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Absent in melanoma 2 inflammasome
is required for host defence against
Streptococcus pneumoniae infection
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Abstract

Streptococcus pneumoniae, a leading cause of invasive pneumococcal disease, is responsible for high mortality and mor-

bidity worldwide. A previous study showed that the NLR family pyrin domain containing 3 (NLRP3) and absent in

melanoma 2 (AIM2) inflammasomes are essential for caspase-1 activation and IL-1b production in the host response to

S. pneumoniae infection. The function of NLRP3 in host innate immunity to S. pneumoniae was studied in vivo and in vitro.

However, the role of AIM2 in host defence against S. pneumoniae remains unclear. Here, we show that AIM2-deficient

(AIM2–/–) mice display increased susceptibility to intra-nasal infection with S. pneumoniae in comparison to wild type

mice and that this susceptibility was associated with defective IL-1b production. Macrophages from AIM2–/– mice

infected with S. pneumoniae showed impaired secretion of IL-1b as well as activation of the inflammasome, as deter-

mined by the oligomerisation of apoptosis-associated speck-like protein containing a CARD (ASC) and caspase-1

activation. Taken together, these results indicate that the AIM2 inflammasome is essential for caspase-1-dependent

cytokine IL-1b production and eventual protection from pneumococcal infection in mice.
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Introduction

Streptococcus pneumoniae causes high morbidity and

mortality worldwide, especially in children, so it is a

pathogen of important clinical significance. S. pneumo-

niae is an opportunistic bacterial pathogen that colo-

nises the mucosal surfaces of the human upper

respiratory tract.1 Local spread, aspiration or seeding

to the bloodstream, the bacteria will become pathogen-

ic, causing invasive pneumococcal disease (IPD), such

as pneumonia, bacteremia, meningitis or acute otitis

media.2–4 The pathogenesis and clearance of bacteria

during S. pneumoniae infection are governed by com-

plex host inflammatory responses.5 Understanding the

host response to S. pneumoniae is critical for the pre-

vention and treatment of IPD.
The immune system is important in host defence

against pathogens, especially innate immunity, which

employs PRRs to recognise invading pathogens and

leads to a subsequent series of immunity responses.
Growing evidence indicates that the inflammasome, an
intracellular multimeric protein complex, plays an impor-
tant role in host defence against S. pneumoniae.6–8

In vitro experiments showed that the NLR family
pyrin domain containing 3 (NLRP3) and absent in
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melanoma 2 (AIM2) inflammasomes are activated in
S. pneumoniae-infected macrophages, and mediate IL-
1b maturation and secretion.9,10 Studies have been car-
ried out to address the role of NLRP3 in pneumococcal
infection using NLRP3–/– mice and indicated that
NLRP3 contributes to bacterial defence and lung integ-
rity during S. pneumoniae infection.11,12 Our previous
study also found that NLRP3 deficiency significantly
impaired host defence against S. pneumoniae, with
higher mortality and bacterial colonisation in the
lungs.10 However, the role of AIM2 in host defence
against S. pneumoniae in vivo remains to be elucidated.

In this study, we employed an intra-nasal infection
model of S. pneumoniae in wild type (WT) and AIM2–/–

mice to examine the role of AIM2 in pneumococcal
infection. We found that AIM2–/– mice showed
higher mortality, higher bacterial colonisation and
aggravated inflammation in the lungs, which suggests
that AIM2 plays a protective role in host defence
against S. pneumoniae. Meanwhile, using primary
mouse macrophages as a cell model, we showed that
AIM2 inflammasome activity is required for innate
immunity to S. pneumoniae in macrophages, which
may contribute to IL-1b secretion in broncho-alveolar
lavage fluid (BALF).

Materials and methods

Mice

WT C57BL/6 mice were purchased from the Chongqing
Academy of Chinese Materia Medical (Chongqing, PR
China). AIM2–/– mice on the C57BL/6 background were
kindly provided by Feng Shao from the National
Institute of Biological Sciences (Beijing, PR China). All
mice were maintained in specific pathogen-free conditions
and used at 8–10 wk of age. All of the animal experiments
were approved by the Ethics Committee of Southwest
University and following laboratory animal care princi-
ples of the National Institutes of Health, PR China.

