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ABSTRACT

This study aimed to explore the effect of prednisone (PDN) combined with cyclophosphamide
(CTX) on bleomycin-induced pulmonary fibrosis (PF) in rats via circular RNA mortality factor 4 like 1
(MORFA4LT)/mictoRNA (miR)-29a-3p/Bromodomain protein 4 (BRD4) axis.

A rat model of PF was induced by bleomycin and treated with PDN combined with CTX, and
the lentiviral vectors that interfered with MORF4L1, miR-29a-3p, or BRD4 expression were injected into
the tail vein at the same time. The mRNA expressions of MORF4L1, miR-29a-3p, BRD4, and fibrosis-
associated proteins including fibronectin, connective tissue growth factor, and collagen I were detected
by real-time quantitative polymerase chain reaction. The expression level of BRD4 protein in rat
lungs was detected by Western blot analysis. Lung pathology of rats was observed by hematoxylin
and cosin and Masson’s trichrome staining. Apoptosis was observed by terminal deoxynucleotidyl
transferase dUTP nick end labeling staining. The targeting relationship between miR-29a-3p and
MORF4L1 or BRD4 was verified by the bioinformatics website and dual luciferase reporter experiment.

Bleomycin-induced PF enhanced MORF4L1 and BRD4 expression, inhibited miR-29a-3p
expression, injured lung tissue, increased mRNA expression of fibrosis-related markers, and induced
apoptosis in the lung tissue of rats. PDN combined with CTX had a therapeutic effect on PF in rats,
which was further promoted by down-regulating MORF4L1 or up-regulating miR-29a-3p. After
down-regulating miR-29a-3p or up-regulating BRD4, the effect of down-regulating MORF4L1 was
reversed. MORF4L1 could bind to miR-29a-3p to target BRD4.

In short, PDN combined with CTX can effectively improve PF through downregulating
MORF4L1 to enhance miR-29a-3p-targeted regulation of BRD4.
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knowledge, the mechanism underlying the occurrence of
this disease is yet to be elucidated.!? At present, injury to
epithelial cells, cellular senescence, and an abnormal
immune response are considered to contribute to lung
fibrosis development.3>® Moreover, the excessive
accumulation of fibroblasts and the increased secretion of
extracellular matrix promotes the fibrosis of lung tissues.®
PF can be categorized into immune, primary, drug-
induced, and idiopathic types, based on its pathogenesis.”
Idiopathic pulmonary fibrosis (IPF), a chronic and
progressive fibrotic lung disease, is a well-recognized
form of idiopathic interstitial pneumonia. The clinical
presentation encompasses pulmonary dysfunction and a
gradual onset of dyspnea. The pathological process
involves the destruction of alveolar architecture and
excessive accumulation of extracellular matrix, leading to
compromised gas exchange and reduced lung
compliance. Ultimately, these changes culminate in
respiratory failure and mortality. The incidence and
mortality rates of IPF exhibit an upward trend, primarily
among individuals in the middle-aged and elderly
demographic (55 to 75 years old). The median survival
duration for patients diagnosed with IPF is notably brief,
typically ranging from 3 to 5 years.%° Risk factors linked
to IPF consist of smoking history, age, occupational
exposure, genetic changes, and viral infection.%1
Several pharmaceutical agents, namely
acetylcysteine, pirfenidone, and prednisone, have been
identified as viable treatment options for PF.1214 At
present, two regimens for PF treatment are prednisone
(PDN)  with  cyclophosphamide  (CTX) or
azathioprine.’®5 However, the investigation into the
precise mechanisms by which drugs exert their effects
on subsequent processes is infrequently undertaken.
Circular RNAs (circRNASs) are noncoding RNAs that
are produced by reverse splicing of introns or exons,
resulting in the formation of a covalently closed loop
structure.’®” In recent decades, a growing body of
evidence has demonstrated the pivotal role of circRNAs in
the etiology and progression of diverse diseases, including
cardiovascular disease, cancer, and diabetes.’®? circRNAs
are commonly recognized as molecules that function as
microRNA (miR) sponges, thereby competitively binding
to their target genes. This interaction leads to alterations in
signal transductions and disruptions in gene expression.?
Studies have provided comprehensive insights into the
significant involvement of the circRNA/miR/mRNA axis
in various disease pathogenesis and developmental
pathways.???* MORF4L1 is upregulated in pneumonia and
accelerates apoptosis of epithelial cells,?® but its role in PF
is rarely studied.
MicroRNAs are closely implicated in PF.?6-28 miR-
29 has been reported to be significantly reduced in some
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fibrotic diseases associated with the lung, heart, and
liver.®3° Moreover, miR-29a-3p can suppress the
activation of lung fibroblast.3! miR-29a-3p expression is
decreased in both in vitro and in vivo PF models.%
Bromodomain protein 4 (BRD4) is elevated in PF, and
depression of BRD4 can alleviate PF.3334 In this study,
we proposed for the first time that PDN combined with
CTX could improve PF by regulating MORFAL1/miR-
29a-3p/BRD4 axis and explored the specific mechanism.

