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ABSTRACT Group B streptococcus (GBS) is a human-pathogenic bacterium induc-
ing a strong inflammatory response that may be detrimental for host tissues if not
finely regulated. The inflammatory response can be modulated by different molecu-
lar mechanisms, among which growing evidence points toward the crucial role of
microRNAs (miRNAs). Regarding innate inflammatory response, studies have reported
that miR-223 is essential for the control of granulocyte proliferation and activation.
Moreover, a number of investigations on miRNA expression profiling performed in
various inflammatory settings have revealed that miR-223 is among the top differen-
tially expressed miRNAs. Yet the dynamic pattern of expression of miR-223 in vivo
with respect to the evolution of the inflammatory process, especially in microbial in-
fection, remains elusive. In this study, we analyzed the kinetic expression of miR-223
in an inflammatory model of GBS-induced murine pneumonia and looked for corre-
lates with inflammatory markers, including innate cell infiltrates. We found that miR-
223 expression is rapidly induced at very early time points (3 to 6 h postinfection
[p.i.]) mainly by lung-infiltrating neutrophils. Interestingly, the level of miR-223 accu-
mulating in the lungs remains higher at later stages of infection (24 h and 48 h p.i.),
and this correlates with reduced expression of primary inflammatory cytokines and
chemokines and with a shift in infiltrating monocyte and macrophage subtypes to-
ward a regulatory phenotype. Transient inhibition of miR-223 by an antagomir re-
sulted in significant increase of CXCL2 expression and partial enhancement of infil-
trating neutrophils in GBS-infected lung tissues. This suggests the potential
contribution of miR-223 to the resolution phase of GBS-induced acute inflammation.
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Group B streptococcus (GBS), or Streptococcus agalactiae, is a Gram-positive bacte-
rium responsible for severe pneumonia, meningitis, and sepsis in humans (1–3).

GBS is endowed with a high inflammatory potential that may be detrimental for host
tissues. Animal and human studies have shown that GBS infection is associated with
production of high levels of inflammatory cytokines (4–7). The immune inflammatory
response can be regarded as beneficial for the host, as it promotes a defense mecha-
nism against the infection; however, the magnitude of the inflammatory response has
to be tightly controlled to avoid host tissue damage (7–9).

MicroRNAs (miRNAs) have emerged as important regulators of many biological
processes, and their contribution in the modulation of immunity, including the inflam-
matory response, is now well acknowledged (10–14). miRNAs are small noncoding RNA
sequences of more or less 22 nucleotides that regulate gene expression at the post-
transcriptional level by repressing translation of specific mRNA targets through com-

Citation Deny M, Romano M, Denis O, Casimir
G, Chamekh M. 2020. Progressive control of
Streptococcus agalactiae-induced innate
inflammatory response is associated with time
course expression of microRNA-223 by
neutrophils. Infect Immun 88:e00563-20.
https://doi.org/10.1128/IAI.00563-20.

Editor Denise Monack, Stanford University

Copyright © 2020 American Society for
Microbiology. All Rights Reserved.

Address correspondence to Mustapha
Chamekh, mchamekh@ulb.ac.be.

Received 10 September 2020
Accepted 10 September 2020

Accepted manuscript posted online 21
September 2020
Published

HOST RESPONSE AND INFLAMMATION

crossm

December 2020 Volume 88 Issue 12 e00563-20 iai.asm.org 1Infection and Immunity

16 November 2020

 on N
ovem

ber 27, 2020 at W
IV

 LO
U

IS
 P

A
S

T
E

U
R

http://iai.asm
.org/

D
ow

nloaded from
 

https://orcid.org/0000-0002-2955-124X
https://doi.org/10.1128/IAI.00563-20
https://doi.org/10.1128/ASMCopyrightv2
mailto:mchamekh@ulb.ac.be
https://crossmark.crossref.org/dialog/?doi=10.1128/IAI.00563-20&domain=pdf&date_stamp=2020-9-21
https://iai.asm.org
http://iai.asm.org/


