
Original Article
Microbiota Imbalance Contributes
to COPD Deterioration by Enhancing
IL-17a Production via miR-122 and miR-30a
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The changes ofmicrobiota in lungs could change interleukin-17a
(IL-17a) expression by altering microRNAs (miRNAs) profile,
thus contributing to the pathogenesis of chronic obstructive pul-
monary disease (COPD). In this study, we aimed to study molec-
ular mechanisms’ underlying effect of microbiota imbalance on
COPD deterioration. Real-time polymerase chain reaction
(PCR) and enzyme-linked immunosorbent assay (ELISA) were
performed to analyze expression of miRNAs and IL-17a
mRNA. ELISA was used to evaluate abundance of IL-17a in
plasma, peripheral blood monocyte, and sputum of COPD
mice and patients. Luciferase assay was performed to explore un-
derlying molecular mechanisms. The expression of miR-122,
miR-30a, and miR-99b were remarkably decreased in COPD
mice, while the expression of IL-17a was notably increased in
plasma, peripheral blood monocytes, and lung tissues of COPD
mice.The levels ofLactobacillus/Moraxella andIL-17a expression
were significantly enhanced in sputum of exacerbated COPD pa-
tients, along with notably decreased expression of miR-122 and
miR-30a. Luciferase assay confirmed that miR-122 and miR-
30a played an inhibitory role in IL-17a expression.We identified
miR-122 and miR-30a as differentially expressed miRNAs in
sputum and plasma of COPD patients in exacerbation-month12
group. Furthermore, downregulated miR-122 and miR-30a
expression associated withmicrobiota imbalancemay contribute
to COPD deterioration by enhancing IL-17a production.
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INTRODUCTION
As a frequently diagnosed lung disease related to smoking, chronic
obstructive pulmonary disease (COPD) has been defined as the long
termobstruction in the airflow.1COPDis featuredby long-term inflam-
mation, tissue remodeling, and fibrosis in small airways, as well as the
destruction and impairment of parenchymal tissues in the lungs.2

Microbiota are an important part of human body and can contain
very complex ecosystems made of viruses, protozoa, and bacteria,
as well as fungi, all of which can live under different conditions in
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different parts of the body, including the skin, the gut, the oral cavity,
and the respiratory airways, as well as the vagina.3 In particular, the
microbiota living in the respiratory airways were shown to play a
key role in inducing the IL-17a reactions in local tissues. The absence
of microbiota decreased the production of IL-17a, while the intranasal
transfer of fluid enriched with microbiota isolated from mice with
chronic pulmonary inflammation enhanced the production of IL-
17A in the lungs of antibiotic treated or axenic recipients. Moreover,
the long-term activation of IL-17a activities in the body can conse-
quently lead to the onset of chronic lung diseases such as COPD.4

In fact, the signaling pathway of IL-17a can impact adaptive and
innate immunity to regulate the neogenesis of lymphocytes, as well
as the proliferation of auto-reactive B/T cells.4

As a type of short non-coding RNA transcripts with a length of less
than 24 nucleotides, microRNAs (miRNAs) can act as key regulators
in the expression of their target genes.5 In addition, many miRNAs
can interact with the 30 untranslated region (30 UTR) of their target
mRNA transcripts to result in the degradation of these target
mRNA transcripts or the suppression of their translation.5 In addi-
tion, an abnormal level of miRNA expression was found in multiple
types of human malignancies including lung, renal, breast, ovarian,
and cervical cancers.6 Several past studies showed that the expression
The Authors.
://creativecommons.org/licenses/by-nc-nd/4.0/).
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Figure 1. Expression of miRNAs

Real-time PCR observed that the expression of miR-122,

miR-30a, and miR-99b was significantly repressed in the

smoke-induced chronic obstructive pulmonary disease

(COPD) mice, and no difference was observed for the

expression of miR-10a, miR-26a, miR-34c, miR-123-

prec, miR-124a-prec, miR-125a-prec, miR-140 s,

miR-145-prec, miR-146-prec, miR-191-prec, miR-192,

miR-219-prec, miR-222-prec, and miR-223-prec. *p <

0.05, versus Sham group.
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of different miRNAs in patients with renal cancer is different from
that in normal tissue samples.7

