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Abstract: Aim: To explore the mechanisms underlying the different responses of macrophages to distinct Candida 
albicans strains. Methods: Bone marrow was collected from mice. Macrophages were independently incubated with 
3 Candida albicans strains. Results: MyD88 expression in Candida albicans 3683 group was significantly higher 
than that in Candida albicans 3630 group and Candida albicans SC5314 group, and marked difference was also 
observed between later two groups (P<0.05). CARD9 expression in Candida albicans 3630 group was higher than 
that in Candida albicans 3683 group and Candida albicans SC5314 group. Fluorescence intensity was 46.78±0.79 
in Candida albicans 3630 group, 32.60±1.31 in Candida albicans 3683 group and 19.40±0.58 in Candida albi-
cans SC5314, and significant difference was observed between any two groups (P<0.05). TNF-α and IL-10 were 
18.9843±0.7081 pg/ml and 11.6690±0.3167 pg/ml, respectively, in Candida albicans 3683 group, which were 
markedly higher than those in Candida albicans 3630 group and Candida albicans SC5314 group (P<0.05 and 
0.01). Conclusion: Different Candida albicans strains may induce CARD9 expression and alter the production of 
ROS, TNF-α and IL-10 in macrophages, which may be one of mechanisms underlying the different killing effects of 
macrophages on distinct Candida albicans strains. 
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Introduction

Candida albicans is the most common symbi-
otic pathogen and conditional pathogenic 
pathogen, and may cause candidiasis of the 
skin and mucosa. It may also invade deep tis-
sues and blood, causing diffused systemic can-
didiasis. Innate immunity is the first line of 
defense against pathogens. Macrophages are 
the most important phagocytes in the immune 
system. Following infection by pathogenic 
microorganisms, macrophages may recognize 
the pathogen-associated molecular pattern on 
the microorganisms via the pattern recognition 
receptor (PRRs), initiating the immune response 
to these pathogenic microorganisms. Studies 
have revealed that PRRs mainly include Toll-like 
receptors (TLRs) on cell membrane and C-type 

lectin receptors (CLRs) [1]. TLRs may activate 
transcription factors NF-κB and P38MAPK in a 
MyD88 dependent manner [2]. Dectin-1 and 
dectin-2 may activate p38, Erk, JNK and NF-κB 
[3] via Syk-CARD9 signaling pathway. These 
then promote the synthesis of IL-2, IL-6, TNF-α 
and IL-23, facilitate the maturation and trans-
formation of dendritic cells (DCs) into functional 
antigen presenting cells (APCs) [4], and enhance 
the killing effect of neutrophils on the Candida 
albicans [5]. Interaction between Dectin-1 and 
TLR2 enhances the TLR induced NF-κB activa-
tion and increase the synthesis of IL-12 and 
TNF-α and the production of reactive oxygen 
species (ROS) [6].

It has been confirmed that ROS not only is a 
group of toxic molecules but has high biological 
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activities and is involved in a variety of cyto-
kine-mediated biological effects [7]. There is 
evidence showing that the interaction between 
dectin-1/CARD9 signaling pathway and TLR2/
MyD88 signaling pathway may enhance the 
TLR mediated NF-κB activation and promote 
the synthesis of cytokines IL-12 and TNF-α and 
the production of ROS [6]. Wu et al found 
CARD9 was an important factor involved in the 
suppression of fungal and bacterial infection by 

Trizol, RT-PCR kit (Invitrogen, USA) and auto-
matic fluorescence quantitative PCR (ABI 7500) 
were used in the present study.

Coculture of macrophages and different 
Candida albicans strains

1) Macrophage colony-stimulating factor was 
harvested from the supernatant of mouse fibro-
blast line (L929 cells) and used to treat macro-
phages from mouse bone marrow in vitro. Flow 

Table 1. mRNA expression of MyD88 and CARD9 in 
macrophages after treatment with different Candida 
albicans stains for 30 min
Group MyD88 CARD9
3630 group 0.00042±0.00028* 0.00031±0.00012#

3683 group 0.00071±0.00039* 0.00009±0.00008
SC5314 group 0.00016±0.00006* 0.00005±0.00003
Footnotes: *P<0.05 among three groups; #P<0.05 vs SC5314 
group and 3683 group.

Table 2. mRNA expression of MyD88 and CARD9 in 
macrophages after treatment with different Candida 
albicans stains for 1 h
Group MyD88 CARD9
3630 group 0.00115±0.00126 0.00031±0.00025
3683 group 0.00089±0.00122 0.00061±0.00038
SC5314 group 0.00027±0.00323 0.00019±0.00023
Footnotes: no significant difference was observed among three 
groups.

