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Up-regulation of Dectin-1 in airway  
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Abstract: Introduction: With the growing number of immunocompromised patients, the incidence of invasive pulmo-
nary aspergillosis increases. Innate immunity plays a significant role in defensing against fungal infection. Airway 
epithelial cells induce immune responses like the production of cytokine and chemokine via Dectin-1 signaling 
pathway in response to Aspergillus fumigatus. Thus, we hypothesized that up-regulation of Dectin-1 on airway epi-
thelium cells would promote the defense against A. fumigatus. Methods: We designed an adenoviral vector encod-
ing full-length Dectin-1, and then transfected it into mice airway epithelial cells via intratracheal injection before the 
invasion of A. fumigatus. Transfect mice model was verified by using real-time PCR and immunohistochemistry. And 
also, we studied the effects of up-regulation of Dectin-1 on the production of proinflammatory cytokines, histological 
changes, fungal burden and survival rate during A. fumigatus infection. Results: The expression level of Dectin-1 
in lungs of mice with Dectin-1 recombinant adenoviral vector significantly increased. And also, the mice had higher 
production of TNF-α, GM-CSF and IL-1β, lower fungal burden, more recruitment of neutrophils into lungs and higher 
survival rate in response to A. fumigatus infection. Conclusions: The administration of Dectin-1 recombinant ad-
enoviral vector through trachea can elevate the expression of Dectin-1 on airway epithelium, and also, its function 
during the course of A. fumigatus infection was demonstrated.
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Introduction

Aspergillus fumigates (A. fumigatus) is a com-
mon fungi in our environment. It can be isolat-
ed from both indoor and outdoor environment 
[1, 2]. It often can be inhaled and cleared effec-
tively in immunocompetent people [3]. Invasive 
pulmonary aspergillosis (IPA), characterized by 
hyphal invasion and necrosis and hemorrha- 
ge of lung tissue, is a life-threatening disease 
among immunocompromised patients [4, 5]. 
Although there are several antifungal agents, it 
is difficult to carry out the treatment of IPA, and 
the mortality ranges from 30% to 90% [6]. The 
defects in immune responses among patients 
are responsible for bad prognosis.

In the course of defending against A. fumigatus 
invasion, airway epithelial cells are not just 
purely physical barrier. They construct the first 

line defending against Aspergillus, and also, 
they have the ability to recognized fungal conid-
ia and trigger immune responses similar to 
those of the innate immune cells. These res- 
ponses include the endocytosis of conidia and 
generation of cytokine, reactive oxygen species 
(ROS) and antimicrobial peptides [7]. Research 
has already found the up-regulation of Dectin-1 
in the human bronchial epithelial cells during A. 
fumigatus infection [8].

Dectin-1 is a 28-kDa type II transmembrane 
protein, which mainly expressed on leukocytes 
surface, such as dendritic cells, neutrophils, 
and macrophages [9, 10]. Dectin-1 is used to 
recognize several pathogenic fungi. For exam-
ple, A. fumigatus. And also, it stimulates a vari-
ety of cellular responses, including phagocyto-
sis, cytokine production, and the respiratory 
burst [11]. The mice lacking of Dectin-1 
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(Dectin-1-/-) gene have a higher mortality rate 
and a lower cytokine production, resulting in 
neutrophil accumulation and fungicides impair-
ment [12]. In human bronchial epithelial cells, 
knockdown of Dectin-1 significantly reduced 
the A. fumigatus-induced cytokine expression 
and ROS generation [8].

To our knowledge, investigation into mice 
model of up-regulation of Dectin-1 on airway 
epithelial cells has not been reported yet. Both 
Dectin-1 and epithelial cells play a critical role 
in defending against A. fumigatus [13]. Adeno- 
virus, a double-stranded DNA virus, which has 
been widely used as a non-integrating vector in 
lung, transduces a wide variety of proliferating 
and non-proliferating cells and shows tropism 
for airway cells [14]. Thus, we designed an ade-
noviral encoding full-length Dectin-1, and trans-
fected it to mice airway epithelial cells via intra-
tracheal injection before the invasion of A. 
fumigatus. Our study aims at exploring whether 
the up-regulation of Dectin-1 in airway epitheli-
al cells was beneficial during the course of A. 
fumigatus infection.

Materials and methods

Mice 

The BALB/c mice, 8 to 10 weeks of age, 18 to 
20 g of weight, were purchased from Yangzhou 
University, China and were bred with no specific 
pathogen. All the experiments were approved 
by the Animal Care and Use Committee of 
Nanjing University and Jinling Hospital under 
university-approved standards. 