In addition, as one of the most enriched miRNAs in human body,
miR-122 was shown to be highly expressed in the liver, making it
important in the normal operation of many liver processes.8 In addi-
tion, the absence of miR-122 expression in the liver can suppress the
generation of hepatic phenotypes, as well as blocking the invasion of
liver cancer cells.9 On the other hand, an increased expression level of
miR-122 in the liver can predict a poor prognosis of T cell lymphoma
while increasing the resistance of T cell lymphoma cells to chemo-
therapy.10 As a result, the expression level of miR-122 might be
used as a biomarker to predict the prognosis of T cell lymphoma.

The family of miR-30 includes 6 miRNAs, i.e., miR-30c-1, miR-30c-2,
miR-30a,miR-30b,miR-30d, andmiR-30e.11According to the evidence
reported in the literature, the dysregulation in the expression of miR-
30a can contribute to the onset of multiple human malignancies, such
as lung cancer, gastric cancer, breast cancer, thyroid cancer, and colon
cancer.12–15 In fact, miR-30a can play a role of tumor suppressor by
blocking the process of tumorigenesis in the above humanmalignancies
via binding to genes involved in tumorigenesis.12,16 As an example, the
presence of miR-30a can suppress the growth of colon cancer cells via
targeting the activity of insulin receptor substrate.12,16

As one of the most extensively investigated proteins in the family of IL-
17,17 IL-17a, has beendiscovered to play critical roles in the induction of
host immune response against a wide range ofmicrobes.18 The changes
of microbiota in lungs could influence the profile of miRNAs and the
expression of IL-17a, a factor functionally involved in the pathogenesis
of COPD.19 In this study, we tested the profiles of candidate miRNAs
selected by miRNA library screening for CODP-regulating miRNAs
and IL-17a in smoke-induced COPD in mice and human subjects.

RESULTS
DownregulationofmiR-122a,miR-30a,andmiR-99b inCOPDMice

A smoke-induced COPDmouse model was established.We evaluated
the expression of 17 candidate miRNAs in COPD mice and SHAM
Molecular Therap
controls using qPCR. As shown in Figure 1,
the expression of miR-30a, miR-99b, and
miR-122a was significantly decreased in
COPD mice. However, no obvious difference
was observed in the expression of miR-10a, miR-26a, miR-34c,
miR-123-prec, miR-124a-prec, miR-125a-prec, miR-140 s, miR-
145-prec, miR-146-prec, miR-191-prec, miR-192, miR-219-prec,
miR-222-prec, and miR-223-prec between COPD mice and the con-
trol mice.

IL-17a Expression Was Enhanced in the Plasma and Peripheral

Blood Monocytes in COPD Mice

ELISA was performed to analyze the expression of IL-17a in the
plasma and peripheral blood monocytes of COPD mice. The expres-
sion of IL-17a in the plasma was remarkably elevated in the plasma of
COPD mice (Figure 2A). Moreover, a more dramatic increase was
observed in the expression of IL-17a in the peripheral blood mono-
cytes of COPD mice (Figure 2B).

The Levels of Bacteroidetes and Lactobacillus Were Increased

in the BAL of COPD Mice

The bronchoalveolar lavage (BAL) samples were collected and sub-
jected to microbiota examination. As shown in Figure 3, we found
that the levels of Bacteroidetes (Figure 3B) and Lactobacillus (Fig-
ure 3C) were obviously elevated in the BAL of COPD mice,
whereas no obvious changes were detected for Proteobacteria (Fig-
ure 3A), Haemophilus (Figure 3D), Prevotella (Figure 3E), Veillo-
nella (Figure 3F), Streptococcus (Figure 3G), and Moraxella
(Figure 3H).