Bacteria

The S. pneumoniae D39 (serotype 2) used in this study
was kindly provided by Kohsuke Tsuchiya (Kanazawa
University, Kanazawa, Japan). D39 was grown and
prepared as previously described.10

Intra-nasal infection of mice

WT and AIM2–/– mice were anaesthetised with pento-
barbitone (Solarbio, Beijing, PR China), and then
intra-nasally infected with 5� 107 bacteria in 20 ml
PBS. BALF was collected 12 h post infection according
to the method of our previous studies.10 BALF
from non-infected mice was collected as a control.

Lung tissues were obtained 48 h post infection for

bacterial CFU counting and histology. Lungs were

homogenised in 1ml PBS, serial diluted in PBS and

plated onto blood agar to count CFU after 12 h cul-

ture. For histology, the lungs were fixed with 10%

formaldehyde, embedded in paraffin and stained with

hematoxylin and eosin (H&E). Histological changes

were observed by microscopy. Survival of infected

mice was monitored every day until 14 d post infection.

Macrophages

The mice were injected intraperitoneally with 2ml 4%

thioglycollate medium (Eiken Chemical, Tokyo,

Japan), and 3–4 d later, peritoneal exudate cells

(PECs) were collected by peritoneal lavage, as reported

previously.10 After being washed with RPMI 1640

medium (Gibco, Gaithersburg, MD) and suspended

in RPMI 1640 with 10% FCS, the cells were incubated

in 48-well tissue culture microplates (2.5� 105 cells/

well) at 37�C plus 5% CO2 for at least 2 h. Then, the

cells were washed twice with RPMI 1640 plus 10%

FCS, and adherent cells were used for ex vivo studies.

Abs

Biotinylated anti-mouse IL-1b Ab was purchased

from R&D Systems. Anti-caspase-1 (p20) mAb was

purchased from AdipoGen (San Diego, CA). Anti-

ASC-Ab was purchased from Cell Signaling

Technology (Danvers, MA). Anti-actin Ab and

streptavidin-HRP-conjugated mouse anti-goat IgG

were purchased from Bioss (Beijing, PR China).

HRP-conjugated goat anti-mouse IgG was purchased

from ComWin Biotech Co. Ltd (Beijing, PR China).

ELISA

Cells were infected with S. pneumoniae D39 at a

MOI of 1 bacteria per cell for 6 h, and 100 lg/ml gen-

tamicin (Beyotime, Beijing, PR China) was added to

the cultures. The cultures were then incubated for an

additional 18 h. After incubation, cell-free culture

supernatants were collected for measuring cytokines

(IL-1b, IL-12, IL-6 and TNF-a) by ELISA. ELISA

kits were purchased from eBioscience, Inc. (San Diego,

CA) and used according to the manufacturer’s instruc-

tions. Absorbance was measured at 450 nm using a 680

ELISA reader (Bio-Rad Laboratories, Hercules, CA)

and the software MicroPlate Manager v5.2.

Western blot analysis

Cells were cultured on 12-well plates (1� 106 cells/well)

in RPMI 1640 plus FCS for 2 h, and then the medium

was replaced with Opti-MEM (Invitrogen). Cells were
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infected with D39 at a MOI of 1 for 6 h, and then

100 lg/ml gentamicin was added. Culture supernatants

were collected 24 h after infection. To collect cell lysate,

radio-immunoprecipitation assay (RIPA) buffer

(Beyotime) was added to 12-well plates (200 ll/well)
to lyse cells. After the RIPA buffer was added and

the cells were scraped with a pipette, adherent macro-

phages were almost lysed and detached from the

bottom. Protein concentrations were measured using

a BCA Protein Assay Kit (Beyotime).The supernatants

and the cell lysates were subjected to 12–15% SDS-

PAGE and transferred to a polyvinylidene difluoride

membrane. After the membranes were blocked with

5% nonfat milk and immunoblotted with the appropri-

ate Ab, distinct protein bands were detected using the

ECL detection reagent (Beyotime). Images were

obtained using the Tanon 4600 chemiluminescence

detection device (Shanghai, PR China). Actin was

employed as a loading control for the cell lysates.