MATERIALS AND METHODS

Experimental Animals

Healthy Wistar rats weighing 200 to 250 g (SLAC
Laboratory Animals Co., Ltd, Shanghai, China) were
acclimated to the laboratory environment for 7 days in a
temperature-controlled room maintained at (23+2)°C,
with suitable humidity and a 12-hour light-dark cycle.
The rats were fed standard food and water. The study
was implemented in strict accordance with the
recommendations in the National Institutes of Health
guidelines for the care and use of laboratory animals. All
experimental protocols were approved by the Ethics
Committee of Yueyang Hospital of Integrated
Traditional Chinese and Western Medicine, Shanghai
University of Traditional Chinese Medicine (Approval
Number: 2019YYZ06). All operations were performed
under pentobarbital sodium (50 mg/kg) anesthesia to
minimize pain.

PF Model Establishment

A 0.2-mL injection of bleomycin (BLM) at a dosage
of 5 mg/kg, obtained from Aladdin (B107423, China),
was administered into the trachea of rats to induce PF.
The control group of rats received an equivalent volume
of saline injection.®

Grouping and Treatment

Rats were medicated 48 hours after modeling.
sh-MORF4L1, miR-29a-3p agomir, miR-29a-3p
antagomir, overexpressed BRD4 (oe-BRD4), and their
negative controls (NC) (sh-NC, agomir NC, antagomir
NC, and oe-NC) lentiviral vectors were obtained from
GenePharma (Shanghai, China). The virus titers were
measured at a concentration of 108 transduction units
(TU)/mL. Six rats in the control group were selected as
the sham group, and 60 successfully modeled rats were
randomly divided into 12 groups (n=6). In the following
groups, the rats were intraperitoneally injected with 5
mL of normal saline or a corresponding mixed solution.
(1) model group (saline injection); (2) PDN group
(injection with 5 mg/kg PDN); (3) CTX group (injection
with 15mg/kg CTX); (4) combined intervention group
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(PDN+ CTX) (injection with 5mg/kg PDN and 15 mg/kg
CTX). In the following groups, after the intervention, the
rats were injected with corresponding lentivirus vector
through the tail vein: (5) sh-MORF4L1 group (PDN+
CTX+ sh-MORF4L1); (6) sh-NC group (PDN+ CT X+ sh-
NC); (7) miR-29a-3p agomir group (PDN+ CTX+ miR-
29a-3p agomir); (8) agomir NC group (PDN+ CTX+
agomir NC); (9) sh-MORF4L1+ antagomir NC group
(PDN+ CTX+ sh-MORF4L1+ antagomir NC); (10) sh-
MORF4L1+ miR-29a-3p antagomir group (PDN+ CTX+
sh-MORF4L1+ miR-29a-3p antagomir); (11) sh-
MORF4L1+ o0e-BRD4 group (PDN+ CTX+ sh-
MORF4L1+ o0e-BRD4); (12) sh-MORFA4L1+ o0e-NC
group (PDN+ CTX+ sh-MORF4L1+ oe-NC). After 28
days, the rats were euthanized by inhalation of 5%
isoflurane (HR135327; Hairui Chemical, Shandong,
China) for 30 seconds prior to cervical dislocation, as
previously described.**3” The death of rats was verified
by the lack of heartbeat and a cold body. Plasma and lung
tissue samples were then collected.

