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In vivo effects of the NLRP1/NLRP3 inflammasome
pathway on latent respiratory virus infection
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Abstract. The present study aimed to investigate the effects
of nucleotide-binding domain leucine-rich repeat protein
(NLRP)1/NLRP3 inflammasome pathways on latent viral
infection of the respiratory tract. A total of 55 BALB/c mice
were assigned to the control, bleomycin (BLM)-treated,
murine cytomegalovirus (MCMV), MCMV+BLM and
MCMV+BLM+CD4* T-cell groups. The viral loads were
detected in the salivary glands, kidney, liver and lung tissues via
polymerase chain reaction (PCR). The weight, lung coefficient
and hydroxyproline (HYP) were detected. HE and Masson
staining were performed to score for alveolitis and degree
of pulmonary fibrosis. Reverse transcription-quantitative
PCR and western blot were applied to assess the expression
levels of the NLRP inflammasome components caspase-1,
interleukin (IL)-1p and IL-18. ELISA was used to evaluate the
expression levels of caspase-1, tumor necrosis factor (TNF)-a.,
IL-1P and IL-18. The weight of the mice decreased, and the
lung coefficient and HYP content increased in the BLM,
MCMV, MCMV+BLM and MCMV+BLM+CD4* T-cell
groups compared with those in the control group. Compared
with the control group, mice in the BLM, MCMV+BLM and
MCMV+BLM+CD4* T-cell groups had obviously increased
alveolitis and degrees of pulmonary fibrosis, increased mRNA
expression levels of caspase-1, IL-1p and IL-18, and increased
protein expression levels of caspase-1(p20), mature IL-1p
and mature IL-18. The values in the MCMV+BLM group
were also higher than those in the BLM group and those in
the MCMV+BLM+CD4* T-cell group. The serum levels of
caspase-1, TNF-a, IL-1f3 and IL-18 in the serum of mice in
the MCM V+BLM group were significantly higher than those
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in the BLM group. Compared with the MCMV+BLM group,
the MCM V+BLM+CD4* T-cell group had decreased levels of
caspase-1, TNF-a, IL-1p and IL-18 (all P<0.05). These results
demonstrated that the activation of the NLRP1 and NLRP3
inflammasome pathways may contribute to pulmonary fibrosis
caused by latent MCMYV infection in mice.

Introduction

Idiopathic pulmonary fibrosis (IPF), also called cryptogenic
fibrosing alveolitis, is a devastating, age-associated lung
disease with a generally fatal outcome of undefined cause (1,2).
As an uncommon disease, IPF has an incidence of 13-42 cases
per 100,000 individuals, and it mainly affects aged individuals
(>50 years) (3). This type of disease was once considered a
chronic inflammatory condition, but a recent study revealed
that the fibrotic response is caused by abnormally activated
alveolar epithelial cells (4). The typical symptoms of IPF
include disabling fatigue and exertional breathlessness,
and it is continually accompanied by a non-productive
cough (5). Numerous types of common pathologic features
have been reported for IPF patients, including inflammation
with lymphocytes, neutrophils and macrophages as well as
damage to endothelial and epithelial cells, which is followed
by proliferation of collagen deposition and fibroblasts (6). A
previous study demonstrated that IPF has a complex pathogen-
esis involving cytokines, mediators and growth factors, and
multiple cell types within the lung contribute to IPF (7). No
therapy has been proven effective, and the median survival
time for patients who succumbed to IPF is ~3 years from the
time of diagnosis (8,9). As a result, the diagnosis and treatment
of IPF have received considerable attention.
Nucleotide-binding domain leucine-rich repeat proteins
(NLRPs) are involved in immunity and disease via their
ability to regulate inflammatory reactions to pathogen-derived
and endogenous damage signaling (10). Activation of NLRPs
may result in the formation of multiprotein inflamma-
some complexes, which may be considered stages for the
activation of inflammatory caspases by their cleavage and
recruitment (11). Previous evidence has revealed that NLRP1
regulates the innate immune response, and its expression may
be detected in numerous immunocompetent cell types (12).
In addition, NLRPI is correlated with certain autoimmune
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diseases, including type 1 diabetes, generalized vitiligo,
rheumatoid arthritis and Addison disease (13). The NLRP1
inflammasome consists of NLRP1, and it was the first to be
discovered as an apoptosis-associated speck-like protein,
which contains one caspase-activating recruitment domain
and caspase-1 (14). Among the NLRP family members, the
NLRP3 inflammasome has been involved in distinguishing
non-microbial origin damage-associated molecular patterns
(DAMPs), including extracellular ATP, urate crystals, asbestos
and silica. f-amyloid NLRP3 is known to be present in several
tissue and cell types (15). As demonstrated by a previous study,
the NLRP3 inflammasome has a crucial role in the patho-
genesis of fibrotic respiratory diseases (16). The mechanistic
involvement of the NLRP1 and NLRP3 inflammasome path-
ways in pulmonary fibrosis has remained to be demonstrated,;
therefore, the present study investigated the effects of the
NLRP1 and NLRP3 inflammasome pathways on murine cyto-
megalovirus (MCMV)-induced pulmonary fibrosis in mice.

