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Abstract: [Objective] To study the role of the nucleotide binding oligomerization domain-like receptor
(NODs) and their signaling pathways in the pathogenesis of invasive pulmonary aspergillosis (IPA) in
mice. [Methods] Mice were randomly divided into three groups: negative control, mice infected with
Aspergillus fumigatus only and mice of combination of immunosuppression and Aspergillus fumiga-
tusinfection (IPA group). Only IPA mice were immunosuppressed with Cyclophosphamide (100 mg/d)
for 2 d before Aspergillus fumigatus spores were inhaled into mice of different groups, normal saline
was used instead for negative control. Then mice were killed at different time points and lung tissues
were collected for biopsy and Aspergillus fumigatus colony count. RT-PCR and Western blot were used
to measure NOD1, NOD2, RIP2 mRNA level and TNF-a protein expression in lung tissues, respec-
tively. [Results] At 72 h of post-infection, severe inflammation and a large number of hyphae were ob-
served in lung tissues of IPA mice. Their Aspergillus fumigatus load at all time points were higher when
compared with mice infected with Aspergillus fumigatus only, and their NOD1 and RIP2 mRNA levels
were continuously lower. While NOD2 mRNA was abnormally highly expressed at 24 h and stayed at
low expression level afterwards. TNF-o was highly expressed in mice infected with Aspergillus fumi-
gatus only and reached the peak at 48 h and 72 h post-transfection. However, TNF- o was released
slowly and lowly in IPA mice. [Conclusion] Persistently inhibited NOD1 and RIP2 expression along
with late-stage inhibited NOD2 expression in IPA mice resulted in the low-expression of proinflamma-
tory cytokine, which may led to the development of invasive pulmonary aspergillosis.
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Table 1 Primer sequences in this work

Aim gene Sequences (5'—3") Length (bp)
B-Actin reverse/anti-reverse ACGGCCAGGTCATCACTATT/TAACAGTCCGCCTAGAAGCA 409
NODI reverse/anti-reverse CAACAGGGAACATCTGGTCA/GAAGGGGAGAAGCCAATTTC 261
NOD?2 reverse/anti-reverse CCGTGTCCTGTTAACCTTTG/AGGATCAGCAGGTACATGTC 438
RIP2 reverse/anti-reverse GCCATTGTGAGCCAGATGA/ATTTGAAGGCGGTGCTTTG 264
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Figure 2 Results of HE staining of the lungs
Note: A—E: N+A. fumigates group at 24, 48, 72, 120, 144 h; F-J: IPA group at 24, 48, 72, 120, 144 h.
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Figure 3 The dynamic expression of NOD1 mRNA in different group and the product’s electrophoretogram of NOD1
gene at different time point
Note: N: Normal group; N+Af: N+A. fumigates group; IPA: IPA group. A: Normal group; B: N+A. fumigates group; C: IPA group. 1: Marker;
2:24h;3:48h; 4: 72 h; 5: 120 h; 6: 144 h. A: P<0.05, vs at 24 h in N+A. fumigates group; *: P<0.05, vs at 24 h in IPA group.
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Figure 4 The dynamic expression of NOD2 mRNA in different group and the product’s electrophoretogram of NOD2
gene at different time point
Note: N: Normal group; N+Af: N+A. fumigates group; IPA: IPA group. A: Normal group; B: N+A. fumigates group; C: IPA group. 1: 24 h; 2:
48 h; 3: 72 h; 4: 120 h; 5: 144 h. A: P<0.05, vs at 24 h in N+A. fumigates group; *: P<0.05, vs at 24 h in IPA group.
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Figure 5 The dynamic expression of RIP2 mRNA in different group and the product’s electrophoretogram of RIP2 gene
at different time point
Note: N: Normal group; N+Af: N+A. fumigates group; IPA: IPA group. A: Normal group; B: N+A. fumigates group; C: IPA group.
1: Marker; 2: 24 h; 3: 48 h; 4: 72 h; 5: 120 h; 6: 144 h. A: P<0.05, vs at 24 h in N+A. fumigates group; *: P<0.05, vs at 24 h in IPA

group.
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Figure 6 The dynamic expression of TNF-a protein in different group and the western blotting gram of TNF-a protein at
different time point
Note: N: Normal group; N+Af: N+A. fumigates group; IPA: IPA group. A: Normal group; B: N+A. fumigates group; C: IPA group. 1: 24 h; 2:
48 h; 3: 72 h; 4: 120 h; 5: 144 h. A: P<0.05, vs at 24 h in N+A. fumigates group; *: P<0.05, vs at 24 h in IPA group.
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Figure 7 The expression of NODs, RIP2 mRNA and TNF-o protein at the same time in different groups
Note: N: Normal group; N+Af: N+A. fumigates group; IPA: IPA group. #: P<0.05, vs N group; *: P<0.05, vs N+A. fumigates group.

NODI1
NOD2
TNF-a TNF-a
[21]
TNF-a

RIP2 mRNA

TNF-a

IPA

TNF-a

Kamei

IPA
TNF-a

[22]

IFN-y IL-1a

http://journals.im.ac.cn/wswxtbcn



908 fAEY) 2218 ) Microbiol. China 2014, Vol.41, No.5

(ICAM-1) IFN-y receptor Nodl activates CCAAT/enhancer binding protein
B by Aspergillus fumigates in lung epithelial cells[J].
European Respiratory Journal, 2007, 30(8): 214-222.