plementary pairing with their 3= untranslated regions (15, 16). Among miRNAs involved
in inflammatory response, there has been growing interest in miR-223 given its key role
in innate immunity (17, 18). miR-223 is expressed by hematopoietic cells of myeloid
lineage and is highly conserved across species, which highlights its important biological
function (19, 20). Studies have shown that miR-223 deficiency results in spontaneous
inflammation, which is characterized by massive neutrophil proliferation and hyperac-
tivation, hence providing direct evidence for the contribution of this miRNA in granu-
lopoiesis (21–23). Moreover, aberrant miR-223 expression was shown to be associated
with pathophysiology of a number of human diseases (17, 24–29). Regarding inflam-
matory diseases, elevated levels of miR-223 expression were found in the lungs of
patients with chronic obstructive pulmonary disease (30). In contrast, low levels of
miR-223 expression have been reported for septic patients (31). On the other hand,
animal studies have shown that mice challenged with lipopolysaccharide (LPS) exhib-
ited a rapid increase of miR-223 (32). These studies performed in different inflammatory
models clearly indicate that miR-223 is among the top differentially expressed miRNAs.
However, there is a paucity of data with regard to dynamic expression of miR-223 in
relation to the evolution of the inflammatory process in vivo, especially in microbial
infection models. In GBS infection, Pu et al. showed that mammary gland tissues from dairy
cows challenged locally with S. agalactiae exhibited a high degree of miR-223 upregulation
(33). Similarly, in vitro culture studies demonstrated that bovine monocyte-derived macro-
phages significantly upregulated miR-223 expression upon challenge with GBS (34). In this
work, we sought to determine the kinetic of expression of miR-223 within lung tissues upon
GBS-induced pneumonia and looked for correlates with local inflammatory parameters,
including innate immune cell infiltrates.

RESULTS
Kinetics of expression of miR-223 upon GBS infection. To investigate the kinetics

of miR-223 expression in the context of pathogen-induced innate inflammatory re-
sponses, we used an experimental model of GBS-induced murine pneumonia. Mice
were intranasally (i.n.) inoculated with a sublethal dose of bacteria (1 � 108 CFU) and
were followed up to 48 h postinfection (p.i.). Under this experimental condition,
infected mice exhibited acute inflammatory symptoms and weight loss, but no mor-
tality was observed; bacteria were cleared from the lungs within 48 h (see Fig. S1 in the
supplemental material). We evaluated the relative expression of miR-223-3p in the lung
tissues by real-time PCR. As shown in Fig. 1, miR-223 was induced in the first hours of
infection, with a peak at 6 h p.i. The expression decreased slightly at 24 h p.i. and
remained constant until 48 h p.i. When contrasted with bacterial burden, miR-223
expression correlated negatively with GBS counts recovered from the lung tissues (Fig.
2). As a comparison, we also evaluated the level of miR-155, a proinflammatory miRNA
which is mainly expressed by lymphocytes and involved in adaptive immune response
through enhancing inflammatory T cell development (35, 36). The level of miR-155 was
found to be significantly elevated in the fetal lung in a nonhuman primate model of
choriodecidual GBS infection (37). As expected, the expression of miR-155 was delayed
compared to that of miR-223, as it increased significantly only at 24 h p.i. and reached
a high level at 48 h p.i. Our finding indicates a rapid expression of the anti-inflammatory
miR-223 during the first hours of infection, which may impact the evolution of the
innate inflammatory process and bacterial burden.

Dynamic of the innate immune infiltrating cells in the lung upon GBS infection.
To address whether the kinetics of miR-223 expression could be linked to the resolution
phase of GBS-induced inflammation, we examined in parallel the dynamic of infiltrat-
ing innate immune cells along the infection. Intranasal inoculation of mice with GBS
induces a strong inflammatory response characterized by massive infiltration of im-
mune cells in the lungs. We analyzed by flow cytometry the recruitment of different innate
immune cells within pulmonary tissues (Fig. 3). The gating strategy used to differentiate the
innate cells is shown in Fig. S2 and S3. As expected, there was a progressive increase of
leukocytes that reached maximal level at 24 h p.i. We evaluated recruitment of neutrophils,
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key cell players representing the front line defense against invading pathogens (38). As
shown in Fig. 3, neutrophils were recruited as early as 3 h p.i., reached a peak at 6 h p.i., and
started to decrease significantly at 48 h p.i. Next, we looked at macrophages, the phago-
cytic cells that play an important role in the innate immunity and tissue homeostasis (39).
Two macrophage subpopulations termed according to their anatomical location in the
lung, alveolar macrophages (AM) and interstitial macrophages (IM), can be identified based
on their specific markers and function. While the major function of AM is to cure infection
in the alveoli by phagocytosis (40), IM are known to play a role in the regulation of the
inflammation and antigen presentation (41). As shown in Fig. 3, the level of AM within the
lung tissues remained constant, with no significant change along the infection. However,
the level of IM went from very low during the first hours of infection to higher at the late

