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Abstract

Background The high mortality rate of ARDS is closely related to pulmonary fibrosis (PLF), and the degree of
pulmonary fibrosis affects the prognosis of ARDS. Numerous studies indicated the abnormal expression of miRNAs in
the pathogenesis of various lung diseases, such as ARDS and PLF. This study aimed to explore the expression of serum
miR-6515-5p and its clinical performance in ARDS complicated with PLF.

Methods RT-gPCR analysis was employed to measure miR-6515-5p levels within the serum specimens from ARDS
patients who either had PLF or did not. Receiver Operating Characteristics (ROC) curve was conducted to evaluate
the diagnostic value of miR-6515-5p. To analyze the risk factors linked with the development of PLF in ARDS patients,
logistic regression analysis was conducted. Kaplan-Meier curve was conducted to assess the prognostic value of miR-
6515-5p in predicting the outcome of ARDS patients with PLF. Multivariate COX regression analysis was performed to
identify the PLF-related risk factors associated with outcomes.

Results Serum miR-6515-5p was downregulated in ARDS patients, especially in patients suffering from PLF. miR-
6515-5p expression can distinguish ARDS patients from healthy individuals and related to the occurrence of PLF.

Most patients with low miR-6515-5p expression had low FVC and DLCO, as well as high Murray score and APACHE ||
score. Moreover, miR-6515-5p expression has a certain high value in differentiating ARDS patients with PLF from those
without PLF. In addition, miR-6515-5p may be a prognostic marker in ARDS patients suffering from PLF.

Conclusions These data identified the abnormal expression of miR-6515-5p in ARDS and PLF, and implied a potential
clinical early diagnostic and prognostic marker in ARDS suffering from PLF.

Keywords miR-6515-5p, ARDS, Pulmonary fibrosis, Diagnosis, Biomarker

fXuegin Huang and Peng Xu contributed equally to this work.

*Correspondence:

Guangwen Long
Longguangwen7510@163.com
Wang Liu
LiuwangHZ@163.com

Full list of author information is available at the end of the article

©The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s41065-025-00436-1&domain=pdf&date_stamp=2025-4-25

Huang et al. Hereditas (2025) 162:71

Background
Acute respiratory distress syndrome (ARDS) is a life-
threatening condition characterized by progressive dys-
pnea, acute onset of non-cardiogenic pulmonary edema,
and severe hypoxemia [1]. As the disease progresses, one
of the potential and dreaded complications is the devel-
opment of pulmonary fibrosis (PLF). PLF is a process in
which damaged lung tissue repairs itself and leaves scars.
This abnormal fibrotic remodeling of the lung paren-
chyma severely impairs lung compliance and gas diffu-
sion capacity [2]. The presence of pulmonary fibrosis in
ARDS leads to a significantly worse prognosis [3]. Early
diagnosis of ARDS and its potential progression to pul-
monary fibrosis is of utmost importance as it could allow
for prompt initiation of appropriate therapeutic inter-
ventions, such as lung-protective ventilation strategies
[4]. Additionally, early identification of biomarkers or
imaging features that can predict the progression of PLF
in ARDS patients would enable personalized treatment
approaches, potentially improving patient outcomes
and reducing the long-term burden of this devastating
disease.

microRNAs (miRNAs) represent a group of small, non-
coding RNA molecules that assume crucial regulatory
functions across various biological processes, includ-
ing cell proliferation, differentiation, and inflammation
[5, 6]. Recently, numerous studies have indicated the
involvement of miRNAs in the pathogenesis of various
lung diseases, such as ARDS and PLF [7, 8]. For instance,
miR-346 levels were increased in lung tissues of ARDS
and could regulate the development of ARDS by modu-
lating the function of pulmonary microvascular endo-
thelial cells [9]. Understanding the role of miRNAs in
ARDS-related PLF could provide valuable insights into
the disease mechanism and identify potential therapeutic
targets [10]. Moreover, miRNAs may serve as potential
biomarkers for the early diagnosis, prognosis, and predic-
tion of disease progression in diseases, including ARDS
[11-14]. Recently, an interaction network study has
reported differentially expressed ncRNAs in idiopathic
pulmonary fibrosis, in which miR-6515-5p was down-
regulated in idiopathic pulmonary fibrosis [15]. Although
ARDS-related PLF and idiopathic pulmonary fibrosis
have some differences in etiology, they share common
pathological features in the development of fibrotic
lesions, such as fibroblast activation and excessive extra-
cellular matrix deposition. Another study indicated that
miR-6515-5p was downregulated in PM10-exposed
human bronchial epithelial BEAS-2B cells and could reg-
ulate PM10-induced inflammatory responses by target-
ing CSF3 via MAPK/ERK signaling in BEAS-2B cells [16].
Given the emerging role of miRNAs as key regulators in
pulmonary fibrosis and the fact that miR-6515-5p shows
abnormal expression in idiopathic pulmonary fibrosis, it
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is reasonable to hypothesize that miR-6515-5p may also
play a significant role in ARDS-related PLF.

Previous research on the pathogenesis of ARDS com-
plicated by PLF has primarily centered on traditional
molecular pathways and protein-based biomarkers. How-
ever, our study uniquely zeroes in on miR -6515-5p, a
microRNA that has hitherto received scant attention in
this context. Understanding the role of miR-6515-5p
in ARDS-PLF might provide a promising biomarker for
diagnosis, prognosis, and prediction of disease progres-
sion in ARDS-PLF patients. In this research, our objec-
tive was to explore the expression pattern and clinical
value of miR-6515-5p in ARDS patients with and without
PLE. These findings may potentially improve our under-
standing of the pathogenesis of ARDS-related PLF and
serve as a stepping-stone for the formulation of miR-
6515-5p-based diagnostic and therapeutic strategies.

