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Purpose: Molecular biomarkers for chronic obstructive pulmonary disease (COPD) severity have been difficult to identify. We aimed
to assess extracellular vesicle miRNAs’ potential as a blood biomarker in discriminating disease severity in participants with COPD.
Patients and Methods: Plasma extracellular vesicles (EVs) were obtained from two COPD cohorts (n = 20 during an exacerbation
event, n = 20 during stable state), with varying disease severity (GOLD stages). The miRCURY LNA miRNA Serum/Plasma assay,
specific to 179 targets, was used to evaluate EV miRNA expression. The miRNAs that were significantly dysregulated were further
assessed for discriminatory power using ROC curve analysis, as well as their role in relevant biological pathways.

Results: One miRNA was significantly dysregulated between moderate GOLD participants compared to severe/very severe GOLD
participants, with an AUC of 0.798, p = 0.01 for miR-374b-5p. Five miRNAs were significantly dysregulated between exacerbating
and stable COPD participants, with miR-223-3p resulting in the highest AUC (0.755, p = 0.006) for a single miRNA, with
a combination of three miRNAs (miR-92b-3p, miR-374a-5p and miR-106b-3p) providing the highest discriminatory power (AUC
0.820, p =0.001). The “cytokine—cytokine receptor interaction” (hsa04060 pathway) was the most significant KEGG pathway enriched
for three out of the five miRNAs associated with COPD exacerbations.

Conclusion: This initial small-scale study suggests that the bioactive cargo (miRNAs) in plasma EVs holds specific biological
information for the severity of airflow obstruction and COPD exacerbations, warranting further investigation.
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Introduction

Pathological hallmarks of chronic obstructive pulmonary disease (COPD) include chronic inflammation and remodeling
of the small airways, as well as lung parenchyma destruction, resulting in incompletely reversible airflow limitation.'~
Now recognized as the third leading cause of death worldwide,> COPD also causes significant morbidity, highlighting the
urgent need to identify and reduce underlying risk factors.* A number of factors influence COPD development and
progression, with the best known being cigarette smoking.’

Clinical symptoms including breathlessness, chronic cough, sputum production and exacerbations are defining
characteristics of COPD.® A number of patients suffer from exacerbations (defined as the worsening of symptoms
above a patient’s usual baseline) and may require pharmacological intervention and/or hospitalisation.” Pharmacological
interventions aimed at reducing symptoms, exacerbation frequency and severity include the use of inhaled bronchodi-
lators (to overcome airflow obstruction), corticosteroids (as anti-inflammatory agents) and antibiotics (bacterial
infections).’

Exacerbations are serious complications that accelerate lung function decline, reduce quality of life and significantly
worsen survival outcomes.® Given the lack of curative treatments for COPD, reducing exacerbations is a significantly
important treatment goal in preventing rapid disease progression. Many potential biomarkers have been tested for the
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prediction of COPD exacerbations and overall disease progression;”'® however, as COPD is widely recognised as
a complex heterogeneous disease, additional biomarkers are still needed.

Extracellular vesicles (EVs) are nanosized lipid bilayer particles released by most cells and detected in a variety of
bodily fluids including blood, urine and sputum.''? EVs have been highlighted for their potential as novel disease
biomarkers due to a number of favourable characteristics, including their stability in bodily fluids, reflecting the
microenvironment and physiological state of their parental cell and the ability to package and transport disease-
specific biomolecules (eg, DNA, RNA, miRNAs and proteins)."? In particular, short non-coding RNAs known as
microRNAs (miRNAs) play a key role in regulating gene expression'® as well as being highly stable in plasma.'
Studies have highlighted that specific miRNAs can be selectively exported to EVs,'® while others attest to their influence
on recipient cell biological processes.'” The stability and accessibility of plasma EV miRNAs has made them ideal
targets for biomarker studies.'®"?

This small-scale study aimed to identify plasma EV miRNA biomarkers from COPD participants that could
distinguish between mild and severe disease (GOLD COPD stage), and between stable disease and exacerbation.
Identifying such plasma EV miRNAs, which are then further validated in larger independent patient cohorts, could

have significant translational application in the clinical management of COPD.

Materials and Methods

Cohort Demographics
Participants during an exacerbation of COPD (n = 20) were recruited consecutively within 4 days of admission to The
Prince Charles Hospital, Brisbane, Australia. Inclusion was based on a clinical diagnosis of severe COPD exacerbation
(acute deterioration in COPD symptoms requiring hospitalisation), as determined by a thoracic physician.20 Patients with
other comorbid lung disease including predominant asthma based on a physician diagnosis, lung cancer, and interstitial
lung disease were excluded.”® Twenty other patients (outpatients with COPD who had stable symptoms for at least 4
weeks) were recruited as a participant in stable state.?

