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Abstract
Sporotrichosis is caused by a thermo-dependent dimorphic fungus, Sporothrix schenckii. The major
clinical manifestations occur in the skin; however, cases of visceral manifestations have also been
increasingly reported with some being observed in immune compromised patients. Different
virulence of individual S. schenckii strain as well as immune status of the host could contribute
to form such different clinical manifestations. Thus, the purpose of the study was to investigate
whether different virulence of individual S. schenckii could be a factor for such clinical difference.
We investigated the interactions between human monocyte-derived dendritic cells (MoDCs) and
S. schenckii, assessed by (i) morphological features, (ii) surface marker expressions, cytokine
productions, (iii) signaling pathways and (iv) allostimulatory activity of the activated MoDCs.
Immature MoDCs, obtained from peripheral blood monocytes supplemented with granulocyte
macrophage colony-stimulating factor and IL-4, were stimulated with S. schenckii strains of both
yeasts and conidia forms of different origins (cutaneous isolates: KMU4649, IFM5906 and IFM46010;
visceral isolates: KMU4648, IFM41598 and ATCC26331) to be used for various assays. Through the
analysis, we found that the cutaneous S. shenckii of cutaneous origins were more potent to activate
MoDCs to induce strong Th1 response, as evidenced by abundant IFN-g production, while the
S. shenckii of visceral origins induced only minimal dendritic cell activation and Th1 induction. The
p38 mitogen-activated protein kinase and c-Jun N-terminal kinase signaling pathways appeared to be
associated with the differential activation of the MoDCs by S. schenckii of cutaneous and the visceral
origins. Overall, we concluded that the differential activation of MoDCs by S. schenckii of cutaneous
and visceral origins to induce Th1 response, other than immune status or the host, may be a factor
for their different clinical manifestations.

Introduction
Sporotrichosis is caused by a thermo-dependent dimorphic
fungus, Sporothrix schenckii. The hyphal form that is present
in the normal environment consists of both conidia and
hyphae, while the yeast form develops at 37C (1). The conidia and/or hyphae enter the body through either traumatic implantation or inhalation (2, 3). However, S. schenckii

is observed only as the yeast form in biopsies or excised
specimens (4, 5). Such conversion from hyphal to yeast
form seems to occur in both the implantation and inhalation sites.
Clinical manifestations of sporotrichosis are variable. The
major clinical manifestations occur in the skin and present
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primarily as either fixed cutaneous or lymphocutaneous forms
(4, 5). However, cases of disseminated cutaneous and/or
visceral forms in immunosuppressed patients have been
reportedly increased (2, 6).
Both pathogenic factors of the individual S. schenckii
strains and the immunologic status of the host could
determine the clinical manifestations of sporotrichosis. However, the factors involved in the pathogenesis of S. schenckii
and the mechanisms to determine their virulence remain
unclear.
Cell-mediated immunity to S. schenckii antigen is a key
immunologic defense mechanism that controls the infection
(7). Both CD4+ T cells and macrophages are required for the
development of granuloma formation, which is a critical and
essential component of normal host defense against the
pathogens (8, 9). IFN-c mRNA was detected in the granulomatous skin lesions of sporotrichosis (10), and immunohistochemical analysis demonstrated the existence of that
IFN-c-producing CD4+ T cells in the periphery of such lesion
(9). These findings indicate that the granuloma formation in
sporotrichosis may be associated with Th1 response in the
skin lesions as evidenced by the local detection of IFN-c.
Such Th1 response would eventually activate macrophages to
kill intracellular S. schenckii.
Dendritic cells (DCs) are the most potent antigen-presenting
cells (APCs), playing key roles in cell-mediated immunity
and CD83, a specific marker for DC maturation, is recently
found to be expressed at a high level on immunocompetent,
activated mature DCs (11). Such small, but presumably
significant CD83+ DC sub-population was also observed in
the granulation tissue of sporotrichosis (12). These findings
indicate that activated DCs may play important roles in the
Th1 immune response against S. schenckii. However, the
precise interaction between DCs and S. schenckii has not
been fully elucidated.
Thus, the purpose of the current study was to find any
different responses by human monocyte-derived dendritic
cells (MoDCs) when exposed to S. schenckii isolated from
cutaneous and visceral lesions by which the different
manifestations may occur.

