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ABSTRACT

Neonatal pneumonia (NP) is a frequently occurring illness during the neonatal phase. The study
investigated the molecular process and the role of mictoRNA (miR)-29a-3p in NP.

Peripheral blood was collected from NP patients and healthy newborns. Human lung
fibroblasts cell line (WI-38) were treated with lipopolysaccharide (LPS)) to establish a cellular model
for NP. Then, miR-29a-3p and Kriippel-like Factor 4 (KLF4) levels were detected by RT-qPCR or
Western blot. The relationship between miR-29a-3p and KILLF4 was confirmed by dual luciferase
reporter gene assay. Cell survival was assessed using the CCK-8 assay, whereas the levels of
interleukin-6, tumor necrosis factor-a, and IL-18 were quantified using ELISA. Additionally,
apoptosis was evaluated through flow cytometry. Meanwhile, Bax and Bcl-2 were detected by RT-
qPCR. Neonatal rats were administered LPS intraperitoneally (3 mg/kg) to induce NP, and
pathological injury and inflammatory reaction were analyzed.

MiR-29a-3p was elevated but KILF4 was silenced in NP patient’s serum, LPS-treated WI-38 cell
line, and LPS-treated newborn rats. Silence of miR-29a-3p or elevation of KLF4 constrained cell
proliferation with inflammation of LPS-treated WI-38 cell line. MiR-29a-3p immediately targeted
KLF4. Additionally, silence of miR-29a-3p alleviated LPS-stimulated lung injury and inflammation
in neonatal rats. The protective action of silenced miR-29a-3p in LPS-treated WI-38 cell line and
newborn rats was turned around by silencing KLLF4.

This study demonstrates originally that miR-29a-3p boosts inflammatory damage in NP via
targeting KILF4, offering a basis for clinically diagnosing and treating NP.
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INTRODUCTION mortality worldwide, killing 152,000 to 490,000

infantsunder one year of age each year,! mainly in

Neonatal pneumonia (NP) causes morbidity and developing countries in South Asia and sub-Saharan

Africa? NP is classified into neonatal aspiration
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inflammation, thereby resulting in reduced oxygenation,
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complications like sepsis and respiratory distress
syndrome.> Deaths from NP have declined due to
antibiotic use,® while NP remains a considerable global
health burden. Additionally, local signs of pulmonary
infection in neonates are less than those in older
children, so the diagnosis of NP is enormously
challenging, and it is urgent to develop brand-new
biomarkers for early diagnosis.’

MicroRNAs (miRNAs) can regulate genes after
transcription and participate in a variety of biological
processes.® Zhang Xiao et al,” discovered that hsa-miR-
10a-3p, hsa-miR-1271-5p, hsa-miR-30b-3p, and hsa-
miR-125b-5p exhibit increased levels. in pneumonia
children. These microRNAs are involved in
inflammation and immune responses, impacting
pathways including NF-kB, mitogen-activated protein
kinase, and T cell receptor signaling pathways. They
hold promise as circulating biomarkers and therapeutic
targets for managing pediatric pneumonia. miR-302¢ is
downregulated in NP and miR-302e overexpression
alleviates inflammation in NP via targeting the
RelA/bromodomain-containing ~ protein ~ 4/NF-kB
pathway.!? miR-29a-3p, an extensively studied miRNA,
has been discovered to exert a crucial action in multiple
cancers like liver cancer,'' endometrial cancer,'? and
gastric cancer.’> Due to its high specificity and
sensitivity, miR-29a-3p has been used as a novel
biomarker in the diagnosis of COVID-19 to distinguish
between acute and post-acute phases of the disease.'*
Nevertheless, its role in NP is unknown.

The research explored miR-29a-3p’s action with
molecular mechanisms in NP, offering a basis for the
clinical diagnosis and treatment of NP.

MATERIALS AND METHODS

Clinical Samples

Serum samples were obtained from 40 NP patients
and 40 healthy newborns in Yantai Yuhuangding Hospital.
Neonatal venous blood was collected within 24 h after
diagnosis. All samples were frozen in liquid nitrogen.