Adenovirus vectors

The Ad-mDectin-1 used in this study was pro-
vided by R&S biotechnology Co., Ltd (Shanghai, 
China) and the final titer is 5×1011 PFU/mL. 
Mice administrated with PBS or adenoviral 
encoding green fluorescent protein (Ad-EGFP) 
were chosen to form the control group. Mice 
were anesthetized by intraperitoneal injection 
of 1.8-2 mg of pentobarbital. The trachea was 
exposed in the standard aseptic environment 
and 30 ul solution of 3×108 PFU of either 
Ad-mDectin-1 or Ad-EGFP was delivered via the 
sterile 26-gauge needle. The skin incision was 
sutured with surgical staples. Administration of 
30 ul solution of PBS was also used the same 
method.

Aspergillus fumigatus

The strain of A. fumigatus was kindly provided 
by the Microbiological Laboratory of Jinling 
Hospital, Nanjing, China. A. fumigatus was cul-
tured on Sabouraud dextrose agar (10 g/L pep-
tone, 40 g/L glucose, and 15 g/L agar) for 7 
days at 37°C. Penicillin (12 mg/l) and strepto-
mycin (40 mg/l) were included in the agar to 
prevent bacterial contamination. Conidia were 
harvested by washing the surface of the culture 
plate with sterile PBS supplemented with 0.1% 
Tween-80. And then, the suspension of conidia 
was passed through a sterile 40 um nylon 
membrane, so as to remove the hyphal frag-
ments debris. After that, resuspended it in PBS 
supplemented with 0.1% Tween-80. The con-
centration of conidia was enumerated by hema-
cytometer. Then the suspension was diluted to 
the concentration we need.

Infection experiment

At first, mice from each group were administrat-
ed with PBS, Ad-EGFP, or Ad-mDectin-1, recep-
tively. On the next day, immunocompromised 
mice were treated with 200 mg/kg of cyclo-
phosphamide (Sigma, St, Louis, MO, USA) by 
intraperitoneal administration, 4 days before A. 
fumigatus administration [15]. During the 
course of infection, the immunocompromised 
mice were challenged with 3×105 conidia in a 
volume of 30 ul via intratracheal injection as 
previously described in adenovirus vector ad- 
ministration. 

Lung harvest

The mice were killed at the designated time. 
Lungs for histologic examination were putted in 
4% paraformaldehyde and stained with haema-
toxylin and eosin (H&E), Gomori methanamine 
silver (GMS), and immunohistochemistry. Lungs 
for RNA isolation were stored at -80°C. Lungs 
for cytokine and myeloperoxidase (MPO) mea-
surements were homogenized and stored at 
-20°C. Lungs for fungal load were homogenized 
and inoculated on Sabouraud dextrose agar for 
24 hours at 37°C, the results were shown by 
the numbers of colony forming unit (CFU) per 
gram of lung tissues.

Immunohistochemistry

After deparaffinization and rehydration, the 
sections were heated by electromagnetic oven 
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for 10 min in a sodium citrate buffer (0.01 M, 
pH 6.0) to increase epitope exposure. The 
slides were treated with 0.3% H2O2 for 10 min 
to minimize endogenous peroxidase activity, 
and then blocked with blocking solution 
(Beyotime, PO102, China) for 30 min at room 
temperature. The sections were incubated with 
a multiclonal antibody anti-beta clucan recep-
tor antibody (Dectin-1, Abcam, ab140039). The 
further operation was performed according to 
instructions of productions from Ploymer HRP 
Detection System (ZSGB-BIO, PV-9001, China) 
and 3,3’-Diaminobenzidine tetrahydrochloride 
(ZSGB-BIO, ZLI-9032, China). The positive spe- 
cimen was shown as brown particles. Field of 
vision was selected randomly and saved under 
200 times view, the average optical density of 
Dectin-1 staining on bronchial wall was ana-
lyzed with the help of Image-Pro Plus 6.0.

Cytokine ELISA

The levels of TNF-α, GM-CSF in lung tissues 
were determined according to the instruction of 
cytokine specific ELISA kit (R&D Systems, 
Minneapolis, MN, USA).

Lung MPO assay

Lung MPO activity was measured as a maker of 
neutrophil sequestration [16]. The MPO Activity 
Assay kit (Nanjing Jiancheng Bioengineering 
institute, China) was used for MPO determina-
tion. And the activity was measured as it was 
mentioned previously [17].