Methods
Fungi
Sporothrix schenckii of cutaneous (C) origin KMU4649,
IFM5906 and IFM46010 and visceral (V) origin KMU4648,
IFM41598 and ATCC26331 were used in the experiments.
Among the cutaneous isolates, KMU4649 was isolated from
a patient under oral corticosteroid therapy. IFM5906 was
isolated from the patient with normal immunity. The background information of the host immune status for IFM46010
was not available. Among the visceral isolates, KMU4648 was
isolated from the bone marrow of a patient under continuous
oral corticosteroid therapy, and IFM41598 and ATCC26331
were isolated from sputum and lung, respectively, but the
background information of the hosts’ immune status for these
isolates was not available. IFM5906, IFM46010 and IFM41598
were kindly provided by K. Nishimura from the Research
Center for Pathogenic Fungi and Microbial Toxicoses, Chiba

University, Japan. These fungi were cultivated in 200 ml of
Sabouraud’s broth (Difco Laboratories, Detroit, MI, USA) with
reciprocal shaking (90 cycle min1) for 7 days at room
temperature to obtain hyphal forms, which consist of conidia
and hyphae. The fungi were also cultivated in Petri dishes of
brain heart infusion agar (Difco Laboratories) with 1% glucose
at 37C for 5–28 days to obtain yeast forms. Both fungi
cultures were suspended in PBS and heat inactivated by
incubation for 2 h in a 60C water bath. These fungi cultures
were filtered through a paper filter (Toyo Roshi, Tokyo, Japan)
for removal of hyphae or pseudohyphae to obtain pure
conidia or yeasts and washed three times with PBS. The
conidia and the yeast were counted with a Neubauer
chamber and stored at 80C until use.
Generation of MoDCs
Buffy coats were obtained from healthy volunteer donors
according to the institutional guidelines. PBMCs were
separated by Ficoll-Paque (Amersham Biosciences, Sweden)
density gradient centrifugation. PBMCs (40 3 106 ml1) were
incubated for 1 h at 37C in a plastic Petri dish with 10 ml of
a culture media (RPMI-1640 supplemented with 5% heatinactivated FCS, 2 mmol l1 L-glutamine, 100 U ml1 penicillin
and 100 lg ml1 streptomycin, all these productions were
obtained from GIBCO-BRL, Grand Island, NY, USA), and after
vigorous washing, adherent cells to the plastic bottom of the
Petri dishes were recovered using manual scraping. More
than 85% of such recovered adherent cells were considered
to be monocytes as evidenced by being positive for CD14,
a representative marker for monocytes. The recovered monocytes cells were then cultured in a DC/T cell culture media;
RPMI-1640 with 10% heat-inactivated FCS, 10 mmol l1
HEPES, 1% non-essential amino acids, 1 mmol l1 sodium
pyruvate, 2 mmol l1 L-glutamine, 100 U ml1 penicillin, 100 lg
ml1 streptomycin (all from GIBCO-BRL), 50 mmol l1
2-mercaptoethanol (2-ME) (Sigma, Buchs, Switzerland), 10 ng
ml1 recombinant human (rh) granulocyte macrophage
colony-stimulating factor (GM-CSF) (PeproTech, Rocky Hill,
NJ, USA) and 50 ng ml1 rh IL-4 (PeproTech) for 5 days. The
cultured monocytes were fed with fresh medium containing
100 mmol l1 2-ME, 20 ng ml1 rh GM-CSF and 100 ng ml1
rh IL-4 on days 2 and 4. CD14+ monocytes cultured with IL-4
and GM-CSF acquire the phenotype and function of APCs,
and are widely approved as so-called ’myeloid DC’ phenotype (13–15). Immature MoDCs (2.5 3 105 ml1) generated in
such manner were then incubated for 48 h with 20 ng ml1
LPS (Escherichia coli, strain 055:B5; Difco Laboratories),
S. schenckii yeast (2.5 3 106) or S. schenckii conidia (2.5 3
106) in 1 ml of DC/T cell media.
Antibodies
FITC-labeled CD80 mouse antibody (mAb) (mouse IgM,
clone BB1) was purchased from PharMingen (San Diego,
CA, USA). PE-labeled CD86 mAb (mouse IgG2b, clone
HA5.2B7), PE-labeled CD83 mAb (mouse IgG2b, clone
HB15A), FITC-labeled CD1a mAb (mouse IgG1, clone NA1/
34) and isotype controls (FITC- and PE-labeled mouse IgG1)
were from Immunotech (Marseille, France). Biotin-conjugated
HLA-DR mAb (mouse IgG2a, clone CR3/43) was from
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Becton-Dickinson (Mountain View, CA, USA). PE-Texas RED
(ECD)-labeled streptavidin was from Beckman Coulter (Tokyo,
Japan). PE-labeled OX40 ligand mAb (mouse IgG1, clone
ANC10G1) was from Ancell (Bayport, MN, USA). Rabbit
polyclonal antibodies to phosphorylated inhibitory nuclear
factor jB (IjB), p42/44 extracellular signal-regulated kinase
(ERK), p38 mitogen-activated protein kinase (MAPK), p46/54
c-Jun N-terminal kinase (JNK) were purchased from Cell
Signaling (Beverly, MA, USA). Delta1 (mouse IgG2b, clone
251127), Jagged1 (mouse IgG2b, clone 18831) and Jagged2
(goat IgG immunized with purified recombinant human
Jagged2) were from R&D Systems, Mineapolis, MN, USA.
