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Invasive aspergillosis is a significant cause of morbidity and mortality in patients after stem cell transplan-
tation, in solid organ transplant recipients, and in patients with hematological malignancies. The interactions
between human immature dendritic cells (iDCs) and Aspergillus fumigatus antigens are widely uncharacterized.
We analyzed the immune response of iDCs to different recombinant A. fumigatus antigens (Aspf1 and Crf1).
One of these antigens, the 18-kDa RNase Aspf1, triggered the increased level of expression of genes encoding
proinflammatory cytokines and chemokines, and augmented the activation of NF�B and the apoptosis of iDCs.
Furthermore, by fluorescence microscopy, we could demonstrate that in the first 3 h a major portion of Aspf1
accumulates on the cell surface. Finally, we could show an increased segregation of cytokines and chemokines
after the stimulation of iDCs by an Aspf1 deletion mutant strain of A. fumigatus.

Over the past decade, invasive aspergillosis (IA) has
emerged as the most serious life-threatening infectious com-
plication of intensive remission-induction chemotherapy and
allogeneic hematopoietic stem cell transplantation. Aspergillus
fumigatus is the species most commonly isolated from cases of
IA. Despite improvements by the use of preventative strategies
and the development of new antifungal drugs, IA has an inci-
dence of 10 to 30% and is still associated with mortality rates
as high as 90% in some surveys (4). In 2008, over 10,000
patients were hospitalized in the United States due to IA,
resulting in 17.7 additional hospital days and $96,000 in addi-
tional costs per patient (32).

In addition to neutrophils and macrophages, dendritic cells
(DCs) play a major role in the defense against IA. DCs can
transport antigens from the site of infection to the lymph nodes
(18). Exposure to this pathogen leads to changes in the expres-
sion of their characteristic surface markers (CD40, CD80,
CD83, and CD86) and induces the secretion of proinflamma-
tory cytokines and chemokines (9, 10).

There are few data regarding immunotherapy in patients
with invasive fungal infections, and in particular, there are few
data related to IA. This may be due, at least in part, to the
complex antigenic properties of A. fumigatus, which have not
yet been well characterized. However, several A. fumigatus
proteins have been identified as immunogenic antigens.
Among these are two proteins that have been used in this
study: the 18-kDa immunoglobulin E (IgE)-binding protein
Aspf1 and the glycosylphosphatidylinositol-anchored extracel-
lular cell wall glucanase Crf1 (2). Aspf1 is a member of a family

of conserved RNases that cleave defined phosphodiester bonds
of the 28S rRNA of eukaryotic ribosomes (3, 16). In this study,
we analyzed different aspects of the response of human mono-
cyte-derived DCs to Crf1 and, especially, Aspf1.

MATERIALS AND METHODS

Generation of iDCs. Peripheral blood mononuclear cells were separated from
50 ml buffy coat blood of healthy donors by Ficoll-Hypaque density gradient
centrifugation (Biochrom AG, Berlin, Germany). Monocytes were isolated by
magnetism-associated cell sorting with paramagnetic microbeads conjugated to
anti-human CD14 monoclonal antibodies (Miltenyi Biotech, Bergisch Gladbach,
Germany). Differentiation into immature DCs (iDCs) was achieved by treatment
with granulocyte-macrophage colony-stimulating factor (GM-CSF) and interleu-
kin-4 (IL-4), as described previously (12). Flow cytometry (FACS Calibur flow
cytometer; Becton Dickinson) revealed that more than 95% of the iDC popu-
lation was positive for CD1a-fluorescein isothiocyanate (FITC), CD40-phyco-
erythrin (PE), CD80-PE, CD86-PE, and HLA-DR–FITC and negative for
CD14-FITC.

Expression and purification of A. fumigatus antigens. The antigens Aspf1
(M83781) and Crf1 (AY169706) were expressed as described previously (2, 28).
The absence of lipopolysaccharide (LPS) from all antigen preparations was
verified by high-pressure liquid chromatography.