Materials and methods

Animal experiment. A total of 77 BALB/c mice (age, 8 weeks;
weight, 18.0+2.0 g), purchased from the Shanghai Experimental
Animal Center of the Chinese Academy of Sciences
(Shanghai, China), were used in the present study. All
specific-pathogen-free (SPF) mice were kept in an isolated
cage (individual ventilated cages, Suzhou Science & Education
Equipment Co., Ltd, Suzhou, China) to prevent infection from
which 55 mice were randomly selected and divided into the
following 5 groups containing 11 mice in each group: Control,
bleomycin (BLM), MCMV, MCMV+BLM (BLM was added
after MCMYV infection) and MCMV+BLM+CD4* T-cell
group (BLM was added after MCMYV infection and then
CD4* T-cells were injected). All mice were fed with standard
feed, free access to food and water, the feeding temperature
was 18-22°C with relative humidity of 60+10%, under a 12 h
light/dark. The details concerning grouping and treatment
are displayed in Table I. The MCMV Smith strain used in the
present study was purchased from the American Type Culture
Collection (Manassas, VA, USA). Virus multiplication was
performed in the salivary glands of an additional 20 BALB/c
mice, house under the aforementioned conditions; the strain
was collected for the subsequent experiment. The experi-
mental method was approved by the animal ethics committee
of the First Affiliated Hospital of Anhui Medical University
(Hefei, China). The animal experiment was performed in
strict accordance with the Guidelines for the Care and Use of
Laboratory Animals (17).

Isolation and culture of mouse spleen T lymphocytes.
Following an intraperitoneal injection of 1% pentobarbital
sodium (30 mg/kg), two mice were sacrificed by cervical dislo-
cation and their spleens were collected under sterile conditions.
These spleens were added into the phosphate buffer to create a
suspension. The suspension was added on the top of a lympho-
cyte separation solution (1:2) for centrifugation at 1,200 x g
for 20 min to collect the splenic lymphocytes (1.5x108 cells).
Mouse lymphocytes were then isolated with 37°C pre-heated
PBS containing 5% fetal calf serum (Hyclone; GE Healthcare
Life Sciences, Logan, UT, USA) and diluted into 2 ml, which

3621

was followed by placement on a nylon wool column (4 cm in
height, Polysciences Inc., Warrington, PA, USA) for incuba-
tion at 37°C for 60 min. Subsequently, the column was washed
with 5 ml nylon buffer solution pre-heated at 37°C with a flow
rate of 0.5 ml/min. The eluates were collected and considered
T lymphocytes. Another 5 ml of nylon buffer solution was used
to wash the remaining T lymphocytes. In addition, another
nylon wool column (4 com in height, Polysciences Inc.) was
used to separate and purify the cells, which was followed by
the collation of T lymphocytes. The T lymphocytes were added
to 0.5 ug/ml soluble anti-CD3 antibody (1:25, AB_2228819,
eBiosciences; Thermo Fisher Scientific Inc., Waltham, MA,
USA) to collect activated CD4* T-cells.

