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Abstract
Early and appropriate antibiotic treatment reduces morbidity and mortality of pneumonia. However, early
prediction of pulmonary infection remains a challenge for clinicians. Current clinical needs require the
development and use of rapid and effective diagnostic indicators to accelerate the identi�cation of
pneumonia and process of microbiological diagnosis. MicroRNAs (miRNAs) in exosomes (EXOs) have
become attractive candidates for novel biomarkers to evaluate the presence and progress of many
diseases. We assessed their performance as biomarkers of pneumonia. Patients were divided into
pneumonia group (with pneumonia) and control group (without pneumonia). We identi�ed and compared
two upregulated miRNAs in EXOs derived from bronchoalveolar lavage �uid (BALF) between the
pneumonia and control groups (miR-17-5p, p=0.009; miR-193a-5p, p=0.031). Interestingly, miR-17-5p and
miR-193a-5p in BALF-cell-debris pellets, BALF-EXO-free supernatants, total plasma, and plasma-EXOs did
not differ signi�cantly between both groups. In vitro experiments revealed that miR-17-5p and miR-193a-
5p were strikingly upregulated in EXOs derived from macrophages stimulated by LPS. Receiver operator
characteristic (ROC) curve analysis indicated that exosomal miR-17-5p (area under the curve, AUC: 0.753)
and exosomal miR-193a-5p (AUC: 0.629) have acceptable diagnostic value. This study is one of the few
studies on BALF-EXO-miRNAs in patients with pneumonia, providing potential diagnostic biomarkers and
therapeutic targets for pneumonia.

1. Introduction
Lower respiratory tract infections (LRTIs), causing 2.6 million deaths worldwide in 2019, remained the
world’s most deadly group of communicable diseases. LRTIs ranked as the fourth leading cause of death.
In low-income countries, LRTIs are the most common cause of death; meanwhile, pneumonia is the only
infectious disease among the top 10 causes of death in high income economies [1, 2]. Pneumonia is a
common complication in the intensive care unit (ICU). Sometimes, it attributes to the direct cause of
death in other common diseases, such as chronic obstructive pulmonary disease (COPD), lung cancer,
and Alzheimer’s disease [3, 4]. Generally, severe pneumonia requires ICU admission. The 30-day mortality
rate of patients with moderate-to-severe community-acquired pneumonia (CAP) in the ICU has been
reported to be as high as 23–47% [5]. Patients with pneumonia who received effective antibiotic therapy
within four hours were less likely to die than those who received delayed treatment [6]. Therefore,
strengthening early identi�cation and assessing pulmonary infection are bene�cial to early warning
response, timely prevention and control of infection, and reduction of the injury extent caused by infection
to the body. These measures would improve prognosis of pneumonia among patients in the ICU.

Currently, features of an acute respiratory infection, such as fever, cough, sputum production, shortness
of breath, and leukocytosis, play an alarming role in initial pneumonia diagnosis. Such features aid in
determining the �nal diagnosis, with supplementary evidence of lung consolidation discovered in
computed tomography (CT) or chest X-rays [7]. Although diagnosis seems straightforward, the reliable
diagnosis of pneumonia remains a complex and time-consuming process. First, high-risk groups, such as
the infants or elderly, who often show atypical symptoms are at an enhanced risk of acute pulmonary
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failure or sepsis as secondary complications, if diagnosis and treatment intervention are not timely [8].
Second, misdiagnosis is not surprising, because various common co-pathologies, especially COPD and
cardiac failure, can cause in�ltration, which may be mistaken for areas of consolidation in patients with
acute shortness of breath [1]. Third, abnormal clinical manifestations and pulmonary imaging are
observed later in the course of the infection. To make matters worse, known biomarkers, such as high-
sensitivity C-reactive protein (hsCRP), procalcitonin (PCT), and erythrocyte sedimentation rate (ESR), lack
su�cient speci�city [9], and the situation for early diagnosis of pneumonia remains grim.