IFN—"{ [11] Inohara N, Ogura Y, Chen FF, et al. Human Nodl confers
responsiveness to bacterial lipopolysaccharides[J]. Journal
IFN-y of Biological Chemistry, 2001, 276(1): 2551-2554.

[12] Girardin SE, Tournebize R, Mavris M, et al. CARD4/Nodl
mediates NF-kappaB and JNK activation by invasive

Shigella flexneri[J]. EMBO Report, 2001, 2(8): 736-742.
[13] Marriott I, Rati DM, McCall SH, et al. Induction of Nodl
and Nod2 intracellular pattern recognition receptors in
murine osteoblasts following bacterial challenge[J].

Infection and Immunity, 2005, 73(5): 2967-2973.

(23] NODs . .
[14] Brieland JK, Jackson C, Menzel F, et al. Cytokine
networking in lungs of immunocompetent mice in response
to inhaled Aspergillus fumigatus[J]. Infection and

NODI Immunity, 2001, 69(3): 1554-1560.

RIP2 NOD2 [15] Gafa V, Remoli ME, Giaconfini E, et al. In vitro infection
of human dendritic cells by Aspergillus fumigatus conidia
triggers the secretion of chemokines for neutrophil and Thl
lymphocyte recruitment[J]. Microbes and Infection, 2007,
9(8): 971-980.

. [16] Roilides E, Dimitriadou-Georgiadou A, Sein T, et al.

%j % i rﬁk Tumor necrosis factor alpha enhances antifungal activities

(] ) i . .NODI NOD2 of polymorphonuclear and mononuclear phagocytes
against Aspergillus fumigatus[J]. Infection and Immunity,
L. » 2009, 6(3): 1998, 66(12): 5999-6003.
265-268. [17] Mehrad B, Strieter RM, Standiford TJ. Role of TNF-alpha
[2] Zhang HJ, Qiu JM, Shao CZ, et al. Aspergillus fumigatus in pulmonary host defense in murine invasive
c_onidia up_regl}luates NOD2 protein expression both in aspergillosis[J]. The Journal of Infectious Diseases, 1999,
vitro and in vivo[J]. Acta Pharmacologica Sinica, 2008, 162(2): 1633-1640.
29(10): 1202-1208. [18] Netea MG, Warris A, Van der Meer, et al. Aspergillus
(3] ’ : fumigatus evades immune recognition during germination
[J]- , 2008, 34(1): 66-68. through loss of toll-like receptor-4-mediated signal
[4] Marc P, Patrick V, Guy T, et al. Melanin is an essential transduction[J]. The Journal of Infectious Diseases, 2006,
component for the integrity of the cell wall of Aspergillus 16: 1620-1622.
fumigates conidia[J]. BMC Microbiology, 2009, 9(1): [19] Balloy V, Huerre M, Latge JP, et al. Differences in patterns
177-204. of infection and inflammation for corticosteroid treatment
[5] Dana JP, Stephen EG. The role of Toll-like receptors and and chemotherapy in experimental invasive pulmonary
Nod proteins in bacterial infection[J]. Molecular aspergillosis[J]. Infection and Immunity, 2005, 73(1):
Immunology, 2004, 41(11): 1099-1108. 494-503.
[6] Boughan PK, Argent RH. Nucleotide-binding [20] s R , . NOD
oligomerization domain-1 and epidermal growth factor ]. . 2005,
receptor: critical regulators of p-defensins during
helicobacter lori infection[J]. Journal of Biological 12(6): 1007-1009.
py g . .
Chemistry, 2006, 281: 11637-11648. [21] Relch'ard U. The significance of secretory and structure
[7] Kobayashi KS, Chamaillad M, Ogura Y, et al. associated .protgase 'of ASpergl‘Ilus. famigatus 'for the
Nod2-dependent regulation of innate and adaptive pathogenesis of invasive caspergillosis[J]. Mycosis, 1998,
immunity in the intestinal tract flavell[J]. Science, 2005, 41(suppl.1): 78-82.
307(2): 731-734. [22] Kamei JFC, Wierenga ATJ, Hiemstra PS, et al. Proteases
8] i ) . from  Aspergillus fumigatus induce release of
pro-imflammatory cytokines and cell detachment in airway
TLR2/NOD2 epithelial cell lines[J]. The Journal of Infectious Diseases,
1. » 2009, 25(7): 866-870. 1997, 176(2): 300-303.
[9] Mathias C, Naohiro I, Gabriel N. Battling enteroinvasive [23] Medvedev AE, Sabroe I, Hasday JD, et al. Tolerance to

[10]

bacteria: Nodl comes to the rescue[J]. Trends in
Microbiology, 2004, 12(12): 529-533.

Barton JL, Berg T, Didon L, et al. The pattern recognition

http://journals.im.ac.cn/wswxtbcn

microbial TLR ligands: molecular mechanisms and
relevance to disease[J]. Journal of Endotoxin Research,
2006, 12(3): 133-150.