Table 3. mRNA expression of MyD88 and CARD9 in 
macrophages after treatment with different Candida 
albicans stains for 2 h
Group MyD88 CARD9
3630 group 0.00067±0.00008 0.00013±0.00001
3683 group 0.08444±010324 0.00015±0.00007
SC5314 group 0.00253±0.00435 0.00048±0.00012#

Footnotes: #P<0.01 vs. 3630 group and 3683 group.

macrophages and the interaction between 
CARD9 and LyGD1 may stimulate the pro-
duction of ROS. 

TNF-α is a cytokine secreted by macro-
phages and activated T cells and has multi-
ple biological activities. IL-10 acts mainly to 
inhibit the antigen processing of macro-
phages and suppress the production of pro-
inflammatory cytokines. Studies have indi-
cated that TLRs mainly activate transcription 
factors NF-κB and P38MAPK in a MyD88 
dependent manner, which promote the 
secretion of important pro-inflammatory 
cytokines (such as TNF-α) and anti-inflam-
matory cytokines (such as IL-10). However, 
the activation of Dectin-1/2-Syk-CARD9 sig-
naling pathway mainly facilitates the secre-
tion of pro-inflammatory cytokines (such as 
IL-6, IL-23, TNF-α and IL-12) and may induce 
the production of IL-17 by helper T cells.

Our previous study showed macrophages 
from mice had the most potent killing effect 
on Candida albicans 3683 and the weakest 
ability to kill Candida albicans SC5314, and 
the killing effect on Candida albicans 3630 
was between above two effects [8, 9]. Thus, 
it is imperative to elucidate the difference in 
the killing effects of macrophages on dis-
tinct Candida albicans strains.

Materials and methods

Materials

Three Candida albicans stains (SC5314, 
3630, 3683) were kindly provided by the 
School of Dentistry of University of 
Queensland in Australia. RPMI1640, fetal 
bovine serum (Gibco, USA), C57/6J mouse, 
mouse L929 fibroblasts (Experimental 
Animal Center of Sun Yat-sen Universtiy), 
reverse transcription kit (Ferments, USA), 

Table 4. mRNA expression of MyD88 and CARD9 in 
macrophages after treatment with different Can-
dida albicans stains for 4 h
Group MyD88 CARD9
3630 group 0.00992±0.01807 0.00015±0.00006
3683 group 0.01394±0.02170 0.00053±0.00020#

SC5314 group 0.00230±0.00310 0.00009±0.00010
Footnotes: #P<0.01 vs. SC5314 group and 3630 group.
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cytometry was done to detect the surface 
markers of macrophages (F4/80). After induc-
tion and differentiation, the purity of macro-
phages was higher than 94% and these macro-
phages were used in following experiments.

2) Macrophages were seeded into 6-well plates 
(1×106/well). Cells were grown in 1 mL of 
RPMI1640 containing 1% antibiotics in an envi-
ronment of 5% CO2 at 37°C overnight. Three 
Candida albicans stains (3630, 3683 and 
SC5314) were seeded into fresh Sandcastle’s 
medium at 37°C for 24 h. Then, the Candida 
albicans stains were collected and washed with 
PBS thrice by centrifugation. The Candida albi-
cans density was adjusted to 1×107/mL.

3) Macrophages were divided into SC5314 
group, 3630 group and 3683 group in which 
macrophages were incubated with Candida 
albicans SC5314, Candida albicans 3630 and 
Candida albicans 3683, respectively. In nega-

tive control group, macrophages were grown 
alone; in positive control group, macrophages 
were treated with 1.0 μg/mL LPS.

4) Macrophages were counted and incubated 
overnight. The medium was removed, and mac-
rophages were treated with Candida albicans 
or LPS for 30 min, 1 h, 2 h, and 4 h. Then, cells 
were harvested, treated with Trizol and stored 
at -80°C.

Detection of MyD88 and CARD9 mRNA expres-
sion by fluorescence quantitative PCR

1) Primers: mRNA of target genes was obtained 
from Gene Bank, according to which primers 
were designed as follows: MyD88: forward: 
5’-GATGCGGAGCCAGATTCTCT-3’; reverse: 5’-TC- 
ATCATTGAACACGGGTTGA-3’; CARD9: forward: 
5’-AGTCCTGAACCCCGATGATG-3’; 5’-CAGGAGC- 
ACACCCACTTTCC-3’; GAPDH: forward: 5’-CCAC- 
CCAGAAGACTGTGGAT-3’; reverse: 5’-GGA TGCA- 
GGGATGATGTTCT-3’  

2) Quantitative PCR: Samples and positive 
standard were independently used to prepare 
following mixture: 5× SYBR Green I PCR buffer 
(10 μL), 10 pmol/μL forward primer (1 μL), 10 
pmol/μL reverse primer (1 μL), 10 mM dNTPs (1 
μL), 3 U/μL Taq polymerase (1 μL), cDNA or pos-
itive standard (1 μL) and ddH2O (35 mL).