Model establishment and detection of viral load. The MCMV
passaged in salivary glands of BALB/c mice was suspended
in Hank's solution (Thermo Fisher Scientific Inc.) containing
200 ul 3% fetal bovine serum (FBS, Hyclone; GE Healthcare
Life Sciences). A total of 33 mice were randomly selected,
and 10° PFU MCMV was intraperitoneally injected for
infection (18). The remaining 22 mice were intraperitoneally
injected with Hank's solution containing 200 ul 3% FBS and
were used as the controls. After treatment with MCMV for
3, 14 or 28 days, infected mice (n=3) and uninfected mice
(n=3) were randomly selected to assess the viral loads in the
salivary glands, kidneys, liver and lungs via semi-quantitative
reverse-transcription polymerase chain reaction (RT-PCR).
The mouse specimens from salivary glands, kidney, liver and
lungs were homogenized, respectively. PBS was added to the
homogenate and then centrifuged at 1,500 x g for 10 min;
the supernatant was then collected. Total RNA was extracted
from the supernatant using an RNeasy Mini kit (cat. no. 74106,
Qiagen, Inc., Valencia, CA, USA) according to the manufactur-
er's protocols and subsequently reverse-transcribed into cDNA
using a RT2 First Strand kit (330404, Qiagen, Inc.) according
to the manufacturer's protocols. The cDNA was subjected to
amplification by RT-PCR. The reaction system (25 ul) was as
follows: 2.5 ul 10X buffer (containing 15 mmol/l Mg**), 1.0 ul
deoxynucleoside triphosphate (2.5 mmol/l), 0.35 pl forward
primer (25 ymol/l), 0.35 pul reverse primer (25 ymol/l), 0.3 ul
Taq DNA polymerase (5 U/ul), 19.5 pl double-distilled H,O and
1 ul template. The forward primer was 5-ATCTGGTGCTCC
TCAGATCAGCTAA-3' and the reverse primer was 5-ATT
GTTCATTGCCTGGGGAGTTT-3". GAPDH served as the
internal reference: Forward, 5'-CCACAGTCCATGCCATCA
CT-3"and reverse, 5“-TCCACCACCCTGTTGCTGTAG-3".The
PCR reaction conditions were as follows: 40 cycles of 95°C for
10 min, 94°C for 1 min, 63°C for 30 sec and 72°C for 1 min with
a final elongation at 70°C for 7 min and 4°C at 5 min to stop the
reaction. The experiment was performed three times; the PCR
product was subjected to 2% agarose gel electrophoresis with
ethidium bromide staining and observed under an ultraviolet
lamp, and the gray value was detected by Image]J software
(v1.44, National Institutes of Health, Bethesda, MD, USA).
Following treatment with MCMYV for 4 weeks, mice infected
with MCMYV were divided into the MCMV, MCM V+BLM
and MCM V+BLM+CD4* T groups, and mice without MCMV
infection were assigned to the control and BLM groups with
11 mice in each group. Mice in the MCMV, MCM V+BLM and
MCMV+BLM+CD4* T groups were treated by sevoflurane
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Table I. Treatment regimens.
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Group Treatment regimen

Control Hank's solution (200 p1) and PBS (80 p1)

BLM Hank's solution (200 p1) and 3 mg/kg BLM [vehicle: PBS (80 u1)]
MCMV 10° PFU MCMV [vehicle: Hank's solution (200 p1)] and PBS (80 u1)
MCMV + BLM 10° PFU MCMV and 3 mg/kg BLM

MCMV + BLM + CD4* T 10° PFU MCMV, 3 mg/kg BLM (80 p1) and 1x107 CD4* T

BLM, bleomycin; MCMV, murine cytomegalovirus; T, T-tells.