Cell Culture and Treatment

Human WI-38 cell line (CL) (China Center for Type
Culture Collection, Wuhan, China) were cultured in
DMEM (Gibco, USA). The medium covers 10% FBS
(Gibco), 100 U/ mL penicillin (Beyotime, China) and
100 pg/ mL streptomycin (Beyotime). Replacement of
the medium was implemented every day. To induce
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inflammatory injury, cells were treated with LPS at 10
pg/mL (Sigma-Aldrich) for 12 h.!>16

Cell Transfection

miR-29a-3p inhibitor/mimic, inhibitor/mimic NC,
overexpression (oe)-Kriippel-like factor 4
(KLF4)/nontargeting control (NC) and si-KLF4/NC (all
purchase was from GenePharma, Shanghai, China) were
utilized to intervene in gene expression. When growing
to 70%—80% confluence, WI-38 CL were transfected
with the above-mentioned vectors (50 nM) using
Lipofectamine 2000 reagent (Thermofisher).

CCK-8 Assay

Cells were seeded in Beyotime (Shanghai, China)
96-well plates at 5x10° cells per well. After LPS
stimulation, 20 uL. CCK-8 solution (Bioswamp, Wuhan,
China) was cultivated for 1 h in each well
Determination of the absorbance at 450 nm was done
with a microplate reader (Bio-Rad, Sunnyvale, CA).

Flow Cytometry

Analysis of cell apoptosis was implemented using PI
and FITC combined with annexin V staining
(Bioswamp). Cells were fixed on ice in 70% ethanol and
stained with PI/FITC Annexin V in RNase A (Sigma),
and incubated. Flow cytometry analysis was
implemented on the FACScan (Beckman Coulter, USA).
Data were analyzed by FlowJo (Tree Star, USA).

Experimental Animals

Newborn Sprague-Dawley rats (3-8 days of age, 8-
14 g in weight) were purchased (Shanghai Experimental
Animal Center) and kept under specific pathogen free
(SPF) conditions with 12 h light/dark cycle. Anesthesia
of neonatal rats was done with ether and then
intraperitoneal injection with LPS at 3 mg/kg was
performed (Sigma-Aldrich). After LPS injection, miR-
29a-3p antagomir, antagomir NC, or miR-29a-3p
antagomir + sh-KLF4/NC were given by intraperitoneal
injection at 30 mg/kg (for 3 consecutive days).
Euthanasia of rats was implemented after collecting
blood from the eyeballs, and lung tissue was collected
and stored in liquid nitrogen.

ELISA

Quantification of inflammatory cytokines in serum
and WI-38 cell culture supernatant was implemented
using ELISA kits in line with the protocol of the
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manufacturer. Then, measurement of the absorbance at
450 nm was performed on a microplate reader. The
concentration of inflammatory cytokines was
normalized and calculated.

Hematoxylin-eosin (HE) Staining

Lung tissues were fixed with 4% paraformaldehyde
and paraffin-embedded to prepare 5 pm-thick sections
for HE staining (Sigma). Observation and scoring of
histopathology were performed under a light microscope
equipped with 400 magnifications (Leica Microsystems,
Wetzlar, Germany).

Lung Histopathological Scoring

Based on a previous study, !” we evaluated the
pathological injury of lung tissue in rats according to the
following scoring criteria.

A. The area of parbronchial inflammation injury
(site ratio). O=complete trachea structure, no
surrounding  abnormalities; 1=less than 25%
peribronchial inflammatory infiltration;
2=inflammatory cell infiltration of 25-75%; 3 = more
than 75% area inflammation.

B. Changes in the number and structure of
inflammatory cells around the bronchus. 0=no
inflammatory cells or occasional lymphocytes; 1=mild
edema of the bronchial ring with frequent discontinuity;
2= moderate edema, annular structure close to complete
or crescent ring, equivalent to the thickness of 5 cells;
3=Increased lymphocyte infiltration, severe ring
formation, thickness close to 5-10 cells.

C. Inflammatory exudation volume of alveolar
cavity. O=clear and complete alveolar structure, no
inflammatory factors; 1=mild inflammatory cell
infiltration, accounting for less than 25% of the alveolar
closed space; 2=25% cavity closure.

D. 0=No abnormal capillary structure in the capillary
infiltration range; l=infiltration area less than 10%;
2=10-50% of infiltrated area; 3=Area of tissue
infiltration around pulmonary vessels increased to more
than 50%.