Buffer used for PCR included 10 mM Tris-HCl 
(pH8.0), 50 mM KCl and 2 mM MgCl2. Reaction 
was performed at 93°C for 3 min, and then 40 
cycles of 93°C for 30 sec and 55°C for 45 sec. 
Data were automatically calculated after reac-
tion and expressed as B (copies/μL cDNA). The 
concentration of total RNA was different among 
samples, and the relative expression of target 
gene was normalized to that of an internal ref-
erence (GAPDH) as follows: A = B1 (target 
gene)/B2 (GAPDH)

Figure 1. CARD9 expression in macrophages treated 
with different Candida albicans stains for 120 min 
(SC5314 group >3683 group >3630 group) and 240 
min (3683 group >3630 group >SC5314 group). 
#P<0.05 vs. SC5314 group and 3683 group at 30 
min, *P<0.01 vs. 3630 group and 3683 group at 2 h, 
&P<0.01 vs. SC5314 group and 3630 group.

Figure 2. ROS content in macrophages after incuba-
tion with different Candida albicans stains for 30 
min. #P<0.05 vs. any other group.

Table 5. ROS content in macrophages treated 
with different Candida albicans stains for 30 
min
Group ROS (mean fluorescence intensity)
SC5314 group 19.40±0.58
3630 group 46.78±0.79#

3683 group 32.60±1.31
Control group 2.52±0.66
Footnotes: #P<0.05 vs. any other group.
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Detection of ROS by flow cytometry

1) Grouping: Macrophages were divided into 
SC5314 group, 3630 group and 3683 group in 
which macrophages were incubated with 
Candida albicans SC5314, Candida albicans 
3630 and Candida albicans 3683, respective-
ly. In negative control group, macrophages were 
grown alone. 2) Co-culture: Macrophages were 
counted and washed with PBS by centrifuga-
tion. The medium was removed and macro-
phages were incubated with different Candida 
albicans strains at a ratio of 1:10 and 0.5 mL of 
20 μM DCFH-DA at 37°C for 30 min. After wash-
ing in PBS twice, macrophages were re-sus-
pended in 0.5 ml of PBS. Flow cytometry (FCM) 
was done to detect the green fluorescence to 
evaluate the content of ROS. 

Detection of cytokines 

1) Coculture: Macrophages were counted and 
incubated overnight. The medium was removed 
and macrophages were incubated with differ-
ent Candida albicans strains at a ratio of 1:1. 
The final volume of resultant mixture was 
adjusted to 1 ml with 1640 medium. 

2) Macrophages were incubated for 8 h, 12 h 
and 24 h and the supernatant was harvested 
and stored at -20°C. 

geneity of variance were compared with Rank 
sum test between groups. A value of P<0.05 
was considered statistically significant. 

Results

mRNA expression of MyD88 and CARD9 in 
macrophages after incubation with different 
Candida albicans strains

The mRNA expression of MyD88 and CARD9 
was undetectable at different time points in 
macrophages without incubation with Candida 
albicans. After incubation with Candida albi-
cans for 30 min, 1 h, 2 h and 4 h, the mRNA 
expression of both MyD88 and CARD9 was 
detectable in macrophages. This suggests that 
incubation with Candida albicans may activate 
the signaling pathways in macrophages. When 
the macrophages were incubated with different 
Candida albicans stains for 30 min (Table 1), 
the MyD88 expression was 0.00071±0.00039 
in 3683 group, which was significantly higher 
than that in 3630 group (0.00042±0.00028) 
and SC5314 group (0.00016±0.00006), and 
significant difference was also noted between 
later two groups (P<0.05). The CARD9 expres-
sion was 0.00031±0.00012 in 3630 group, 
which was dramatically higher than that in 
3683 group (0.00019±0.00008) and SC5314 
group (0.00015±0.00003) (P<0.05). This sug-

Table 6. TNF-α content in macrophages after incubation with differ-
ent Candida albicans stains
Group 8 h (pg/mL) 12 h (pg/mL) 24 h (pg/mL)
SC5314 group 14.1682±0.3087 13.9901±0.1694 14.2443±0.2852
3630 group 14.1748±0.3006 14. 2284±0.2841 15.5143±0.2517*

3683 group 18.9843±0.7081* 14.6215±0.4032 14.5665±0.4497
Control group - - -
Footnotes: *P<0.01 vs. any other group at 8 h; P>0.05 among group at 12 h; P<0.01 
vs. any other group at 24 h.