For purification of hemagglutinin (HA)-tagged Aspf1 (for the microscopic
studies), the corresponding gene was amplified from the cDNA of the A. fumiga-
tus strain 46645 with oligonucleotides Mito-for (GCTCCCTCGCCCCTCGAC)
and Mito-rev-HA (CTAGGCGTAGTCGGGCACGTCGTAGGGGTAATGA
GAACACAGTCTCAAGTC). The resulting PCR product was cloned into the
pQE30-UA expression vector (Qiagen, Hilden, Germany) and transformed into
Escherichia coli strain M15(pREP4). The recombinant Aspf1 protein, which
comprised an N-terminal His tag and a C-terminal HA tag, was purified from the
lysate of isopropyl-�-D-thiogalactopyranoside-induced bacterial cells with a talon
metal affinity resin (Clontech, Saint-Germain-en-Laye, France).

Determination of Aspf1 localization in human iDCs. After exposure of the
DCs to HA-tagged Aspf1 (5 �g/ml) for 15 min, 30 min, or 3 h, the cells were fixed
with 3.7% formaldehyde for 5 min. If required, the cells were permeabilized with
0.2% Triton X-100 for 1 min. Staining with an HA-specific rat monoclonal
antibody (Roche Applied Science, Mannheim, Germany) and an appropriate
Cy3-labeled secondary antibody was performed. Samples were analyzed with an
SP5 confocal laser scanning microscope (Leica Microsystems, Heidelberg, Ger-
many).
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Exposure of iDCs to A. fumigatus antigens and analysis of DC response. The
cocultivation of iDCs (1 � 106 cells) and the Aspergillus antigens (each at 5
�g/ml, as determined in preexperiments) was carried out for 6 h, 24 h, and 48 h.
LPS (1 �g/ml; Sigma-Aldrich, Steinheim, Germany) was used as a positive
control. RNA was extracted by the use of RNeasy spin columns (Qiagen),
according to the instructions of the manufacturer. Quantitative real-time reverse
transcription-PCR for the expression profiling of tumor necrosis factor alpha
(TNF-�), IL-8, IL-10, IL-23, chemokine (C-X-C motif) ligand 10 (CXCL10),
chemokine (C-C motif) ligand 20 (CCL20), Toll-like receptor 2 (TLR2), and
TLR4 was performed as described previously (23); and the profiles were nor-
malized against that for the housekeeping gene h-ALAS (Roche Diagnostics,
Mannheim, Germany). Furthermore, the secretion of IL-10, IL-23, and CCL20
was analyzed by enzyme-linked immunosorbent assay (ELISA; R&D Systems,
Minneapolis, MN), according to the instructions of the manufacturer (lowest
detection thresholds in the ELISA analysis, 10 pg/ml for CCL20 and 9.8 pg/ml for
IL-10 and IL-23).

NF�B translocation assay. Assessment of nuclear factor kappa B (NF�B)
binding activity in nuclear extracts was achieved with Trans-AM p65 transcrip-
tion factor assay kits (Active Motife, Rixensart, Belgium), according to the
protocol of the supplier. Five micrograms of nuclear extracts was incubated with
plate-coated NF�B consensus oligonucleotides. Anti-p65 antibody binding was
detected with a secondary horseradish peroxidase-conjugated antibody, and the
reaction was developed with 3,3�,5,5�-tetramethylbenzidine as the substrate. The
intensity of the reaction was measured at 450 nm. DCs were stimulated with
either Aspf1 or LPS, as described above, and the results were compared to those
for unstimulated DCs.

Analysis of maturation marker upregulation by flow cytometry. At 48 h after
treatment of the iDCs (1 � 106 cells) with Aspf1 or Crf1 (5 �g/ml each), the cells
were stained with FITC- or PE-labeled antibodies (BD Biosciences–Pharmin-
gen) against CD1a, CD40, CD80, CD83, CD86, and HLA class II. Flow cyto-
metric data were compensated for by using the FlowJo program (version 8.8.6;
Trustees of Leland Stanford, Jr., University).