FIG 1 Kinetics of miR-223-3p and miR-155-5p expression in the lungs of mice infected with Streptococcus
agalactiae (GBS). Relative levels of miR-223 and miR-155 were measured using real-time PCR (n � 5 to 10
for each time point). Mice injected with PBS were used as a control. The values were normalized with
three internal controls: RNU6b, snoRNA-202, and snoRNA-234. The fold change values (2�ΔΔCT) are
relative to those with PBS treatment. Data are means � SD and are representative of those from three
independent experiments. *, P � 0.05; **, P � 0.01; ***, P � 0.001; ****, P � 0.0001 (Mann-Whitney U test).

FIG 2 miR-223 expression inversely correlates with GBS counts in the lungs. Mice were infected
intranasally with 1 � 108 CFU of GBS (detection limit: 0.75 bacteria/mg of lung). Relative levels of miR-223
expression were measured by RT-PCR using three internal controls: RNU6b, snoRNA-202, and snoRNA-
234. The fold change values (2�ΔΔCT) are relative to those with PBS treatment. Significant results are
indicated by asterisks. Data are representative of those from three independent experiments.
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phase of infection, indicating the progressive accumulation of cells mainly endowed with
regulatory function.

Next, we examined monocytes that are known to have a cardinal role in the immune
defense against microbial infection (42). In mice, different monocyte subpopulations
with distinct features and functions can be defined according to the expression of Gr-1,
referred to as Ly6C (43). We clearly observed three distinct subpopulations expressing
high, intermediate, and low Ly6C levels. Ly6C high (Ly6Chi) monocytes are considered
proinflammatory, while Ly6C intermediate (Ly6Cint) are thought to be less inflammatory
and mainly endowed with antigen-presenting cell capacity. These cells are also be-
lieved to differentiate to Ly6C low (Ly6Clo) patrolling monocytes (44, 45). Interestingly,
GBS infection induced a sharp increase of Ly6Chi monocytes at 6 h p.i., which tended
to decrease at 24 h and 48 h p.i., whereas a gradual increase of Ly6Cint and Ly6Clo

monocytes was observed from 6 h p.i. (Fig. 4). These results indicate that monocytes
that are likely endowed with anti-inflammatory properties are progressively the pre-
dominant cells at the late phase of infection.

Taken together, these experiments indicate that the accumulation of miR-223 within
infected cells coincided with infiltration of monocytes and macrophage subtypes
displaying regulatory phenotypes.

Kinetic evaluation of inflammatory cytokines and chemokines in the lung
tissues upon GBS infection. To further evaluate the inflammatory process in the lung
tissues during GBS infection with regard to time course expression of miR-223, we
quantified the local expression of primary inflammatory cytokines interleukin 1� (IL-1�)
and tumor necrosis factor alpha (TNF-�) by enzyme-linked immunosorbent assay
(ELISA) (Fig. 5). As expected, a strong production of these cytokines was seen at early

FIG 3 Innate immune cell recruitment in the lungs of mice infected with Streptococcus agalactiae. Flow
cytometry was performed at different time points of infection (n � 5 to 10 for each time point) using
specific antibodies. Levels of leucocytes (CD45�), neutrophils (CD45� CD11b� MHCII� CD24� Ly6G�),
alveolar macrophages (CD45� CD64� CD24� CD11c� CD11b�), and interstitial macrophages (CD45�

CD64� CD24� CD11c� CD11b�) are shown. Mice injected with PBS as a control were also monitored at
different time points, but no significant change was observed. The PBS bars represent the means of data
recorded at different time points. Significant results are indicated (*, P � 0.05; **, P � 0.01; ***, P � 0.001
[Mann-Whitney U test]). Data are means � SD and are representative of those from 3 independent
experiments.
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time points of GBS infection, with a peak at 6 h p.i. Both cytokines returned to basal
level at 48 h p.i. We also evaluated by reverse transcription-quantitative PCR (qRT-PCR)
the mRNA transcripts of CXCL1 and CXCL2, two chemoattractant chemokines for
neutrophils and monocytes. The expression of CXCL1 mRNA reached maximal level at
1 h and 3 h p.i. and decreased significantly from 6 h p.i. (Fig. 5). A similar profile was
observed for CXCL2 transcript, with a slight peak shift to 6 h p.i. Of note, the decrease
in expression levels of these inflammatory cytokines and chemokines was associated
with the accumulation of a large amount of miR-223 within infected tissues (Fig. 1).