Methods
Study participants
A total of 210 ARDS patients admitted to Guizhou Pro-
vincial People’s Hospital from 2022 to 2024 were selected
as the study subjects. The inclusion criteria were: (1) all
cases met the Berlin criteria or the new criteria ESICM
guidelines [17, 18]; (2) with less than 7 days of disease
course; (3) patients completed follow-up records and
with complete clinical data; 3) all patients signed written
informed consent. The following cases were not included:
(1) those with malignant tumors; (2) cases had a history
of lesions in important organs, such as the liver and kid-
neys; (3) those suffering from immune system diseases.
All enrolled subjects were subjected to chest high-res-
olution computed tomography (HRCT) to assess lung
fibroproliferation. Then, the HRCT findings were then
utilized to classify participants into two groups, includ-
ing 121 ARDS patients without PLF and 89 patients with
PLE. Additionally, 88 healthy individuals undergoing rou-
tine physical examinations in the same time frame were
enrolled as the health control group. Inclusion criteria
for the control group included: (1) absence of any respi-
ratory symptoms or history of lung disease; (2) normal
chest radiography findings; (3) written informed consent
obtained.

This study was approved by the Medical Ethical Com-
mittee of Guizhou Provincial People’s Hospital. The clini-
cal data were collected and recorded for further analysis.

Sample collection

Fasting peripheral venous blood samples were collected
from patients within 24 h of diagnosis and from healthy
controls during routine physical examinations. All sam-
ples were centrifuged at 1000 g for 10 min at 4 °C. The
supernatant serum was aspirated and aliquoted into
1.5 mL cryovials (Eppendorf, Hamburg, Germany)
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and stored at -80 °C until analysis, with no more than 3
freeze-thaw cycles.

RNA isolation and real-time quantitative polymerase chain
reaction (RT-qPCR)[19, 20]

The expression of miR-6515-5p was detected by real-
time quantitative polymerase chain reaction (RT-qPCR).
Total RNA was extracted from serum samples utilizing
Trizol reagent (Invitrogen). For each serum sample, 500
pL of Trizol reagent was added to the serum ina 1.5 - mL
microcentrifuge tube. The tube was then vortexed vigor-
ously for 15 s to ensure thorough mixing and incubated
at room temperature for 5 min to allow for the complete
dissociation of nucleoprotein complexes. Next, 100 pL of
chloroform was added to the tube, which was then vor-
texed again for 15 s and incubated at room temperature
for another 3 min. After incubation, the samples were
centrifuged at 12,000 g for 15 min at 4 °C. The upper
aqueous phase containing the RNA was carefully trans-
ferred to a new RNase - free microcentrifuge tube, tak-
ing care not to disturb the interphase. To precipitate the
RNA, an equal volume of isopropanol was added to the
aqueous phase, mixed gently by inversion, and incubated
at room temperature for 10 min. The samples were then
centrifuged at 12,000 g for 10 min at 4 °C. The superna-
tant was discarded, and the RNA pellet was washed with
75% ethanol (prepared with RNase - free water). The tube
was centrifuged at 7,500 g for 5 min at 4 °C, and the etha-
nol supernatant was carefully removed. The RNA pel-
let was air-dried for 5-10 min and then resuspended in
30 pL of RNase-free water. To minimize experimental
errors during RNA extraction, all glassware and plastic-
ware used were pre-treated with RNase-decontamination

Table 1 Baseline data of subjects

characteristics Healthy controls ~ ARDS patients  P-value
(n=88) (n=210)

Age (years) 5357+7.13 52.87+823 0489
Sex (male/female) 47/41 101/109 0403
BMI (kg/mz) 2356+3.71 24.64+3.61 0.090
Smoking (no/yes) 41/47 94/116 0.772
WBC (x10%/L) - 13.19+4.39 -
CRP (mg/L) - 50.86+25.16 -
PCT (ng/mL) - 1.08+0.73 -
TNF-a (pg/mL) - 24.09+£12.87 -
IL-18 (pg/mL) - 20624732 -

IL-6 (pg/mL) - 98.83+58.85 -

FVC (%) - 81.19+£13.94 -
DLCO (%) - 62.01+14.08 -
Murray score - 235+1.07 -
APACHE Il score - 15.97+5.99 -

Note: ARDS, acute respiratory distress syndrome; PLF, pulmonary fibrosis; WBC,
white blood cells; CRP, c-reactive protein; PCT, procalcitonin; TNF-a, tumor
necrosis factor-a; IL, interleukin; FVC, forced vital capacity; DLCO, diffusion lung
CO; -, no data
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solutions and autoclaved. Pipette tips were RNase-free
and filter-tipped to prevent cross-contamination. All
steps were carried out as quickly as possible to reduce the
risk of RNA degradation. The concentration and purity
of the extracted RNA were measured by a NanoDrop
spectrophotometer (Thermo Fisher). Then the extracted
RNA was reverse-transcribed into cDNA using the Taq-
Man MicroRNA Reverse Transcription Kit (Applied Bio-
systems). The PCR was performed using the TagMan
Universal Master Mix II (Applied Biosystems) on a Ste-
pOnePlus Real-Time PCR System (Applied Biosystem).
The thermal cycle was run in the following program:
95 °C for 10 min, 35 cycles of 95 °C for 15 s, and 58 °C
for 45 s. The relative expression of miR-6515-5p was cal-
culated using the 2722t methods with U6 as the internal
reference gene.