Participant demographics and clinical data including smoking history, lung function, GOLD staging and COPD
Assessment Test (CAT) were obtained from medical records and at the time of patient recruitment. Table 1 lists clinical
characteristics of participants.

Table | Clinical Characteristics of Exacerbating (n = 20) and Stable (n = 20) COPD Participants

Clinical Characteristic Exacerbating | Stable Total Significance

Total participants (n) 20 20 40 -

Gender (n, %)

Males 9 (45) 12 (60) 21 (52.5) p = 0.342°
Females Il (55) 8 (40) 19 (47.5)
Age (vears) 71.05 (9.57) 7025 (7.59) | 70.65 (8.54) | p=0.771”

Smoking history (n, %)

Former 12 (60) 15 (75) 27 (67.5) p = 0.587%
Current 6 (30) 4 (20) 10 (25)
Never 2 (10) 1 (5) 3 (7.5
Pack years 50.81 (33.42) 58.24 (23.24) | 54.73 (28.33) p = 0.440"
FEV1% predicted 33.36 (12.29) 53.65 (26.72) | 45.29 (23.94) p = 0.006**”
FEVI 0.79 (0.40) 1.36 (0.52) 1.12 (0.54) p = 0.001*
FvC 2.06 (0.69) 2.94 (0.62) 2.58 (0.78) p = 0.0005*"
(Continued)
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Table | (Continued).

Clinical Characteristic Exacerbating | Stable Total Significance
GOLD stage (n, %)

Moderate (GOLD 2) I (7) 8 (47) 9 (29) p =0.021%
Severe/very severe (GOLD 3 and 4) 13 (93) 9 (53) 22 (71)

CAT score 26.5 (4.0) 19.3 (7.1) 22.9 (6.7) p = 0.001**”
HS-CRP (mg/L) 28.9 (35.0) 7.5 (9.6) 18.5 (27.8) p = 0.026*"
Fibrinogen (g/L) 4.6 (1.6) 3.8 (1.0) 42 (1.4) p = 0.054>

Notes: Categorical data represented as n (population %). Continuous data represented as mean (standard deviation). *, p < 0.05;
?Pearson Chi-square test of independence; ®Independent t-test; “Mann-Whitney U; “Fisher’s Exact Test; °Log| 0 analysis; “Levene”s
test for equal variance assumed;”Levene’s test for equal variance not assumed.

Blood Collection and Processing

Peripheral blood was obtained from 40 COPD participants: 20 participants during an exacerbation event and a separate
group of 20 participants in a stable state. Processing of peripheral blood to separate plasma from blood cell fraction was
performed as previously described.'®

Characterisation of Plasma EVs

Transmission Electron Microscopy

Transmission Electron Microscopy (TEM) on re-suspended plasma EVs was outsourced to the Centre for Microscopy
and Microanalysis, The University of Queensland. Full details can be found in the online Supplementary Material

methods section in ‘Characterisation of Plasma Extracellular Vesicles’.

Western Blot of EV Markers
Re-suspended plasma EVs in 1X PBS were quantified for protein concentration using the Pierce BCA Protein Assay Kit
(ThermoFisher Scientific, USA) before undergoing Western blotting for EV specific markers as previously described.'®

Plasma EV Isolation and RNA Extraction
EVs were isolated from thawed plasma samples using the miRCURY Exosome Serum/Plasma Kit (QIAGEN, Hilden,
Germany), and total RNA was extracted using the miRNeasy Mini Kit (QITAGEN, Hilden, Germany) as previously described.'®

Plasma EV miRNA Profiling

Reverse transcription was performed using the miRCURY LNA RT kit (QIAGEN, Hilden, Germany), followed by
miRNA gene expression assessment using the miRCURY LNA miRNA Serum/Plasma Focus PCR Panels (QIAGEN,
Hilden, Germany) as previously described.'® Further details can be found in the online Supplementary Material methods
section in ‘Quantitative PCR using miRCURY LNA Serum/Plasma Focus PCR Panels’.

Statistical Analyses
Statistical analyses were executed using Statistical Package for Social Science (SPSS V.27.0) (IBM, NY, USA), DIANA-
miRPath v.3.0 (8) and GeneGlobe (http://www.giagen.com/geneglobe) as previously described."® Full details are avail-

able on the online Supplementary Material methods section in “Statistical Analyses”.

Results
Clinical Characteristics of COPD Participants During an Exacerbation Event versus
Stable State

Clinical characteristics were assessed between the 20 patients experiencing an exacerbation and a separate group of 20
patients who were deemed to be in a stable state (Table 1). Both cohorts consisted of older adults and former smokers
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with severe GOLD classification, based on spirometry. Clinical characteristics including gender, age, smoking history,
and pack years were not significantly different between exacerbating and stable cohorts.