Enzyme-linked Immunosorbent Assay (ELISA)

The levels of inflammatory factors including tumor
necrosis factor-a (TNF-a), interleukin (IL)-1p, and IL-6
in rat plasma were detected. ELISA kits utilized
included mouse TNF-a (EKO0527; sensitivity, 2.0
pg/mL), mouse IL-1p (EK0394; sensitivity, 3.8 pg/mL),
and mouse IL-6 (EKO0411; sensitivity, 5.0 pg/mL)
(Boster, Wuhan, China).

Sample Collection

Sections of the lung were excised and subjected to
fixation in neutral formalin, dehydration, embedding,
sectioning, routine hematoxylin and eosin (H&E), and
Masson staining. The remaining portions were
submerged in liquid nitrogen and preserved at —80°C.

Paraffin Sections

The lung tissue underwent a series of procedures
including fixation in 10% methanol, dehydration,
clearance, wax immersion, and embedding, resulting in
tissue wax blocks. The tissue was sliced into 5-pum
sections and subsequently flattened using a constant
temperature spread sheet baking machine. Following
complete stretching, the sections were affixed onto the
slide that had been coated with polylysine, and
subsequently subjected to baking in an oven at 60°C.

Hematoxylin and Eosin Staining

The paraffin sections underwent a series of
procedures including dewaxing, immersion in xylene
and anhydrous ethanol, staining with hematoxylin, and
washing with Tris-buffered saline with Tween 20
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(TBST) and eosin. Subsequently, dehydration,
clearance, sealing, and sequential alcohol dehydration
and xylene clearance were performed. Following drying,
the sections were sealed with neutral gum and preserved.
To evaluate the histopathological changes in the lungs,
TCS SP8 laser scanning confocal microscopy was
utilized to examine 10 randomly selected high-
magnification (400x%) regions in each sample.

Masson Staining

Paraffin sections were routinely dewaxed (similar to
H&E staining), treated with Boain solution, stained with
hematoxylin, differentiated by hydrochloric acid and
alcohol, and soaked in ammonia. Sections were treated
with ponceau and 1% molybdate phosphomolybdic acid
solution and then counter-stained with aniline blue
solution. The aniline blue was washed off with 95%
ethanol and then 100% anhydrous ethanol. After xylene
clearance, the sections were sealed with neutral gum and
evaluated by Ashcroft score. Ten regions with high
magnification (400x) were randomly selected in each
specimen. The average scores of these regions were
utilized as fibrosis scores for the sample.

TdT-mediated dUTP-biotin Nick End-labeling
(TUNEL) Staining

Apoptosis in the lung tissue was detected by Cell
Death Detection Kit (Roche, Mannheim, Germany).
Shortly, 4% paraformaldehyde-fixed lung tissue was
blocked with 3% H.0,, treated with fluorescein
isothiocyanate-dUTP  (green) and 4,6-diamino-2-
phenylindole (blue), and imaged under a fluorescence
microscope (Olympus, Tokyo, Japan). Apoptosis rate
was defined as the percentage of TUNEL-positive
cells/total cells.