Statistical analysis

All statistical analyses were performed using SPSS
26.0 (IBM, Armonk, NY, USA) and GraphPad Prism
9.0 (GraphPad Software, San Diego, CA). A two-tailed
P-value<0.05 was considered statistically significant.
For normally distributed continuous variables, a Student
t-test was employed to compare the differences between
different groups. Categorical variables were compared
using the chi-square test. The receiver operating char-
acteristics (ROC) curve was constructed to evaluate the
diagnostic performance of miR-6515-5p by calculating
the area under the curve (AUC), sensitivity, and specific-
ity. Logistic regression analysis was performed to explore
risk factors associated with PLF. Kaplan-Meier curve,
a commonly used method in survival analysi, was con-
ducted to the prognostic value of miR-6515-5p in ARDS
patients with PLE. A significant P-value suggests that the
difference in miR-6515-5p levels is unlikely to be due
to chance and may be clinically relevant for predicting
prognosis.

Results

The baseline data of the participants

The healthy control group consisted of 88 individuals
(mean age: 53.57 +7.13 years; 47 males, 41 females) with
a mean body mass index (BMI) of 23.56+3.71 kg/m?,
among whom 47 (53.4%) were smokers. Among these
controls, 47 individuals reported a history of smoking.
A total of 210 ARDS patients (mean age: 52.87+8.23
years; 101 males, 109 females) were enrolled, with a mean
body mass index (BMI) of 24.64+3.61 kg/m® and 116
(55.2%) reporting a smoking history. No statistically sig-
nificant differences were observed between groups in age
(P=0.489), sex (P=0.403), BMI (P=0.090), or smoking
prevalence (P=0.772), confirming baseline comparability
(Table 1).
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Fig. 1 Serum miR-6515-5p expression and its clinical value in ARDS patients. ***P<0.001. (A) Serum miR-6515-5p expression was decreased in ARDS
patients compared to healthy control. (B) ROC curve was conducted to evaluate the diagnostic value of miR-6515-5p in distinguishing ARDS patients

from healthy individuals

Table 2 Comparison of clinical characteristics between non-PLF
and PLF groups in ARDS patients

Indicators ARDS patients Pvalue
Non-PLF (n=121)  PLF (n=89)
Age (years) 52.60+7.90 53244871 0.583
Sex (male/female) 58/63 43/46 0.956
BMI (kg/mz) 2423+3.73 2444+318 0.658
Smoking (no/yes) 54/67 40/49 0.964
WBC(x10%/L) 1231+£4.13 14.38+4.48 <0.001
CRP (mg/L) 36431804 7048+19.59 <0.001
PCT (ng/mL) 0.99+0.64 1.19+0.82 0.059
TNF-a (pg/mL) 2031£12.80 2923+£11.13 <0.001
IL-1B (pg/mL) 21.21+£8.17 19.82+£5.92 0.173
IL-6 (pg/mL) 81.53+51.39 12240+ 60.44 <0.001
FVC (%) 87.02+£9.70 7328+1494 <0.001
DLCO (%) 70.70£6.52 50.20£12.95 <0.001
Murray score 222+1.09 2.54+1.02 0.030
APACHE Il score 14.98+6.22 1733+542 0.005

Note: ARDS, acute respiratory distress syndrome; PLF, pulmonary fibrosis; WBC,
white blood cells; CRP, c-reactive protein; PCT, procalcitonin; TNF-a, tumor
necrosis factor-a; IL, interleukin; FVC, forced vital capacity; DLCO, diffusion lung
co

miR-6515-5p expression and its predictive value in
distinguishing ARDS patients from healthy individuals

The serum miR-6515-5p levels were decreased in patients
with ARDS in contrast to those in healthy individuals
(Fig. 1A). The ROC curve indicated that miR-6515-5p
expression had a relatively high area under the ROC
curve (AUC) value in distinguishing ARDS patients from
healthy individuals with a sensitivity of 88.57% and speci-
ficity of 73.86% (Fig. 1B).

miR-6515-5p expression was associated with the severity
of ARDS in patients

Among the 210 ARDS patients, 89 cases suffered PLF.
Firstly, the baseline data were compared between non-
PLF groups and PLF groups in ARDS patients (Table 2).
There were no statistical differences in age, sex, BMI,
and smoking. The ARDS patients who suffered from PLF
showed higher WBC, CRP, PCT, TNF-a, IL-6, Murray
score, and APACHE II score, as well as lower FVC and
DLCO values. Additionally, based on the median value of
miR-6515-5p levels (0.67) in ARDS patients, the ARDS
patients were classified into low miR-6515-5p expres-
sion group (n=106) and high miR-6515-5p expression
group (n=104). The patients with low miR-6515-5p
expression displayed lower FVC and DLCO, along with
a higher Murray score, APACHE II score, and high inci-
dence of PLF (Table 3). Then these clinical characteristics
in Table 3 were enrolled in logistic regression analysis.
The results in Fig. 2A indicated that FVC, DLCO, Mur-
ray score, APACHE II score, and miR-6515-5p expression
were risk factors associated with the occurrence of PLF.