Extracellular vesicles (EVs) are membrane-bound vesicles in all body �uids. Exosomes (EXOs), a subset
of EVs, refer to lipid bilayer particles with a diameter of 50–150 nm [10, 11]. They, containing several
nucleic acids, lipids, and proteins, are released by almost all types of cells into the cell microenvironment
for long-distance exchange of information [12, 13]. Among the various active components which can
re�ect the biological status of parent cells, miRNAs are considered as essential to the function of EVs and
have risen to prominence as a novel tool to assist in medical decision-making [14, 15]. Accumulating
evidence suggests that miRNAs are selectively incorporated into EVs rather than randomly wrapped into
them [16]. In addition, EV-associated miRNAs are pivotal regulators in the pathogenesis of non-infectious
and infectious pulmonary disorders [17, 18]. Therefore, extracellular miRNAs in EXOs may be promising
diagnostic biomarkers for pulmonary infection and prognostic indicators for progression.

In this study, we aimed to analyze the role of bronchoalveolar lavage �uid EXOs (BALF-EXOs) and their
key miRNAs, which may have potential to indicate the presence of pneumonia or even predict the
progression of the disease. To the best of our knowledge, there are relatively few studies on the BALF-
EXOs of patients with pneumonia in the ICU.

2. Materials And Methods
2.1. Patients and Samples

This study enrolled 74 patients on mechanical ventilation who were admitted to the ICU of The Third
A�liated Hospital of Sun Yat-sen University between October 2020 and October 2021. These patients
were divided into two groups: the pneumonia group (patients with pulmonary infection) and control group
(patients without pulmonary infection). We investigated the demographic and baseline characteristics,
radiography and laboratory �ndings, clinical presentation, treatment, and outcomes of 74 patients for
clinical diagnosis. The diagnosis of pulmonary infection was made on the basis of a composite reference
standard, which included all microbiological tests and clinical adjudication, referring to the diagnostic
criteria of CAP [19] and hospital-acquired pneumonia (HAP) [20]. For this study, we excluded the most
severely immunocompromised patients—those with acquired immune de�ciency syndrome (AIDS), acute
leukemias, lymphomas or other severe congenital immunode�ciency syndromes, those receiving
chemotherapy especially with neutropenia, and those who recently received solid organ or bone marrow
transplants [1]. This study was approved by the Ethics Committee of The Third A�liated Hospital of Sun
Yat-sen University (approval no. [2020] 02-254-02).
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The pulmonary and subpulmonary segments of the selected patients were lavaged with saline using
electronic �ber bronchoscopy, and 15 mL BALF was collected (to avoid oral contamination) in sterile
sputum collection tubes. Besides, 10 ml of blood were collected from all individuals and transferred to
EDTA-containing tubes to isolate plasma.

2.2. Cell culture and treatment

Human monocytes, THP-1, and human lung adenocarcinoma cell line, A549 cells, were maintained in
RPIM1640 and DMEM medium, respectively, containing 10% heat-inactivated fetal bovine serum (FBS),
1% penicillin and streptomycin at 37°C, and 5% CO2. THP-1 cells were cultured in maintenance media and
supplemented with 100 ng/mL phorbol 12-myristate 13-acetate (PMA) for 24 hours to differentiate them
into macrophages (THP-1 derived macrophages [tMACs]). For the control group, normal cultured A549
cells or tMACs were used; for the lipopolysaccharide (LPS) group, conventionally cultured cells were
treated with LPS (1 ug/mL) for 24 hours.