Delta4 (polyclonal goat IgG) was from Santa Cruz Biotechnology (Santa Cruz, CA, USA), HRP-labeled goat anti-rabbit IgG
was from Bio-Rad (Hercules, CA, USA), and goat anti-mouse
IgG of donkey and anti-goat IgG were from R&D Systems.
Flow cytometric analysis
After incubation with LPS or heat-inactivated fungi for 48 h,
MoDCs were washed, re-suspended at a concentration of
0.5 3 105 to 1 3 105 cells in 50 ll of cold PBS containing 0.1%
sodium azide, 10 mg ml1 BSA and 200 lg ml1 mouse IgG
(Sigma) and were incubated for 15 min on ice for blocking.
Subsequent staining with either fluorescent-labeled mAb or
appropriate isotype controls was performed for 30 min on ice.
Such stained cells were washed, re-suspended in 300 ll of
cold PBS containing 0.1% sodium azide, 10 mg ml1 BSA and
10 lg ml1 7-amino actinomycin D (Sigma) and analyzed for
three-color immunofluorescence by flow cytometry (Coulter,
Tokyo, Japan). Cellular debris was eliminated from the
analysis using a gate on forward and side scatter. A viability
gate was set based on 7-amino actinomycin D staining, which
discriminates living cells from necrotic, and/or apoptotic cells.
A minimum of 104 cells were analyzed for each sample.
Results were processed using Flow Jo software (Treestar, San
Carlos, CA, USA).
Detection of various cytokines and growth factors
IL-2, IL-4, IL-6, IL-10, IL-12p40, IL-12p70, IFN-c, transforming
growth factor-b (TGF-b) and tumor necrosis factor-a (TNF-a) in
each culture supernatant were measured using cytokinespecific ELISA kits (BioSource and Endogen, Woburn, MA,
USA) according to the manufacturer’s protocols.
Allogenic mixed lymphocyte reaction and assessment of
Th1/2 polarization
Allogenic T cells from peripheral blood of healthy volunteers
were obtained through Ficoll-Paque gradient centrifugation,
removal of adherent cells and passage of the non-adherent
cells over a nylon wool column (Wako, Osaka, Japan). The
purity of recovered CD3+ T cells in such manner was always
>90% (data not shown). CD3+ T cells were distributed at
a concentration of 1 3 105 cells per well into round-bottom
96-well microplates and cultured for 5 days within graded
numbers of irradiated (at a dose of 3000 rad with 137Cs
source) mature DCs that had been incubated with LPS,
S. schenckii of different forms (yeasts or conidia) of different
origins (cutaneous and visceral) in 200 ll of DC/T culture
medium containing 10% FCS. T cell proliferation was as-
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sessed 8–14 h after incorporation with [ H]thymidine (1 lCi
per well; New England Nuclear, Boston, MA, USA) through
standard procedures. The results are expressed as the
mean 6 SEM of triplicate cultures. IFN-c and IL-4 (Biosource and Endogen) in mixed lymphocyte reaction (MLR)
supernatants were assessed as previously described.
Western blot analysis for intracellular signaling pathways
and Notch ligands
Immature DCs were incubated with either S. schenckii
conidia or yeasts of different origins (cutaneous or visceral)
either 1 or 2 h for intracellular signaling pathways and 24 h
for Notch ligands. DCs treated in such manners were
washed twice with cold PBS and incubated with 60 ll of
a cell lysis buffer,50 mM Tris–HCl, 1% Triton X-100, 150 mM
NaCl, 10% glycerol, 2 mM EDTA, 2 mM EGTA, 40 mM
glycerophosphate, 50 mM NaF, 10 mM sodium pyrophosphate, 200 lM Na3VO4, 0.3 mM leupeptin, 1 mM pepstatin A,
1 mM phenylmethylsulfonyl fluoride and 100 nM okadaic
acid, pH 7.4, until they got homogenized. The homogenates
were centrifuged at 390 3 g (Ex-125, TOMY, Tokyo, Japan)
for 15 min at 4C. Cell lysates were electrophoresed on
4–12% gradient Bis–Tris gels and transferred to nitrocellulose
membranes for western blot analysis. After blocking with 5%
fat-free dried milk for 1 h at room temperature, membranes
were incubated for 2 h with antibodies to phosphorylated IjB,
ERK1/2, p38 MAPK, JNK, Delta1, Delta4, Jagged1 and
Jagged2. The membranes were washed and incubated with
HRP-labeled goat anti-rabbit IgG, goat anti-mouse IgG or
donkey anti-goat IgG for 90 min. Immunoreactive bands were
visualized by ECL detection reagent (Amersham, Piscataway, NJ, USA). After stripping, the membranes were
reprobed with total IjB, p38 MAPK, ERK1/2, JNK antibodies
(Cell Signaling) as controls for their phosphorylated counterparts or with b-actin antibodies (mouse IgG, clone AC-15,
Sigma–Aldrich, St Louis, MO, USA) as controls for amount of
sample loaded per lane for the examination of Delta1, Delta4,
Jagged1 and Jagged2.
Statistical analysis
Data were analyzed using Fisher’s protected least significant
difference or Dunn’s procedure as a multiple comparison
procedure and a P-value <0.05 was considered to be statistically significant.