miR-6515-5p expression and its clinical significance in
ARDS patients suffering from PLF

The miR-6515-5p expression was further compared in
ARDS patients without PLF and with PLF. Patients with
PLF had lower miR-6515-5p levels (Fig. 2B). ROC curve
analysis revealed that miR-6515-5p expression had a rela-
tively high AUC value (0.796) to differentiate PLF from
non-PLF in ARDS patients (Fig. 2C).
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Table 3 Association between miR-6515-5p expression and
clinical features of ARDS patients

Total Low miR- High miR-  P-
(n=210) 6515-5p 6515-5p value
expression expression
(n=106) (n=104)

Age (years) 0.400
<55 113 54 59
>55 97 52 45

Sex 0.404
Male 101 54 47
Female 109 52 57

BMI (kg/m?) 0.680
<24 104 51 53
>24 106 55 51

FVC (%) 0.034
<81 88 52 36
>81 122 54 68

DLCO (%) 0.015
<62 82 50 32
>62 128 56 72

Murray score 0.019
<25 102 43 59
>25 108 63 45

APACHE Il score 0.013
<15 109 46 63
>15 101 60 41

PLF <0.001
No 121 43 78
Yes 89 63 26

Note: ARDS, acute respiratory distress syndrome; PLF, pulmonary fibrosis; FVC,
forced vital capacity; DLCO, diffusion lung CO

In reference to the median value of miR-6515-5p
expression in ARDS complicated with PLF patients,
the cases were divided into two groups: low expression
(n=47) and high expression (n=42) groups. Consistent
with that in all ARDS patients, most patients with low
miR-6515-5p expression had low FVC and DLCO, as well
as high Murray score and APACHE II score (Table 4).

The prognostic value of miR-6515-5p in ARDS patients
with PLF

The miR-6515-5p expression and the 28-day follow-up
data of the ARDS patients with PLF were enrolled in
the Kaplan-Meier curve analysis. The results in Fig. 3A
showed that patients with low miR-6515-5p had a lower
survival rate (log-rank test P=0.022). The multivari-
ate COX regression analysis showed that miR-6516-5p
expression was an independent prognostic factor associ-
ated with the patients’ outcomes (Fig. 3B).

Discussion

An increasing number of treatment strategies are being
continuously applied to the clinical treatment of vari-
ous diseases in the medical field [21-23]. MiRNA-based
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therapy approaches were also applied to clinical studies
in diseases [5, 24]. Previous investigations into the rela-
tionship between ARDS and PLF have largely focused on
established cytokines, growth factors, and extracellular
matrix components. In contrast, our study pioneers the
exploration of miR-6515-5p as a key player in this com-
plex disease network. We demonstrated for the first time
that miR-6515-5p levels are not only significantly down-
regulated in ARDS patients, but also exhibit a strong
correlation with the presence and severity of PLE. This
novel finding expands the current molecular landscape of
ARDS - PLF research, opening up new avenues for future
therapeutic interventions. This study confirmed that
serum miR-6515-5p expression was decreased in ARDS
patients, especially in those suffering from PLF. miRNAs
are known to play crucial regulatory roles in various bio-
logical processes, and their dysregulation has been impli-
cated in numerous diseases [6]. The low expression of
miR-6515-5p in ARDS patients may suggest its potential
involvement in the pathogenesis of ARDS. In the context
of ARDS with PLF, the even more pronounced down-
regulation implies that miR-6515-5p could be closely
associated with the fibrotic process. Aberrant miRNA
expression can disrupt normal cell functions, such as
proliferation, differentiation, and apoptosis, which are
processes that are dysregulated in ARDS and PLF [25-
27]. The ARDS patients who suffered from PLF showed
higher WBC, CRP, PCT, TNF-a, IL-6, Murray score,
and APACHE II score, as well as lower FVC and DLCO
values. These data showed ARDS patients had abnor-
mal inflammatory factors and clinical evaluation scores.
The patients with low miR-6515-5p expression displayed
lower FVC and DLCO, along with a higher Murray score,
APACHE II score, and high incidence of PLF. This further
confirmed that abnormal miR-6515-5p expression was
closely related to the disease progression of ARDS, espe-
cially the occurrence of PLE.

Circulating miRNAs are highly stable in body fluids
and are considered promising biomarkers for disease
diagnosis and therapy [24]. For instance, miR-338-3p is a
biomarker related to the diagnosis and severity of neona-
tal ARDS and has a regulatory influence on inflammatory
response in ARDS [28]. The expression of miR-6515-5p
could effectively distinguish ARDS patients from healthy
individuals, as well as ARDS patients with PLF from
those without. This finding highlights the potential of
miR-6515-5p as a diagnostic biomarker for early predic-
tion of the occurrence of PLF in ARDS patients. In clini-
cal practice, early and accurate diagnosis of ARDS and its
subtypes is of utmost importance for timely intervention
and improving patients’ outcomes [29]. Current diag-
nostic methods for ARDS often rely on clinical symp-
toms, imaging, and pulmonary function tests, which
may lack specificity or sensitivity in the early stages. The
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Fig. 2 miR-6515-5p expression was a risk factor associated with the occurrence of PLF in ARDS patients. ***P<0.001. (A) Logistic regression analysis was
performed to analyze the risk factors in ARDS patients suffering from PLF. (B) miR-6515-5p levels were lower in ARDS patients with PLF than in patients
without PLF. (C) miR-6515-5p has a certain diagnostic value in differentiating ARDS patients with PLF from those without PLF

identification of miR-6515-5p as a diagnostic biomarker
provides a new perspective and may complement exist-
ing diagnostic tools, enabling more precise diagnosis and
classification of ARDS patients.