Table 7. IL-10 content at different time points in macrophages 
treated with different Candida albicans strains
Group 8 h (pg/mL) 12 h (pg/mL) 24 h (pg/mL)
SC5314 group 3.2967±0.0239# - -
3630 group 0.4896±0.0068 - -
3683 group 11.6690±0.3167* 3.5380±0.2808* 0.3931±0.0039*

Control group - - -
Footnotes: #P<0.01 vs. 3630 group at 8 h, *P<0.01 vs. 8 h, 12 h or 24 h in 3683 
group.

3) The concentration of 
IL-10/TNF-α in the superna-
tant was detected with ELISA 
kits. 

Statistical analysis 

Data were expressed as 
mean ± standard deviation (_
X  ± s) and statistical analy-
sis was performed with 
SPSS version 11.0. Data 
between two groups were 
compared with independent 
sample t test, and those 
among different groups with 
one way analysis of variance. 
Homogeneity of variance 
test was done firstly. Data 
with homogeneity of vari-
ance were compared with 
Bonferroni test between 
groups. Data without homo-
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gests that incubation with Candida albicans 
may activate both MyD88 and CARD9 signaling 
pathways, but the extent of activation is differ-
ent between two pathways. At 1 h, 2 h and 4 h 
after incubation, the MyD88 expression was 
comparable among three groups (P>0.05) 
(Tables 2-4). At 1 h, CARD9 expression was 
comparable among three groups (P>0.05) 
(Table 2). At 2 h, CARD9 expression was 
0.00048±0.00012 in SC5341 group, which 
was significantly different from that in other two 
groups (P<0.01) (Table 3). At 4 h, CARD9 
expression in 3683 group was 
0.00053±0.000203683, which was markedly 
different from that in other two groups (P<0.01) 
(Table 4). This suggests that the MyD88 expres-
sion tends to be comparable among three 
groups over time, and difference was only 
observed in the CARD9 expression among 
these groups (Figure 1). These findings indicate 
that the extent of activation of signaling path-
way involving CARD9 is significantly different 
among three groups, which might be one of 
mechanisms underlying the difference in the 
killing effect of macrophages after treatment 
with distinct Candida albicans stains. 

Detection of ROS by flow cytometry

Macrophages were treated with different 
Candida albicans stains for 30 min, and flow 
cytometry was performed to detect ROS. 
Results showed the ROS content was the high-
est in 3630 group and the lowest in control 
group, and the ROS content in 3683 group was 
also significantly higher than that in SC5314 
group. Statistical analysis showed marked dif-
ference was observed in the ROS content 
between any two groups (P<0.05) (Table 5 and 
Figure 2).

TNF-α content in macrophages after incuba-
tion with different Candida albicans stains

Statistical analysis (Table 6) showed TNF-α 
content was extremely low and undetectable in 
macrophages from mouse bone marrow with-
out treatment with Candida albicans. At 8 h, 
the TNF-α content was the highest in 3683 
group (18.9843±0.7081 pg/mL) and signifi-
cantly higher than that in SC5314 group and 
3630 group. At 12 h, the TNF-α content was 
comparable among groups. At 24 h, the TNF-α 
content in 3630 group was markedly higher 
than that in 3683 group and SC5314 group. 
When compared with control group, the TNF-α 
content increased dramatically in macrophages 
at 8 h, 12 h and 24 h after incubation with 
Candida albicans, suggesting that Candida 
albicans may stimulate macrophages to secret 
TNF-α. In 3683 group, the TNF-α content 
reduced significantly over time (P<0.01). In 
3630 group, the TNF-α content increased 
markedly over time (P<0.01). However, in 
SC5314 group, the TNF-α content remained 
unchanged over time.

IL-10 content in macrophages after incubation 
with different Candida albicans stains

IL-10 content was the highest in macrophages 
treated with Candida albicans 3683, and sig-
nificant difference was also observed between 
SC5314 group and 3630 group (P<0.01) (Table 
7). The IL-10 content was extremely low over 
time and undetectable in 3630 group and 
SC5314 group. However, in 3683 group, the 
IL-10 content reduced significantly over time 
(P<0.01; Table 7 and Figure 3).