RNA isolation, reverse transcription, and real-
time PCR

Total RNA was isolated from lung tissues by 
using RNAiso plus (TaKaRa, 9109, Japan), RNA 

Figure 1. The effect of Ad-mDectin-1 on expression of Dectin-1 in the lungs. A. Dectin-1 mRNA expression in the 
lungs at day 3 after administration of Ad-mDectin-1. Experimental n=5. *P<0.05, compared with mice receiving 
PBS or Ad-EGFP. B. Immunohistochemical staining of Dectin-1 in lungs at different time points after administration 
of AdmDectin-1. Original magnification, ×200. C. The results of average optical density of Dectin-1 in mice receiving 
Ad-mDectin-1 at different time points after administration of Ad-mDectin-1. Experimental n=5. ***P<0.001 com-
pared with data at day 3 and 14 after administration. 
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was reversely transcribed into cDNA by using 
PrimeScriptTM RT Master Mix (TaKaRa, RR036A, 
Japan), and the experiment was carried out 
according to manufacture instructions. Real-
time PCR was performed with the help of SYBR 

Green PCR system (TaKaRa, RR420A, Japan), 
using β-actin as an internal control for normal-
ization. The forward and reverse primers used 
for each gene were designed as follows: 5’-TT- 
CAGCACTCAAGACATCCATAA-3’ and 5’-CAGCAA- 

Figure 2. Effect of Ad-mDectin-1 on levels of Dec-
tin-1, TNF-α, GM-CSF, IL-1β, and IL-10 during the 
course of IPA. A. Depict the levels of Dectin-1 mRNA 
at day 2 after A. fumigatus challenge (3×105). B, C. 
Depict the levels of TNF-α and GM-CSF in lung and 
BAL at day 2 after A. fumigatus challenge (3×105), 
respectively. D-G. Depict the levels of TNF-α, GM-
CSF, IL-1β and IL-10 mRNA at day 2 after A. fumiga-
tus challenge (3×105), respectively. Experimental 
n=5. *P<0.05, **P<0.01, ***P<0.001 compared 
with mice receiving PBS or Ad-EGFP.
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CCACTACTACCACAAAG-3’ for Dectin-1; 5’-TCC- 
AGGCGGTGCCTATGT-3’ and 5’-CGATCACCCCG- 
AAGTTCAGTA-3’ for TNF-α; 5’-GGCCTTGGAAGC- 
ATGTAGAG-3’ and 5’-GGGGGCAGTATGTCTGGT- 
AG-3’ for GM-CSF; 5’-TGGTGTGTGACGTTCCC- 
ATT-3’ and 5’-CAGCACGAGGCTTTTTTGTTG-3’ 
for IL-1β; 5’-GGTTGCCAAGCCTTATCGGA-3’ and 
5’-ACCTGCTCCACTGCCTTGCT-3’ for IL-10; 5’-CT- 
AAGGCCAACCGTGAAAAG-3’ and 5’-TCTCAGCT- 
GTGGTGGTGAAG-3’ for β-actin. Relative quanti-
fication was performed by using the formula 
2-ΔΔCT.

Survival analysis

For survival studies, we increased the number 
of conidia used in infection experiment to 
5×106. Mice were observed daily so as to get 
their death rate. 

Statistical analyses

SPSS statistical software 13.0 was used for 
statistical analyses. Data were expressed as 
mean ± standard deviation. Difference between 
groups were analyzed by analysis of variance 
(ANOVA), followed by LSD-t test, Dunnett’s test. 
Survival analysis was assessed by Kaplan-
Meier test. Probability values less than 0.05 
were considered to be statistically significant.

Results

The increased expression of Dectin-1 in lung 
tissue after Ad-mDectin-1 administration

Three days after intratracheal administration of 
Ad-mDectin-1, we used the lung tissue to deter-
minate the expression of Dectin-1. The Dectin-1 

mRNA expression obviously increased in mice 
treated with Ad-mDectin-1. And its expression 
level was about 18 times of that of the mice 
treated with Ad-EGFP or PBS (Figure 1A). And 
then, we investigated into the distribution of 
Dectin-1 expression in lungs of each mouse 
respectively 3 days, 5 days, 7 days and 14 days 
after administration. In mice treated with 
Ad-mDectin-1, the immunohistochemistry sh- 
owed strong immunostaining in the airway epi-
thelium of bronchioles and relatively weak 
immunostaining in alveolar walls, and the 
immunostaining of Dectin-1 can last two weeks. 
However, no immunostaining can be detected 
from the mice treated with Ad-EGFP or PBS 
(Figure 1B). The average optical density of 
Dectin-1 staining on bronchial wall in mice 
treated with Ad-mDectin-1 showed a time-
dependent change. The peak value was rea- 
ched on the 5th day (Figure 1C).