Neutrophils are the major cellular source of miR-223-3p expressed in lung
tissues upon GBS infection. We noticed that the profile of kinetic expression of
miR-223 (Fig. 1) matched the dynamic of neutrophil recruitment within lung tissues
(Fig. 3), both peaking at 6 h p.i. and remaining significantly higher at the late phase of
infection, with a trend toward a decrease at 24 and 48 h p.i. This suggests that
neutrophils recruited during the inflammatory process could be the major cellular
source of miR-223. To test this, we evaluated the relative expression of miR-223 in lung
cell fractions isolated 24 h p.i. from GBS-infected mice before and after immune-
magnetic depletion of Ly6G� neutrophils. As shown in Fig. 6, depletion of neutrophils
resulted in a sharp decrease of the expression of miR-223. A similar trend was observed
at the basal level in cell fractions from control mice injected with phosphate-buffered
saline (PBS), revealing a steady-state expression of miR-223 in neutrophils. These data
indicate that neutrophils recruited massively in the context of GBS-induced inflamma-
tion are the predominant cellular source of miR-223.

Transient inhibition of miR-223 by an antagomir results in increase of CXCL2
production and partial enhancement of neutrophil count in lung tissues during
GBS infection. A previous study in tuberculosis infection model highlighted the key

FIG 4 Recruitment of monocyte subpopulations in the lungs of mice infected with Streptococcus
agalactiae. Flow cytometry was performed during infection (n � 5 to 10 for each time point) using
specific antibody. Monocytes (CD45� MHCII- CD11b� CD64�) with different Ly6C phenotypes—Ly6C
high (Ly6Chi), Ly6C intermediate (Ly6Cint), and Ly6C low (Ly6Clo)—were quantified. Mice injected with
PBS as a control were also monitored at different time points, but no significant changes were observed.
The PBS bars represent the means of data recorded at different time points. Significant results are
indicated (*, P � 0.05; **, P � 0.01; ***, P � 0.001 [Mann-Whitney U test]). Data are means � SD and are
representative of those from 3 independent experiments.
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role of miR-223 as a negative regulator of the innate inflammatory response by
targeting CXCL2, a chemokine involved in neutrophil recruitment (46). To evaluate the
implication of miR-223 in GBS infection, we performed transient inhibition experiments
by intranasal injection of an antagomiR-223 or anti-scrambled RNA as a control 30 min
before GBS challenge and we measured changes in the level of CXCL2 mRNA and
neutrophil counts within the lungs at 6 h postinfection, the time when both parame-
ters reached their peak under GBS infection. We found that the administration of
antagomiR-223 strongly impacts the expression of miR-223. Consequently, antagomiR-
223-treated mice exhibited a significant increase in the expression of CXCL2 compared
to controls (Fig. 7). We also observed a slight increase, albeit not significant (P � 1), in
infiltrating neutrophil counts in lung tissues of antagomiR-223-treated mice compared
to those in controls. This transient-inhibition experiment supports previous findings
that miR-223 targets CXCL2, one of the chemoattractant molecules implicated in
neutrophil recruitment, which may contribute to host mechanisms that aim to control
the GBS-induced innate inflammatory response.

DISCUSSION

The inflammatory response is a beneficial process that mobilizes the immune system
to eliminate invading pathogens and protect the host. However, the inflammatory
process may cause host tissue damage if not tightly regulated. miRNAs are critical
regulators of many biological processes and play an important role among other
regulatory mechanisms in the control of the inflammatory response. We specifically
focused in this study on miR-223 given the well-documented role of this miRNA in the
negative regulation of the innate inflammatory response, through the control of
myeloid cell proliferation (17, 18, 21–23). The purpose of this in vivo study was to