Table II. Primer sequences for polymerase chain reaction.

mRNA Forward primer (5'-3") Reverse primer (5'-3")
IL-1B TCTTTGAAGTTGACGGACCC TGAGTGATACTGCCTGCCTG
IL-18 ACATCCGAAGCAACAAGC CGAAGTGAGAAGGCAACA
Caspase-1 TGGAAGGTAGGCAAGACT ATAGTGGGCATCTGGGTC
GAPDH ACCACAGTCCATGCCATCAC TCCACCACCCTGTTGCTGTA

IL, interleukin.

inhalation anesthesia (Abbott Laboratories, Abbott Park, IL,
USA), and the supine position was used for treatment with
80 u1 BLM (0.75 U/ml) via tracheal intubation. At the same
time, mice in the MCMV+BLM+CD4* T group were intrave-
nously injected with 1x107/ml (1 ml) CD4* T (19). Mice in the
MCMYV and control groups were injected with an isodose of
PBS, and animals were sacrificed after 4 weeks.

Detection of the weight, lung coefficient and hydroxyproline
(HYP). The mice were weighed prior to model establish-
ment and at the end of the experiment. After the model was
established on the 28th day, all mice were sacrificed and
the trachea was intubated, which was followed by lavage of
lung tissues using 0.5 ml PBS. Subsequently, the lung tissues
were weighed and the lung coefficient was calculated using
the following formula: Lung coefficient=wet weight of both
lungs (mg)/weight (g). The HYP content in mouse lung tissues
was detected by alkaline hydrolysis and spectrophotography
according to the instructions of the HYP kit (A030-2, Nanjing
Jiancheng Bioengineering Institute, Nanjing, China).

Histopathological observation. Following an intraperitoneal
injection of 1% pentobarbital sodium (30 mg/kg), the mice were
killed by 3-5-min exsanguination via the abdominal aorta. The
anocelia was opened immediately, and the right main bronchus
was ligated, which was followed by injection of 4% paraformal-
dehyde (Wuhan Boster Biological Technology Ltd., Wuhan,
China) via the trachea to fix the right lung tissues. Subsequently,
the lung tissues were immediately removed, fixed in 4% para-
formaldehyde at 4°C for 24 h, dehydrated by gradient ethanol
(75, 85,95 and 100%, for 3 min each), embedded in paraffin and
sectioned into 5-p#m serial tissue sections. The sections were
dewaxed in dimethylbenzene and hydrated in gradient ethanol

(100, 95, 85 and, 75% for 3 min each). At room temperature,
hematoxylin and eosin (HE) staining was performed to evaluate
histopathological changes of lung tissues and Masson staining
was performed to evaluate collagen deposition. Alveolitis
and the degree of pulmonary fibrosis were scored by HE and
Masson staining as in the study by Szapiel ez al (20): 1 point-no;
2 points-mild; 3 points-moderate; 4 points-severe.

RT-quantitative PCR analysis. Total RNA of lung tissues was
extracted according to the instructions of RNeasy Mini kit.
The RNA concentration was determined via optical density
(OD) measurement at 260/280 nm using an ultraviolet spec-
trophotometer, and the sample was preserved at -80°C. RT was
performed to synthetize complementary DNA according to the
RT2 First Strand kit's instructions (cat. no. 330404, Qiagen, Inc.).
Primers were designed based on the gene sequence published
in the GenBank database. The sequences of the primers are
presented in Table IT and were synthesized by Sangon Biotech
Co., Ltd. (Shanghai, China). The PCR system (20 ul) had the
following components: 10 1 SYBR PremixExTaq (2X), 0.8 ul
forward primer (10 uM), 0.8 ul reverse primer (10 uM), 0.4 ul
ROX Reference Dye II (50X), 2 1l DNA template and 6.0 ul
double-distilled H,O. The reaction conditions were as follows:
Pre-denaturation at 95°C for 30 sec, denaturation at 95°C for
5 sec, annealing at 60°C for 30 sec and elongation at 72°C for
30 sec for a total of 40 cycles. GAPDH was used as an internal
reference. The reliability of the PCR results was evaluated by
a dissolution curve. The Cq value (the inflection point on the
amplification power curve) was determined, and the relative
expression of the target gene was calculated as 224%4(21).