ASC oligomerisation

Cells were cultured on 12-well plates (1� 106 cells/well).

After different treatments, culture supernatants were

collected, and cells were lysed with cold PBS containing

0.5% Triton X-100. The lysates were centrifuged at

6000 g for 15 min to harvest the cell pellet. The pellet

was washed twice with cold PBS and suspended in 200ll
PBS and then cross-linked using 2mM freshly prepared

disuccinimidyl suberate for 30 min at 37�C. After pellet-

ing by centrifugation at 6000 g for 15 min at 4�C, the
cross-linked pellets were redissolved in 30ll of 1�SDS-

PAGE sample loading buffer. Samples were boiled for 5

min for Western blot analysis.

Quantitation of macrophage-associated and

phagocytosed S. pneumoniae

Adherent macrophages were infected with S. pneumo-

niae at a MOI of 1 for 2, 4, 6 or 8 h. To enumerate

S. pneumoniae associating with macrophages, cells were

washed with chilled PBS three times to remove non-

associated bacteria and lysed in PBS containing 0.1%

Triton X-100. The lysates were serial diluted in PBS

and plated on blood agar plates to count CFU after

overnight incubation. To enumerate the phagocytosed

bacteria, the cell lysates were collected after macro-

phages were infected with S. pneumoniae as above

and additionally cultured for 30 min in the presence

of 100 lg/ml gentamicin, and the bacterial numbers

were counted. To monitor the survival of S. pneumo-

niae inside macrophages, the numbers of intracellular

bacteria were determined every 30 min until 3 h after

gentamicin addition (6 h post infection).

Statistical analysis

Statistical analyses were performed using GraphPad

Prism software v6 (San Diego, CA), and the data are

represented as the mean with standard deviation. All of
the results are representative of three independent

experiments. Student’s t-test was used to analyse the

significant differences between the two groups. Multi-
group comparisons of mean values were made using

ANOVA and the Bonferroni post hoc test. Statistical

analysis for survival curves was performed using the
log-rank test. Statistical significance was defined as

P< 0.05 (*P< 0.05 and **P< 0.01).

Results

AIM2 protects the host from S. pneumoniae
infection in vivo

To define the role of AIM2 in host defence against

S. pneumoniae infection, we employed an intra-nasal
infection of S. pneumoniae in WT and AIM2–/– mice.

The protective roles of AIM2 in S. pneumoniae infection

were determined by survival curve and lung bacterial
burdens. The results showed that 18.75% (3/16) of WT

mice died within 2 wk, while AIM2–/– mice showed a

higher mortality rate at 50% (7/14; Figure 1a). The bac-
terial burdens in the lungs of AIM2–/– mice were much

higher than those in WT mice at 48 h after infection

(Figure 1b). These results showed that AIM2 deficiency
affects mouse survival and bacterial clearance upon

S. pneumoniae infection.
Moreover, H&E staining showed that there was a

more severe pulmonary inflammatory response in the

AIM2–/– group (Figure 2). S. pneumoniae infection

could cause inflammation in the lungs. In addition to
oedema and haemorrhage, lungs from AIM2–/– mice

displayed obvious histopathologic inflammatory reac-

tions, such as infiltration of inflammatory cells, which
suggests that AIM2 deficiency aggravates inflammato-

ry reactions in S. pneumoniae-infected mouse lungs.

Taken together, these results suggest that AIM2 plays
an important role in protecting the host from S. pneu-

moniae infection in vivo.