Results
Sporothrix schenckii of cutaneous origin induces more
pronounced morphological changes of MoDCs than
that of visceral origin
We compared the morphological features of MoDCs stimulated with S. schenckii of the cutaneous or visceral origins at
1:10 ratio of MoDCs: fungi (Fig. 1). MoDCs stimulated with
S. schenckii of cutaneous isolates in both forms (yeast and
conidia) as well as those with LPS presented longer and wider
dendrites than those with visceral isolates. Internalization of
S. schenckii of cutaneous and visceral origins by co-cultured
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Fig. 1. Phase microscopic appearance of DCs co-cultured with the cutaneous (IFM5906 and KMU4649) and visceral (KMU4648 and
ATCC26331) Sporothrix schenckii. White and black arrows point to ingested yeasts and conidia (original magnification, 31000). Results were
representative of five separate experiments that yielded similar results.

MoDCs appeared comparable, regardless of the presenting
forms (conidia or yeasts).

Differential allo-T cell stimulatory capability by DCs
activated with S. schenckii of different origins of
different existing forms

Sporothrix schenckii of cutaneous origin is a more
potent inducer for Th1-prone DC activation than that
of visceral origin

To further find differences on immune reaction caused by
S. schenckii of cutaneous and visceral origins, we examined
their effect on T cell stimulation, as determined by allogenic
MLR and the cytokine profile in the culture media.
In the conidial form, MoDCs incubated (at MoDCs versus
fungi ratio ¼ 1:10) with the cutaneous origin was more potent
to proliferate allo-T cells (Fig. 4A, left), and stimulated T cells to
produce significantly higher IFN-c (Fig. 4A, middle) than that
of visceral origin. IL-4 production was minimal and unaltered
by S. schenckii of either origin (Fig. 4A, right).
Meanwhile in the yeasts forms, the allo-T cell stimulatory
capacity of MoDCs incubated with the S. schenckii of
cutaneous origin was almost as equal as that of visceral
origin (Fig. 4B, left). The MoDCs incubated with cutaneous
origin stimulated T cells to produce significantly higher IFN-c
than that of visceral origin (Fig. 4B, middle), and even more
interestingly, MoDCs with visceral origin stimulated T cells to
produce significantly higher IL-4 than that of cutaneous origin
(DC/T cells ratio ¼ 1/10) (Fig. 4B, right).