2.3. Exosomal puri�cation and identi�cation

EXOs were puri�ed by differential and ultracentrifugation. Brie�y, the BALF, plasma, and cell culture
supernatant were centrifuged at a low speed (300 g for 10 min at 4°C) (15 ml polypropylene tube,
swinging bucket rotor, model A-4-44, 5804R Refrigerated Centrifuge, Eppendorf, Germany) to remove
�oating cells. The removed cell debris pellets were collected as liquid biopsy elements. The resulting
supernatants were transferred into 1.5 ml polypropylene tubes (Eppendorf, Germany) with a micropipette,
and then centrifuged at 12,000 g for 30 min at 4°C (Fixed angle rotor, angle of 45°, model #3331, D-37520
Refrigerated Centrifuge, Thermo Electron Corporation, USA) to dislodge bacteria and some larger
extracellular vesicles, such as apoptotic bodies. The resulting supernatants were transferred into Quick-
Seal Centrifuge tubes (Beckman Coulter, USA) and centrifuged at 100,000 g for 90 min at 4°C in an
Optima L-100xp tabletop ultracentrifuge (Swinging bucket rotor, model SW40 Ti, Optima L-100xp,
Beckman Coulter, USA). The resultant pellet (EXOs), which were resuspended with phosphate-buffered
saline (PBS) and EXO-free supernatants, was stored at −80°C. Further, negative-staining transmission
electron microscopy (TEM) was used to analyze the EXOs. The EXOs were loaded on a copper grid and
negatively stained with 3% (w/v) aqueous phosphotungstic acid for 1 min. The grid was then examined
using an FEI Tecnai G2 Sprit Twin TEM (FEI, USA). Thereafter, exosomal particles were analyzed using
NTA (NanoSight NS300, Malvern Instruments, United Kingdom). The NanoSight NS300 instrument
equipped with a sCMOS camera, 488 nm laser (Blue), NTA 3.3 Dev Build 3.3.301 software, and 749
frames were used. In addition, exosomal positive markers (CD63 and CD81) were detected using BD
accuri C6 �ow cytometer.

2.4. Candidate miRNA selection

Using the combination of keywords and MeSH terms for “pneumonia” and “microRNA”, we searched
PubMed for articles that describe associations between miRNAs and pneumonia. Each article was
reviewed, and associated miRNAs (“miRNAs cluster 1”) were recorded. To focus on the miRNAs with a
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high likelihood of relevance, we considered only miRNAs that had been studied in a population sample to
be potential candidates for investigation. For additional details, see supplementary information.

2.5. RNA extraction and quantitative reverse transcription PCR (qRT-PCR)

Total RNA was harvested using TRIzol, according to the manufacturer’s instructions. The expression of
target miRNA was determined using the SYBR Green Master Mix kit (Takara, Japan). U6 snRNA was used
as an internal control, and the fold change was calculated using the 2−ΔΔCT method. For additional
details, see supplementary information.

2.6. Statistical analysis

The continuous variables are expressed as mean ± SD values (normally distributed), or as medians
[interquartile ranges] (non-normally distributed), and were analyzed using the Student’s t-test or Mann–
Whitney U test, respectively. The categorical variables are presented as sample rates (constituent ratio);
they were compared using the Chi-squared test or Fisher’s exact test.Multiple comparisons among three
or more groups were analyzed using one-way ANOVA test or Kruskal–Wallis test (non-parametric).
Receiver-operating characteristic (ROC) curves were plotted to investigate diagnostic value of selected
miRNAs. The area under the curve (AUC) was calculated to evaluate the performance of these miRNAs in
predicting pulmonary infections.

3. Results
3.1. Patient characteristics

Among the 74 patients, 61 patients had pulmonary infections. Baseline characteristics were similar
between the two groups (Table 1). No signi�cant differences in gender, age, and most comorbidities were
present between the groups. The incidence of craniocerebral trauma was signi�cantly higher in the
control group than in the pneumonia group. This difference was observed because patients in the control
group were mainly those who required mechanical ventilation on account of other medical conditions,
such as surgery, but without pulmonary infection. A trend for decreased hospital stay was shown in the
control group (17.8 days), compared with the pneumonia group (25.2 days); however, the difference was
not statistically signi�cant. The in�ammation indicator, PCT, was signi�cantly higher in the pneumonia
group than in the control group. However, the hsCRP did not differ between both groups.

Table 1. Demographic and baseline characteristics of patients
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Control Group (n=13) Pneumonia Group (n=61) P

Age, mean (range), years 50.38 22-81 57.70 21-89 0.107

Sex, male, n (%) 11(84.6) 49(80.3) 1.000

Any comorbidity, n (%)

