted in only a small increase of bacterial survival, which suggests that the 
increase in bacterial killing that was induced by RA incubation was likely to be mediated 
by other mechanisms than ROS production by NADPH oxidase. 

Taken together, these preliminary data indicate that bone marrow derived DCs 
eliminate bacteria via NADPH oxidase dependent mechanisms. While RA increased the 
expression of NADPH oxidase components and bacterial killing by DCs, this increased 
capacity to kill bacteria appeared to be independent on NADPH oxidase activity. 

Discussion
Splenic DCs are professional antigen presenting cells that phagocytose pathogens and 
subsequently present antigens derived from these pathogens. They are equipped with 
several mechanisms that increase the antigen presentation potential, one of which is the 
expression of NADPH oxidase which alkalizes the phagosomal and lysosomal compartment 
thereby reducing antigen degradation. Furthermore, reactive oxygen species (ROS) that 
are produced by the NADPH oxidase complex mediate bacterial killing. Splenic DCs can 
be divided in a CD4+CD8-, CD4-CD8- (double negative (DN)) and a CD4-CD8+ subset that 



Chapter 7128

7

exert specific functions. In preliminary studies described in this chapter, we showed 
that CD8- DCs express higher levels of the NADPH oxidase subunits than CD8+ DCs and 
produced more extracellular ROS in an amplex red assay. These results are in line with 
recent studies indicating that differences in Rac1 and Rac2 expression between CD8- 
and CD8+ DCs are responsible for differences in the location of NADPH oxidase complex 
assembly. Rac2 dependent recruitment of NADPH oxidase subunits to the phagosomes 
was observed in CD8+ DCs 8, while increased Rac1 expression mediated the assembly of 
NADPH oxidase at the plasmamembrane in CD8- DCs 7. These studies showed a clear role 
for the phagosomal NADPH oxidase activity in the excellent cross-presentation capacity 
of CD8+ DCs compared to CD8- DCs. However, whether these differential expression 
levels and localization of the NADPH oxidase in CD8+ and CD8- DCs are also important 
for bacterial killing, is unknown. CD8+ DCs have been described to facilitate the transfer 
of bacteria from the marginal zone to the white pulp as they are used as Trojan horse. 
Thereby, they are essential for infection with Listeria monocytogenes 31,32. Why only CD8+ 
DCs carry live bacteria to the T cell area and promote further infection is not clear as 
also CD8- DCs take up bacteria 33. One possibility is that CD8+ DCs have lower capacity to 
kill intracellular bacteria compared to CD8- DCs, due to the lower expression of NADPH 
oxidase subunits. 

After oral infection with Salmonella typhimurium, DCs transport the bacteria to the 
mesenteric lymph nodes 34,35. Salmonella has been detected in both splenic CD8+ and CD8- 
DC subsets upon intravenous infection, which indicates that all subsets can internalize 
the bacteria 36. Recently, an increased susceptibility to Salmonella was observed in Sirpα-/- 
mice, which have reduced numbers of CD4+ DCs 37,38. However, because these mice 
showed defects late after infection and exhibited decreased Salmonella-specific CD4+ 
T cell responses and antibody responses, the increased susceptibility was likely not due 
to differential bacterial killing by different DC subsets. Further studies will be necessary 
to determine the DC subset specific killing capacity of Salmonella and the contribution of 
NADPH oxidase in the killing of these bacteria by DCs.

Vitamin A deficiency is correlated with increased susceptibility to bacterial 
infections 39. Previous studies have shown that the expression of gp91phox, p47phox

 and 
p67phox, subunits of the NADPH oxidase complex, is vitamin A dependent 26. In addition, we 
observed a role for vitamin A in the generation of CD8- DCs that express the highest levels 
of the NADPH oxidase subunits 19. Here, we report that the expression of all subunits 
of the NADPH oxidase complex is elevated upon retinoic acid (RA) supplementation in 
bone marrow derived DCs. Furthermore, the Salmonella killing capacity of bone marrow 
derived DCs is significantly increased upon RA stimulation, although this did not depend 
on NADPH oxidase activity. Antigen degradation by DCs is tightly controlled by regulation 
of the expression of proteolytic enzymes and lysosomal acidification via the expression of 
V-ATPase 3,13. Further research should determine whether regulation of these mechanisms 
explains the observed increase in killing of Salmonella by bone marrow derived DCs upon 
RA stimulation.
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Next to bacterial killing, also bacterial uptake or recognition could be affected 
by vitamin A. Mice lacking toll like receptor (TLR) expression, are more susceptible to 
Salmonella infections. Especially TLR2, 4 and 5 are required for the recognition of 
Salmonella by DCs 40-42 and are differentially expressed by the CD8+ and CD8- DC subsets 43. 
More research is required to determine how uptake, recognition, and NADPH oxidase 
mediated killing of Salmonella by DC subsets is affected by RA stimulation. 

Taken together, the results presented in this chapter show differential expression 
of NADPH oxidase genes in CD8- and CD8+ DCs. In addition, NADPH oxidase activity is 
involved in bacterial killing by DCs. However, more extensive research is required to 
determine the bacterial killing capacity of DC subsets and its significance for infection.
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