Substantial pneumonia: 0=no substantial
pathological changes; I=pneumonia with mild
consolidation or spotty parenchymal infiltration;
2=severe parenchymal lung disease with extensive
infiltration with speckle enlargement or fusion.

The histopathological score (0-26 points) was
calculated as A+3 x (B+C)+D +E.
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TUNEL Staining

After routine dewaxing and dehydration of paraffin
sections, cell apoptosis was detected using a TUNEL kit
(Nanjing Keygen Biotech Co., Ltd., Nanjing, China).
Then, the nuclei were stained with 4, 6-diamidine-2-
phenylindole (Beyotime, China) and observed under a
fluorescence microscope (Nikon, Tokyo, Japan).'®

RT-qPCR

Total RNA from serum, lung tissues or cells was
collected using Trizol (Sigma). Total RNA (5 pg) was
prepared into cDNA with a reverse transcription kit
(Takara). Quantitative analysis was performed using
SYBR Green Real-time PCR Master Mix reagent
(Toyobo, Osaka, Osaka) on the ABI PRISM 7000
Sequence Detection system (ABI/Perkin Elmer, CA,
USA) on the grounds of the standard protocol. PCR
included 5 min at 95°C and 40 cycles of 30 s at 95°C, 30
s at 60°C, and 30 s at 72°C. GAPDH was the loading
control for messenger RNA (mRNA), and U6 was that
for miRNA. Relative expression was calculated via the
2-84¢t method. Primer sequences were manifested in
Supplementary Table.

Western Blot

Extraction of total protein was implemented with
RIPA lysis buffer (Sigma) plus protease with
phosphatase inhibitors (Wolsen, China). Total protein
(20 pg) was separated via 10% SDS-PAGE,
electroblotted onto PVDF membrane (Millipore, USA),
blocked with 5% skim milk, incubated with primary
antibodies KLF4 (1: 1000, 4038, Cell Signaling
Technology) and GAPDH (1: 1000, AB8245, Abcam,
UK), re-incubated with horseradish peroxidase-
conjugated secondary antibody (1: 1000, Cell Signaling
Technolog, USA), and detected by a chemiluminescence
detection kit (Millipore, USA).

Luciferase Activity Assay

The KLF4 3’ untranslated region (UTR) fragment
covering the wild-type (WT) or mutant-type (MUT)
binding sites of miR-29a-3p was inserted into the
psichecK-2  vector (Promega, Madison, WI).
Subsequently, co-transfection with the luciferase
reporter vector and miR-29a-3p mimic was performed
on WI-38 CL using Lipofectamine 2000. After 24 h,
analysis of luciferase activity was implemented via the
luciferase reporting analysis system.
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Data Analysis

Analysis of the whole data was performed using
SPSS 21.0 statistical software. Measurement data were
manifested as meantstandard deviation (SD). The two-
group comparison of measurement data subjected to
normal distribution was implemented with independent
sample t test. Multiple-group comparisons were
implemented with one-way analysis of variance
(ANOVA) and Tukey's post hoc analysis. p<0.05 was
accepted as indicative of distinct differences.

RESULTS

miR-29a-3p is Elevated, while KLF4 is Silenced in
the Serum of NP Patients

The serum of NP patients was analyzed to determine
the level of miR-29a-3p. It was found that miR-29a-3p
exhibited a significant increase in NP cases (p<0.001).
(Figure 1A). Furthermore, KLF4 levels were assessed in
NP patients, revealing a notable decrease in KLF4
expression within the NP group (p<0.001) (Figure 1B).
In addition to this, inflammation showed significant
hyperactivation in NP patients (p<0.001) (Figure 1C-E).
These results provide insight into the potential
connection between miR-29a-3p, KLF4, and the
inflammatory damage observed in NP.