Hypertension 9(69.2) 26(42.6) 0.081

Diabetes 3(23.1) 14(23.0) 1.000

Malignancy 0(0.0) 5(8.2) 0.579

Chronic liver disease 2(15.4) 14(23) 0.818

Cardiovascular disease 3(23.1) 10(10.6) 0.862

Chronic obstructive pulmonary disease 0(0.0) 3(4.9) 1.000

Renal disease 1(7.7) 9(14.8) 0.819

Craniocerebral trauma 9(69.2) 18(29.5) 0.017

Hospital, mean (range), days 17.8(2-39) 25.2(1-86) 0.054

hsCRP, mean (range), (mg/L) 52.4(0.9-151.7) 76.5(1.7-328.7) 0.236

PCT, mean (range), (ng/mL) 1.1(0.1-4.1) 4.9(0.02-45.0) 0.004

Abbreviations: hsCRP, high-sensitivity C-reactive protein; PCT, procalcitonin

3.2. Characterization of EXOs derived from different samples

EXOs were puri�ed from BALF, plasma, and cell culture supernatant using differential centrifugation, as
described in the Materials and Methods section. First, the obtained EXOs were characterized according to
the minimal experimental requirements for EVs, as de�ned by the International Society for Extracellular
Vesicles [21]. The images captured using transmission electron microscopy (TEM) showed EXOs with a
characteristic cup-shaped morphology, as reported in literature [22] (Figure 1A). The size distribution
pro�le of the EXOs was investigated by nanoparticle tracking analysis (NTA) (Figure 1B). Furthermore, the
presence of exosomal markers, CD63 and CD81, in all vesicles were revealed by �ow cytometry (Figure
1C).

3.3. Differentially expressed miRNAs speci�cally showed in BALF-EX0s

Eighteen miRNAs (miR-542-3p, miR-16-5p, miR-20a-3p, miR-27a-5p, miR-92a-3p, miR-342-3p, miR-422a,
miR-423-5p, miR-582-3p, miR-885-5p, miR-193b-5p, miR-432-5p, miR-493-3p, miR-452-5p, miR-200b-3p,
miR-34a-3p, miR-17-5p, and miR-193a-5p), which were previously revealed to have dysregulated
expression pro�les in in�ammatory diseases using RNA sequencing of population sample, were selected.
Among them, 16 miRNAs between two groups showed no statistical difference (Supplementary Figure
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S1). MiR-17-5p and miR-193a-5p levels were remarkably upregulated in BALF-EXOs of the pneumonia
group, compared with the control group (Figure 2A). Thereafter, the expression of these two miRNAs in
BALF-cell-debris pellets (Figure 2B) and BALF-EXOs-free supernatants (Figure 2C) were assessed.
However, no signi�cant differences were observed between both groups. Notably, the expression of miR-
17-5p in BALF-EXOs-free supernatants was too low to be detected.

Additionally, the levels of these two miRNAs in total plasma, plasma-EXOs, and plasma-EXOs-free
supernatants were measured. Surprisingly, in plasma-EXOs (Figure 2D), both miR-17-5p and miR-193a-5p
showed no difference in level between both groups; the same trend was observed for total plasma (Figure
2E). Besides, the expression of miRNAs in plasma-EXOs-free supernatants was too low to detect.

3.4. Infectious stimuli increase the candidate miRNAs level in macrophage EXOs

Due to the presence of several interfering factors in clinical samples, in vitro experiments were conducted
to verify that the different expressions of candidate miRNAs were real. EVs in BALF are mainly derived
from macrophages in response to LPS [9]. Congruously, due to the low expression levels, the candidate
miRNAs were non-detectable in EXOs derived from human alveolar epithelial (A549) cells. Whereas miR-
17-5p and miR-193a-5p were strikingly upregulated in EXOs from THP-1-derived macrophages (tMAC-
EXOs) of the LPS group, compared with the PBS group (Figure 3A). A same trend was not observed for
tMAC-cell-debris pellets (Figure 3B) and tMAC-EXO-free supernatants (Figure 3C).

3.5. The candidate miRNA levels in macrophage-EXOs are dynamic in in�ammatory response

To explore the relationship between the expression of miR-17-5p and miR-193a-5p in LPS-induced tMAC-
EXOs and in�ammatory response, the levels of miRNAs in LPS-induced tMAC-EXOs were dynamically
measured. In tMAC-EXOs (Figure 4A), the expression of miR-193a-5p was drastically increased in a time-
dependent manner after LPS treatment and peaked at 12 hours; it gradually returned to normal levels.
Concurrently, miR-17-5p showed the same trend. In tMAC-cell-debris pellets and tMAC-EXO-free
supernatants, the levels of the candidate miRNAs were unaffected by LPS stimuli (Figure 4B-C).