Discussion

Macrophages are important phagocytes in the 
immune system. Following infection by patho-
genic microorganisms, macrophages can rec-
ognize the PAMPs on these microorganisms via 
PRR to initiate the immune response [1, 2] aim-
ing to remove antigens. Typical PAMPs are com-
ponents of bacterial wall (such as LPS and tei-
choic acid). The interaction between PRR and 
PAMPs may induce signal cascade and expres-
sion of gene involved in immune response, to 
activate the biological defense against microor-
ganisms. Of PRRs, TLR family is extensively 
studied. There are 13 members in TLR family. 
TLR2 is a receptor of teichoic acid on Gram 

Figure 3. IL-10 content in macrophages treated with 
different Candida albicans strains. #P<0.01 vs. 3630 
group at 8 h.
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positive bacteria and TLR4 is a receptor of LPS 
of Gram negative bacteria. TLR9 can bind to 
the DNA of Gram positive and negative bacte-
ria. Actually, all the pathogenic bacteria can be 
recognized by one or more TLR [10, 11]. 

MyD88 is one of adapter molecules involved in 
the signal transduction via the intracellular 
domain of TLR. Almost all the TLRs exert effect 
in a MyD88 dependent manner. MyD88 may 
free NF-κB via phosphorylation, and then NF-κB 
translocates into the nucleus and binds to DNA 
exerting regulatory effect, which may regulate 
the production of pro-inflammatory cytokines 
and adhesion molecules [11, 12]. Following 
stimulation by PAMPs, TNF-α is one of impor-
tant effector molecules that activate NF-κB in a 
TLR-MyD88 dependent manner. This may pro-
mote the killing effect on bacteria and the 
phagocytic activity, and also plays an important 
role in the inflammatory response [13-15]. In 
TLR mediated cascade, the cytoplasmic domain 
of TLR interacts with adapter protein MyD88 to 
phosphorylate I-κB, resulting in the I-κB degra-
dation. Then, the activated NF-κB translocates 
into the nucleus to activate the expression of 
genes involved in immune response. Thus, 
MyD88 play an important role in the initiation 
of NF-κB dependent signal cascade. However, 
as a transcription factor, NF-κB plays crucial 
roles in both innate immunity and adaptive 
immunity. NF-κB can regulate the expression of 
multiple pro-inflammatory cytokines and 
immune effector proteins. MyD88 may activate 
NF-κB and AP-1 in RAW264 cells and promote 
the production of IFN-α, TNF-α and IL-12 in DCs 
from bone marrow [16, 17]. 

CARD9 a new ligand identified in recent years. 
CARD9 is a key signal molecule in the CLR 
mediated signal transduction. Increasing stud-
ies reveal that CARD9 play vital roles in the 
innate immunity. CARD9 may induce some cel-
lular responses, including ROS production, acti-
vation of PLA2 and COX2 and regulation of pro-
duction of some cytokines and chemokines 
(such as IL-10) [1, 3]. Although CARD9 has little 
effect in the MyD88-TLR mediated immune 
response, CARD9 can mediate the activation of 
myeloid cells and the production of cytokines, 
which are involved in the innate immunity 
against fungi [18]. Deficiency of CARD9 gene 
encoding BCL10 may cause the impairment of 
ITAM mediated activation of NF-κB in myeloid 
cells [19, 20].

In our study, different downstream signaling 
pathways were activated at different time 
points in macrophages after treated with 
Candida albicans. The low MyD88 expression 
tended to comparable among three groups in 
the early stage, but when co-cultured with 
Candida albicans stains for 120 min, the 
MyD88 expression increased for 10-100 times, 
especially in the 3683 group. This suggests 
that CARD9 mediated signaling pathway is acti-
vated to different extents in macrophages 
treated with Candida albicans stains and may 
be one of key molecules involved in the killing 
effect of macrophages on the Candida albi-
cans. The difference in the CARD9 expression 
might be associated with the expression and 
distribution of PAMPs of the Candida albicans. 
PAMPs are closely related to the pathogenicity 
of Candida albicans and include phospholipo-
mannan (PLM), LPS, β-1,3 glucan and β-1, 6 
glucan. However, PAMPs are different among 
distinct Candida albicans stains, resulting in 
the different affinity to PRRs and activation of 
different signaling pathway. It has been found 
that CLRs play important role in the anti-fungal 
infection. CLRs can mediate the binding to, 
uptake and killing of fungi and may help the ini-
tiation or regulation of immune response. Taken 
together, the CLR-CARD9 signaling pathway 
may play a more important role in the protec-
tion against Candida albicans infection when 
compared with TLRs-MyD88 signaling 
pathway. 