Effect of Ad-mDectin-1 on levels of cytokine 
and chemokine during the course of IPA

The exposure of epithelial cells to A. fumigatus 
can contribute to the production of inflamma-
tory cytokines and antimicrobial peptides. 
Dectin-1 was needed for both inflammatory 
cytokines production and antimicrobial effects 
of bronchial epithelia against A. fumigatus [8, 
18, 19]. We aimed at figuring out whether up-
regulation of Dectin-1 on the airway epithelia 
cells can protect mice from the invasion of A. 
fumigatus or not. Although it was already one 
week after the administration of Ad-mDectin-1, 
the level of Dectin-1 mRNA was still much high-
er than that of the control group (Figure 2A). 
Two days after the administration of conidia, 
data showed that both the level of TNF-α and 
GM-CSF in lungs increased significantly in mice 
treated with Ad-mDectin-1 (Figure 2B-E). We 
found that the IL-1β mRNA expression level in 
lungs of mice treated with Ad-mDectin-1 obvi-
ously elevated, nearly three times of that of the 
control group (Figure 2F). No significant differ-
ences of IL-10 mRNA were found between 
Ad-mDectin-1 group and the control group 
(Figure 2G).

The increase of the neutrophil accumulation in 
lungs after the administration of Ad-mDectin-1 
in mice administrated with A. fumigatus co-
nidia

Neutrophils play an important role in defending 
against fungal infection [20]. Therefore, we 

Figure 3. Effect of Ad-mDectin-1 on lung MPO activity 
at day 2 after A. fumigatus challenge. Experimental 
n=5. *P<0.05, compared with mice receiving PBS or 
Ad-EGFP.
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measured the neutrophil accumulation in lung 
tissues. Two days after the inoculation of conid-
ia, the MPO level in lung of mice treated with 
Ad-mDectin-1 was significantly higher than that 
of the mice treated with PBS or Ad-EGFP, indi-
cating that the Ad-mDectin-1 can stimulate 
neutrophil accumulation (Figure 3).

Ad-mDectin-1 administration leads to signifi-
cantly inflammation in lungs and fewer fungal 
load

Two days after the administration of conidia in 
immunocompromised mice, we discovered that 
the lung samples from the control group which 
were administrated with PBS or Ad-EGFP 
showed few evidence of inflammation. However, 
obvious evidence of inflammation was obser- 
ved in mice treated with Ad-mDectin-1. The 
Grocott’s methenamine silver (GMS) staining 
results of lung tissues showed that, when com-
pared with the control group, fewer germinating 
conidia and relatively fewer hyphae were fou- 
nd in mice administrated with Ad-mDectin-1 
(Figure 4). To confirm this histological finding, 
the fungal load was assessed by plate-count 
method. Fungal levels in mice administrated 
with Ad-mDectin-1 were significantly lower than 
those detected in control group (Figure 5). 

Effect of Ad-mDectin-1 on survival in immuno-
compromised mice inoculated with A. fumiga-
tus conidia

The mortality rate in mice administrated with 
PBS was 50% and that rate in mice adminis-
trated with Ad-EGFP was 40%. However, no 
death existed in mice administrated with Ad- 
mDectin-1 (Figure 6). Compared with the mice 
in control group, the survival rate of mice with 
intratracheal administration of Ad-mDectin-1 
was significantly higher.

Discussion

Upon inhalation of conidia, airway epithelial cell 
is the initial point of confrontation between 
fungi and host. More and more studies have 
found that the epithelial cells are capable of 
triggering an immune response similar to the 
function of the source bone marrow cells [7, 13, 
21]. For example, corneal epithelium can sig-
nificantly increase the expression of Dectin-1 in 
the early stage of A. fumigatus infection [22]; 
human intestinal epithelial can secrete IL-8 and 
CCL2 with the present of β-glucan, and after 
the suppression on Dectin-1 pathway, it can 
significantly reduce the secretion of chemokine 
in intestinal epithelial cells [23].