Reducing miR-29a-3p Alleviates Inflammatory
Damage in NP In vitro

WI-38 fibroblasts were treated with LPS to stimulate
inflammatory injury. Detection of miR-29a-3p was
performed, showing that miR-29a-3p was elevated in
LPS-damaged WI-38 CL (p=0.001) (Figure 2A). Then,
transfection was performed, showing that the miR-29a-
3p inhibitor suppressed miR-29a-3p expression
successfully (p=0.001) (Figure 2B). WI-38 cell viability
was constrained after LPS treatment (p=0.001).
Nevertheless, cell viability was strengthened after miR-
29a-3p inhibitor intervention (p=0.001) (Figure 2C).
Cell apoptosis was elevated after LPS treatment
(»<0.001), and silence of miR-29a-3p was available to
constrain cell apoptosis (p<0.001) (Figure 2D). Anti-
apoptotic protein Bcl-2 was decreased (p=0.001) and
pro-apoptotic protein Bax was increased (p=0.001) in
LPS-damaged WI-38 CL, while Bcl-2 was increased
(»=0.003) and Bax was decreased (p=0.001) after down-
regulating miR-29a-3p (Figure 2E-F). miR-29a-3p
inhibitor constrained LPS-stimulated inflammation in
WI-38 CL (p<0.001) (Figure 2G-I). In general,
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suppressing miR-29a-3p protected LPS-damaged WI-38
CL from inflammatory damage.

miR-29a-3p Regulates KLF4 Expression

miR-29a-3p’s immediate target was initially
determined. As presented in Figure 3A, KLF4 is a
potential target of miR-29a-3p predicted by starBase. It
was further verified that KLF4 was the direct target of
miR-29a-3p in WI-38 CL. As manifested in Figure 3B,
the relative luciferase activity was distinctly suppressed
after co-transfecting miR-29a-3p mimic with KLF4-
WT. These results revealed that KLF4 was miR-29a-3p’s
direct target. Additionally, the association between miR-
29a-3p and KLF4 was detected in LPS-introduced WI-
38 CL. RT-qPCR and Western Blot results showed that
down-regulating  miR-29a-3p  promoted KLF4
expression at mRNA (p=0.002) and protein levels
(»=0.004) (Figure 3C). Additionally, miR-29a-3p level
was reversely correlated with KLF4 in the serum of NP
patients (r = -0.600, p<0.001) Figure 3D). In short, miR-
29a-3p might mediate inflammatory injury via
negatively modulating KLF4.

Inhibition of KLF4 Compensates the Impact of
Reduced miR-29a-3p on Inflammatory Damage in
NP In vitro

To figure out the impacts of KLF4 on miR-29a-3p -
mediated inflammatory damage in NP, measurement of
KLF4 in LPS-treated WI-38 CL was implemented. As
manifested in Figure 4A, KLF4 was reduced in LPS-
damaged WI-38 CL (p=0.001). Then, transfection of oe-
KLF4/NC, miR-29a-3p inhibitor + si-KLF4/NC was
conducted in WI-38 CL, and the transfection was
verified by RT-qPCR (p=0.001) and Western Blot (P =
0.002) (Figure 4B). Elevated KLF4 enhanced cell
viability, and silencing KLF4 mitigated the impact of
miR-29a-3p low expression on cell viability (p=0.001)
(Figure 4C). Additionally, elevated KLF4 constrained
cell apoptosis, while silenced KLF4 offset the inhibition
of miR-29a-3p downregulation on apoptosis (p=0.001)
(Figure 4D). After elevating KLF4, Bcl-2 was elevated
(p=0.001) and Bax was reduced (»p=0.002), while silence
of KLF4 was available to turn around the impact of miR-
29a-3p downregulation on Bax (p=0.003) and Bcl-2
(»=0.002) (Figure 4E-F). For inflammatory cytokines,
elevated KLF4 restrained inflammation, while silence of
KLF4 was available to turn around the suppression of
miR-29a-3p on inflammation (p<0.001) (Figure 4G-I).
To sum up, silence of KLF4 attenuated the protection of

Iran J Allergy Asthma Immunol/ 443

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)


http://ijaai.tums.ac.ir/

X. Juan Xu, et al.

downregulated miR-29a-3p against inflammatory injury
in NP.