Western blot analysis. The lung tissues (20 mg) were ground
in liquid nitrogen using a mortar and pestle, and dissociated
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in 250 ul radioimmunoprecipitation assay buffer (PO013C,
Beyotime Institute of Biotechnology, Jiangsu, China) for the
extraction of total protein. The concentration of the total protein
was detected based on the instructions of the bicinchoninic
acid kit (Wuhan Boster Biological Technology, Ltd.). After the
addition of sample buffer solution, the extracted protein was
heated at 95°C for 10 min, and separated and purified using
10% SDS-PAGE (Wuhan Boster Biological Technology, Ltd.)
with 30 ug total protein loaded per well. The protein was trans-
ferred to a polyvinylidene fluoride membrane (Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany) using the semi-dry
film method, followed by blocking with 5% bovine serum
albumin (ST023, Beyotime Institute of Biotechnology) at
room temperature for 1 h. Subsequently, primary antibodies to
mature caspase-1 (1:1,000; ab62698), pro-caspase-1 (1:1,000;
ab179515), interleukin (IL)-1f (1:1,000, ab106035) and IL-18
(1:1,000, ab207323) and GAPDH (1:2,500, ab9485) (all from
Abcam) were added, followed by incubation at 4°C over-
night. The membrane was washed 3 times with Tris-buffered
saline containing Tween-20 for 5 min each time, followed
by addition of relevant secondary antibody, goat anti-rabbit
immunoglobulin G (1:2,000, ab205718, Abcam) for incuba-
tion at room temperature for 1 h. The membrane was washed
3 times for 5 min each and developed using a chemilumines-
cence reagent (36222ES60, Yeasen Biotechnology, Co., Ltd.,
Shanghai, China). GAPDH was used as an internal reference.
The Bio-Rad Gel Dol EZ Imager (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA) was used for development. Gray value
analysis of protein bands was performed using ImagelJ soft-
ware (v1.44, National Institutes of Health).

ELISA. At the end of the experiment, a total of 3-5 ml blood
was collected from the abdominal aorta and preserved at 4°C
in a refrigerator, which was followed by centrifugation at
2,400 x g for 10 min at 4°C. Subsequently, the serum phase
was collected and placed in numbered tubes with 200 ul in
each tube, which was followed by preservation at -80°C. The
analysis of the serum levels of caspase-1 (AG-45B-0002),
TNF-a (ADI-900-047), IL-1p (ADI-900-132A) and IL-18
(bsk00297) was performed in strict accordance with the
ELISA kit instructions (Shanghai Meilian Biotechnology Co.,
Ltd., Shanghai, China).

Statistical analysis. SPSS 18.0 software (SPSS Inc, Chicago,
IL, USA) was applied for statistical analysis. Values are
expressed as the mean + standard deviation. Comparison
of measurement data that followed a normal distribution
between two groups was evaluated by the Student's two-tailed
t-test, and comparison among multiple groups was performed
by one-way analysis of variance. Post hoc multiple compari-
sons were achieved by means of least significance difference
method if homogeneity of variance was appropriate other-
wise the non-parametric Kruskal-Wallis test was employed.
P<0.05 was considered to indicate a statistically significant
difference.

Results

MCMYV DNA load is stable in the salivary glands of mice. The
viral load in various tissue types of the MCM V-infected mice
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Figure 1. Detection of the viral load in mice with/without MCMV treatment.
Quantitative polymerase chain reaction analysis was used to determine the
viral DNA load. "P<0.05 compared with the viral load after inoculation for
3 days. MCMV, murine cytomegalovirus.

at 3, 14, and 28 days following treatment is presented in Fig. 1.
MCMYV DNA was not detected in mice without MCMV treat-
ment, while it was detectable in the salivary glands, kidneys,
liver and lungs of mice treated with MCMV. The MCMV
DNA content in the kidney, liver and lungs of mice treated with
MCMYV was highest at 3 days after inoculation. In addition to
the salivary glands, the viral load was gradually reduced and
maintained at a low level in other tissues, which was similar to
the observations in humans with latent infection.