PLF is a severe complication of ARDS, significantly
increasing the morbidity and mortality of patients.
Understanding the factors contributing to the develop-
ment of PLF in ARDS is crucial for the development of
preventive and therapeutic strategies. The logistic analy-
sis indicated that the expression of miR-6515-5p was a
risk factor for the development of PLF in ARDS patients.
Previous study also indicated miRNA expression

(miR-141-3p) was associated with the severe progression
of PLF and was a risk factor for PLF in ARDS [30]. miR-
6515-5p expression may influence the fibrotic process
through various molecular mechanisms. For instance,
miR-23b-3p  alleviates  endothelial-to-mesenchymal
transition in PLF by suppressing the DPP4 expression
[31]. A previous study in lung cancer demonstrated that
miR-6515-5p dysregulation might facilitate lung cancer
proliferation and metastasis [32]. miR-6515-5p within
exosomes isolated from bone marrow mesenchymal stem
cells plays a crucial role in exerting a protective effect on
osteoarthritis, which occurs through a regulatory axis
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Table 4 Association between miR-6515-5p expression and
clinical features of ARDS complicated with pulmonary fibrosis
patients

Total Low miR- High miR- P-
(n=210) 6515-5p 6515-5p val-
expression expression ue
(n=47) (n=42)

Age (years) 0.110
<55 45 20 25
>55 44 27 17

Sex 0.176
Male 42 19 23
Female 47 28 19

BMI (kg/m?) 0.727
<24 42 23 19
>24 47 24 23

FVC (%) 0.025
<73 43 28 15
>73 46 19 27

DLCO (%) 0.021
<50 39 26 13
>50 50 21 29

Murray score 0.030
<25 36 14 22
>25 53 33 20

APACHE Il score 0.029
<15 40 16 24
>15 49 31 18

Note: ARDS, acute respiratory distress syndrome; FVC, forced vital capacity;
DLCO, diffusion lung CO

involving IncRNA LYRM4-AS1 and GRPR [33]. Down-
regulation of miR-6515-5p in PM10-exposed human
bronchial epithelial BEAS-2B cells could regulate PM10-
induced inflammatory responses by targeting CSF3
through MAPK/ERK pathway [16]. Given the previous
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study in lung epithelial cells and lung cancer, as well as
the results in this study, we speculated that miR-6515-5p
might involved in the progression of PLF by modulating
CSF3 expression. Nevertheless, the functions and poten-
tial mechanism of miR-6515-5p in PLF remain unclear.

MiR-6515-5p was reported to be upregulated in small-
cell lung cancer but has not been validated prognostic
marker in lung cancer [34]. This study showed that miR-
6515-5p expression might act as a prognostic biomarker
for ARDS patients with PLF. The ARDS patients suffer-
ing from PLF with low miR-6515-5p levels displayed a
lower survival rate. Prognosis prediction is an essential
aspect of patient management, allowing clinicians to
stratify patients according to their risk of adverse out-
comes and design personalized treatment plans [18].
Lower levels of miR-6515-5p may be associated with a
more severe disease course and worse outcomes in ARDS
with PLF patients, which might be related to its role in
promoting disease-related processes such as fibrosis and
inflammation.

Despite these findings, our study has several limita-
tions. First, the sample size in each group, especially in
the subgroup analysis, may not be large enough to fully
represent the entire patient population, which may
restrict the broad applicability of our results. It is nec-
essary to conduct future studies involving larger sample
sizes to confirm our findings. Second, the study was
mainly observational, underlying the role of miR-6515-5p
in ARDS and its associated PLF remains to be further
explored. Additionally, in-depth experiments will be con-
ducted to identify the potential molecular mechanism of
miR-6515-5p for ARDS with PLF.
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Fig. 3 The prognostic value of miR-6515-5p in predicting outcomes in ARDS patients with PLF. (A) Kaplan-Meier curve was conducted to evaluate the
prognostic value of miR-6515-5p. (B) Multivariate COX regression analysis was performed to analyze the independent risk factors associated with the

outcome of ARDS patients with PLF
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Conclusions

In conclusion, our study has identified miR-6515-5p as
a potential biomarker for predicting diagnosis, risk-pre-
dicting, and prognosis values in ARDS and its associated
PLE. Further research in this area may lead to significant
advancements in the management of ARDS patients. To
fully understand the underlying mechanisms by which
miR-6515-5p exerts its effects, future research should
focus on in-depth mechanistic studies. Additionally,
larger-scale clinical validations are needed to confirm the
reliability and generalizability of miR-6515-5p as a bio-
marker across diverse patient populations.

Abbreviations

PLF Pulmonary fibrosis

ROC Receiver Operating Characteristics

ARDS Acute respiratory distress syndrome

miRNAs microRNAs

RT-gPCR  Real-time quantitative polymerase chain reaction
AUC Area under the curve

BMI Body mass index

Acknowledgements
None.