MiR-29a-3p Boosts LPS-stimulated Lung Injury and
Inflammatory Response in Neonatal Rats Via
Targeting KLF4

The miR-29a-3p/KLF4 axis was further evaluated in
pneumonia in an LPS-stimulated lung injury rat model.
miR-29a-3p was elevated but KLF4 was suppressed in
LPS-induced neonatal rats (p=0.001) (Figure 5A). Then,
intraperitoneal injection with miR-29a-3p antagomir,
antagomir NC, miR-29a-3p antagomir + sh-KLF4/NC
was conducted. The successful injection was verified
(»=0.002) (Figure 5B). Lung injury was detected by HE

staining and TUNEL staining. LPS-treated rats had
telangiectasia in lung tissue, thickened alveolar septa
and capillary wall, inflammatory infiltration in the lung
interstitium, and increased apoptosis. After suppressing
miR-29a-3p, lung injury was significantly alleviated,
only a small number of inflammatory cells infiltrated
alveoli, and cell apoptosis was reduced. However, the
alleviating effects of down-regulating miR-29a-3p on
lung injury and cell apoptosis were offset by silencing of
KLF4 (p<0.001) (Figure 5C-D). Additionally, silencing
miR-29a-3p eliminated LPS-stimulated inflammation in
rat serum, but the inhibition of inflammation by miR-
29a-3p antagomir was offset by sh-KLF4 (p<0.001)
(Figure 5E-G).
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Figure 1. miR-29a-3p is elevated and KLF4 is silenced in serum of NP patients. A-B: RT-qPCR test of miR-29a-3p and KLF4
in NP patients’ serum; C-E: ELISA detection of the contents of IL-6, TNF-a and IL-1f. Values are manifested in mean+SD
(N=3). Independent sample t test was used for comparison between two groups, and one-way ANOVA and Tukey post hoc test
were used for comparison between multiple groups. Comparisons have been made between the experimental groups and the

control, *p<0.05.
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Figure 2. Silencing miR-29a-3p is available to alleviate inflammatory damage in NP in vitro. A: RT-qPCR test of miR-29a-3p
in LPS-damaged WI-38 CL; B: RT-qPCR validation of successful transfection; C: CCK-8 test of cell viability; D: Flow
cytometry examination of cell apoptosis; E-F: RT-qPCR test of mRNA of apoptosis-associated proteins (Bax and Bcl-2); G-I:
ELISA examination of the contents of IL-6, TNF-a and IL-1B. Values are manifested in mean+SD (N=3). Independent sample
t test was used for comparison between two groups, and one-way ANOVA and Tukey post hoc test were used for comparison
between multiple groups. Comparisons have been made between the experimental groups and the control, *p<0.05.
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Figure 3. KLF4 is a target of miR-29a-3p

A: Starbase database found the targeted binding sites of miR-29a-3p with KLLF4; B: The luciferase activity assay verification
results; C: RT-qPCR and Western Blot examination of KLLF4; D: Correlation analysis of miR-29a-3p with KLF4 in clinical
samples; Values are manifested in mean+SD (N=3). Independent sample t test was used for comparison between two groups,
and one-way ANOVA and Tukey post hoc test were used for comparison between multiple groups. Comparisons have been

made between the experimental groups and the control, *p<0.05
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Figure 4. Silence of KLF4 offsets the impacts of silenced miR-29a-3p on inflammatory injury of NP in vitro

A: Test of KLF4 in LPS-damaged WI-38 CL; B: Validation of the successful transfection; C: CCK-8 examination of cell
viability; D: Flow cytometry examination of cell apoptosis; E-F: RT-qPCR test of mRNA of apoptosis-associated proteins (Bax
and Bcl-2); G-1: ELISA test of the contents of IL-6, TNF-a and IL-1p. Values are manifested in mean £ SD (N = 3). Independent
sample t test was used for comparison between two groups, and one-way ANOVA and Tukey post hoc test were used for
comparison between multiple groups. Comparisons have been made between the experimental groups and the control, *p <
0.05.
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Figure 5. MiR-292a-3p boosts LPS-stimulated lung injury and inflammatory response in neonatal rats via targeting KLF4

A: Detection of miR-29a-3p with KLF4 in LPS-stimulated neonatal rats; B: Validation of successful injection; C: HE staining
assessment of lung injury score in rats; D: TUNEL staining evaluation of apoptosis index in rats; E-G: ELISA examination of
the contents of IL-6, TNF-o and IL-1p. Values are manifested in mean+SD (N=3). Independent sample t test was used for
comparison between two groups, and one-way ANOVA and Tukey post hoc test were used for comparison between multiple
groups. Comparisons have been made between the experimental groups and the control, *p<0.05.
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DISCUSSION