Demographic, Clinicopathological, and Genotypic Parameters

of the Participants Recruited in This Study

A group of smoke-related COPD patients were recruited for our
research and divided into 4 groups according to the status of their dis-
ease at 12 months after diagnosis: (1) stable-month0 (n = 22); (2) sta-
ble-month12 (n = 22); (3) exacerbation-month0 (n = 16); and (4)
exacerbation-month12 (n = 16). Then, sputum and peripheral blood
samples were collected from all subjects. The demographic and clin-
icopathological characteristics of the participants in stable-month0
and exacerbation-month0 groups, such as their age, gender, body
mass index, number of current smokers, COPD medication,
and COPD status (mild, moderate, severe, and very severe), were
y: Nucleic Acids Vol. 22 December 2020 521
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Figure 2. ELISA Assay Indicated that the Expression of IL-17aWas Elevated

in the Plasma and Peripheral Blood Monocytes of COPD Mice

(A) The relative level of IL-17a in plasma was increased in smoke-induced COPD

mice. (B) The relative level of IL-17a in the peripheral blood monocytes (PBCs) was

dramatically enhanced in smoke-induced COPD mice. *p < 0.05, versus Sham

group.
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summarized in Table 1. Student’s t test was utilized to perform the
statistical comparison, which revealed no obvious difference in all pa-
rameters between the above two groups.

Lactobacillus and Moraxella Levels Were Increased in the

Sputum of Exacerbated COPD Patients

A group of smoke-related COPD patients were recruited and divided
into 4 groups according to their status of the disease at 12 months
after diagnosis: (1) stable-month0 (n = 22); (2) stable-month12
(n = 22); (3) exacerbation-month0 (n = 16); and (4) exacerbation-
month12 (n = 16). The sputum samples were collected from all pa-
tients at the corresponding time points. The levels for bacteria
including Proteobacteria (Figure 4A), Bacteroidetes (Figure 4B),
Lactobacillus (Figure 4C), Haemophilus (Figure 4D), Prevotella (Fig-
ure 4E), Veillonella (Figure 4F), Streptococcus (Figure 4G), and
Moraxella (Figure 4H) were examined in the sputum samples of
COPD patients. As shown in Figure 4, for the stable patients, no dif-
ferences in respect to the levels of all bacteria investigated were
observed (Figure 4). However, for the exacerbation patients, the
levels of Lactobacillus (Figure 4C) and Moraxella (Figure 4H) were
obviously increased in the month12 compared with month0,
although no significant difference was observed for other bacteria
(Figure 4).

The Expression of miR-122 and miR-30a Was Elevated in the

Sputum and Plasma of Exacerbated COPD Patients

The expression of miR-122 (Figure 5A) and miR-30a (Figure 5B)
was decreased in the sputum and plasma of COPD patients
under different conditions. No obvious changes were detected
for miR-122 and miR-30a expression between COPD patients
in stable-month0 and stable-month12 groups. However, the
expression of miR-122 and miR-30a was notably decreased in the
sputum and plasma of COPD patients in the exacerbation-
month12 group compared to the exacerbation-month0 group
(Figure 5).
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IL-17a Expression Was Enhanced in the Plasma and Peripheral

Blood Monocytes of Exacerbated COPD Patients

Plasma, peripheral blood monocytes, and sputum samples were
collected from COPD patients in different groups. Then, ELISA
was performed to measure the expression of IL-17a. The expression
of IL-17a remained unchanged between the stable-month0 and sta-
ble-month12 groups (Figure 6). In contrary, IL-17a expression was
elevated in the plasma (Figure 6A), peripheral blood monocytes (Fig-
ure 6B), and sputum (Figure 6C) of COPD patients in the exacerba-
tion-month12 group.