FIG 5 Evaluation of cytokines and chemokines in the lungs of mice infected with Streptococcus agalactiae
(GBS). TNF-� and IL-1� were measured in suspension fluids of pulmonary tissue by ELISA. Relative mRNA
transcripts of CXCL1 and CXCL2 were evaluated in the lungs using real-time RT-PCR (n � 5 to 10 for each
time point). Mice injected with PBS as a control were also monitored at different time points, but no
significant changes were observed. The PBS bars represents the means of data recorded at different time
points. The values were normalized with three internal controls, GAPDH, beta-actin, and RPL-19. Data are
means � SD and are representative of those from 3 independent experiments. Significant results are
indicated (*, P � 0.05; **, P � 0.01; ***, P � 0.001; ****, P � 0.0001 [Mann-Whitney U test]).
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examine the expression pattern of miR-223 during GBS infection and to evaluate in
parallel the evolution of the inflammatory state. Our data show that GBS infection
induces rapid miR-223 expression, with a peak preceding a gradual decrease of
inflammatory markers. We found that lung-infiltrating neutrophils were the major
cellular source of miR-223, in accordance with a previous study performed in an acute
lung injury model induced by mitochondrial damage-associated molecular patterns
(47). However, the contribution of other innate immune cells in the production of
miR-223 cannot be excluded. Of note, a recent report has shown that miR-223 can be
transferred from neutrophils to alveolar epithelial cells during coculture, suggesting
that this intercellular cross talk may favor the accumulation of miR-223 within lung
tissues (48). It is therefore likely that the progressive expression of miR-223 during
neutrophil proliferation and its accumulation within the lung tissues may be part of
regulatory mechanisms aiming to control the GBS-induced innate inflammatory re-
sponse. Previous studies showed that miR-223 regulates negatively the recruitment of
neutrophils by targeting directly or indirectly their chemoattractant molecules CXCL1
and CXCL2 (46, 49). Our findings are in line with these observations, as the accumula-
tion of miR-223 with lung tissues correlates with the downregulation of both chemo-
kines. In support of this, transient inhibition of miR-223 using specific antagomir

FIG 6 The neutrophils are the major source of miR-223 in lungs of mice infected with Streptococcus
agalactiae. Cell fractions from the lungs of mice injected with GBS or PBS were analyzed by flow
cytometry before and after depletion of neutrophils using immunomagnetic Ly6G antibody (A). Percent-
ages of neutrophils in cell fractions isolated from mice injected with GBS and PBS (control) are indicated
in panel B. Relative expression of miR-223 (C) in cells derived from mice injected with GBS or PBS was
evaluated by real-time RT-PCR before and after Ly6G� cell depletion. The values were normalized with
three internal controls, RNU6b, snoRNA-202, and snoRNA-234. Data are means � SD and are represen-
tative of those from 3 independent experiments. *, P � 0.05; ****, P � 0.0001 (Mann-Whitney U test).

miR-223 in Group B Streptococcus-Induced Pneumonia Infection and Immunity

December 2020 Volume 88 Issue 12 e00563-20 iai.asm.org 7

 on N
ovem

ber 27, 2020 at W
IV

 LO
U

IS
 P

A
S

T
E

U
R

http://iai.asm
.org/

D
ow

nloaded from
 

https://iai.asm.org
http://iai.asm.org/


resulted in a significant increase of CXCL2 expression and partial enhancement of
infiltrating neutrophils in GBS-infected lung tissues. Also, it has been shown that
miR-223 has a crucial role in hemostasis of mature neutrophils through targeting of a
transcription factor that drives granulocyte-monocyte progenitor proliferation (21).
Collectively, these data suggest that miR-223 produced by neutrophils may engender
a negative-feedback loop to control granulocyte proliferation and differentiation and to
dampen lung injury.

On the other hand, we found that increased levels of miR-223 were associated with
a downregulation of the inflammatory cytokines IL-1� and TNF-�. This is in agreement
with previous studies showing that miR-223 targeted the NLRP3 inflammasome and
STAT3, hence contributing to the downregulation of inflammatory cytokines (47,
49–53).

To our knowledge, this is the first study on kinetic evaluation of monocyte and
macrophage subpopulations infiltrating the lung in a GBS infection model. While we
found no difference in AM, we noted that IM tended to gradually predominate in late
stages, concomitantly with an elevated level of miR-223. IM are characterized by lower