IL-1b secretion requires AIM2 upon S. pneumoniae

infection in vivo

To assess whether AIM2 has an impact on cytokine
production upon S. pneumoniae D39 infection in vivo,

the levels of cytokines in BALF at 12 h after infection

were compared between WT and AIM2–/– mice. The
concentrations of IL-1b in BALF were significantly

lower in AIM2–/– mice than in WT mice after S. pneu-

moniae infection (Figure 3a), while IL-6 (Figure 3b),
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IL-12 (Figure 3c) and TNF-a (Figure 3d) levels showed

no difference. These results suggested that AIM2 is

required for IL-1b production in the host response

against S. pneumoniae infection in vivo.

AIM2 inflammasome is involved in IL-1b maturation

and secretion in macrophages infected with

S. pneumoniae

We next evaluated ex vivo IL-1b production by S. pneu-

moniae-infected macrophages. IL-1b maturation and

secretion are inflammasome dependent. So, we used
primary mouse macrophages as a cell model and con-
ducted experiments to assess whether AIM2 inflamma-
some is required for the secretion of IL-1b upon
infection with S. pneumoniae D39. The secretion of
IL-1b in AIM2–/– macrophages was decreased com-
pared to that of WT macrophages, whereas TNF-a
production was not affected (Figure 4a and b).
Caspase-1 is essential for IL-1b maturation and secre-
tion. As shown, a significant reduction in S. pneumo-
niae-induced ASC oligomerisation and caspase-1

x 100

WT

PBS

D39

AIM2–/– WT AIM2–/–

x 400

Figure 2. AIM2 deficiency aggravates the inflammatory reaction in S. pneumoniae-infected mouse lungs. WT and AIM2–/– mice were
left uninfected or intra-nasally challenged with S. pneumoniae D39 (5� 107 CFU), and the lungs were collected 48 h post infection for
hematoxylin and eosin staining (original magnification 100� and 400�). Pictures are representative of three mice from each group
of mice.
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Figure 1. Absent in melanoma 2 (AIM2) deficiency affects mouse survival and bacterial clearance upon S pneumoniae infection (a and
b). WT (n¼ 16) AIM2–/– (n¼ 14) mice were intra-nasally infected with S. pneumoniae D39 (5� 107 CFU), and were monitored for 14
d (a). WT (n¼ 6) or AIM2–/– (n¼ 6) mice were intra-nasally infected with S. pneumoniae D39, lungs were homogenized and dilutions
were plated on blood agar to count CFU 48 h post infection (b). Tests for statistical significance were performed using one-way
ANOVA followed by the Bonferroni test (*P< 0.05).
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activation was observed in macrophages from AIM2–/–

mice (Figure 4c), indicating that the AIM2 inflamma-
some is involved in IL-1b secretion in S. pneumoniae-
infected macrophages.

Cytoplasmic potassium efflux is critical for ASC
speck formation and recruitment of caspase-1 to ASC
oligomers.13 Therefore, we investigated the role of
cytoplasmic potassium efflux in inflammasome activa-
tion upon S. pneumoniae infection. Increasing the
potassium concentration in the culture medium (from
5 to 150mM) almost blocked ASC oligomerisation,
caspase-1 activation and subsequent secretion of
IL-1b, with no difference in the level of TNF-a
(Figure 4a–c). Thus, it appears that the AIM2 inflam-
masome is involved in IL-1b maturation and secretion
in macrophages infected with S. pneumoniae.

We have previously reported that phagocytosis is
important for the caspase-1 activation and IL-1b secre-
tion in S. pneumoniae-infected macrophages.10 In order
to explore whether AIM2 deficiency affects the

phagocytosis ability of macrophages, we challenged

macrophages with D39 and enumerated bacteria asso-

ciating with macrophages, phagocytosed bacteria and

the bacteria viability after phagocytosis. The results

showed that the fate of S. pneumoniae D39 post infec-
tion of AIM2–/– macrophages was almost the same as

D39 post infection of WT macrophages (Figure 5a–c),

which suggests AIM2–/– macrophages phagocytose and

kill D39 as well as WT macrophages. These results

indicate that although phagocytosis is required for

caspase-1 activation and IL-1b secretion, AIM2 defi-
ciency does not affect the phagocytosis ability of

macrophages.