ROS includes superoxide radicals, hydrogen 
peroxide, downstream peroxides and hydrox-
ides. Studies have shown that ROS is involved 
in multiple physiological and pathological pro-
cesses related to cell growth, proliferation, 
development, differentiation, aging and apop-
tosis. In addition, ROS is also a group of impor-
tant intracellular mediators and plays impor-
tant role in mediating the differentiation of 
macrophages [21, 22]. Moreover, ROS may up-
regulate the expression of inflammatory cyto-
kines and mediators via complex signaling 
pathway, further aggregating inflammatory 
response. 

In the present study, reactive oxygen species 
assay kit was used to detect ROS in macro-
phages with DCFH-DA as a probe. DCFH-DA is 
the most common and sensitive probe used to 
detect the intracellular ROS. After incubation 
with different Candida albicans strains for 30 



Interaction of macrophages with Candida albicans

5241 Int J Clin Exp Med 2014;7(12):5235-5243

min, the mean fluorescence intensity was the 
highest in 3630 group. CARD9 is an important 
signaling pathway involved in the ROS produc-
tion. ROS is produced in macrophages soon 
after incubation with Candida albicans and 
plays an important role in anti-fungal infection. 
In our study, flow cytometry was performed to 
detect ROS after incubation with Candida albi-
cans for 30 min. Results showed ROS content 
was the highest in 3630 group which was con-
sistent with the change in CARD9 in PCR. This 
suggests that CARD9 is a key signal molecule 
involved in the production of ROS.

After fungal infection, the IL-10 content in the 
serum or the infected site is significantly higher 
than that in healthy subjects [23, 24]. Animal 
studies also reveal that IL-10 deficient mice are 
more resistant to Candida albicans and asper-
gillus [25], suggesting that the production of 
Th2-type cytokines is associated with the sus-
ceptibility to fungal infection [26, 27]. 

Activation of MyD88 induces the production of 
IL-10 and TNF-α, but activation of CARD9 pro-
motes the IL-10 synthesis. IL-10 is a represen-
tative one of Th2-type cytokines and has potent 
inhibitory effect on monocytes/macrophages. 
IL-10 may inhibit the anti-bacterial effect of 
monocytes/macrophages and suppress the 
production of pro-inflammatory cytokines (such 
as TNF-α) to compromise inflammatory 
response. TNF-α is a representative one of Th1 
type cytokines. TNF-α is an intermediate pro-
duced by monocytes/macrophages after exog-
enous stimulation (such as microorganisms 
and endotoxin) and can regulate specific 
immune response and acute inflammatory 
response. TNF-α may activate neutrophils and 
monocytes/macrophages, promote the differ-
entiation of Th0 cells into Th1 cells, enhance 
the activity of Th1 cells, effectively inhibit the 
differentiation of Th0 cells into Th2 cells and 
improve the killing effect of monocytes/macro-
phages. The balance between pro-inflammato-
ry cytokines and anti-inflammatory cytokines is 
a basis for the maintenance of normal immune 
status. Our results showed macrophages after 
incubation with different Candida albicans 
strains could secret 2 cytokines, the concentra-
tion of which changed over time. Three Candida 
albicans strains may induce the macrophages 
to produce TNF-α and IL-10, and TNF-α synthe-
sis continued, but IL-10 secretion was gradually 
inhibited over time. This suggests that the acti-

vation of MyD88 and CARD99 as important 
molecules is dependent on time, which leads to 
the difference in the expression of TNF-α and 
IL-10. Soon after incubation with Candida albi-
cans, both MyD88 and CARD9 are expressed, 
and thereafter the activation of CARD9 signal-
ing pathway increases TNF-α expression and 
inhibits IL-10 expression, leading to continuous 
expression of TNF-α, which may increase the 
phagocytic activity and killing effect of macro-
phages, resulting in the difference in the killing 
effect of macrophages on distinct Candida albi-
cans strains. 