BLM exacerbates but CD4* T-cell injection ameliorates
lung tissue damage associated with latent respiratory virus
infection. The weight, lung coefficient and HYP content
of mice in each group are displayed in Fig. 2. Prior to
modeling, no significant difference was identified in the
murine weight (P>0.05). Compared with the control group,
the weight of mice in the BLM, MCMV, BLM+MCMYV and
MCMV+BLM+CD4* T groups was significantly decreased at
the end of the experiment, and the weight in the MCM V+BLM
group was significantly lower than that in the BLM, MCMV
and MCMV+BLM+CD4* T groups (P<0.05). No significant
difference in body weight was identified among the mice
in the BLM, MCMV and MCMV+BLM+CD4* T groups
(P>0.05; Fig. 2A). The lung coefficient and HYP content
were significantly higher in the BLM, BLM+MCMYV and
MCMV+BLM+CD4* T groups compared with those in the
control group (P<0.05). No such significant difference was
identified between the HYP content and lung coefficient
between the MCMYV and control groups (P>0.05). Compared
with the BLM group, mice in the MCMV+BLM group had
an elevated lung coefficient and HYP content P<0.05. Of
note, compared with the MCMV+BLM group, mice in the
MCMV+BLM+CD4* T group had a decreased lung coefficient
and HYP content (P<0.05; Fig. 2B and C).

BLM exacerbates but CD4* T-cell injection ameliorates
pulmonary fibrosis associated with latent respiratory virus
infection. HE staining and Masson staining of lung tissues
in the control group revealed normal structures of the
alveolar wall without inflammatory cell infiltration around
the alveoli, and only few blue collagen fibers were present
in the alveolar space (Fig. 3A and B). The histology results
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Figure 2. Comparison of (A) the weight, (B) lung coefficient and (C) HYP content in mice among the three groups at days 0 and 28 of the experiment. "P<0.05,
compared with the control group; ¥P<0.05, compared with the BLM group; “P<0.05, compared with the MCMV+BLM group. HYP, hydroxyproline; BLM,

bleomycin; T, T-tells; MCMV, murine cytomegalovirus.
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Figure 3. Histopathological changes and scores in each group. (A) HE staining (magnification, x200); (B) Masson staining (magnification, x200); (C) scores
of the degree of pulmonary fibrosis; (D) alveolitis scores. "P<0.05, compared with the control group; “P<0.05, compared with the BLM group; and “P<0.05,
compared with the MCMV+BLM group. BLM, bleomycin; T, T-tells; MCMV, murine cytomegalovirus.

for the MCMV group were similar to those for the control
group. In the BLM group, moderate damage to structures
of the alveolar wall, infiltration of inflammatory cells in the
alveoli and alveolar cavities, hyperemia and edema in the lung
interstitium, fibroblast proliferation and an increased number
of blue collagen fibers were observed. In the MCMV+BLM
group, severe damage to the alveolar structure with massive

inflammatory cell infiltration in the alveoli and alveolar cavi-
ties, severe hyperemia and edema in the lung interstitium,
a high level of fibroblast proliferation and a large amount
of blue collagen fibers were observed. Compared with the
MCMV+BLM group, the damage in the MCM V+BLM+CD4*
T group was ameliorated. Quantitative scoring revealed
that compared with the control group, mice in the BLM,
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Figure 4. Comparison of the mRNA expression levels of NLRP1 and
NLRP3 inflammasome pathway-associated proteins (caspase-1, IL-1$ and
IL-18) among the three groups. 'P<0.035, compared with the control group;
“P<0.05, compared with the BLM group; and “P<0.05, compared with the
MCMV+BLM group. BLM, bleomycin; T, T-tells; MCMYV, murine cyto-
megalovirus; IL, interleukin.

MCMV+BLM and MCMV+BLM+CD4* T groups had obvi-
ously increased alveolitis and a higher degree of pulmonary
fibrosis. In the MCM V+BLM group, these features were also
more pronounced than in the BLM group (all P<0.05). No
significant difference was identified between the MCMV and
control groups. Compared with the MCMV+BLM group, the
MCMV+BLM+CD4* T group exhibited obviously reduced
alveolitis and pulmonary fibrosis (Fig. 3C and D).