Cocultivation of the �aspf1 mutant strain with human iDCs. Monocyte-de-
rived DCs (1 � 106 cells; multiplicity of infection, 1) were cocultivated for 6 h
with either living or ethanol-inactivated (70% ethanol, 30 min) germ tubes of
wild-type strain ATCC46645 and a �aspf1 mutant strain (26). For further anal-
ysis, the supernatants were frozen at 	20°C and the RNA was immediately
extracted from the iDC pellets with an RNeasy mini kit (Qiagen).

Mixed lymphocyte reaction (MLR). Allogeneic T cells were enriched from
purified peripheral blood mononuclear cell fractions by the depletion of CD8	

and CD69� cells with a mixture of biotinylated monoclonal antibodies (CD4,
CD15, CD16, CD19, CD34, CD36, CD56, CD69, CD123, T-cell receptor-
/�,
CD235a) and microbead-conjugated antibiotin monoclonal antibodies (Miltenyi
Biotech). T-cell proliferation was assessed by flow cytometry with carboxyfluo-
rescein succinimidyl ester labeling, as recommended by the manufacturer (In-
vitrogen).

At 48 h prior to T-cell isolation, the iDCs were exposed either to A. fumigatus
antigen Aspf1 (5 �g/ml) or to human cytomegalovirus antigen pp65 (100 �g/ml;
Miltenyi Biotech). The cells were then washed three times in Hanks balanced salt
solution to minimize the transfer of soluble factors or cytokines before they were
used as stimulators in the iDC MLR. DCs were added to responder T cells (2.5 �
105) in 1 ml AIMV medium (which included 10% allogeneic human serum, 10
IU/ml IL-2, 75 ng/ml GM-CSF, and 15 ng/ml IL-4) per well at a stimulator
cell/responder cell ratio of 1:10 for 9 days, until the measurement of proliferation
by flow cytometry (FACS Calibur flow cytometer; Becton Dickinson). As a
positive control for T-cell proliferation without DCs, M-type phytohemagglutinin
(2.25%, vol/vol; Invitrogen, Karlsruhe, Germany) was used in all experiments.
After 2 days, 1 ml AIMV medium (which included 10% allogeneic human serum
and cytokines) was added to achieve additional final concentrations of 5 IU/ml
IL-2, 37.5 ng/ml GM-CSF, and 7.5 ng/ml IL-4.

Quantification of apoptosis after incubation with Aspf1. To analyze the via-
bility of the DCs after treatment with either Aspf1 (5 �g/ml), �-sarcin (10 �g/ml;
which was used as a positive control and which originated from Aspergillus
giganteus; Sigma-Aldrich), or camptothecin (12 �M; which was used as a specific
positive control for the induction of apoptosis by the inhibition of topoisomerase
I; Sigma-Aldrich), the rates of apoptosis and necrosis were determined by flow
cytometry (FACS Calibur flow cytometer; Becton Dickinson). A dual-color pro-
tocol that used annexin V-FITC to quantify phosphatidylserine and propidium
iodide to quantify the exposed DNA of dead cells was used (BD Biosciences–
Pharmingen).

Statistical analyses. For statistical analysis, two-sided Student’s t tests were
performed by pairing sample data with data for the unstimulated control.

All experiments were repeated with blood from at least three independent
blood donors.

RESULTS

Immune response of iDCs toward A. fumigatus antigens. As
an initial experiment, iDCs were stimulated with LPS and the
levels of cytokine expression were compared to those by un-
stimulated iDCs. They showed differential levels of expression
of the genes for TNF-� (at 6 h, mean of 25 times higher levels
of expression; at 24 h, no change; at 48 h, mean of 3 times
higher levels of expression), IL-8 (at 6 h, mean of 102 times
higher levels of expression; at 24 h, mean of 15 times higher
levels of expression; 48 h, at mean of 21 times higher levels of
expression), IL-10 (at 6 h, mean of 8 times higher levels of
expression; at 24 h, no change; at 48 h, no change), CXCL10
(at 6 h, mean of 2,600 times higher levels of expression; at 24 h,
mean of 53 times higher levels of expression; at 48 h, mean of
4 times higher levels of expression), and CCL20 (at 6 h, mean
of 1,150 times higher levels of expression; at 24 h, mean of 22
times higher levels of expression; at 48 h, mean of 5 times
higher levels of expression). The increased levels of gene ex-
pression could be confirmed by ELISA analyses (data not
shown).