Real-time Fluorescence Quantitative Polymerase
Chain Reaction

Total RNA was extracted from rat lung tissue with
Trizol (Invitrogen, Carlshad, CA, USA) and reversely
transcribed into cDNA using a cDNA synthesis kit
(Fermentas Inc., Ontario, CA, USA). RT-gPCR was by
StepOnePlus Real-Time PCR system (Applied Biosystems
Inc.). The reaction conditions were as follows:
predenaturation at 95°C for 10 minutes, 40 cycles of
denaturation at 95°C for 15 seconds, and annealing at 60°C
for 1 minute. PCR primers were designed and synthesized
by Invitrogen (supplementary Table 1). U6 was the internal
reference for miR-29a-3p, and glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) was that for MORF4L1, BRD4,
CTGF, collagen I, and FN. The amplified product was
verified by agarose gel electrophoresis. The data were
analyzed by the 222t method.
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Western Blot Detection

Total protein was extracted in line with a
bicinchoninic acid kit (BOSTER Biological Technology
Co. Ltd., Wuhan, China), and protein concentration was
determined. The proteins were then isolated by 10%
polyacrylamide gel electrophoresis and electro-
imprinted onto the polyvinylidene fluoride membrane.
The membrane was blocked with 5% bovine serum
albumin, followed by incubation with primary antibody
BRD4 (1: 1000) (Abcam, UK) and corresponding
secondary antibody (MT-BIO, Shanghai, China).
GAPDH (1: 1000; Cell Signaling Technology) was
regarded as an internal reference. Finally, the membrane
was imaged by Bio-Rad Gel Doc EZ IMAGER (Bio-
Rad, California, USA). ImageJ software was employed
to analyze the gray value of the target band.

The luciferase Report Experiment

Bioinformatics website predicted MORFA4L1, miR-
29a-3p, and BRDA4's targeting relations and binding sites.
GenePharma was commissioned to construct the
MORF4L1-3’ untranslated region (UTR) wild-type (WT)
(MORF4L1-WT) and mutant (MUT) plasmids
(MORF4L1-MUT), and BRD4-WT and -MUT. Rat lung
epithelial cells L2, which were logarithmically grown and
obtained from the Stem Cell Bank of the Chinese Academy
of Sciences, were plated into 96-well plates. Upon reaching
70% cell confluence, Lipofectamine 2000 (Invitrogen) was
cotransfected into L2 cells along with plasmids containing
miR-29a-3p mimic and its NC. Subsequently, luciferase
activity was measured using a luciferase assay kit
(BioVision, San Francisco, CA, USA).

Statistical Analysis

SPSS 21.0 (SPSS Inc, Chicago, IL, USA) statistical
software was applied for the analysis of data, and
measurement data were expressed as meanzstandard
deviation (SD). The t test was employed to compare the
measurement data of 2 groups that followed a normal
distribution, while one-way analysis of variance
(ANOVA) was utilized to compare multiple groups. Pair
comparisons were conducted using the least significant
difference method (LSD method). p was a bilateral test,
and p<0.05 was considered statistically significant.

RESULTS

PDN Combined with CTX Inhibits Levels of
Fibrosis-related Markers and Improves PF