Our previous study showed mouse macro-
phages had the most potent killing effect on 
Candida albicans 3683 and the weakest killing 
effect on Candida albicans SC5314, and that 
on Candida albicans 3630 was between them. 
This suggests that there is difference in the kill-
ing effect of macrophages on distinct Candida 
albicans stains. We speculate that this differ-
ence is closely associated with the recognition 
of PRRs on macrophages to PAMP on Candida 
albican and the resultant immune response. 
Our results confirmed the difference in the kill-
ing effect of macrophages on Candida albicans 
and we further detected the mRNA expression 
of MyD88 and CARD9 in macrophages treated 
with different Candida albicans strains. Results 
showed the downstream signaling pathways 
were different at different time points in macro-
phages incubated with different Candida albi-
cans strains. The extent of CARD9 activation 
was significantly different among three groups. 
Thus, CARD9 may be one of key signal mole-
cules involved in the difference in the killing 
effect of macrophages on Candida albicans. To 
confirm this hypothesis, we performed flow 
cytometry to detect ROS in macrophages soon 
after incubation with Candida albicans. Results 
indicated CARD9 was an important molecule 
involved in the ROS production and played an 
important role in the secretion of ROS by mac-
rophages soon after Candida albicans infec-
tion. After incubation with Candida albicans for 
30 min, the CARD9 expression was the highest 
in 3630 group, which was consistent with 
results from PCR, and further confirmed that 
CARD9 was a key molecule involved in ROS pro-
duction. In addition, all the Candida albicans 
strains stimulated macrophages to produce 
TNF-α and IL-10, but IL-10 production was sig-
nificantly inhibited at late stage. This implies 
that the difference in the extent of activation of 
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CARD9 related signaling pathway is dependent 
on time and results in difference in the expres-
sion of TNF-α and IL-10.

Acknowledgements 

The study was supported by National Natural 
Science Foundation of China (81170969).

Disclosure of conflict of interest

None.

Address correspondence to: Yan Hu, Department of 
Oral Biology, Guanghua School of Stomatology, Sun 
Yat-Sen University; Guangdong Provincial Key 
Laboratory of Stomatology, Guangzhou 510055, 
China. E-mail: huyan2@mail.sysu.edu.cn

References

[1] Brown GD. Dectin-1: a signalling non-TLR pat-
tern-recognition receptor. Nat Rev Immunol 
2006; 6: 33-43.

[2] Netea MG, Ferwerda G, van der Graaf CA, Van 
der Meer JW and Kullberg BJ. Recognition of 
fungal pathogens by toll-like receptors. Curr 
Pharm Des 2006; 12: 4195-4201.

[3] LeibundGut-Landmann S, Gross O, Robinson 
MJ, Osorio F, Slack EC, Tsoni SV, Schweighoffer 
E, Tybulewicz V, Brown GD, Ruland J and Reis e 
Sousa C. Syk- and CARD9-dependent coupling 
of innate immunity to the induction of T helper 
cells that produce interleukin 17. Nat Immunol 
2007; 8: 630-638.

[4] Ruland J. CARD9 signaling in the innate im-
mune response. Ann N Y Acad Sci 2008; 1143: 
35-44.

[5] Kennedy AD, Willment JA, Dorward DW, 
Williams DL, Brown GD and DeLeo FR. Dectin-1 
promotes fungicidal activity of human neutro-
phils. Eur J Immunol 2007; 37: 467-478.

[6] Ferwerda G, Meyer-Wentrup F, Kullberg BJ, 
Netea MG and Adema GJ. Dectin-1 synergizes 
with TLR2 and TLR4 for cytokine production in 
human primary monocytes and macrophages. 
Cell Microbiol 2008; 10: 2058-2066.

[7] Baeuerle PA and Henkel T. Function and acti-
vation of NF-kappa B in the immune system. 
Annu Rev Immunol 1994; 12: 141-179.

[8] Hu Y, Farah CS and Ashman RB. Effector func-
tion of leucocytes from susceptible and resis-
tant mice against distinct isolates of Candida 
albicans. Immunol Cell Biol 2006; 84: 455-
460.

[9] Ashman RB, Farah CS, Hu Y, Li X and Wells C. 
Genetic models of Candida infection and host 
resistance factors. Drug Discovery Today: 
Disease Models 2005; 2: 155-159.

[10] Akira S, Uematsu S and Takeuchi O. Pathogen 
recognition and innate immunity. Cell 2006; 
124: 783-801.

[11] Bowie AG and Haga IR. The role of Toll-like re-
ceptors in the host response to viruses. Mol 
Immunol 2005; 42: 859-867.

[12] Byrd-Leifer CA, Block EF, Takeda K, Akira S and 
Ding A. The role of MyD88 and TLR4 in the 
LPS-mimetic activity of Taxol. Eur J Immunol 
2001; 31: 2448-2457.

[13] Tohno M, Shimazu T, Aso H, Kawai Y, Saito T 
and Kitazawa H. Molecular cloning and func-
tional characterization of porcine MyD88 es-
sential for TLR signaling. Cell Mol Immunol 
2007; 4: 369-376.