In parallel with LPS, both recombinant antigens (Aspf1,
Crf1) led to the differential expression of genes encoding the
proinflammatory cytokines TNF-�, IL-1ß, IL-8, IL-12p35, and
IL-23p19, as well as those encoding the chemokines CXCL10
and CCL20, compared to their levels of expression by unstimu-
lated iDCs. However, the differential expression varied widely
between the two antigens and the different cytokines and che-
mokines (Table 1).

After stimulation with the antigen Crf1, only slightly in-
creased levels of expression (2.1 to 2.9 times) of the genes for

TABLE 1. Differential expression of genes for selected cytokines
and chemokines after stimulation with the recombinant

A. fumigatus antigens Aspf1 and Crf1a

Gene

Differential expression (fold) at the indicated
times after stimulation with:

Aspf1 Crf1

6 h 24 h 48 h 6 h 24 h 48 h

TNF-� 8.2 12 22 — — 3
IL-8 30 72 275 2.1 2.8 2.9
IL-23p19 7.5 2.2 — ND ND ND
CXCL10 39 60 27 2.3 2.9 3.1
CCL20 247 299 314 — 3.1 —
IL-12p35 ND 14 ND ND ND ND
IL-10 0.6 0.8 — ND ND ND
IL-1� ND 7.4 ND ND ND ND

a DCs were stimulated for 6, 24, or 48 h with A. fumigatus antigens; and the
levels of expression of the genes for TNF-�, IL-8, IL-23, CXCL10, and
CCL20 were determined by quantitative reverse transcription-PCR. The level
of gene expression was normalized against the level of expression of h-ALAS
by evaluating the crossing point values for each sample by using the equation
2(�CP for target gene 	 �CP for h-ALAS), where �CP is the change in the crossing point
(CP) value (7, 22). For each time point, the levels of gene expression by DCs
cocultivated with A. fumigatus antigens were compared to the levels of gene
expression by unstimulated cells (and are given as ratios). All experiments were
repeated with blood from at least three independent blood donors, and the mean
level of upregulation is indicated. —, unchanged expression, defined as a �2-fold
change and a 0.8-fold change; ND, not determined.
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IL-8, CXCL10, and CCL20 could be observed, whereas the
level of expression of the gene for TNF-� remained un-
changed. In contrast, the recombinant protein Aspf1 induced
marked upregulation, especially of the genes for CXCL10,
CCL20, IL-8, and, initially, IL-23 (Table 1).

After culture of iDCs with Aspf1, the level of gene expres-
sion usually increased at 6 h of cocultivation, with further
increases occurring after 24 h and 48 h, whereas gene expres-
sion after LPS treatment of iDCs was maximal after 6 h and
decreased after 24 h and 48 h (see above).

In contrast, the anti-inflammatory cytokine IL-10 showed
slightly decreased levels of gene expression (as shown for
Aspf1; at 6 h, mean of a 0.6-fold decreased level of expression;
at 24 h, mean of a 0.8-fold decreased level of expression; at
48 h, no change) compared to the levels of expression by
unstimulated cells. Modified gene expression profiles after
Aspf1 stimulation could exemplarily be confirmed by ELISAs
for CCL20 and IL-10 (Fig. 1).

Analyses of the expression of the genes for the pattern
recognition receptors TLR2 and TLR4 revealed that none of
the applied antigens triggered significantly differential expres-
sion (data not shown), whereas LPS has been shown to reduce
the level of expression of the gene for TLR4 (23).