3.6. Diagnostic Potential of BALF-Derived Exosomal miRNAs

To investigate whether altered exosomal miRNAs have potential diagnostic value in pneumonia we
performed the ROC curve analysis of the upregulated miRNAs. Results showed that levels of PCT, miR-17-
5p, and miR-193a-5p could serve as potential diagnostic markers to discriminate the pneumonia group
from the control group; the AUCs were 0.685, 0.753, and 0.692, respectively (Figure 5). The diagnostic
accuracy values of the indicators are shown in Table 2. miR-193a-5p had the best speci�city (100%) but
the lowest sensitivity (50.82%) as a single biomarker. Additionally, these two candidate miRNAs were
included in the logistic regression analysis. As shown in Table 2, combining the biomarkers did not
improve diagnostic utility.

Table 2. Diagnostic accuracy of PCT, hsCRP, miR-17-5p, and miR-193a-5p as single and combined
biomarkers for predicting the presence of pneumonia



Page 8/22

MicroRNA AUC 95% CI Speci�city (%) Sensitivity (%) p-value

miR-17-5p 0.753 0.639-0.846 84.62 59.02 0.0002

miR-193a-5p 0.692 0.574-0.794 100 50.82 0.0028

miR-17-5p+ miR-193a-5p 0.748 0.633-0.842 92.31 57.38 0.0001

hsCRP 0.651 0.531-0.758 61.54 80.33 0.1420

PCT 0.685 0.566-0.788 69.23 62.30 0.0254

hsCRP, high-sensitivity C-reactive protein; PCT, procalcitonin; AUC, area under the curve; CI, con�dence
interval

3.7. MiRNA target prediction and pathway Analysis

The roles of miR-17-5P and miR-193a-5p were investigated using bioinformatics.Multiple databases
(TargetScan, miRDB, and Funrich) were combined to predict and screen their target genes. For miR-17-5p,
98 target genes were identi�ed (Figure 6A), and the network is shown in Figure 6B. Thereafter, the 98
potential target genes were included in the DAVID database for KEGG_PATHWAY analysis. The results
showed that the FoxO signaling pathway was the top-ranked (Figure 6C). Figure 6D-E illustrated the miR-
193a-5p target genes. Particularly, protein processing in the endoplasmic reticulum signaling pathway
was the enriched pathway for the target genes of two miRNA (Figure 6C, F).

4. Discussion
BALF, including alveolar biochemical components and cells, is obtained by infusing physiological saline
into alveoli by bronchoscopy, and then aspirating under negative pressure. It allows cells and solute of
the lower respiratory tract to be harvested for cytological identi�cation, microculture, and genetic
diagnosis [23]. Information gained from BALF is regarded to be a complement of lung biopsy pathology.
Therefore, BALF is called liquid biopsy because it accurately re�ects changes in the lungs. Furthermore,
compared with lung biopsy, BALF is less invasive, safer, and with few complications [24, 25]. EXOs, as an
important component of BALF, have been found to be a new mediator of intercellular communication and
well-grounded in various pulmonary diseases. In COPD, BALF EXOs have the ability of predicting the
damage extent, and serve as an effective monitoring indicator for airway remodeling and air�ow
limitation [26-28]. In asthma, BALF EXOs can mediate antigen presentation to the adaptive immune
system and promote the activation of mast cells, eosinophilia, and alveolar macrophages, to participate
in the formation of reversible airway hyperresponsiveness, airway obstruction, and airway remodeling [29,
30]. Furthermore, BALF EXOs play a major role in the diagnosis and prognosis estimation of lung
cancer [31-33], pulmonary tuberculosis [34, 35], and idiopathic pulmonary �brosis [36, 37]. However, few
studies have focused on BALF EXOs of pneumonia, which frequently causes acute lung injury (ALI) and
its more critical form, acute respiratory distress syndrome (ARDS). 