Clinical characteristics that were significantly decreased in the exacerbating cohort compared to the stable cohort
included lung function indicators (FEV1% predicted, FEV1, FVC; p = 0.006, p = 0.001 and p = 0.0005, respectively),
while more severe GOLD stages (p = 0.021), CAT score (p = 0.001) and inflammatory blood marker HS-CRP (p = 0.026)
were significantly increased in the exacerbating cohort compared to the stable cohort.

Characterisation of Plasma EVs from Exacerbating COPD Participants and Those in
Stable State

Plasma EVs were isolated from four COPD participants, two during an exacerbation event and two other participants
whilst stable, and characterised using Western blotting. Analysis of established “EV-markers” showed presence of protein
CD9 and minimal quantities of flotillin-1 in plasma EV from both participants, with neither marker detectable in raw
plasma (Figure 1A). An exosome standard from human plasma as a positive control showed EV protein flotillin-1 and
a minimal band of CD9. Albumin (negative control) was also present in EV samples from both participants, at similar
levels to raw plasma, highlighting this contaminating protein co-isolation with the selected EV isolation method, as the
exosome standard (positive control) only identified a minimal band.

Plasma EVs from one exacerbating COPD patient were visualised using TEM (Figure 1B), with a widefield image
(5um) representing a very concentrated sample. A close-up image at 500nm, highlights the very concentrated sample,
with multiple small homogeneous lipid membrane particles present (a clearer vesicle is highlighted by the red arrow),

below the 100nm size range, suggesting that these small vesicles are within the exosome size range.

Plasma-Derived EV miRNA Profiling Identified Significantly Dysregulated miRNAs
Differentially Represented Between Exacerbating COPD Participants and Those in

Stable State

QIAGEN’s miRCURY LNA miRNA Serum/Plasma Focus PCR panel was used to test for 179 miRNAs specific to
human serum and plasma (including internal controls) on plasma-derived EVs. An unsupervised clustergram of miRNA
expression is visualised in each patient sample (Figure 2). Candidate miRNAs that could differentiate between 1)
Exacerbating COPD participants (test cohort) and participants at stable state (control cohort) and 2) GOLD stages
(control cohort = GOLD 2 (moderate); test cohort = GOLD 3 (severe) and GOLD 4 (very severe)) were identified
(Table 2).

The miRNA expression from plasma EVs identified and distinguished a number of targets that were significantly
dysregulated between the exacerbating and stable state cohorts, as well as between the different GOLD stage cohorts.
The plasma EV miRNA expression in the exacerbating cohort compared to the stable cohort identified one significantly
under-expressed miRNA (hsa-miR-34a-5p, fold change —2.84, p = 0.025) and 4 significantly over-expressed miRNAs,
including hsa-miR-92b-3p, hsa-miR-223-3p, hsa-miR-374a-5p and hsa-miR-106b-3p (fold change range 1.58-2.78,
p-value range of 0.007-0.032). The plasma EV miRNA expression in the GOLD stage 2 cohort (moderate) compared
to the GOLD stage 3 and 4 (severe/very severe) cohort identified 1 significantly over-expressed miRNA (hsa-miR-374b-
5p, fold change 1.91, p = 0.009).

The GeneGlobe online platform and TargetScan prediction software were used as previously described'® to identify
genes regulated by the miRNAs differentially represented in plasma EVs between the disease states of interest (Table 3).
miR-34a-5p (significantly under-expressed in the exacerbating cohort compared to the stable state cohort) regulates
HCN3 and NAV1 genes, while the MEF2D gene was identified as a target for three of the miRNAs overexpressed in the
exacerbating cohort. miR-374b-5p (significantly over-expressed in the severe/very severe GOLD stage participants
compared to moderate GOLD stage participants) was found to regulate the ACVR2B gene.
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Figure | Plasma EV characterisation using the following methods: (A) Western blot of negative control marker Albumin and EV markers flotillin-1 and CD9 presence or
absence in exacerbating COPD (EX) (n=2) and stable (ST) (n=2) patients (Pt), as well as lyophilised exosome standard from plasma (EXS STD) and raw plasma (RAW). (B)
A representative widefield (left panel) and close-up (right panel) TEM images of plasma EVs isolated from a COPD patient during an exacerbation event. The red arrow
indicates small EVs. Calibrated scale bars (5um, left panel and 500nm, right panel) are included for reference.