Latent respiratory virus infection activates NLRPI/NLRP3
inflammasome pathway, evaluated by RT-PCR. Compared
with the control group, the BLM, MCMV+BLM and
MCMV+BLM+CD4* T groups had increased mRNA expres-
sion levels of caspase-1, IL-1p and IL-18 in lung tissues (all
P<0.05), while no significant difference was identified between
the MCMV and control groups (P>0.05). The mRNA expres-
sion levels of caspase-1, IL-1f and IL-18 in the lung tissues of
the MCM V+BLM group were significantly higher than those in
the BLM group (all P<0.05). Compared with the MCM V+BLM
group, the MCMV+BLM+CD4* T group had decreased mRNA
expression levels of caspase-1,1L-1p and IL-18 (all P<0.05; Fig. 4).

Latent respiratory virus infection activates NLRPI/NLRP3
inflammasome pathway, evaluated by western blot analysis.
No significant difference was identified in the protein
expression levels of pro-caspase-1, pro-IL-1f and pro-IL-18
among all groups (all P<0.05). The BLM, MCMV+BLM and
MCMV+BLM+CD4* T groups had increased protein expression
levels of caspase-1 (p20), mature IL-1p and mature IL-18 in lung
tissues compared with those in the control group (all P<0.05).
No such significant difference was identified between the
MCMYV and control groups (P>0.05). The protein expression
levels of caspase-1 (p20), mature IL-1f3 and mature IL-18 in
lung tissues of the MCMV+BLM group were significantly
higher than those in the BLM group (all P<0.05). Compared
with the MCMV+BLM group, the MCMV+BLM+CD4* T
group had decreased protein expression levels of caspase-1
(p20), mature IL-13 and mature IL-18 (all P<0.05; Fig. 5).

BLM increases but CD4* T-cell injection reduces
inflammatory response. Fig. 6 displays the caspase-1, TNF-a,
IL-1p and IL-18 levels in the serum of mice in each group.
Compared with those in the control group, the mice in the
BLM, MCMV+BLM and MCMV+BLM+CD4* T groups
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Figure 6. Comparison of the caspase-1, TNF-a, IL-1$ and IL-18 levels in
serum among the three groups. "P<0.05, compared with the control group;
“P<0.05, compared with the BLM group; and “P<0.05, compared with the
MCMV+BLM group. BLM, bleomycin; T, T-tells; MCMYV, murine cyto-
megalovirus; IL, interleukin; TNF, tumor necrosis factor.

had increased serum levels of caspase-1, TNF-a, IL-1f and
IL-18 (all P<0.05). No such significant difference was identi-
fied between the MCMYV and control groups (P>0.05). The
caspase-1, TNF-a, IL-1f and IL-18 levels in the serum of
mice in the MCMV+BLM group were significantly higher
than those in the BLM group (all P<0.05). Compared with
the MCMV+BLM group, the MCMV+BLM+CD4* T group
had decreased caspase-1, TNF-a, IL-1f3 and IL-18 levels (all
P<0.05).
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Discussion

Previous studies have suggested a crucial role of inflam-
masomes in processing IL-1f, affecting the pathogenesis of
autoimmune disease, as well as central nervous system infec-
tion and injury (22-25). Therefore, the present in vivo study
was performed to investigate the role of the NLRP1/NLRP3
inflammasome pathways in MCMV-induced pulmonary
fibrosis in mice. The results demonstrated that the NLRP1
and NLRP3 inflammasome pathways are upregulated in
MCM V-induced pulmonary fibrosis in mice, which is amelio-
rated by treatment with CD4* T cells.

The results of the present study indicated that BLM
exacerbates but CD4* T-cell injection ameliorates pulmonary
fibrosis associated with latent respiratory virus infection.
Cytomegalovirus (CMV), a major human pathogen, is generally
controlled by cellular immune responses (26). CMV, a herpes
virus, may contribute to life-threatening pulmonary infections
in immunocompromised patients (27). The BLM-induced
fibrosis model in mice and rodents has been widely employed
by experimental studies for >20 years due to its important
characteristics of closely mimicking IPF (28,29). Consistent
with the present study, Gwinn et al (30) also demonstrated
that mice treated with BLM had a reduced weight. HYP is
a common index for collagen quantification (31). A previous
study verified that BLM-induced fibrosis was associated with
an increased lung coefficient and HYP content (32). CD4* T
(helper) cells have an important role in the immune system,
which not only help macrophages respond to intracellular
antigens but also help B cells form germinal centers (33). In
addition, previous evidence also demonstrated that T cells
inhibited the innate immune response via suppressing NLRP3
and NLRPI1 inflammasomes (34). In accordance with this,
the MCMV+BLM+CD4* T group of the present study had a
decreased lung coefficient and HYP content compared with the
MCMV+BLM group.