[14] Medzhitov R, Preston-Hurlburt P and Janeway 
CA Jr. A human homologue of the Drosophila 
Toll protein signals activation of adaptive im-
munity. Nature 1997; 388: 394-397.

[15] Li C, Zienkiewicz J and Hawiger J. Interactive 
sites in the MyD88 Toll/interleukin (IL) 1 recep-
tor domain responsible for coupling to the 
IL1beta signaling pathway. J Biol Chem 2005; 
280: 26152-26159.

[16] Miggin SM, Palsson-McDermott E, Dunne A, 
Jefferies C, Pinteaux E, Banahan K, Murphy C, 
Moynagh P, Yamamoto M, Akira S, Rothwell N, 
Golenbock D, Fitzgerald KA and O’Neill LA. NF-
kappaB activation by the Toll-IL-1 receptor do-
main protein MyD88 adapter-like is regulated 
by caspase-1. Proc Natl Acad Sci U S A 2007; 
104: 3372-3377.

[17] Yang R, Murillo FM, Cui H, Blosser R, Uematsu 
S, Takeda K, Akira S, Viscidi RP and Roden RB. 
Papillomavirus-like particles stimulate murine 
bone marrow-derived dendritic cells to pro-
duce alpha interferon and Th1 immune re-
sponses via MyD88. J Virol 2004; 78: 11152-
11160.

[18] Gross O, Gewies A, Finger K, Schafer M, 
Sparwasser T, Peschel C, Forster I and Ruland 
J. Card9 controls a non-TLR signalling pathway 
for innate anti-fungal immunity. Nature 2006; 
442: 651-656.

[19] Hara H, Ishihara C, Takeuchi A, Imanishi T, Xue 
L, Morris SW, Inui M, Takai T, Shibuya A, Saijo 
S, Iwakura Y, Ohno N, Koseki H, Yoshida H, 
Penninger JM and Saito T. The adaptor protein 
CARD9 is essential for the activation of my-
eloid cells through ITAM-associated and Toll-
like receptors. Nat Immunol 2007; 8: 619-629.

[20] Hsu YM, Zhang Y, You Y, Wang D, Li H, Duramad 
O, Qin XF, Dong C and Lin X. The adaptor pro-
tein CARD9 is required for innate immune re-
sponses to intracellular pathogens. Nat 
Immunol 2007; 8: 198-205.

[21] Lee NK, Choi YG, Baik JY, Han SY, Jeong DW, 
Bae YS, Kim N and Lee SY. A crucial role for 



Interaction of macrophages with Candida albicans

5243 Int J Clin Exp Med 2014;7(12):5235-5243

reactive oxygen species in RANKL-induced os-
teoclast differentiation. Blood 2005; 106: 
852-859.

[22] Wang Y, Zeigler MM, Lam GK, Hunter MG, 
Eubank TD, Khramtsov VV, Tridandapani S, 
Sen CK and Marsh CB. The role of the NADPH 
oxidase complex, p38 MAPK, and Akt in regu-
lating human monocyte/macrophage survival. 
Am J Respir Cell Mol Biol 2007; 36: 68-77.

[23] Neworal EP, Altemani A, Mamoni RL, Noronha 
IL and Blotta MH. Immunocytochemical local-
ization of cytokines and inducible nitric oxide 
synthase (iNOS) in oral mucosa and lymph 
nodes of patients with paracoccidioidomyco-
sis. Cytokine 2003; 21: 234-241.

[24] Fornari MC, Bava AJ, Guereno MT, Berardi VE, 
Silaf MR, Negroni R and Diez RA. High serum 
interleukin-10 and tumor necrosis factor alpha 
levels in chronic paracoccidioidomycosis. Clin 
Diagn Lab Immunol 2001; 8: 1036-1038.

[25] Del Sero G, Mencacci A, Cenci E, d’Ostiani CF, 
Montagnoli C, Bacci A, Mosci P, Kopf M and 
Romani L. Antifungal type 1 responses are up-
regulated in IL-10-deficient mice. Microbes 
Infect 1999; 1: 1169-1180.

[26] Cenci E, Perito S, Enssle KH, Mosci P, Latge JP, 
Romani L and Bistoni F. Th1 and Th2 cytokines 
in mice with invasive aspergillosis. Infect 
Immun 1997; 65: 564-570.

[27] Altamura M, Casale D, Pepe M and Tafaro A. 
Immune responses to fungal infections and 
therapeutic implications. Curr Drug Targets 
Immune Endocr Metabol Disord 2001; 1: 189-
197.