To determine the effect of S. schenckii of cutaneous or visceral origin on DC maturation, surface marker expression of
MoDC was analyzed using flow cytometry after various stimulations mentioned above (Fig. 2). We found that the cutaneous isolates induced significantly higher expressions of
HLA-DR and co-stimulatory molecules, CD80 (B7.1) and
CD86 (B7.2) and CD83 and OX40 ligand than visceral
isolates.
We also examined the production of IL-2, IL-6, IL-10, IL12p40, IL-12p70, TGF-b and TNF-a, from the culture supernatants (Fig. 3), and found that cutaneous isolates were
significantly more potent inducer for IL-12p40 and TNF-a
production than visceral isolates. The cutaneous isolates also
tended to induce IL-6 and IL-12p70, although these differences were not statistically significant. The production of
immune regulatory cytokine, such as IL-10 and TGF-b, were
only minimally detected after exposure to either isolates
regardless of their existing forms.
Like what was seen in CD83 expression, the conidia are more
potent for TNF-a production than the yeasts when S. schenckii of
cutaneous origin was used, while no such difference was
observed. Taken together, these data suggest that S. schenckii
of cutaneous origin are more potent to activate MoDCs than
that of visceral origin, as evidenced by up-regulations of
various activation markers and enhanced cytokine productions
with somewhat differential capability between conidial and
yeasts forms for the induction of selected forms.

Sporothrix schenckii of cutaneous origin induces stronger
phosphorylation of JNK, p38 MAPK and ERK1/2 of the
co-cultured DCs than that of visceral origin
We examined whether the phosphorylation of the DC
signaling molecules IjB, JNK, p38 MAPK and ERK1/2 are
differentially regulated by the S. schenckii of cutaneous and
visceral origins using western blot analysis (Fig. 5) and found
that both the yeasts and conidial forms of cutaneous origin
induced stronger phosphorylation of JNK, p38 MAPK and
ERK1/2 than did the visceral origin. There were no differences
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Fig. 2. (A) Flow cytometric analysis of DCs incubated with the cutaneous and visceral isolates of Sporothrix schenckii. The bold black line
indicates conidia, gray line indicates yeast and dashed line is the isotype-matched control. Numbers in the distinct graph show mean fluorescent
intensity (bold black line, conidia; gray line, yeast). Results were representative of five separate experiments that yielded similar results. (B) Mean
flow intensity of CD80, CD83, CD86, HLA-DR and OX40 ligand. Data are analyzed using Dunn’s procedure as a multiple comparison procedure.
The results are the means of three independent experiments. Values are presented as means 6 SEM. Brackets indicate statistical comparisons;
*P < 0.05 and **P < 0.001.
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Fig. 3. Production of cytokines from DCs stimulated with cutaneous and visceral isolates of Sporothrix schenckii. Using ELISA kits, IL-2, IL-6,
IL-10, IL-12p40, IL-12p70, TGF-b and TNF-a of the culture supernatants were measured. Data are analyzed using Dunn’s procedure as a multiple
comparison procedure. The results are the means of three independent experiments. Values are presented as means 6 SEM. Brackets indicate
statistical comparisons; *P < 0.05 and **P < 0.001.

in phosphorylation of IjB between the S. schenckii of
cutaneous and the visceral origins.
No differences were observed in the expression of Notch
ligands, Delta1, Delta4, Jagged1 and Jagged2 between
cutaneous and visceral origins
Recently, Notch signaling pathways have been implicated in
directing naive Th differentiation toward the Th1, Th2 or
regulatory T cell lineage. APCs, DC in particular, express
a number of Notch ligands such as Delta1, Delta4, Jagged1