PF was induced through endotracheal injection of
BLM in rats, and then intraperitoneal injection of PDN
or CTX was implemented. The pathology in lung tissue
was observed, finding that there was inflammatory cell
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infiltration, collagen deposition, and diffuse and dense
fibrosis in the model group. Pathology was alleviated in
the PDN, CTX, or combined intervention groups, with
the combined intervention group showing the best
treatment effect (Figures 1A and 1B). ELISA results
showed that the content of inflammatory factors (TNF-
a, IL-1pB, and IL-6) was increased in PF rats, which could
be reduced when PDN or CTX was administrated. The
best effect was obtained after combined treatment
(Supplementary Figures 1A-C). These results proved
that the PF rat model was successfully established, and
PDN and CTX had therapeutic effects on PF rats. Then
we measured the mRNA expressions of fibrosis-related
markers CTGF, collagen I, and FN by RT-qPCR. The
expression of fibrosis-related markers in rats with PF
was observed to be elevated, but this increase was
mitigated following the administration of either PDN or
CTX individually or in combination. TUNEL staining
found that PF induced apoptosis in the lung tissue of rats,
and treatment with PDN or CTX could attenuate this
phenomenon. The combination of PDN and CTX
demonstrated a significant decrease in apoptosis rate
(Figure 1F). In the model group, the expression levels of
MORF4L1 and BRD4 were observed to be upregulated,
while miR-29a-3p was found to be downregulated.
Conversely, in the PDN, CTX, or combined intervention
groups, the trends were reversed, with the combined
intervention group exhibiting the most significant
alterations (Figures 1G to 1lI). Briefly, PDN or CTX
improves PF, and the combined application of the 2 is
the most effective. Therefore, PDN and CTX were
selected for subsequent experiments.
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Figure 1. Prednisone (PDN) combined with cyclophosphamide (CTX) inhibits levels of fibrosis-related markers and improves
pulmonary fibrosis (PF). A. hematoxylin and eosin (HE) staining (400x) showed that the Model group had inflammatory cell
infiltration and pathological conditions were improved in the PDN group, CTX group, or combined intervention group, among
which the combined intervention group had the best therapeutic effect; B. Masson staining (400x) showed that collagen fibers
in the Model group increased significantly, with diffuse and dense fibrosis. Pathological conditions of the PDN group, CTX
group, or combined intervention group were improved, among which the combined intervention group had the best treatment
effect; C/D/E. real-time quantitative polymerase chain reaction (RT-qPCR) showed that the expression level of fibrosis-related
markers increased in the Model group, while decreased in the PDN, CTX, or combined intervention groups, with the highest
decrease in the combined intervention group; F. terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL)
staining (400x) found that the apoptosis of lung tissue cells increased in the Model group, and decreased in the PDN group,
CTX group or combined intervention group, among which the combined intervention group had the best therapeutic effect;
G/H/I. mortality factor 4 like 1 (MORF4L1), miR-29a-3p, and bromodomain-containing protein 4 (BRD4) detected by RT-
gPCR and Western Blot; The values were represented as mean+SD, n=6, * p<0.05 vs Sham; # p<0.05 vs Model.
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Downregulated MORF4L1 Can Further Alleviate PF

After PDN + CTX intervention, sh-MORF4L1 and
sh-NC were injected through the caudal vein,
respectively. The successful injection was verified by
RT-gPCR (Figure 2A). HE and Masson staining were
used to observe the lung tissue pathology of rats, and the
results showed that the lung tissue pathology of rats was
improved after MORF4L1 downregulation (Figures 2B
and 2C). The mRNA expressions of fibrosis-associated
markers (CTGF, collagen I, and FN) were detected by
RT-gPCR. The results showed that expression levels of
fibrosis-related markers decreased after MORF4L1 was
downregulated (Figures 2D to 2F). TUNEL staining was
used to detect apoptosis of rat lung tissue cells, and the
results showed that apoptosis of lung tissue cells
decreased after MORF4L1 was downregulated (Figure
2G). Shortly, downregulating MORF4L1 could further
mitigatee PF.

MORF4L1 Binds with miR-29a-3p

Bioinformatics website starBase predicted the
binding sites of MORF4L1 with miR-29a-3p (Figure
3A). The luciferase reporting technique was employed
to validate the interaction between MORF4L1 and miR-
29a-3p. A decrease in luciferase activity was observed
subsequent to the cotransfection of MORF4L1-WT with
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miR-29a-3p mimic (Figure 3B). miR-29a-3p expression
was elevated by silencingMORF4L1 (Figure 3C).