Discussion

AIM2 is a cytoplasmic sensor that can recognise

dsDNA and trigger a series of innate immune responses.

In this study, we determined the important role of AIM2

in defending the host from pneumococcal infection,
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since we observed that AIM2–/– mice are more suscep-
tible to S. pneumoniae infection than WT mice, with
higher mortality, higher bacterial colonisation and
aggravated inflammation in the lungs. Collectively, we
demonstrated that the AIM2 inflammasome is required
for caspase-1-mediated cytokine IL-1b processing in
S. pneumoniae-infected macrophages, which may partic-
ipate in the control of S. pneumoniae infection in vivo.

By using in vivo infection model, several groups
reported that ASC–/– mice were highly susceptible to
pneumococcal pneumonia, while NLRP3–/– mice dem-
onstrated only a slightly decreased resistance compared
toWTmice.10,11,14 These results suggest that other ASC-
dependent inflammasomes or other inflammasome-
independent ASC functions may contribute to host
defence against S. pneumoniae. During the infection of
a host cell, microbial DNA released into the cytoplasm
can be recognised by AIM2. The assembly of the inflam-
masome, initiated by AIM2 activation, triggers the
maturation and secretion of the cytokines IL-1b,
which play an important role in cellular immune
defence.15 Several studies have demonstrated that the
AIM2 inflammasome is responsible for host defence
against intracellular bacteria such as Listeria monocyto-
genes, Francisella tularensis, Brucella abortus and
Mycobacterium tuberculosis.16–19 Although S. pneumo-
niae is an extracellular bacterium, once internalised by
macrophages, it undergoes rapid death, and bacterial
DNA is released into the cytoplasm by the pore-forming
effect of pneumolysin (PLY) to activate AIM2.8,10 In this
study, we confirmed that the ASC-dependent AIM2
inflammasome is required for host defence against an
extracellular bacterium, S. pneumoniae.

We previously found that S. pneumoniaeDNA could
activate the AIM2 inflammasome and that caspase-1
cleavage/IL-1b release was reduced in Aim2-silenced
macrophages from mice.10 In agreement with published
reports, in this study, we also found that IL-1b secre-
tion decreased in S. pneumoniae-infected AIM2–/– mac-
rophages with reduced levels of ASC oligomerisation
and caspase-1 activation, which indicates that the
AIM2 inflammasome is required for cytokine produc-
tion. AIM2 can bind to DNA, and the AIM2–DNA
complex will serve as a platform for the recruitment
of ASC and its subsequent oligomerisation.13,16

Consistent with this, the results of this study also
showed that depletion of intracellular potassium was
required for AIM2 inflammasome assembly and ASC
oligomerisation, indicating that ASC specks activate
caspase-1, as described previously,13 leading to IL-1b
maturation and secretion.

Macrophages can engulf and directly kill S. pneumo-
niae by phagocytosis and secreting cytokines.20,21

Moreover, IL-1b secretion from macrophages initiating
acute inflammatory responses also plays a crucial role

in protecting the host against pneumococcal pneumo-
nia. IL-1b can induce the synthesis of fibrinogen and
the expression of chemokines and adhesion molecules
to limit bacterial transmission and reduce the bacterial
burden.22–24 S. pneumoniae infection is associated with
more death due to a greater bacterial burden and
systemic infection. Given the critical role of IL-1b
in bacterial infection, the impaired control of S.
pneumoniae in mice lacking inflammasome components
may be due to a reduction in the secretion of IL-1b.
In line with this hypothesis, the secretion of IL-1b in
BALF was much higher in WT mice than it was in
AIM2�/� mice at 12 h after infection, which is consis-
tent with the role of the AIM2 inflammasome in IL-1b
production in S. pneumoniae-infected macrophages.
Less IL-1b secretion in turn leads to a greater bacterial
burden, which may result in a higher rate of mortality
and increased inflammation in AIM2�/� mice than in
WT mice during S. pneumoniae infection. The role of
the AIM2 inflammasome in host resistance to bacterial
infection in mice has also been shown with other bacte-
rial pathogens, such as F. tularensis,17 B. abortus25,26 and
M. tuberculosis.27 The phenotype of S. pneumoniae-
challenged AIM2�/� mice provides further support for
the idea that the AIM2 inflammasome is critical for host
defence against S. pneumoniae infection not only in iso-
lated macrophages but also in a whole-animal model.