and Jagged2 and to interact with Notch receptors on T cells to
determine their Th1/2 commitment (16, 17). Therefore, we
examined whether the expressions of such Notch ligands on
activated MoDCs are differential expressions of these molecules on the activated MoDCs are different after stimuli with
S. schenckii of cutaneous and visceral origins (MoDCs
versus fungi ratio ¼ 1:10). In our hands, there were no apparent differential expressions of these molecules on the
activated MoDCs by S. schenckii of cutaneous and visceral
origins (Fig. 6).
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Fig. 4. Allo-T cell stimulatory functions of DCs stimulated with the conidia and the yeasts of cutaneous and visceral isolates of Sporothrix
schenckii. (A and B, left) Mature DCs stimulated by the conidia and the yeasts of cutaneous and visceral isolates were co-cultured in triplicate
with allogenic T cells for 5 days. T cell proliferation was measured by incorporation of [3H]thymidine. Data are analyzed using Fisher’s protected
least significant difference. The results are the means of three independent experiments. Brackets indicate statistical comparisons; *P < 0.05 and
**P < 0.005. (A and B, middle) Production of IFN-c in the allogenic MLR by DCs activated with the conidia and the yeasts of cutaneous and
visceral isolates of S. schenckii. (A and B, right) Production of IL-4 in allogenic MLR with DCs activated with the conidia and the yeasts of
cutaneous and visceral isolates of S. schenckii. Data are analyzed using Dunn’s procedure as a multiple comparison procedure. The results are
the means of three independent experiments. Values are presented as means 6 SEM. Brackets indicate statistical comparisons; *P < 0.05 and
**P < 0.005.

Discussion
The sporotrichosis can occur in the visceral lesions, as well as
in the skin, and impaired immunity of the hosts and/or the
different virulence of individual strains could cause these different clinical manifestations. Indeed, many of visceral cases
have been observed in immune compromised patients (2, 6,
18). In chronic mucocutaneous candidiasis (CMC), altered
cytokine production, such as increased levels of IL-10, is critical for development of candidiasis (19). However, in visceral
sporotrichosis, altered cytokine production like CMC has not
been reported. In the current study, to assess the possible
involvement of different virulence of individual S. schenckii
strains as a factor for such different manifestations, we examined DC interactions with S. schenckii of different origins and
found the differential Th1-inducing potency (though the activated
DCs) between S. schenckii of cutaneous and visceral origins.
Generally, escaping from the host immune defense is
a crucial factor for survival and/or multiplication in the host for
micro-organisms, including S. schenckii. In the current

studies, we demonstrate that S. schenckii of cutaneous origin
are more potent to activate DCs to induce subsequently
stronger Th1-prone immune response than those of visceral
origin as evidenced by (i) higher expressions of HLA-DR and
other co-stimulatory molecules and (ii) higher induction of Th1
cytokines (IFN-c and TNF-a). We further demonstrate that
several reportedly important signaling pathways (such as
JNK and p38 MAPK) may be involved in the differential Th1
induction by S. schenckii of different origins.
An association between morphogenesis and virulence has
long been presumed for pathogenic dimorphic fungi, including S. schenckii (20). Therefore, using selected S. schenckii
of cutaneous and visceral origins, we also investigated
whether there are any different patterns of DC interaction
with S. schenckii of different origins of different forms. We
also found that, in the comparison between the yeasts forms
which are the forms to be observed in clinical specimens,
S. schenckii of visceral origin positively induced Th2
environment as evidenced by significantly higher IL-4
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Fig. 5. The phosphorylation of IjB, JNK, p38 MAPK and ERK1/2 was
detected by western blotting. Membranes were incubated with
antibodies to the phosphorylated form of IjB, JNK, p38 MAPK and
ERK1/2 and reprobed with antibodies to total IjB, JNK, p38 MAPK and
ERK1/2. Results are representative of three separate experiments.

Fig. 6. Expression of Notch ligand Delta1, Delta4, Jagged1 and
Jagged2 was detected by western blotting. Membranes were
incubated with antibodies to Delta1, Delta2, Jagged1 and Jagged2
and reprobed with antibodies to b-actin. Results are representative of
four separate experiments.

production along with the inability to induce strong Th1 immune
responses. Thus, this may further explain their differential
clinical manifestation in the context of the factors of the
pathogen side. The allo-T cell-proliferating capacity was not
different between S. schenckii of cutaneous and visceral
origins when the yeasts forms were compared. Among the costimulatory molecules, OX40 ligand was also significantly upregulated by co-incubation with S. schenckii of cutaneous, as
compared with that of visceral origin. The OX40 ligand was
originally reported to be a Th2-related molecule, but the
essential contribution of the molecule to Th2 response has
been controversial (21). For a possibility other than Th1/2
balance, the association between the differential thermotolerance and the virulence has been frequently discussed,
but with poor consensus (22–25).
Together, our data suggest that S. schenckii of visceral
origin may escape from the host immune defense by inducing
little Th1-prone responses. Thus, the clinical manifestations of
sporotrichosis may be regulated by the difference among
individual S. schenckii strains as DC (or immune) activators
as well as immune status of the host.
There could be two possibilities to explain the different
interactions of DCs with S. schenckii of different origins. First,
it has been reported that different efficacy for the internalization of individual S. shenckii strains may affect immunostimulatory response of DCs (21, 22). However, in accordance with
previous reports (26, 27), S. schenckii of both origins
appeared equally internalized as shown (Fig. 1).
Differential expressions of surface molecules on S. schenckii
could be the second possibility. Pattern-recognition receptors