NF�B translocation assay. Quantification of activated
NF�B p65, localized in the nucleolus, was performed. We
could demonstrate that Aspf1 (in parallel with LPS) induced
the activation of NF�B by the detection of NF�B translocation
into the nucleus (for LPS, at 24 h, 3.2 times higher levels of
expression; at 48 h, 2 times higher levels of expression; for
Aspf1, at 24 h, 1.5 times higher levels of expression; at 48 h, 2.2
times higher levels of expression [the data are means compared

to the results obtained for iDCs without addition of a stimu-
lus]).

Analysis of interaction of DCs with A. fumigatus aspf1-
knockout strain. Analysis of cytokine (IL-10, CCL20) release
by iDCs after stimulation with either LPS, the viable wild-type
strain, or the corresponding �aspf1 mutant strain revealed
increased cytokine levels compared to the levels released by
the unstimulated controls. Interestingly, after stimulation of
the iDCs with the A. fumigatus aspf1-knockout strain, signifi-
cantly higher levels of CCL20 (P � 0.05) and IL-10 (P � 0.09)
could be observed. In contrast, comparison of ethanol-inacti-
vated wild-type and mutant strains showed no significant dif-
ference in the levels of cytokine release (Fig. 2).

Uptake and antigen presentation of Aspf1 by DCs. Our data
demonstrated that, in contrast to the antigen Crf1, the ribo-
toxin Aspf1 markedly modified the levels of gene expression by
DCs. Therefore, we investigated if DC activation depends on
the cytoplasmic localization of the antigen or if activation oc-
curs by attachment to the cell membrane only. Confocal mi-
croscopy revealed that Aspf1 was already detectable at the cell
surface within 15 min after addition to iDCs and that the signal
intensities strongly increased when coculturing was extended
up to 3 h (Fig. 3). Comparison of the results for samples
stained with or without permeabilization revealed no differ-
ences, suggesting that most of the bound Aspf1 remained on
the cell surface.

Maturation of iDCs after contact with A. fumigatus antigens
Aspf1 and Crf1. After the exposure of iDCs to the Aspf1 or
Crf1 antigen for 48 h, the levels of expression of CD1a, CD40,
CD80, CD83, CD86, and HLA class II were analyzed by flow
cytometry. Analysis revealed that the surface markers re-

FIG. 1. Quantification of CCL20 and IL-10 in culture supernatants after 24 h of cocultivation by ELISA. The results for Aspf1- or LPS-treated
samples were compared to those for unstimulated controls. *, P � 0.1; **, P � 0.05.
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mained unchanged after Aspf1 or Crf1 stimulation, which in-
dicates that both proteins were unable to trigger maturation of
DCs (Fig. 4).

The T-cell stimulation capacity of iDCs after coculturing
with Aspf1. The capacity of DCs to stimulate T-cell prolifera-

tion was analyzed by MLR with Aspf1-loaded DCs. We could
demonstrate that Aspf1-loaded DCs and unstimulated DCs
triggered the proliferation of T cells to similar levels. In con-
trast, DCs loaded with pp65 induced a significantly higher
percentage of proliferating CD8� T cells (P � 0.099) (Fig. 5).

FIG. 2. Coculturing of iDCs with wild-type and mutant strains of A. fumigatus, followed by ELISA analysis of cell culture supernatants.
Student’s t test by pairing of active wild-type (WT) germ tubes (GT) with active �aspf1 mutant germ tubes samples revealed P values of 0.057 for
CCL20 and 0.089 for IL-10. **, P � 0.05; ***, P � 0.01.