miR-122 and miR-30a Suppressed the Expression of IL-17a in

PASMCS Cells

Sequence analysis showed that the 30 UTR of IL-17a contained candi-
date binding sites for miR-122 (Figure 7A) and miR-30a (Figure 7C).
Luciferase vectors containing wild-type and mutant IL-17a 30 UTR
were constructed and co-transfected into pulmonary arteray smooth
muscle cells (PASMCS) cells withmiR-122 andmiR-30a. The luciferase
activity of wild-type IL-17a vector was remarkably repressed by miR-
122 (Figure 7B) and miR-30a (Figure 7D). Moreover, we treated
PASMCS cells with L. rhamnosus NCDC17 and analyzed the expres-
sion of miR-122,miR-30a, and IL-17amRNAusing qPCR. The expres-
sion of miR-122 (Figure 7E) and miR-30a (Figure 7F) was remarkably
inhibited in PASMCS cells treated with L. rhamnosusNCDC17. On the
contrary, the expression of IL-17a mRNA (Figure 7G) was notably
increased in PASMCS cells treated with L. rhamnosus NCDC17.

DISCUSSION
Some past studies tried to analyze the microbiota profile in lung tis-
sues collected from late stage COPD patients.20,21 The results of above
studies showed the presence of different types of microbiota in
different locations of a same patient, suggesting that both the lower
and upper lobes of the lungs may undergo certain pathologic changes
during the progression of COPD, as well as upon receiving certain
types of treatment.20 In this study, we used a smoke-induced
COPD mouse model and performed qPCR to evaluate the expression
of 14 candidate miRNAs. We found that the expression of miR-122a,
miR-30a, andmiR-99b was significantly decreased in the COPDmice.
In addition, we evaluated the expression of IL-17a in plasma, periph-
eral blood monocyte, and lung tissue of COPD mice, which showed a
remarkable increased in IL-17a expression. Furthermore, we analyzed
the levels of several bacteria in the BAL of COPD mice, and the levels
of Lactobacillus and Bacteroidetes were notably enhanced in the BAL
of COPD mice.

As a family of diversified, as well as heterogeneous, bacterial popula-
tion with the capability to produce lactic acid, Lactobacillales contain
Lactobacillus, Pediococcus, Leuconostoc, Granulicatella, Facklamia,
and Streptococcus. These bacteria can generate lactic acid by utilizing
carbohydrates in the body.22 In addition, Lactobacillus can affect the
expression level of certain cytokines and miRNAs such as miR-375,
miR-122-5p, miR-193a-5p, and miR-3525, as well as miR-215-5p in
chickens infected by Salmonella Typhimurium.23 In addition, Lacto-
bacillus was shown to be present in the fecal samples collected from



Figure 3. The Levels of Bacteroidetes and Lactobacillus Were Increased in the Bronchoalveolar Lavage (BAL) of COPD Mice

(A) The level of Proteobacteria remained unchanged in the BAL of COPD mice. (B) The level of Bacteroidetes was increased in the BAL of COPD mice. (C) The level of

Lactobacillus was elevated in the BAL of COPD mice. (D) The level of Haemophilus remained unchanged in the BAL of COPD mice. (E) The level of Prevotella remained

unchanged in the BAL of COPD mice. (F) The level of Veillonella remained unchanged in the BAL of COPD mice. (G) The level of Streptococcus remained unchanged in the

BAL of COPD mice. (H) The level of Moraxella remained unchanged in the BAL of COPD mice. *p < 0.05, versus Sham group.
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healthy centenarians and was used to alleviate the severity of food
induced allergies in mice by promoting the production of transform-
ing growth factor b (TGF-b) in regulatory T cells (T-regs).24 Further-
more, the administration of an oral dose of Lactobacillus in rats could
Table 1. The Demographic and Clinicopathological Characteristics of the

Participants in Stable-Month0 and Exacerbation-Month0 Groups

Characteristics
Stable-Month0
(n = 22)

Exacerbation-
Month0 (n = 16) p Value

Age (years) at enrollment 62.4 ± 5.7 63.8 ± 4.5 0.776

Female sex, n (%) 10 (45.5) 6 (37.5) 0.675

Body mass index at enrollment 25.7 ± 4.1 24.9 ± 5.1 0.738

Current smokers 8 (36.4) 7 (43.8) 0.280

Medication for COPD 22 (100) 16 (100)