In addition, the present study revealed that NLRP1
and NLRP3 inflammasome pathways were activated when
latent respiratory virus infection occurred. Inflammasomes
have a crucial role in mediating caspase-1, which promotes
the release of IL-1p and IL-18 (35). Previous studies have
demonstrated that BLM treatment induced the production
of reactive oxygen species, which also activated the NLRP3
inflammasome in numerous cases (36,37). In addition, the
production of IL-1f and lung inflammation induced by BLM
relies on apoptosis-associated speck-like protein containing
a caspase recruitment domain (ASC) (38). Inflammasomes,
which are multi-protein complexes, stimulate caspase-1,
and inflammasome assembly occurs in response to meta-
bolic reprogramming, which is similar to that triggered by
cellular transformation and infection with viruses (including
CMV) (39). Furthermore, NLRs only function as sensors of
endogenous or exogenous damage-associated molecules, but
they also activate caspase-1 and promote subsequent cleavage
of pro-IL-1f and pro-IL-18 cytokines into their mature
forms (40). In addition, post-translational cleavage of pro-IL-1p
to mature IL-1{ is required for its functional activity, which is
achieved by the inflammasome via caspase-1 activation (41).
Furthermore, activation of T-cells and antigenic stimulation
a considered a necessary precondition for blocking NLRP
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inflammasomes, which agrees with the prior migration of
activated T cells to inflammatory sites 42).

Furthermore, the present study revealed that BLM increases
but CD4* T-cell injection reduces inflammatory response.
Cytokines are mainly involved in the pathophysiological and
homeostatic regulation of connective tissue, and a complex
network consisting of several cytokines has an important role in
local injury and the inflammatory response in the lung as well
as subsequent tissue repair and fibrosis (43). Previous evidence
has demonstrated that TNF-a promoted the development of lung
fibrosis (44). The activation and assembly of the inflammasome
(consisting of an NLR family member, ASC and pro-caspase-1)
was reported to induce the production of caspase-1 (45). Another
noteworthy study reported that pharmacologically induced
NLRP3 activation may result in interstitial lung disease (46).
IL-18,amember of the highly inflammatory cytokines of the IL-1
family, has a central role in regulating lung inflammation (47).
Furthermore, suppression of caspase-1 in lung fibroblasts obvi-
ously reduced the expression levels of IL-1p and IL-18 (48). As
reflected in one study performed by Huang ef al (49), the levels
of TNF-a, IL-1p and IL-18 were evidently increased in mice
after BLM treatment. Previous studies have therefore revealed
that BLM stimulates inflammasomes. Finally, the produc-
tion of active IL-1p activates transforming growth factor-f3,
which participates in the development of lung fibrosis (50,51).
In addition, CMV infection of immune cells induces the
production of a variety of cytokines, including TNF-a, IL-1§3
and IL-6 (52,53). Furthermore, CD41 effector and memory T
cells were demonstrated to selectively block the NLRPI and
NLRP3 inflammasomes in an antigen-dependent manner (34).
Collectively, NLRP1 and NLRP3 inflammasomes may have
increased the inflammatory response in mice with pulmonary
fibrosis caused by latent MCMV infection.

In conclusion, employing a mouse model of pulmonary
fibrosis, the present study provided evidence that the activa-
tion of the NLRP1 and NLRP3 inflammasome pathways may
contribute to pulmonary fibrosis caused by latent MCMV
infection in mice. Signaling pathways may be affected by
various factors and further study should be performed to
confirm these conclusions.
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