Upregulation of miR-29a-3p Can Further Relieve PF

After PDN + CTX intervention, miR-29a-3p agomir
and agomir NC were injected through the caudal vein,
respectively. The successful injection was verified by
RT-gPCR (Figure 4A). It was found that miR-29a-3p
upregulation alleviated the pathological condition of rat
lung tissue, reduced levels of CTGF, collagen I, FN, and
suppressed apoptosis rate in the lung tissue (Figures 4B
to 4G). Shortly, upregulating miR-29a-3p could further
mitigate PF.
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A. MORF4L1 detected by real-time quantitative polymerase chain reaction (RT-gPCR); B. hematoxylin and eosin (HE)
staining (400x) observed lung pathology and showed that downregulated MORF4L1 inhibited inflammatory cell infiltration;
C. Masson staining (400x) observed the pathological conditions of lung tissues, and the results showed that downregulated
MORF4L1 inhibited collagen deposition; D/E/F. RT-gPCR detected fibrosis-related markers connective tissue growth factor
(CTGF), collagen 1, and fibronectin (FN) and found that downregulation of MORF4L1 inhibited the expression of fibrosis-
related markers; G. terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) staining (400x) showed that
downregulating MORF4L1 inhibited lung cell apoptosis; The values were represented as mean+SD, n=6, * p<0.05 vs short
hairpin- negative control (sh-NC).
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Figure 3. Mortality factor 4 like 1 (MORF4L1) binds to miR-29a-3p

A. The binding sites of MORF4L1 with microRNA 29a-3p (miR-29a-3p); B. Dual luciferase reporter test verified the targeting
relationship between MORF4L1 and miR-29a-3p. The results showed that the luciferase activity decreased after MORF4L1-
wild-type (WT) was cotransfected with miR-29a-3p mimic; C. miR-29a-3p in rat lung tissue detected by real-time quantitative

polymerase chain reaction (RT-qPCR); The values were represented as mean+SD.
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Figure 4. Augmented microRNA 29a-3p (miR-29a-3p) can further relieve PF

A. miR-29a-3p detected by real-time quantitative polymerase chain reaction (RT-gPCR); B. hematoxylin and eosin (HE)
staining (400x) observed pathological condition of lung tissues observed pathological condition of lung tissues, and the results
showed that upregulation of miR-29a-3p inhibited inflammatory cell infiltration; C. Masson staining (400x) observed
pathological condition of lung tissues, and the results showed that upregulation of miR-29a-3p inhibited collagen deposition;
D/E/F. RT-gPCR detected fibrosis-related markers connective tissue growth factor (CTGF), Collagen 1, and fibronectin (FN)
and found that upregulation of miR-29a-3p inhibited the expression of fibrosis-related markers; G. terminal deoxynucleotidyl
transferase dUTP nick end labeling (TUNEL) staining (400x) detected apoptosis of lung tissue cells and found that upregulation
of miR-29a-3p inhibited apoptosis of lung tissue cells; The values were represented as mean+SD, n=6, * p<0.05 vs agonist to
microRNA (agomir) negative control (NC).
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Figure 5. MicroRNA 29a-3p (miR-29a-3p) negatively regulates bromodomain-containing protein 4 (BRD4)

A. The binding sites of miR-29a-3p with BRD4; B. Dual luciferase reporter test verified the targeting relationship between
miR-29a-3p and BRD4. The results showed that the luciferase activity decreased after cotransfection of BRD4- wild-type (WT)
with miR-29a-3p mimic (N=3); C. BRD4 in rat lung tissue detected via real-time quantitative polymerase chain reaction (RT-
gpcr) and Western Blot (n=6); The values were represented as meanSD. * p<0.05 vs agonist to microRNA (agomir) negative

control (NC).

miR-29a-3p Targets BRD4

The gene targets BRD4 of miR-29a-3p was cross-
screened through 4 bioinformatics websites, starBase,
PITA, miRmap, and PicTar (Figure 5A). The luciferase
reporting technique was utilized to validate BRD4 as the
downstream target of miR-29a-3p. Luciferase activity
subsequent to the cotransfection of BRD4-WT with the
miR-29a-3p mimic was reduced (Figure 5B). BRD4
expression in lung tissue of rats was reduced after
elevating miR-29a-3p (Figure 5C).