Author contributions

Conceptualization: Guangwen Long; Xuegin Huang; Peng Xu; Wang Liu;
Feihong Huang; Data curation: Qian Zhang; Xiulin Yang; Hongpeng Sun;
Formal analysis: Qian Zhang; Xiulin Yang; Chunling Ji; Xuegin Huang; Peng
Xu; Wang Liu; Investigation: Qian Zhang; Hongpeng Sun; Methodology:
Guangwen Long; Xueqin Huang; Peng Xu; Wang Liu; Project administration:
Guangwen Long; Feihong Huang; Supervision: Guangwen Long; Validation:
Qian Zhang; Roles/Writing - original draft: Guangwen Long; Feihong Huang;
Writing - review & editing: Guangwen Long; Xueqin Huang; Peng Xu; Wang
Liu.

Funding
No funding.

Data availability
All data generated or analyzed during this study are included in this article.
Further enquiries can be directed to the corresponding author.

Declarations

Ethics approval and consent to participate

This study was approved by the Medical Ethics Committee of Guizhou
Provincial People’s Hospital. Patients or their families were informed and
signed consent forms for this study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Respiratory Medicine, 900th Hospital of the Joint
Logistics Support Force of the Chinese People’s Liberation Army,
Cangshan Campus, Fuzhou 350007, Fujian Province, China

’Department of Emergency, Wuhan Brain Hospital, General Hospital of
the YANGTZE River Shipping, Wuhan, Hubei, China

*Department of Emergency, Guizhou Provincial People’s Hospital, No. 83,
Zhongshan East Road, Guiyang 550002, Guizhou, China

Page 8 of 9

“Department of Integrated Section, Wushan Hospital Hangzhou First
People’s Hospital (Hangzhou Cancer Hospital), No.34, Yanguan Lane,
Zhongshan South Road, Shangcheng District, Hangzhou 310002,
Zhejiang Province, China

Received: 17 March 2025 / Accepted: 14 April 2025
Published online: 26 April 2025

References

1. Bos LDJ, Ware LB. Acute respiratory distress syndrome: causes, pathophysiol-
ogy, and phenotypes. Lancet (London England). 2022;400(10358):1145-56. ht
tps://doi.org/10.1016/50140-6736(22)01485-4.

2. Koudstaal T, Funke-Chambour M, Kreuter M, Molyneaux PL, Wijsenbeek MS.
Pulmonary fibrosis: from pathogenesis to clinical decision-making. Trends
Mol Med. 2023;29(12):1076-87. https://doi.org/10.1016/j.molmed.2023.08.01
0.

3. SavinIA, Zenkova MA, Sen’kova AV. Pulmonary fibrosis as a result of acute
lung inflammation: molecular mechanisms, relevant in vivo models, prognos-
tic and therapeutic approaches. Int J Mol Sci. 2022;23(23). https://doi.org/10.3
390/ijms232314959.

4. Naqgvi M, Hannah J, Lawrence A, Myall K, West A, Chaudhuri N. Antifibrotic
therapy in progressive pulmonary fibrosis: a review of recent advances.
Expert Rev Respir Med. 2024;18(6):397-407. https://doi.org/10.1080/1747634
8.2024.2375420.

5. Diener C, Keller A, Meese E. Emerging concepts of MiRNA therapeutics: from
cells to clinic. Trends Genet. 2022;38(6):613-26. https://doi.org/10.1016/j.tig.2
022.02.006.

6. Vishnoi A, Rani S. MiRNA biogenesis and regulation of diseases: an updated
overview. Methods in molecular biology. (Clifton NJ). 2023;2595:1-12. https:/
/doi.org/10.1007/978-1-0716-2823-2_1.

7. Yamada M. The roles of MicroRNAs and extracellular vesicles in the patho-
geneses of idiopathic pulmonary fibrosis and acute respiratory distress
syndrome. Tohoku J Exp Med. 2020;251(4):313-26. https://doi.org/10.1620/tje
m.251.313.

8. Lee LK Eghbali M, Sapru A. A novel MiRNA biomarker panel associated with
mortality in pediatric patients with ARDS. Respir Res. 2021;22(1):169. https://d
0i.0rg/10.1186/512931-021-01761-5.

9. Jiang J, Guo F, LiW, Shan X. miR-346 regulates the development of ARDS by
regulating the function of pulmonary microvascular endothelial cells. Non-
coding RNA Res. 2023;8(4):579-88. https://doi.org/10.1016/j.ncrna.2023.08.00
6.

10. Long G, Zhang Q, Yang X, Sun H, Ji C. miR-141-3p attenuates inflammation
and oxidative stress-induced pulmonary fibrosis in ARDS via the Keap1/Nrf2/
ARE signaling pathway. Immunol Res. 2024;72(5):1003-17. https://doi.org/10.
1007/512026-024-09503-7.

11. Hong H, Fu B, Wang R. Clinical value of serum miR-92 and miR-122 expression
level combined with pulmonary ultrasound score in the prognosis of neona-
tal acute respiratory distress syndrome. J Clin Lab Anal. 2022;36(7):e24485. htt
ps://doi.org/10.1002/jcla.24485.

12. Gao S, Gang J, Yu M, Xin G, Tan H. Computational analysis for identification of
early diagnostic biomarkers and prognostic biomarkers of liver cancer based
on GEO and TCGA databases and studies on pathways and biological func-
tions affecting the survival time of liver cancer. BMC Cancer. 2021;21(1):791. h
ttps://doi.org/10.1186/512885-021-08520-1.

13. Liu H,Weng J. A comprehensive bioinformatic analysis of cyclin-dependent
kinase 2 (CDK2) in glioma. Gene. 2022;822:146325. https://doi.org/10.1016/j.9
ene.2022.146325.