(PRRs) are expressed on various APCs, such as DCs and
macrophages (28). PRRs play important roles to recognize
microbial pathogens, activating innate immune system, releasing pro-inflammatory cytokines and/or modulating acquired
immunity by DCs (29). Fungal pathogens are recognized
by DCs via PRRs such as Toll-like receptors (TLRs) and lectin
(30). Although PRRs that recognize S. schenckii have not been
identified, TLR2 and TLR4 may be plausible because many
fungi such as Candida albicans, Aspergillus niger, Aspergillus
fumigatus and Saccharomyces cerevisiae are recognized
through TLR2 and TLR4 (31). Recognition of fungi via TLR2
and TLR4 activates JNK, ERK, p38 MAPK and NF-jB pathway,
and induces release of pro-inflammatory cytokines such as
IL-6 and TNF-a (32–34). Results from the current study indicate
that S. schenckii of cutaneous origin, but not that of visceral
origin, induces JNK, ERK and p38 MAPK activation and IL-6
and TNF-a release, as well as other fungi. Thus, both TLR2 and/
or TLR4 could be the receptors to recognize S. schenckii of
cutaneous origin. Although both TLR2 and TLR4 ligation can
induce such pro-inflammatory cytokines, TLR2 signals are also
known to mediate anti-inflammatory effect by release of IL-10
(35). In our hands, release of IL-10 was not detected. Thus, we
speculate that TLR4, but not TLR2, might be the receptor to
recognize S. schenckii of cutaneous origin and induce strong
Th1 immune response. Identification of PRRs which recognize
S. schenckii of cutaneous and visceral origins would address
these points.
Pathogen recognition by DC-specific intercellular adhesion
molecule 3-grabbing non-integrin (DC-SIGN) and mannose
receptor is known to induce Th2-prone immune response (35).
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Thus, DC-SIGN or mannose receptor might be involved in the
recognition of S. schenckii of visceral origin, although further
investigations will obviously be needed to support this idea.
Recent studies have demonstrated that b-glucan is
recognized by dectin-1, one of the non-classical C-type
lectin, which could induce production of pro-inflammatory
cytokines (30). It is true that >50% of fungal cell wall consists
of b-glucan and that these carbohydrates could contribute to
the immune recognition of fungal pathogens (36). However,
since b-glucans are usually shielded by a layer of mannans
(except budding scars of yeasts) (35), recognizing fungi
through dectin-1 may not be very efficient. Furthermore, since
both S. schenckii strains (cutaneous and visceral origins)
naturally have b-glucans as their cell wall component, the
involvement of dectin-1 for their differential Th1/2-prone
immunity is less likely.
Additionally, even in a same S. schenckii strain (isolation
part was not clarified), it has been reported that the conidia
cultured for 7 days are more virulent than those cultured for
12 days. The different virulence is thought to be derived from
the different rhamnose: mannose ratio of their surface, which
has been changed during the culture (37). Such slight
difference in the fungal surface sugar composition might
contribute the differential activation of MoDCs. Thus, further
investigation of such cell wall components may be of interest
to clarify their roles in the differential MoDCs activation by individual S. schenckii strains. In addition, the PRRs which
recognize cutaneous and visceral isolates of S. schencki
should be determined.
In the present study, we have demonstrated that
S. schenckii of cutaneous origin is much more potent to activate DCs, as compared with those of visceral origin, to induce
Th1-prone immune responses. In contrast, the S. schenckii of
visceral origin are only weak activators for DCs with minimal
induction of IFN-c, and instead, rather positively inducing Th2
immune responses. Although more precise mechanisms to
govern the differential activation of MoDCs by individual
S. schenckii strains remain to be elucidated, we conclude that
the inability of S. schenckii of visceral origin to activate DCs
for efficient Th1 immunity induction may be associated with
their unique clinical manifestation and the virulence.
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monocyte-derived dendritic cell
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transforming growth factor-b
Toll-like receptor
tumor necrosis factor-a
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