Downregulated miR-29a-3p or Upregulated BRD4
Reverses the Function of MORF4L1 Repression on
PF

Concurrently with the combined intervention of PDN
and CTX, we administered sh-MORF4L1+ miR-29a-3p
antagomir, sh-MORF4L1+ antagomir NC, sh-MORF4L1+
0e-BRD4, and sh-MORF4L1+ oe-NC in rats, respectively.
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The successful injection was verified by RT-gPCR or
Western blot (Figures 6A and 7A). After downregulating
miR-29a-3p or upregulating BRD4, the effects of
downregulating MORF4L1 on PF were reversed (Figures
6B to 6G and 7B to 7G), further demonstrating that PDN
combined with CTX ameliorated PF via the
MORF4L1/miR-29a-3p/BRD4 axis.
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Figure 6. Downregulated miR-29a-3p reverses the function of repressive mortality factor 4 like 1 (MORF4L1) on PF

A. miR-29a-3p detected via real-time quantitative polymerase chain reaction (RT-gPCR); B. hematoxylin and eosin (HE) staining
(400x) observed pathological condition of lung tissues, and the results showed that downregulation of miR-29a-3p weakened the
inhibitory effect of downregulation MORF4L1 on inflammatory cell infiltration; C. Masson staining (400x) observed pathological
condition of lung tissues, and the results showed that downregulation of miR-29a-3p weakened the inhibitory effect of
downregulation of MORF4L1 on collagen deposition; D,E,F. RT-qPCR detected fibrosis-related markers connective tissue growth
factor (CTGF), Collagen I, and fibronectin (FN) and found that downregulating miR-29a-3p attenuated the inhibitory effect of
downregulating MORF4L1 on the expression of fibrosis-related markers; G. terminal deoxynucleotidyl transferase dUTP nick
end labeling (TUNEL) staining (400x) detected apoptosis of lung tissue cells and found that downregulating miR-29a-3p weakened
the inhibitory effect of downregulating MORF4L1 on lung cell apoptosis; The values were represented as mean+SD, n=6, * p<0.05
vs short hairpin (sh)-MORF4L1 + antagonist to microRNA (antagomir) NC.
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Figure 7. Elevated bromodomain-containing protein 4 (BRD4) reverses the influence of reduced MORF4L1 on PF

A. BRD4 detected by real-time quantitative polymerase chain reaction (RT-qPCR) and Western Blot; B. hematoxylin and eosin
(HE) staining (400x) observed pathological condition of lung tissues, and the results showed that upregulation of BRD4
weakened the inhibitory effect of downregulation of mortality factor 4 like 1 (MORF4L1) on inflammatory cell infiltration;
C. Masson staining (400x) observed pathological condition of lung tissues, and the results showed that upregulation of BRD4
weakened the inhibitory effect of downregulation of MORF4L1 on collagen deposition; D,E,F. RT-gPCR detected fibrosis-
related markers connective tissue growth factor (CTGF), collagen I, and fibronectin (FN) and found that upregulation of BRD4
attenuated the inhibitory effect of downregulation of MORF4L1 on the expression of fibrosis-related markers; G. terminal
deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) staining (400x) detected apoptosis of lung tissue cells and found
that upregulation of BRD4 weakened the inhibitory effect of downregulation of MORF4L1 on lung cell apoptosis; The values
were represented as mean+SD, n=6, * p<0.05 vs short hairpin (sh)-MORF4L1 + overexpression (oe)-NC.

Vol. 23, No. 4, August 2024 Iran J Allergy Asthma Immunol/ 447
Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)


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

D. Wang, et al.

DISCUSSION

The primary objectives of this study were to assess
the therapeutic impact of the combination of PDN and
CTX, investigate its potential application in the
treatment of PF, and ascertain its potential downstream
regulatory mechanisms. The dosages of PDN (5 mg/kg)
and CTX (15 mg/kg) employed in this investigation
were estimated based on the dosages typically
prescribed for patients with IPF.%°

The rat model of PF was established by intratracheal
injection of BLM, and expression of fibrosis-associated
markers (CTGF, collagen I, and FN) was reduced in the
PDN, CTX, or combined intervention groups. In addition,
inflammatory cell infiltration and collagen deposition
were significantly reduced, and the pathological condition
was improved in PF rats in the PDN, CTX, or combined
intervention groups. These findings align with previously
suggested mechanisms and research on the effectiveness
of PDN and CTX,%®“ providing further evidence that
PDN or CTX can alleviate PF.