FIG. 3. Localization of Aspf1 antigen in iDCs. Confocal microscopy analysis was performed for determination of the localization of HA-tagged
Aspf1 in iDCs after exposure of cells to Aspf1 for 15 min, 30 min, or 3 h.
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Aspf1 induces apoptosis in iDCs. To quantify the apoptotic
activity of Aspf1, this antigen was exposed to iDCs and the
rates of early and late apoptosis were measured by the use of
annexin V and propidium iodide staining. In parallel, �-sarcin
and camptothecin were applied to the iDCs and the rates of
apoptosis were compared to those induced by Aspf1. We found
that Aspf1, �-sarcin, and camptothecin were able to induce
increased levels of apoptosis of �9.3%, (P � 0.259), �11.3%
(P � 0.099), and �13.93% (P � 0.034), respectively, after 24 h
of exposure compared to the levels for untreated cells (Fig. 6).

DISCUSSION

One of the major players of the immune defense against
fungi are DCs, the sentries of innate immunity and the bridge
to the adaptive immune system. They are strategically located
at pathogen entry sites, such as the respiratory tract (14). DCs
acquire antigens in the periphery, migrate into secondary lym-
phoid tissues, activate T cells, mature, and secrete cytokines
and chemokines (21). In lymphoid organs, DCs present (i)
antigen-specific, (ii) costimulatory, and (iii) Th1/Th2 polariz-
ing signals to T-helper cells (29). The polarization of DCs is
dependent on different factors, including DC subsets, patho-
gen recognition receptors (e.g., TLRs or dectin 1), and the
morphology of the mold (1, 24).

DCs have previously been used as adjuvants and antigen
carriers in various vaccination studies against malignancies and
infectious agents, such as human cytomegalovirus and human
immunodeficiency virus (8, 11, 35). Few data on DC vaccina-
tion against A. fumigatus in mice have been published (27).

Svirshchevskaya et al. showed that the intravenous injection of
Aspf1 peptides markedly inhibited the T-cell response induced
by the exposure to crude A. fumigatus extract in mice (31). In
addition, Bozza et al. showed that fungal RNA acts as a potent
activator of murine DCs (6).

However, to our knowledge, no data exist about the inter-
action of human DCs with recombinant antigenic structures of
A. fumigatus. Within the last 15 years, Latgé and colleagues
characterized several antigens of A. fumigatus (5). Those stud-
ies showed that the production of recombinant antigens of A.
fumigatus in Pichia pastoris is extremely efficient. Large
amounts of recombinant proteins (5 to 50 �g/ml) are produced
extracellularly and easily purified on an Ni column. His tagging
did not interfere with the antigenic capacity of the proteins,
and unlike proteins derived from the commonly used E. coli
expression systems, these antigens are endotoxin free.

Among the purified antigens, Aspf1 is a member of a family
of conserved RNases that cleave a single phosphodiester bond
of the 28S rRNA of eukaryotic ribosomes (16). The natural
function of Aspf1 is still unknown. However, an indication that
Aspf1 is produced during infection was provided by Lamy et
al., who detected Aspf1 within the kidney cells of mice infected
with A. fumigatus in regions of necrosis surrounding fungal
colonies (20). Furthermore, Arruda et al. demonstrated that
85% of the patients with IgE antibodies to A. fumigatus also
had IgE antibodies to Aspf1, which they defined as a major
allergen of the fungus (3).

Our results show that Aspf1 is able to induce the apoptosis
of human iDCs in vitro, as previously described for �-sarcin, an
additional fungal ribotoxin (25). It could be speculated that the

FIG. 4. Expression of selected DC markers after stimulation with Aspf1, Crf1, and LPS by flow cytometric analysis of selected DC surface
markers (CD1a, CD40, CD80, CD83, CD86, HLA class II). DCs were stimulated for 48 h with Aspf1, Crf1, and LPS, and their expression (in
percent) was compared to that of unstimulated DCs.
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induction of apoptosis is a natural immune evasion mechanism
of A. fumigatus, as DC apoptosis may limit the generation of an
appropriate adaptive immune response during infection, in-
cluding an impaired capacity to stimulate T lymphocytes. Ad-
ditionally, Kim et al. have demonstrated that phosphatidylser-
ine from apoptotic cells induces the regulation of DC
activation. Downstream events following apoptotic cell contact
or phosphatidylserine contact with DCs resulted in the inhibi-
tion of IL-12p35 transcription and, thus, IL-12p70 synthesis
(17). Additional studies demonstrated that another molecule
secreted by A. fumigatus, gliotoxin, inhibited antigen-present-
ing cell function and induced the preferential death of mono-
cytes, leading to a marked decrease in the monocyte-lympho-
cyte ratio (30).