FIG 7 Impact of the transient inhibition of miR-223 by an antagomir on CXCL2 expression and neutrophil counts in lung
tissues of mice infected with GBS. Mice (n � 5) received intranasal injection of GBS alone (108 CFU), or antagomiR-223
(50 �g/50 �l of sterile PBS) or scrambled RNA (50 �g/50 �l of sterile PBS) 30 min before GBS infection and checked for
changes in mRNA target (CXCL2) and neutrophils counts at 6 h postinfection. (A) The relative expression of miR-223 was
evaluated in the lungs by real-time RT-PCR. The values were normalized with three internal controls, RNU6b, snoRNA-202,
and snoRNA-234. The fold change values (2�ΔΔCT) are relative to values with PBS treatment. (B) The relative expression of
CXCL2 was evaluated in the lungs by real-time RT-PCR. The values were normalized with three internal controls, GAPDH,
beta-actin, and RPL-19. (C) Neutrophil count was evaluated by flow cytometry using specific antibody (CD45� CD11b�

Ly6G�). Data are means � SD and are representative of those from 3 independent experiments. *, P � 0.05; ***, P � 0.001
(Mann-Whitney U test).
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phagocytic potential than for AM and are believed to attenuate the inflammation and
to maintain lung homeostasis (45). The potential implication of miR-223 in IM differ-
entiation or activation remains unclear. Of note, AM can be subtyped into two main
phenotypes, M1 (classical macrophages) and M2 (alternative macrophages). M1 mac-
rophages are considered proinflammatory, as they can produce large amounts of
inflammatory mediators and exhibit high phagocytic potential that is crucial for mi-
crobial clearance, while M2 macrophages are rather anti-inflammatory and contribute
to tissue repair (54, 55). Studies have reported that miR-223 contributes to macrophage
differentiation and activation and may help to steer the activation pattern from the M1
to M2 phenotype (56–58). It would be interesting to analyze in a future study these
specific AM subsubpopulations and their relation to miR-223 in the context of GBS
infection.

Additionally, we observed a distinct kinetic distribution of infiltrating monocyte
subpopulations, with Ly6Chi cells being predominant in the early phase of infection
while Ly6Cint and Ly6Clo cells gradually predominating at later stages of infection. It has
been suggested that proinflammatory Ly6Chi monocytes differentiate to Ly6Cint mono-
cytes, which are thought to be less inflammatory than Ly6Chi and to have high antigen
presentation capacity (59). In turn, Ly6Cint cells are believed to give rise to Ly6Clo

patrolling monocytes (41, 42, 60). The progressive increase of monocytes with a
regulatory phenotype correlates with the increase of expression of miR-223. Whether
miR-223 could directly or indirectly influence monocyte differentiation is currently
unknown. It would be interesting to investigate in future studies the immune cell
populations in lymphoid organs as well in comparison to miR-223 expression.

Overall, based on compelling evidence supporting the key role of miR-223 as a
negative regulator of the innate inflammatory response, we believe that our study
provides further evidence on the dynamic and the potent role of miR-223 in GBS
infection. The rapid accumulation of the anti-inflammatory miR-223 at early infection
stages is likely one of the compensatory mechanisms to limit excessive acute inflam-
mation and restore immune homeostasis.

MATERIALS AND METHODS
Mouse infection model. The clinical Streptococcus agalactiae isolate (COH1; serotype III) was kindly

provided by Victor Nizet, University of California San Diego, La Jolla, CA (61). The bacteria were grown
to the exponential phase without agitation at 37°C in Todd-Hewitt broth (THB) with nalidixic acid, and
the CFU count was determined in THA medium plates with nalidixic acid at 15 mg/ml. A stock of aliquots
of known bacterial concentrations was then stored at �80°C with 50% glycerol. Before use, aliquots of
bacteria were thawed and centrifuged (5,000 � g for 5 min) and then resuspended in PBS at a
concentration of 1 � 108 CFU/100 �l. The CFU count of each aliquot was checked again in THA medium
plates with nalidixic acid at 15 mg/ml to verify the exact inoculum dose. C57BL/6 male mice (6 to 8 weeks
old) were weighed and then anesthetized with 4% isoflurane gas before intranasal (i.n.) inoculation of
1 � 108 CFU in 100 �l of PBS. The sublethal dose (108 CFU), resulting in a strong inflammatory response,
was determined by testing i.n. inoculation of various doses ranging from 107 to 5 � 108 CFU (data not
shown). For tested parameters, mice were monitored at different time points (1 h to 48 h) in at least 3
independent experiments, except for the 1-h time point, for which monitoring was performed 2 times.
Experiments with mice were approved by the local ethical committee for the humane use of laboratory
animals (approval reference number 20180125-01).