14.  Liu H,Weng JA, Pan-Cancer. Bioinformatic analysis of RAD51 regarding the
values for diagnosis, prognosis, and therapeutic prediction. Front Oncol.
2022;12:858756. https://doi.org/10.3389/fonc.2022.858756.

15. Zang N,Wang J,Wang J, Li T, Li P, Liu Y, et al. Transcriptome sequencing of
LncRNAs, circrnas, MiRNAs, mRNAs, and interaction network construct-
ing in acute exacerbation of idiopathic pulmonary fibrosis. Discov Med.
2023;35(178):887-96. https://doi.org/10.24976/Discov.Med.202335178.84.

16. Son ES, Ko UW, Jeong HY, Park SY, Lee YE, Park JW, et al. miRNA-6515-5p
regulates particulate matter-induced inflammatory responses by targeting
CSF3 in human bronchial epithelial cells. Toxicol Vitro. 2022,84:105428. https:/
/doi.org/10.1016/].tiv.2022.105428.

17. Ferguson ND, Fan E, Camporota L, Antonelli M, Anzueto A, Beale R, et al.

The Berlin definition of ARDS: an expanded rationale, justification, and


https://doi.org/10.1016/s0140-6736(22)01485-4
https://doi.org/10.1016/s0140-6736(22)01485-4
https://doi.org/10.1016/j.molmed.2023.08.010
https://doi.org/10.1016/j.molmed.2023.08.010
https://doi.org/10.3390/ijms232314959
https://doi.org/10.3390/ijms232314959
https://doi.org/10.1080/17476348.2024.2375420
https://doi.org/10.1080/17476348.2024.2375420
https://doi.org/10.1016/j.tig.2022.02.006
https://doi.org/10.1016/j.tig.2022.02.006
https://doi.org/10.1007/978-1-0716-2823-2_1
https://doi.org/10.1007/978-1-0716-2823-2_1
https://doi.org/10.1620/tjem.251.313
https://doi.org/10.1620/tjem.251.313
https://doi.org/10.1186/s12931-021-01761-5
https://doi.org/10.1186/s12931-021-01761-5
https://doi.org/10.1016/j.ncrna.2023.08.006
https://doi.org/10.1016/j.ncrna.2023.08.006
https://doi.org/10.1007/s12026-024-09503-7
https://doi.org/10.1007/s12026-024-09503-7
https://doi.org/10.1002/jcla.24485
https://doi.org/10.1002/jcla.24485
https://doi.org/10.1186/s12885-021-08520-1
https://doi.org/10.1186/s12885-021-08520-1
https://doi.org/10.1016/j.gene.2022.146325
https://doi.org/10.1016/j.gene.2022.146325
https://doi.org/10.3389/fonc.2022.858756
https://doi.org/10.24976/Discov.Med.202335178.84
https://doi.org/10.1016/j.tiv.2022.105428
https://doi.org/10.1016/j.tiv.2022.105428

Huang et al. Hereditas

20.

21

22.

23.

24.

25.

26.

(2025) 162:71

supplementary material. Intensive Care Med. 2012,38(10):1573-82. https://do
i.0rg/10.1007/500134-012-2682-1.

Grasselli G, Calfee CS, Camporota L, Poole D, Amato MBP, Antonelli M, et

al. ESICM guidelines on acute respiratory distress syndrome: definition,
phenotyping and respiratory support strategies. Intensive Care Med.
2023;49(7):727-59. https://doi.org/10.1007/500134-023-07050-7.

Wu Z,Ou L, Wang C, Yang L, Wang P, Liu H, et al. Icaritin induces MC3T3-E1
subclone14 cell differentiation through Estrogen receptor-mediated ERK1/2
and p38 signaling activation. Biomed pharmacotherapy = Biomedecine
Pharmacotherapie. 2017;94:1-9. https://doi.org/10.1016/j.biopha.2017.07.07
1.

Peng C, Feng Z, Ou L, ZouY, Sang S, Liu H et al. Syzygium aromaticum
enhances innate immunity by triggering macrophage M1 polarization and
alleviates Helicobacter pylori-induced inflammation. 2023;107(000):13. https:/
/doi.org/10.1016/}jf2023.105626

Khan MS, Fatima M, Wahab S, Khalid M, Kesharwani P. Gallic acid loaded self-
nano emulsifying hydrogel-based drug delivery system against onychomy-
cosis. Nanomed (London England). 2024;19(25):2065-83. https://doi.org/10.1
080/17435889.2024.2386923.

Khan MS, Gowda BHJ, Nasir N, Wahab S, Pichika MR, Sahebkar A, et al.
Advancements in dextran-based nanocarriers for treatment and imaging of
breast cancer. Int J Pharm. 2023;643:123276. https://doi.org/10.1016/j.ijpharm
.2023.123276.

Mohammad Sameer Khan AS, Mohammed AS, Abourehab N, Gupta.
Prashant Kesharwani, Understanding the theranostic potential of quantum
Dots in cancer management. Mater Today Commun. 2023;36(2352—
4928):106424. https://doi.org/10.1016/j.mtcomm.2023.106424

Ho PTB, Clark IM, Le LTT. MicroRNA-Based diagnosis and therapy. Int J Mol Sci.
2022;23(13). https://doi.org/10.3390/ijms23137167.

Fang X, Gao F, Zheng L, Xue FS, ZhuT, Zheng X. Reduced microRNA-744
expression in mast cell-derived exosomes triggers epithelial cell ferroptosis in
acute respiratory distress syndrome. Redox Biol. 2024;77:103387. https://doi.o
rg/10.1016/j.redox.2024.103387.