PDN possesses anti-inflammatory and anti-allergic
properties, inhibiting the proliferation of connective
tissue and the synthesis and release of histamine and
other harmful substances. Additionally, it reduces the
permeability of cell membranes and capillary walls,
thereby suppressing inflammatory exudation.*34 CTX
is a common anticancer and immunosuppressive
drug.*>*% At present, 2 regimens for the treatment of PF
are PDN combined with azathioprine or CTX.1%1°
However, the underlying mechanism of PDN combined
with CTX in PF is unclear. This study is the first to
demonstrate that PDN combined with CTX improves PF
by regulating the MORF4L1/miR-29a-3p/BRD4 axis.

circRNA molecules exhibit a closed-loop structure
that remains unaffected by RNA exonucleases,
rendering them highly stable and resistant to
degradation. Functionally, circRNA molecules are
enriched in miR binding sites and function as miR
sponges within cells, thereby mitigating miR-mediated
repression of target genes and enhancing the expression
of target genes. This regulatory mechanism is commonly
referred to as the competitive endogenous RNA
(ceRNA) network.*™° circRNA exerts its influence on
diseases through its interaction with miR.%%%2 According
to a recent study, it has been established that the
presence of circRNA MORF4L1 in pneumonia promotes
the process of apoptosis in epithelial cells.?> In this
study, it was confirmed that circRNA MORFA4L1 is
upregulated in rats with PF. Additionally, it was
observed that treatment with PDN or CTX can inhibit
the expression of circRNA MORF4L1, leading to a
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decrease in levels of fibrosis-related proteins such as
CTGF, collagen I, and FN, as well as apoptosis.
Consequently, this effectively alleviates the symptoms
of PF. In summary, the downregulation of MORF4L1
can enhance the therapeutic effect of PDN or CTX on
PF.

miRs, which are small non-coding RNAs, regulate
mRNA expression by selectively targeting the 3'UTR of
MRNA.5355 |n this study, the expression of miR-29a-3p,
a downstream miR of circRNA MORF4L1, was found to
be suppressed in rats with PF. Elevating miR-29a-3p was
observed to reduce the levels of fibrosis-associated
proteins CTGF, collagen I, and FN, as well as apoptosis,
thereby enhancing the therapeutic effects of PDN or CTX
on PF. Additionally, it was discovered that BRD4, a
downstream target of miR-29a-3p, is upregulated in PF,
and this upregulation of BRD4 can counteract the effects
of the downregulation of circRNA MORF4L1 on PF. A
report has demonstrated that miR-29a-3p can inhibit the
activation of lung fibroblasts.®* Elevation of BRD4 is
detected in PF, and repression of BRD4 can mitigate
PF.33% This is coincident with our experimental results.

However, this study has several limitations. Firstly,
it solely focused on verifying the therapeutic effect of
PDN combined with CTX on PF through in vivo animal
experiments, without conducting any in vitro cell
experiments. In order to further validate our findings, it
is imperative to establish an in vitro PF model in future
research. Secondly, the current study only examined the
expression of circRNA MORF4L1/miR-29a-3p/BRD4
in animal subjects, thus the generalizability of the
research results to clinical settings is limited. Therefore,
it is necessary to analyze the expression of circRNA
MORF4L1/miR-29a-3p/BRD4 in clinical cases of PF in
future investigations.

Taken together, PDN with CTX mitigates PF
through circRNA MORF4L1/miR-29a-3p/BRD4 axis.
The regulatory axis involving circRNA MORF4L1/miR-
29a-3p/BRD4 could potentially exert a significant
influence on the pathogenesis and progression of PF.
Furthermore, the findings of this investigation offer
novel prospects for identifying therapeutic targets and
devising strategies for the clinical management of PF.
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