Inhaled corticosteroids 20 (90.9) 15 (93.8) 0.392

COPD status, GOLD stage 0.273

Mild 0 (0) 0 (0)

Moderate 8 (36.4) 7 (43.8)

Severe 9 (40.9) 7 (43.8)

Very severe 5 (22.7) 2 (12.4)

GOLD, Global Initiative for Chronic Obstructive Lung Disease.
alleviate the symptoms of AHR and reduce the severity of inflamma-
tions in the airways, as well as reduce the response of IL-17 induced by
the exposure to PM2.5 and OVA.25

A past study has shown that the increased level of miR-122 in humans
and animals could elevate the severity of apoptosis of hepatic cells
during liver injuries.26 On the other hand, few studies have studied
the function of miR-122 in diseases including heart infarction and
COPD, although some recent studies have shown the correlation be-
tween the altered expression level of serum miR-122 and the progres-
sion of sepsis.27–29 In addition, miR-30a plays a regulatory role in the
transduction of IL-17 signals by negatively regulating the activation of
MAPK/NF-kB pathways, so as to reduce the synthesis of chemokines,
as well as inflammatory cytokines in the body. Moreover, miR-30a
can also reduce the stability of IL-17 mRNA, thus reducing the inten-
sity of IL-17 signals. Therefore, a reduced level of miR-30a expression
might increase the expression of IL-17 to facilitate the onset of auto-
immune disorders.30 In this study, we performed luciferase assay to
explore the regulatory role of miR-122 and miR-30a in the expression
of IL-17a. We found that the expression of IL-17a was inhibited by
miR-122 and miR-30a.

IL-17a is an important inflammatory cytokine expressed by many
types of cells, such as epithelial cells, mesenchymal cells, and
Molecular Therapy: Nucleic Acids Vol. 22 December 2020 523
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Figure 4. The Levels of Lactobacillus and Moraxella Were Increased in the Exacerbation-Month12 Group.

(A) No obvious difference was detected in the levels of Proteobacteria between the stable-month0 and stable-month12 groups or between the exacerbation-month0 and

exacerbation-month12 groups. (B) No obvious differencewas detected in the levels of Bacteroidetes between the stable-month0 and stable-month12 groups or between the

(legend continued on next page)
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Figure 5. The Expression of miR-122 and miR-30a Was Significantly Downregulated in the Sputum and Plasma of COPD Patients in the Exacerbation-

Month12 Group

(A) The expression of miR-122 was notably inhibited in the sputum and plasma of COPD patients in the exacerbation-month12 group. (B) The expression of miR-30a was

notably inhibited in the sputum and plasma of COPD patients in the exacerbation-month12 group.
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macrophages. IL-17a is involved in the onset of many autoimmune
diseases including multiple sclerosis and rheumatoid arthritis.31 In
this study, we enrolled smoking-related COPD patients and collected
their sputum and peripheral blood samples. We found that the
levels of Lactobacillus and Moraxella in the sputum were obviously
enhanced in the exacerbation-month12 group. In addition, we carried
out qPCR and ELISA to analyze the expression of miR-122, miR-30a,
and IL-17a in the sputum and peripheral blood of COPD patients.
The expression of miR-122 and miR-30a was differently inhibited
between the exacerbation-month12 group and the exacerbation-
month0 group. The expression of IL-17a was remarkably elevated
in the exacerbation-month12 group. Most of IL-17a is secreted by
memory T cells during the induction of inflammatory responses.32,33

In the lungs, IL-17a plays a key role in the onset of COPD by
stimulating the growth of fibroblasts and endothelial cells in the
airways. IL-17a can also promote the secretion of IL-6 and IL-8 to
impair lung tissues in the onset of COPD and chronic airway
inflammation.34