Lee LK, Medzikovic L, Eghbali M, Eltzschig HK, Yuan X. The role of MicroRNAs
in acute respiratory distress syndrome and sepsis, from targets to therapies: A
narrative review. Anesth Analg. 2020;131(5):1471-84. https://doi.org/10.1213/
ane.0000000000005146.

27.

28.

29.

30.

31.

32.

33.

34.

Page 9 of 9

LiuY, Nie H, Ding Y, Hou Y, Mao K, Cui Y. MiRNA, a new treatment strategy for
pulmonary fibrosis. Curr Drug Targets. 2021;22(7):793-802. https://doi.org/10.
2174/1874609813666200928141822.

Zhang C, JiY, Wang Q, Ruan L. MiR-338-3p is a biomarker in neonatal acute
respiratory distress syndrome (ARDS) and has roles in the inflammatory
response of ARDS cell models. Acta Med Okayama. 2022;76(6):635-43. https:/
/doi.org/10.18926/amo/64113.

Bellani G, Pham T, Laffey JG. Missed or delayed diagnosis of ARDS: a common
and serious problem. Intensive Care Med. 2020;46(6):1180-3. https://doi.org/
10.1007/500134-020-06035-0.

Long G, Zhang Q, Yang X, Sun H, Ji C. Diagnostic and predictive significance
of serum MiR-141-3p in acute respiratory distress syndrome patients with
pulmonary fibrosis. Tohoku J Exp Med. 2024,262(3):157-62. https://doi.org/10
.1620/tjem.2023.J093.

Yue L, Chen F, Liu X, Wu C, Wang J, Lai J, et al. miR-23b-3p ameliorates LPS-
Induced pulmonary fibrosis by inhibiting EndMT via DPP4 Inhibition. Mol
Biotechnol. 2025;67(1):175-86. https://doi.org/10.1007/512033-023-00992-9.
XuY,LinJ, JinY, Chen M, Zheng H, Feng J. The MiRNA hsa-miR-6515-3p
potentially contributes to LncRNA H19-mediated-lung cancer metastasis. J
Cell Biochem. 2019;120(10):17413-21. https://doi.org/10.1002/jcb.29006.
Wang X, Li Z, CuiY, Cui X, Chen C, Wang Z. Exosomes isolated from bone
marrow mesenchymal stem cells exert a protective effect on osteoar-

thritis via LncRNA LYRM4-AS1-GRPR-miR-6515-5p. Front Cell Dev Biology.
2021;9:644380. https://doi.org/10.3389/fcell.2021.644380.

Kim DH, Park H, Choi YJ, Im K, Lee CW, Kim DS, et al. Identification of Exosomal
MicroRNA panel as diagnostic and prognostic biomarker for small cell lung
cancer. Biomark Res. 2023;11(1):80. https://doi.org/10.1186/540364-023-0051
7-1.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1007/s00134-012-2682-1
https://doi.org/10.1007/s00134-012-2682-1
https://doi.org/10.1007/s00134-023-07050-7
https://doi.org/10.1016/j.biopha.2017.07.071
https://doi.org/10.1016/j.biopha.2017.07.071
https://doi.org/10.1016/j.jff.2023.105626
https://doi.org/10.1016/j.jff.2023.105626
https://doi.org/10.1080/17435889.2024.2386923
https://doi.org/10.1080/17435889.2024.2386923
https://doi.org/10.1016/j.ijpharm.2023.123276
https://doi.org/10.1016/j.ijpharm.2023.123276
https://doi.org/10.1016/j.mtcomm.2023.106424
https://doi.org/10.3390/ijms23137167
https://doi.org/10.1016/j.redox.2024.103387
https://doi.org/10.1016/j.redox.2024.103387
https://doi.org/10.1213/ane.0000000000005146
https://doi.org/10.1213/ane.0000000000005146
https://doi.org/10.2174/1874609813666200928141822
https://doi.org/10.2174/1874609813666200928141822
https://doi.org/10.18926/amo/64113
https://doi.org/10.18926/amo/64113
https://doi.org/10.1007/s00134-020-06035-0
https://doi.org/10.1007/s00134-020-06035-0
https://doi.org/10.1620/tjem.2023.J093
https://doi.org/10.1620/tjem.2023.J093
https://doi.org/10.1007/s12033-023-00992-9
https://doi.org/10.1002/jcb.29006
https://doi.org/10.3389/fcell.2021.644380
https://doi.org/10.1186/s40364-023-00517-1
https://doi.org/10.1186/s40364-023-00517-1

	﻿Clinical significance of miR-6515-5p in predicting diagnosis and prognosis for acute respiratory distress syndrome suffering from pulmonary fibrosis
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study participants
	﻿Sample collection
	﻿RNA isolation and real-time quantitative polymerase chain reaction (RT-qPCR)[﻿19﻿, ﻿20﻿]
	﻿Statistical analysis

	﻿Results
	﻿The baseline data of the participants
	﻿miR-6515-5p expression and its predictive value in distinguishing ARDS patients from healthy individuals
	﻿miR-6515-5p expression was associated with the severity of ARDS in patients
	﻿miR-6515-5p expression and its clinical significance in ARDS patients suffering from PLF
	﻿The prognostic value of miR-6515-5p in ARDS patients with PLF

	﻿Discussion
	﻿Conclusions
	﻿References