Figure 4. Histological examination results of lung tissue at day 2 after conidia challenge. Representative photomi-
crographs of hematoxylin and eosin-staining (panels A to C) (magnification, ×100) and Grocott’s methenamine silver 
staining (panels D to F) (magnification, ×200) of lung tissue sections from treated with PBS (A and D), Ad-EGFP (B 
and E), Ad-mDectin-1 (C and F) at day 2 after A. fumgatus challenge (3×105 conidia) in immunocompromised mice. 
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Recognition of pathogen is first step of initiat-
ing the immune defense. Dectin-1 expressed 
on many myeloid cells is capable of identifying 
β-glucan, a carbohydrate found in fungal walls. 
After the recognition of fungi, Dectin-1 is 
responsible for triggering a variety of cellular 
responses, such as cytokine production, phago-
cytosis, and ROS generation. Previous studies 
have shown the critical role of Dectin-1 played 
in lung when defending against fungal patho-
gen. Genetic Polymorphism of Dectin-1 links to 
the susceptibility of IPA [24]. Cyclophosphamide 
can inhibit the expression of Dectin-1 in lungs, 

on the changes of innate immunity. The produc-
tion of cytokines is very important to the host 
immune response. It can activate the immune 
system and then affect the development of 
immune response. During the course of A. 
fumigatus infection, Dectin-1 is essential for 
the production of lung cytokine and chemokine, 
such as TNF-α, IL-1, IL-10, and IL-6 [12, 28, 29]. 
We demonstrated that the up-regulation of 
Dectin-1 on lung epithelial cells played a vital 
role in the production of inflammatory cyto-
kines. Mice treated with Ad-mDectin-1 mediat-
ed a significant increase of the expression of 

Figure 5. Results of fungal burden in the lungs of mice receiving PBS, Ad-
EGFP, and Ad-mDectin-1 at day 2 after conidia challenge. Experimental n=5. 
**P<0.01, compared with mice receiving PBS or Ad-EGFP.

Figure 6. Effect of Ad-mDectin-1 on survival after A. fumigatus challenge 
(5×106 conidia). Experimental n=10. Data are representative of two indepen-
dent experiments. *P<0.05, compared with mice receiving PBS or Ad-EGFP. 

contributing to the suscepti-
bility to A. fumigatus [25]. 
Up-regulation of Dectin-1 on 
macrophages has the ability 
to promote Aspergillus-indu- 
ced innate immune response 
[26].

Results from real-time PCR 
and immunohistochemistry 
demonstrated that the ex- 
pression of Dectin-1 obviously 
increased after the adminis-
tration of Ad-mDectin-1. Dec- 
tin-1 mainly located in bron-
chioles epithelium. The resu- 
lts of our data are consistent 
with those of a previous stu- 
dy [27]. The results showed 
that, after the administration 
of Ad-GM-CSF through tra-
chea, the GM-CSF mainly 
expressed in bronchial epi-
thelial cells and didn’t obvi-
ously express in alveolar epi-
thelial cells. Maybe, one of 
explanations for this phenom-
enon is that the administra-
tion method made the adeno-
viral vector unable to get to 
the alveoli effectively. 

In this study, we figured out 
whether the increase expres-
sion of Dectin-1 could help 
the immunocompromised mi- 
ce defend against the inva-
sion of A. fumigatus. In this 
invasive aspergillosis model, 
the number of hyphae rea- 
ched the top on the 2nd day 
[15]. Our study mainly focused 
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IL-1β, TNF-α, and GM-CSF. No significant differ-
ences were found in the expression of IL-10 
when compared with that of the control group. 
The significant higher production of pulmonary 
cytokine and chemokine may be essential  
for the increased fungal clearance from the 
lungs of immunocompromised mice given the 
Ad-mDectin-1.

Dectin-1 is required for inducing neutrophil-
mediated anti-fungal immunity against A. 
fumigatus [30, 31]. Neutrophils play an impor-
tant role in the host innate immunity against 
fungi [32]. Long-term neutropenia is a major 
risk factor for IPA [33]. Our study found more 
apparent inflammation and fewer fungal loads 
in mice treated with Ad-mDectin-1 when com-
pared with the control group. In this paper, we 
did not assess accurate neutrophils accumula-
tion in the lung directly. MPO activity shows a 
good linear relationship with the level of neutro-
phils accumulation in lung [15, 16, 34, 35], 
thus we chosen MPO activity to assess the 
degree of neutrophils accumulation. By testing 
the MPO activity, we discovered more neutro-
phils accumulation in lungs of mice adminis-
trated with Ad-mDectin-1. Both the increase  
of neutrophils accumulation and significant 
increase of chemokine may account for the 
reinforcement of fungi clearance capacity in 
lung tissues of immunocompromised mice 
treated with Ad-mDectin-1.

In conclusion, we think that our study is the first 
one to demonstrate that, in immunosuppress- 
ed mice, up-regulation of Dectin-1 on airway 
epithelial cells can increase innate immune 
responses against A. fumigatus, resulting in 
higher production of proinflammatory cytokines 
which were essential for neutrophil mobiliza-
tion to lungs, more aspergillus clearance and 
higher survival rate. Therefore, our study may 
provide new insights to enhance host capacity 
of defending against IPA.
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