In summary, our data provide evidences that the
AIM2 inflammasome is involved in host defence
against S. pneumoniae infection, most likely by mediat-
ing IL-1b production to decrease the bacterial burden
in tissues, thereby preventing systemic infection.
Therefore, AIM2 deficiency impairs the host response
to control S. pneumoniae infection. However, the in vivo
environment is much more complicated than that
in cell lines, and whether AIM2 has other functions
contributing to the control of pneumococcal pneumo-
nia remains to be fully elucidated. Recently, the
inflammasome-independent function of AIM2 in sup-
pressing colon tumorigenesis has been described.16,28

Future studies should also be carried out to define
whether there is an inflammasome-independent role
of AIM2 or other PRRs in pneumococcal infection to
provide prevention and treatment of S. pneumo-
niae infection.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with

respect to the research, authorship and/or publication of

this article.

Funding

The author(s) disclosed receipt of the following financial sup-

port for the research, authorship, and/or publication of this

418 Innate Immunity 25(7)



article: this study was supported by the National Key Research

and Development Program of China (2018YFD0500500), the

Chongqing Science & Technology Commission (cstc2018jscx-

msybX0302), the earmarked fund for China Agriculture

Research System (CARS-37), the Beibei Science & Technology

Commission (No. 2018-20), the Fundamental Research

Funds for the Central Universities (XDJK2017A003) and

the Innovation Team Building Program in Chongqing uni-

versities (CXTDG201602004). The funding bodies had no

role in study design, data collection or analysis, decision to

publish or preparation.

ORCID iD

Rendong Fang https://orcid.org/0000-0001-9313-3088

References

1. Weiser JN, Ferreira DM and Paton JC. Streptococcus
pneumoniae: transmission, colonization and invasion.
Nat Rev Microbiol 2018; 16: 355–367.

2. van der Poll T and Opal SM. Pathogenesis, treatment,
and prevention of pneumococcal pneumonia. Lancet

2009; 74: 1543–1556.
3. Steel HC, Cockeran R, Anderson R, et al. Overview of

community-acquired pneumonia and the role of inflamma-
tory mechanisms in the immunopathogenesis of severe pneu-
mococcal disease. Mediators Inflamm 2013; 2013: 490346.

4. Brooks LRK and Mias GI. Streptococcus pneumoniae’s
virulence and host immunity: aging, diagnostics, and pre-
vention. Front Immunol 2018; 9: 1366.

5. Vernatter J and Pirofski LA. Current concepts in host–
microbe interaction leading to pneumococcal pneumonia.

Curr Opin Infect Dis 2013; 26: 277–283.
6. Kumar H, Kawai T and Akira S. Pathogen recognition by

the innate immune system. Int Rev Immunol 2011; 30: 16–34.
7. Larock CN and Victor N. Inflammasome/IL-1b

responses to streptococcal pathogens. Front Immunol

2015; 6: 518.
8. Rabes A, Suttorp N and Opitz B. Inflammasomes in

pneumococcal infection: innate immune sensing and bac-
terial evasion strategies. Curr Top Microbiol Immunol

2016; 397: 215–227.
9. Koppe U, Hogner K, Doehn JM, et al. Streptococcus

pneumoniae stimulates a STING- and IFN regulatory
factor 3-dependent type I IFN production in macro-
phages, which regulates RANTES production in macro-

phages, cocultured alveolar epithelial cells, and mouse
lungs. J Immunol 2012; 188: 811–817.

10. Fang R, Tsuchiya K, Kawamura I, et al. Critical roles of
ASC inflammasomes in caspase-1 activation and host
innate resistance to Streptococcus pneumoniae infection.
J Immunol 2011; 187: 4890–4899.