Meanwhile, the results and conclusions drawn from our study are
limited. Although the miRNA library screening for COPD-
regulated miRNAs were applied, the sample size of subjects re-
cruited for the study was small. And the cohort mainly is restricted
to patients whose nationality was Chinese. Therefore, in our future
study, an appropriate sample size with varied nationality is
preferred.
exacerbation-month0 and exacerbation-month12 groups. (C) The level of Lactobacillu

difference was detected in the levels of Haemophilus between the stable-month0 and

month12 groups. (E) No obvious difference was detected in the levels of Prevotella betw

month0 and exacerbation-month12 groups. (F) No obvious difference was detected in

between the exacerbation-month0 and exacerbation-month12 groups. (G) No obvious

and stable-month12 groups or between the exacerbation-month0 and exacerbation-m

erbation-month12 group.
In conclusion, we tested the expression of several miRNAs in the sub-
jects with stable and exacerbated COPD to identify miR-122 and
miR-30a as differentially expressed miRNAs. Furthermore, downre-
gulated miR-122 and miR-30a expression associated with microbiota
imbalance may contribute to the deterioration of COPD by
enhancing the production of IL-17a.

MATERIALS AND METHODS
Animal Model Establishment and Treatment

A smoke-induced COPDmouse model was established by using male
C57BL/6J mice (n = 20) weighing from 20�23 g. After 7 days of envi-
ronmental adaptation, the mice were divided into 2 groups, i.e., (1)
SHAM (N = 10) and (2) COPD (N = 10), and then treated differently
to establish a COPD mouse model. In brief, one group of mice was
placed in an environment free of smoke and was used as the
SHAM group. The other group of mice was administered with
50 mL/mouse of saline containing 7.5 mg of LPS (Sigma Aldrich, St.
Louis, MO, USA). The administration of LPS was given via two doses
of intratracheal instillation administered onD1 andD14, respectively.
During the model establishment, all mice were housed in fume boxes
with a dimension of 60 cm � 55 cm � 100 cm and then exposed to
smoke generated by burning nine cigarettes equipped with a filter
tip. The smoke exposure was carried out two times a day and
6 days each week and such smoke exposure was conducted for 3
consecutive months to establish a chronic model of COPD. After
this time, mice were anesthetized with chloral hydrate (40 mg/kg,
s was remarkably increased in the exacerbation-month12 group. (D) No obvious

stable-month12 groups or between the exacerbation-month0 and exacerbation-

een the stable-month0 and stable-month12 groups or between the exacerbation-

the levels of Veillonella between the stable-month0 and stable-month12 groups or

difference was detected in the levels of Streptococcus between the stable-month0

onth12 groups. (H) The level of Moraxella was remarkably increased in the exac-
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Figure 6. The Expression of IL-17a Was Obviously Upregulated in the Plasma, Peripheral Blood Monocytes, and Sputum of COPD Patients in the

Exacerbation-Month12 Group

(A) The expression of IL-17a was enhanced in the plasma of COPD patients in the exacerbation-month12 group. (B) The expression of IL-17a was enhanced in the peripheral

blood monocytes of COPD patients in the exacerbation-month12 group. (C) The expression of IL-17a was enhanced in the sputum of COPD patients in the exacerbation-

month12 group.
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intraperitoneally). All animal procedures were approved by the insti-
tutional ethics committee and were in strict compliance with the
Guide for the Care and Use of Laboratory Animals published by the
National Institutes of Health (NIH).