Page 9/22

In children with severe pneumonia, serum miR-483-3p and miR-29c can be used as biomarkers to provide
a novel perspective for diagnosis [38, 39]. Lower levels of Mir-1323 were detected in blood samples of
children with Mycoplasma pneumoniae-associated pneumonia (MPP) than in blood samples of healthy
controls [40]. Hsa-miR-127-3p, hsa-miR-493-5p, and hsa-miR-409-3p, the top three upregulated miRNAs of
whole blood microRNAs, provided a clear distinction between healthy individuals and children with
adenovirus-infected pneumonia [41]. In pediatric pneumonia, miR-146b could attenuate in�ammation
injury by inhibiting the MyD88/NF-κB signaling pathway [42]. In severe community-acquired pneumonia
(SCAP), miR-181b serves as a diagnostic and prognostic biomarker[43]. All these studies were based on
free miRNAs in blood, which are easy to be degraded. Exosomal miRNAs are encapsulated in a bilayer
lipid membrane, which protects them from degrading enzymes, such as ribonucleases, and confers an
outstanding stability in body �uids. In fact, the stability is particularly important when developing novel
biomarkers using body �uids [44, 45]. For exosomal miRNAs, serum exosomal miRNAs have been
reported to have the ability to predict ARDS events in patients with SCAP [46] or be viewed as candidate
diagnostic biomarkers in children with adenovirus-infected pneumonia [47]. Additionally, another study
outlined the possibility of using miRNAs in serum EVs to differentiate patients with CAP from healthy
volunteers [7]. Whereas circulating blood exosomal microRNAs are in�uenced by systemic
pathophysiological states. Our study revealed that, in patients with pneumonia, miR-17-5p and miR-193a-
5p were remarkably elevated in BALF-EXOs but not in plasma-EXOs, compared with the control group.
This observation implies that plasma-EXO-miRNAs are not effective in identifying pulmonary infections in
critically ill patients on mechanical ventilation with similar baseline characteristics. In contrast, BALF-
EXOs derived from patients, which can speci�cally and factually respond to lung pathology, were rarely
investigated. The existing studies have established the mouse model of pulmonary in�ammation for
obtaining BALF-EXOs and conducting in vitro experiments on respiratory-related cell lines [9]. 

BALF-EXOs are secreted by cells, such as epithelial cells, alveolar macrophages, endothelial cells, tumor
cells, and stem cells, wherein macrophages and epithelial cells are the main sources [48]. EXOs and their
carried miRNAs serve as mediators for the interaction between lung epithelial cells and alveolar
macrophages to maintain lung homeostasis. The lung epithelial surfaces, which are directly in contact
with the environment, encounter dynamic physical forces as the trachea and alveoli are compressed and
stretched during ventilation [49]. Alveolar epithelial cell functions as the �rst line of defense against
harmful injury and is vital in maintaining the integrality and function of lung [49, 50]. First, we measured
the candidate miRNAs in A549 cell-EXOs. Quite interestingly, all three miRNAs could not be detected.
Macrophages play a crucial role in innate immunity and host defense upon Infectious disease
development [51]. In brief, they initiate in�ammatory responses to pathogens [52]. Meanwhile, EVs in
BALF collected from mice with intratracheal LPS instillation were mainly secreted from lung
macrophages [9]. Consistently in our study, miR-17-5p and miR-193a-5p were strikingly upregulated in
EXOs from LPS-treated tMACs, compared with controls. The in vitro experiment revealed that the
candidate miRNA levels in macrophage-EXOs is dynamic in in�ammatory response; characteristically,
they �rst rise and gradually recover. Therefore, the miRNAs in BALF-EXOs can serve as an early warning
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to prompt the preparation of microbial cultures, which may contribute to timely identi�cation of
pathogens.

To the best of our knowledge, this study was the �rst to validate the discriminative ability of upregulated
miRNAs in BALF-EXOs for identifying patients with pneumonia from patients without pulmonary
infections using ROC curve analysis. Our results demonstrated that miR-17-5p levels may have an
acceptable diagnostic value as a biomarker, with an AUC of 0.753, sensitivity of 59.02% sensitivity, and a
�xed speci�city of 84.62%. These �ndings highlight BALF-exosomal miRNA dysregulation in patients with
pulmonary infections, and provide potential biomarkers for the diagnosis of pneumonia. Another insight
of our report is that miR-193a-5p had a 100% speci�city, which means that patients with miR-193a-5p
levels in BALF-EXOs below the cutoff value is at low risk of lung infection. For these patients, the use of
antibiotics can be appropriately reduced to avoid unnecessary antibiotic exposure. This bene�t may have
crucial impact on public health, especially for countries with excessive antibiotic consumption.