11. Witzenrath M, Pache F, Lorenz D, et al. The NLRP3
inflammasome is differentially activated by pneumolysin
variants and contributes to host defense in pneumococcal
pneumonia. J Immunol 2011; 187: 434–440.

12. Mcneela EA, Burke A, Neill DR, et al. Pneumolysin
activates the NLRP3 inflammasome and promotes

proinflammatory cytokines independently of TLR4.
PLoS Pathog 2010; 6: e1001191.

13. Fernandes-Alnemri T, Wu J, Yu JW, et al. The pyropto-

some: a supramolecular assembly of ASC dimers mediat-
ing inflammatory cell death via caspase-1 activation.
Cell Death Differ 2007; 14: 1590.

14. van Lieshout MH, Scicluna BP, Florquin S, et al. NLRP3

and ASC differentially affect the lung transcriptome
during pneumococcal pneumonia. Am J Respir Cell

Mol Biol 2014; 50: 699–712.
15. Lugrin J and Martinon F. The AIM2 inflammasome:

sensor of pathogens and cellular perturbations.
Immunol Rev 2018; 281: 99–114.

16. Man SM, Karki R and Kanneganti TD. AIM2 inflam-
masome in infection, cancer, and autoimmunity: role in

DNA sensing, inflammation, and innate immunity. Eur J
Immunol 2016; 46: 269–280.

17. Fernandes-Alnemri T, Yu JW, Juliana C, et al. The

AIM2 inflammasome is critical for innate immunity to
Francisella tularensis. Nat Immunol 2010; 11: 385–393.

18. Rathinam VA, Jiang Z, Waggoner SN, et al. The AIM2
inflammasome is essential for host defense against cyto-

solic bacteria and DNA viruses. Nat Immunol 2010;
11: 395–402.

19. Tsuchiya K, Hara H, Kawamura I, et al. Involvement of
absent in melanoma 2 in inflammasome activation

in macrophages infected with Listeria monocytogenes.
J Immunol 2010; 185: 1186.

20. Zhang Z, Clarke TB and Weiser JN. Cellular effectors
mediating Th17-dependent clearance of pneumococcal

colonization in mice. J Clin Invest 2009; 119: 1899–1909.
21. Pinkerton JW, Kim RY, Robertson AAB, et al.

Inflammasomes in the lung.Mol Immunol 2017; 86: 44–55.
22. Borthwick LA. The IL-1 cytokine family and its role in

inflammation and fibrosis in the lung. Semin

Immunopathol 2016; 38: 517–534.
23. Lemon JK, Miller MR and Weiser JN. Sensing of

interleukin-1 cytokines during Streptococcus pneumoniae

colonization contributes to macrophage recruitment and

bacterial clearance. Infect Immun 2015; 83: 3204–3212.
24. Yang H, Ko HJ, Yang JY, et al. Interleukin-1 promotes

coagulation, which is necessary for protective immunity
in the lung against Streptococcus pneumoniae infection.

J Infect Dis 2013; 207: 50–60.
25. Hielpos MS, Fernandez AG, Falivene J, et al. IL-1R and

inflammasomes mediate early pulmonary protective

mechanisms in respiratory Brucella abortus infection.
Front Cell Infect Microbiol 2018; 8: 391.

26. Costa Franco MMS, Marim FM, Alves-Silva J, et al.
AIM2 senses Brucella abortus DNA in dendritic cells to

induce IL-1beta secretion, pyroptosis and resistance to bac-
terial infection in mice. Microbes Infect 2019; 21: 85–93.

27. Saiga H, Kitada S, Shimada Y, et al. Critical role of
AIM2 in Mycobacterium tuberculosis infection. Int

Immunol 2012; 24: 637–644.
28. Wilson JE, Petrucelli AS, Chen L, et al. Inflammasome-

independent role of AIM2 in suppressing colon tumori-
genesis via DNA-PK and Akt. Nat Med 2015;

21: 906–913.

Feng et al. 419

https://orcid.org/0000-0001-9313-3088
https://orcid.org/0000-0001-9313-3088