Subjects

A group of smoke-related COPD patients were divided into 4 groups
according to the status of their disease at 12 months after diagnosis:
(1) stable-month0 (n = 22); (2) stable-month12 (n = 22); (3) exacer-
bation-month0 (n = 16); and (4) exacerbation-month12 (n = 16).
Then, sputum and peripheral blood samples were collected from all
subjects. The demographic and clinicopathological characteristics of
all participants, such as their age, gender, body mass index, number
of current smokers, COPDmedication, and COPD status (mild, mod-
erate, severe, and very severe), FEV1, FVC, and FEV1/FVC, were
collected, summarized, and compared among different groups. To
confirm the diagnosis of COPD, all participating patients should
have long-term impaired airflow featured by a ratio of forced expira-
tory volume in 1 s [FEV1] to forced vital capacity [FVC] < 0.7. For the
patients in the exacerbated groups, they should show signs of exacer-
bation for at least one time in the 6 months prior to their participation
in the study. The human research ethics committees of our institute
have approved this research and all methods were performed in
accordance with the last vision of the Declaration of Helsinki.

Sample Collection and Processing

Sputum samples of each patient (including exacerbated patients) were
taken via airway inductions under stable conditions prior to the appli-
cation of any antibiotics. The sputum samples were collected via
airway inductions, and the sputum samples were then nebulized
with different concentrations of sodium chloride (5.0%, 4.0%, 3.0%,
and 0.9%). All sputum samples were processed following the proced-
ure described below: 2 h after the sample collection, the mucus con-
tent in each sputum sample was separated and transferred into a tube
containing PBS. 0.2% DTT solution (EMDMillipore, Etobicoke, ON,
Canada) was then added into the samples before the samples were
stored frozen in a �80�C freeze for further analysis.
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Processing of Sputum Samples

The sputum samples with their mucous content were solubilized by
using the 0.1% DTT solution and then diluted 4 times by using
EDTA. In the next step, the diluted sputum samples were filtered
by using a filter membrane. The cells separated from each sputum
sample was centrifuged and then stained by using a Wright’s-Giemsa
staining kit (Diff-Quik, Thermo Fisher Scientific, St. Louis, MO,
USA). The results of Wright’s-Giemsa staining were evaluated under-
neath a light microscope by using a hemacytometer to identify the
presence of neutrophils, macrophages, and epithelial cells in each
sample.

RNA Isolation and Real-Time PCR

In this study, the expression level of multiple miRNAs, such as miR-
10a, miR-26a, miR-30a, miR-34c, miR-99b, miR-122a, miR-123-prec,
miR-124a miR-125a-precb, miR-140 sb, miR-145-prec, miR-146-
precb, miR-192, miR-219-prec, miR-222-prec, miR-223-prec, and
miR-122, as well as the mRNA expression level of IL-17a was
analyzed using real-time PCR. The total RNA content in each plasma
sample collected from the mice models was isolated by using a Trizol
kit assay kit (Invitrogen, Carlsbad, CA, USA) following the standard
protocol provided by the kit manufacturer.35,36 In the next step, the
isolated RNA was subjected to real-time PCR to determine the rela-
tive expression of miR-10a, miR-26a, miR-30a, miR-34c, miR-99b,
miR-122a, miR-123-prec, miR-124a-precb, miR-125a-precb, miR-
140 sb, miR-145-prec, miR-146-precb, miR-191-prec, miR-192,
miR-219-prec, miR-222-prec, miR-223-prec, miR-122, and IL-17a
mRNA by the calculation provided by the 2�DDCt method. The
qPCR data for miRNAs were normalized to RNU48, while the
qPCR data for IL-17a mRNA was normalized to GAPDH. The
primers used in this study were demonstrated in Table S1.

Isolation of Peripheral Blood Monocytes from Human Subjects

Peripheral blood monocytes were isolated from the peripheral blood
samples collected from each subject by using a Lymphocytes Separa-
tion assay kit (Dakewei, Beijing, China) following the standard proto-
col provided by the assay kit manufacturer.



Figure 7. Luciferase Assay Indicated that miR-122 and miR-30a Inhibited the Expression of IL-17a by Binding to the 30 UTR of IL-17a.