MiRNAs are small non-coding RNAs that have the capability of regulating gene expression by promoting
their target messenger RNA (mRNA) degradation or inhibiting the translation of target genes [53, 54].
Previously, miR-17-5p and miR-193a-5p were both identi�ed as candidates for targeted therapy in many
diseases, particularly in cancer therapy [55-60]. To further explore the molecular mechanisms of miR-17-
5p and miR-193a-5p in infective lung disease, three databases (miRBD, Funrich, and TargetScan) were
used to identify their respective potential targets. The target genes involved in the signaling pathways
were evaluated using the KEGG database. The signaling pathway that drew our attention was protein
processing in endoplasmic reticulum, which plays vital roles in the control of the progression of the cell
cycle, differentiation, in�ammation, aging, and immunity [61-63]. However, its role in the pathogenesis of
lung in�ammatory responses needs further experiments to verify.

Our study had several limitations. First, all patients were recruited from a single center, and the sample
size was relatively small. Second, exact mechanisms of how these miRNAs function in lung in�ammation
are still unclear. Future studies are needed to con�rm the actual regulatory targets and biological
functions of the discovered miRNAs to obtain practical experimental evidence of the mechanistic
processes involved in pneumonia.

In conclusion, our study indicated that, for patients on mechanical ventilation in the ICU, a further
increase in miR-17-5p and miR-193a-5p levels in EXOs derived from BALF may suggest an increased risk
of developing pneumonia. Moreover, miR-193a-5p may serve as an indicator to guide the strategy of
antibiotic use. To achieve the successful use of these miRNAs as biomarkers, studies in larger patient
cohorts will be required to con�rm existing results.
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Figure 1

Characterization of EXOs derived from different samples. (A) TEM images of EXOs isolated from BALF,
plasma, and cell culture supernatant. Scale bars, 200 nm. (B) Different samples’ EV particles were
investigated by NTA. (C) Exosomal positive markers (CD63 and CD81) were detected by �ow cytometry
analysis.
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Figure 2

Differentially expressed miRNAs speci�cally shown in BALF-EXOs. Comparison of screened miRNAs
levels in BALF-EXOs(A), BALF-cell-debris pellets (B), BALF-EXOs-free supernatants (C), plasma-EXOs(D),
and total plasma (E) between different groups. Data presented as a relative fold change for each miRNA.
Box plots are displayed, where the horizontal bar represents the median, the box represents the IQR, and
the whiskers represent the maximum and minimum values. Comparisons were made using the Mann–
Whitney U test. miRNA, microRNA; IQR, interquartile range
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Figure 3

Infectious stimuli increase the candidate miRNA levels in macrophage-EXOs. Comparison of screened
miRNAs levels in tMAC-EXOs (A), tMAC-cell-debris pellets (B), and tMAC-EXO-free supernatants (C)
between two groups. Data presented as a relative fold change for each miRNA. Box plots are displayed,
where the horizontal bar represents the median, the box represents the IQR, and the whiskers represent the
maximum and minimum values. Comparisons made using the unpaired t test.
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Figure 4

The candidate miRNA levels in macrophage-EXOs are dynamic in in�ammatory response. tMACs cells
were treated with PBS (control) or LPS (1ug/mL) for 6, 12, 24, 48, and 72 hours. The time and
concentration curves of miR-17-5p and miR-193a-5p in tMACs-EXOs(A), tMAC-cell-debris pellets(B), and
tMAC-EXO-free supernatants (C) were plotted according to the results from the qRT-PCR. Data were
expressed as mean ± SD.
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Figure 5

ROC curves for comparing the ability of exosomal miR-17-5p and miR-193a-5p to discriminate the
pneumonia group from the control group. Area under the curves (AUCs) and 95% con�dence interval (CI)
of AUC are indicated.
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Figure 6

MiRNA target prediction and pathway analysis. TargetScan, Funrich, and miRDB were used to predict
downstream target genes of miR-17-5p (A) and miR-193a-5p (D). Construction of miR-17-5p (B) and miR-
193a-5p(E) centered target gene regulatory network. KEGG analysis of the enrichment pathway of miR-17-
5p target genes(C) and miR-193a-5p target genes (F).
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