NP is still an extremely common infectious disease
in newborns, with a high mortality rate, which seriously
endangers the life and health of children.!” NP has a
feature of over-release of inflammatory cytokines,
leading to innate and acquired immunity activation.?’ As
all know, LPS is available to trigger inflammatory
damage in heterogeneous cells.?! In this study, LPS was
adopted to establish a cell model. As mentioned above,?
it was observed that LPS constrained WI-38 cell
proliferation and stimulated inflammation. These results
manifested that LPS successfully led to WI-38 cell
inflammatory injury. Through further studies, it was
discovered that LPS treatment altered miR-29a-3p
expression, while suppressing miR-29a-3p protected
LPS-damaged WI-38 CL from inflammatory damage.
Additionally, it was discovered that miR-29a-3p
negatively mediated KLF4. Ultimately, in in vitro animal
experiments, miR-29a-3p accelerated LPS-stimulated
lung injury and inflammatory response in neonatal rats
via targeting KLF4. The results manifested that miR-24
may become a prospective therapeutic target for NP.

LPS, a crucial constituent in Gram-negative
bacteria’s cell wall, is available to induce immune cells
to secrete inflammatory factors to induce an
inflammatory response.?*> LPS is broadly adopted to
construct animal models of infectious injury. In this
research, it was discovered that inflammation was
augmented after LPS treatment, testifying that the
experimental model was successful.

Aberrant miRNA is associated with the
physiological ~and  pathological processes of
inflammatory diseases. For instance, miR-3941 controls
LPS-stimulated acute pneumonia in A549 cells via
targeting insulin-like growth factor-Il.>* MiR-20a
promotes inflammation in pediatric pneumonia through
NF-kB signaling.”> miR-29a-3p is elevated in
bronchopulmonary dysplasia mice, while elevated miR-
29a-3p boosts inflammation and aggravates lung injury
in bronchopulmonary dysplasia mice.?* MiR-29a-3p is
silenced in rats’ myocardial tissue with severe acute
pancreatitis and can be transmitted by extracellular
vesicles from mesenchymal stem cells to suppress the
induction of inflammatory markers to ameliorate cardiac
function in myocardial injury.?” Additionally, aberrant
miR-29a-3p has been discovered in inflammation
caused by myocardial ischemia-reperfusion injury,?
hypoxic-ischemic ~ brain  injury,”  Hashimoto's

Vol. 22, No. 5, October 2023

thyroiditis,®® and adult Steele’s disease.’! In this
research, miR-29a-3p level was elevated in NP patients,
which was consistent with the foregoing result.’
Silencing miR-29a-3p strengthened cell viability and
suppressed inflammation in LPS-damaged WI-38 CL.
Also, miR-29a-3p upregulation was also measured in
LPS-stimulated lung injury rats, and silence of miR-29a-
3p reduced LPS-stimulated lung injury, apoptosis, and
inflammation. These results elaborated that miR-29a-3p
exerted a crucial role in pneumonia-triggered
inflammatory damage. Nevertheless, a foregoing study
illuminated that miR-429 boosted inflammatory damage
in NP via targeting KLF4.>* In this research, the miR-
29a-3p mediated inflammatory damage in NP via
targeting KLF4.

KLF4 is a zinc-coated DNA-binding transcription
factor that is involved in multiple tumors and acts as a
tumor suppressor or oncogene in different tissues.*
KLF4 was discovered to participate in inflammatory
damage in NP.** Additionally, several studies have
testified that KLF4 exerts a crucial action in pneumonia.
For instance, KLF4 in phagocytes modulates the early
inflammatory response and disease severity of
pneumococcal pneumonia.>> KLF4 is associated with
LPS-stimulated apoptosis and inflammation in WI-38
CL.% In this study, it was found that KLF4 levels were
diminished in both NP patients and WI-38 CL treated
with LPS. Increased KLF4 levels enhanced cell viability
and suppressed inflammation, whereas reduced KLF4
levels counteracted the impact of miR-29a-3p
downregulation. These findings shed light on the role of
miR-29a-3p in accelerating inflammatory damage in NP
by targeting KLF4.

In brief, miR-29a-3p is elevated in NP patients.
Silence of miR-29a-3p constrains inflammatory factors
via targeting KLF4, thereby enhancing cell viability and
alleviating inflammatory damage in NP. The study
illuminates that miR-29a-3p might be a prospective
curative target for NP.
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