(A) Sequence analysis indicated a potential binding site of miR-122 in the 30 UTR of IL-17a (wild-type [WT], mutant [MUT]). (B) The luciferase activity ofWT IL-17a was inhibited

by miR-122 in PASMCS cells (*p < 0.05, versus negative control [NC] group). (C) Sequence analysis indicated a potential binding site of miR-30a in the 30 UTR of IL-17a. (D)

The luciferase activity of WT IL-17a was inhibited by miR-30a in PASMCS cells (*p < 0.05, versus NC group). (E) The expression of miR-122 was inhibited in PASMCS cells

treated with L. rhamnosus NCDC17 (*p < 0.05, versus untreated group). (F) The expression of miR-30a was repressed in PASMCS cells treated with L. rhamnosus NCDC17

(*p < 0.05, versus untreated group). (G) The expression of IL-17a mRNA was increased in PASMCS cells treated with L. rhamnosus NCDC17. *p < 0.05, versus untreated

group. GOLD, Global Initiative for Chronic Obstructive Lung Disease.
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Cell Culture and Transfection

To study the effect of Lactobacillus rhamnosus NCDC17 treatment
on the expression of IL-17a, as well as miR-122 andmiR-30a, primary
PASMCs were isolated and cultured as previously described.37,38 The
cells were cultured in a modified DMEMmedium supplemented with
10% FBS and appropriate antibiotics. When the cell confluency
reached 70%, the cells were divided into two groups: (1) untreated
group and (2) L. rhamnosus NCDC17 group. Then, the cells were
treated accordingly for 48 h before they were harvested to measure
the expression of IL-17a, as well as miR-122 and miR-30a.

ELISA

The expression of IL-17a in collected plasma samples was measured
using a commercial ELISA assay kit (eBioscience, San Diego, CA,
USA) following the standard protocol provided by the assay kit
manufacturer.
Molecular Therapy: Nucleic Acids Vol. 22 December 2020 527

http://www.moleculartherapy.org


Molecular Therapy: Nucleic Acids
Detection ofMicrobiotaAbundance in BAL andSputumSamples

We have used a specific algorithm based on bacteria 16S rRNA
following previously described instructions39 to calculate and detect
the genera of microbiota in BAL and SPUTUM samples collected
from study subjects.

Vector Construction, Mutagenesis, and Luciferase Assay

A combination of TargetScan (http://www.targetscan.org/) and the
miRNA database miRBase (http://www.mirbase.org/) were utilized
to predict the candidate binding sites for miR-122 and miR-30a in
the 30 UTR of IL-17a mRNA. To confirm the regulatory relationship
between IL-17a and miR-122, miR-125b, and miR-30a, we cloned the
30 UTR of IL-17a containing the binding sites for miR-122, miR-125b,
and miR-30a into pcDNA vectors (Promega, Madison, WI, USA) to
generate a wild-type luciferase vector of IL-17a 30 UTR.40,41 At the
same time, we used a Quick Change mutagenesis assay kit (Strata-
gene, San Diego, CA, USA) following the standard protocol provided
by the assay kit manufacturer to induce site-directed mutations in the
miR-122, miR-125b, and miR-30a binding sites of IL-17a 30 UTR,
respectively, to generate various mutant vectors of IL-17a 30 UTR.
In the next step, PASMCS cells were co-transfected with wild-type
or mutant luciferase vectors of IL-17a 30 UTR in conjunction with
miR-122, miR-125b, or miR-30a mimics using Lipofectamine 2000
(Invitrogen, Carlsbad, CA, USA) following the standard protocol
provided by the assay kit manufacturer. The transfected cells were
harvested 48 h later and the luciferase activity of transfected cells
was measured.

Statistical Analysis

In general, each experiment was done in triplicates for each condition.
SPSS 19.0 statistical software was used in the statistical analysis. All
experimental results were represented by means ± standard error of
the mean (SEM), which were calculated by Microsoft Excel. The mea-
surement data were displayed as x ± s. For the inter-group compari-
sons, an unpaired two-tailed Student’s t test was applied. For the
multi-group comparisons, a one-way ANOVA followed by Tukey’s
test as the post hoc test was applied. The level of statistical significance
was set to p <0.05.
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