RNA expression analysis. The lungs were collected and crushed in 5 ml of PBS. After centrifugation,
cell pellets were treated with 700 �l of QiaZol lysis reagent (Qiagen) and stored at �80°C. Total RNA was
isolated using the miRNeasy minikit (Qiagen) following the manufacturer’s instructions. For miRNA
expression analysis, reverse transcription was performed with a miScript II RT kit (Qiagen) following the
manufacturer’s instructions and qRT-PCR was performed with the miScript SYBR green PCR kit (Qiagen)
according to standard protocols. Three miRNA internal controls were used for high-standard miRNA
quantification by qRT-PCR: U6 small nuclear ribonucleoprotein RNU6b and two small nucleolar RNAs
(snoRNAs): snoRNA-202 and snoRNA-234 (62). For the expression of chemokine transcripts, reverse
transcription was performed with the GoScript reverse transcription system kit (Promega). Three house-
keeping genes (those for glyceraldehyde-3-phosphate dehydrogenase [GAPDH], beta-actin, and RPL-19)
were used as internal controls. A no-template control and no-reverse transcriptase control were per-
formed, and no amplicon was detected. The specificity of each primer pairs was further verified by
controlling the melt curve profile. The primers used in this study are listed in Table 1. Relative
quantification of miRNA and mRNA expression was calculated using the threshold cycle (2�ΔΔCT) method;
the fold change values were relative to findings for PBS-treated mice.

Detection of inflammatory cytokines. The quantification of cytokine levels in the lungs was
performed by ELISA following a standard protocol as previously described (63). Briefly, the lungs were
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collected and homogenized in 5 ml of PBS. After centrifugation, the cell-free suspensions were recovered
for ELISAs performed with specific kits (Invitrogen) according to the manufacturer’s instructions. Plate
reading and quantification were performed using the Infinite F50 absorbance microplate reader, and the
results were analyzed using the Magellan program.

Lung cell isolation and flow cytometry. To analyze the infiltrated cell population after GBS
infection, the lungs were harvested and processed for 30 min at 35°C, in digestion buffer (1 mg/ml of
collagenase A and 0.1 mg/ml of DNase I in Hanks balanced salt solution [HBSS] with 5% fetal bovine
serum). Homogenized lungs were passed through 40-mm nylon mesh to obtain a single-cell suspension.
Cells were counted, and 1 � 106 cells per sample were stained with a LIVE/DEAD fixable aqua dead cell
stain kit (Invitrogen) according to the manufacturer’s instructions. Innate cell immunophenotyping was
performed as previously described (64), with minor adaptations. Cells were incubated with a panel of
specific antibodies for 30 min on ice in the dark. Panel 1 included I-A/I-E fluorescein isothiocyanate (FITC),
CD45 phycoerythrin (PE), CD11c PE-Cy5.5, CD11b PE-CyTM7, Ly6C allophycocyanin (APC), CD24 APC-
eFluor 780 (Thermo Fisher Scientific), and CD64 BV421 (BioLegend). Panel 2 included I-A/I-E FITC, CD45
PE, Ly6G peridinin chlorophyll protein (PerCP)-CyTM5.5, CD11b PE-CyTM7 (Thermo Fisher Scientific),
Siglec F APC-CyTM7, and CD24 BV421 (BD Biosciences). After staining, cells were washed and fixed with
4% paraformaldehyde. Data were acquired with a BD FACSVerse flow cytometer and analyzed with BD
FACSuite flow cytometry software. The gates used to properly interpret the data were determined by
fluorescence minus one (FMO) controls.

Immunomagnetic depletion of Ly6G� cells. A lung single-cell suspension was incubated with
anti-mouse Ly6G RB6-8C5 biotin (eBioscience) (5 �l/1 � 106 cells) for 30 min at 4°C and washed with PBS
and 2 mM bovine serum albumin (BSA). After centrifugation, the cell pellet was incubated with Strepta-
vidin Particles Plus-DM (BD Biosciences) (5 �l/106 cells) for 30 min on ice. The sample volume was then
adjusted to 1 ml with PBS, 2 mM EDTA, and 0.5% BSA and placed in a magnetic rack for 7 to 8 min. The
supernatant was collected and placed again in the magnetic rack. The procedure was repeated three
times to ensure an efficient depletion of Ly6G� cells. To determine the percentage of depletion, the cell
suspensions were analyzed by flow cytometry using anti-mouse Ly6G PerCP-CyTM5.5 and CD11b
PE-CyTM7 (Thermo Fisher Scientific).
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