It was previously shown that ribotoxins cross lipid mem-
branes in the absence of any known protein receptor, possibly
by endocytosis and by interacting with negatively charged phos-
pholipids vesicles. These extremely positively charged proteins
also have a high affinity for RNA, which alleviates the local-
ization of the �-sarcin/ricin loop of 28S rRNA. However, cells
are killed only if ribotoxins cross their membrane, which is
facilitated in cells showing altered membrane permeability,
such as virus-infected or transformed cells (19). As Aspf1 was
detectable on the DC surface 15 min postinfection and the
signal markedly increased up to 3 h, only a minority of the
protein might have been able to cross the cell membrane and
to inhibit ribosomal activity.

Our results indicate that Aspf1 induces a proinflammatory

cytokine response. The levels of expression of two distinct che-
mokines, CXCL10 and CCL20, were markedly increased com-
pared to the levels expressed by unstimulated DCs. CXCL10 has
been shown to have chemoattraction for monocytes and T cells
and to promote T-cell adhesion to endothelial cells. CCL20 is
strongly chemotactic for lymphocytes and weakly attracts neutro-
phils.

Interestingly, stimulation with LPS and also A. fumigatus
germlings (23) resulted in maximum levels of gene expression
and cytokine release after 6 h, whereas Aspf1 stimulation re-
vealed the maximum levels of expression and secretion of the
cytokine genes after 24 h and 48 h. TLR ligands, such as LPS,
not only stimulate the transcription of cytokines and costimu-
latory molecules but also signal an array of responses that
affect the membrane vacuolar system, the cytoskeleton, and the
machinery of protein translation and degradation (34).

The cytokine release by iDCs was weaker if they were stim-
ulated by wild-type germlings than if they were stimulated with
germlings from the �aspf1 mutant strain. This observation
might indicate that Aspf1, which is secreted into the culture
medium, could possibly impair in vitro the release of defined
cytokines and chemokines.

Induction of the proinflammatory immune response by
Aspf1 might potentially be regulated by the transcription fac-
tor NF�B. This DNA-binding protein exists in an inactive form
bound to the inhibitory I�B proteins in the cytoplasm. LPS or
Aspf1 treatment of DCs led to the release of NF�B dimers,
which subsequently translocated to the nucleus, where they

FIG. 5. MLR. Student’s t test was performed by pairing the results with those for the negative control for presentation by unstimulated iDCs.
*, P � 0.1; ***, P � 0.01.
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activated immune-relevant target genes. Careful regulation of
the transcriptional responses to many different stimuli is cru-
cial to the proper functioning of the mammalian immune sys-
tem (13). Activation of NF�B as a result of the reduction of the
level of protein synthesis due to ribosome inhibition by Aspf1
or other related ribotoxins is mediated by SAPK/JNK1 (stress-
activated protein kinases and cJun NH2-terminal kinases, re-
spectively) (25). Damage of the 28S rRNA at the cleavage site
of ribotoxins causes the activation of SAPK/JNK1 (15). These
members of the family of mitogen-activated protein kinases
phosphorylate substrates such as the cAMP response binding
protein and NF�B (33).

By MLR, we were able to demonstrate that in contrast to the
CMV antigen pp65, Aspf1 is not processed and presented by
iDCs; the proliferation of T cells was not significantly altered
compared to the level of proliferation achieved with unloaded
iDCs. Similar results were obtained after the stimulation of
iDCs with �-sarcin.

In conclusion, the induction of cytokine release and apop-
tosis by Aspf1 in human iDCs may constitute a novel immu-
nomodulatory mechanism that results in the destruction and
functional impairment of iDCs and, in parallel, the immune
evasion of A. fumigatus.
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