Clinical Correlates of Dysregulated EV miRNAs

Correlations (Spearman Rank) and significant differences (Mann—Whitney U) were assessed between the identified miRNAs
and appropriate clinical characteristics between exacerbating participants compared to stable participants (Table S1), as well
as severe/very severe GOLD stage participants compared to moderate GOLD stage participants (Table S2). For the 5 miRNAs
significantly over-expressing in the exacerbating participants compared to stable participants, one miRNA significantly
correlated with pack years (miR-106b-3p, when increased pack years decreased), three miRNAs with lung function
parameters FEV1 (miR-223-3p, miR-374a-3p, miR-34a-5p, when miRNAs increased, FEV1 decreased), while two
miRNAs (miR-92b-3p and miR-223-3p) correlated with FVC (when miRNAs increased, FVC decreased). One miRNA
(miR-223-3p) is significantly correlated with the inflammatory marker, fibrinogen (miR-223-3p, when increased, fibrinogen
levels increased), while two miRNAs (miR-106b-3p and miR-34a-5p) correlated with CAT scores (when miRNAs increased,
CAT scores increased). No miRNAs were significantly associated with smoking history, while one miRNA (miR-223-3p) was
significantly associated with gender (miR-223-3p, p = 0.04, increased in females) (Table S3). For severe/very severe GOLD
stage participants compared to moderate GOLD stage participants, it was found that miR-374b-5p was significantly correlated
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Figure 2 Unsupervised clustergram indicating the magnitude of miRNA expression (green = minimal, red = maximal) in exacerbating COPD participants (EX, n=20)
compared to stable state participants (ST, n=20).
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Table 2 Dysregulation of miRNA Targets That Were Significantly Different Between Exacerbating and Stable State COPD Cohorts, as
Well as GOLD Classified Cohorts

Severe (test cohort)
compared with GOLD
Moderate (control
cohort)

Patient Groups miRNAs Under- | Fold Regulation Significance | miRNAs Over- Fold Regulation Significance
Expressed (Threshold=1.5) | (p-value) Expressed (Threshold=1.5) | (p-value)

Exacerbating (test hsa-miR-34a-5p —2.84 0.025° hsa-miR-92b-3p 237 0.032°

cohort) compared hsa-miR-223-3p 1.79 0.007%

with stable state hsa-miR-374a-5p 1.58 0.025°

(control cohort) hsa-miR-106b-3p 2.78 0.012*

GOLD Severe/Very NIL - - hsa-miR-374b-5p 1.91 0.009*

Notes: *Independent t-test; bI"Iann—Whi':ney U-test.

Table 3 The Top miRNA-Regulated Genes Targeting miRNAs That Were Identified as Significantly Dysregulated in the
Exacerbating and Stable State COPD Cohorts, as Well as GOLD Classified Cohorts

Patient Groups

Gene miRNAs Targeting

Total # of Target Sites Identified

Range of Strength Scores

this Gene in Target Gene (Min to Max)
Exacerbating vs stable state Genes regulated by significantly under-expressed miRNA
HCN3 hsa-miR-34a-5p 4 —0.359 to —0.182
NAVI hsa-miR-34a-5p 4 -0.25-0.041
NDSTI hsa-miR-34a-5p 3 -0.035-0.038
SCN2B hsa-miR-34a-5p 3 —-0.21 to —0.059
ANKRD52 | hsa-miR-34a-5p 2 —0.12 to —0.029

Genes regulated by significantly over-exp

ressed miRNAs

AFFI hsa-miR-92b-3p 5 —0.3665 to —0.286
hsa-miR-374a-5p

FBXW7 hsa-miR-223-3p 5 —0.547 to —0.197
hsa-miR-92b-3p

MEF2D hsa-miR-374a-5p 4 —0.391 to —0.112
hsa-miR-92b-3p
hsa-miR-223-3p

AFF4 hsa-miR-92b-3p 4 —0.275 to —0.032
hsa-miR-374a-5p

HLF hsa-miR-223-3p 4 —0.183 to —0.0652

hsa-miR-374a-5p

GOLD Severe/ very severe vs
GOLD Moderate

Genes regulated by significantly over-exp

ressed miRNA

AFFI hsa-miR-374b-5p 4 —0.337 to —0.318
ACVR2B hsa-miR-374b-5p 3 —0.603 to —0.232
PCDHI0 hsa-miR-374b-5p 3 —0.304 to —0.146
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with FEV1 only (when miRNA increased, FEV1 decreased), while no significant associations were observed for smoking
history or gender (Table S3).

Biomarker Potential of Plasma EV miRNAs by ROC Analysis
ROC curve analysis was used to evaluate the utility of plasma EV miRNAs in discriminating both severity of COPD
(using GOLD classification) and clinical state of COPD (exacerbation or stable state). A total of 5 miRNAs identified in
the primary analyses were dysregulated in exacerbating participants compared to stable state participants. The highest
area under the curve (AUC) for a single miRNA was achieved with miR-223-3p (AUC = 0.755; 95% confidence interval
(CD = 0.602—0.908; p = 0.006) (Figure 3A and B). From the correlation analysis (Table S1), the top miRNAs with the
highest individual AUC values that were not significantly correlated with each other included miR-106b-3p, miR-374a-
Sp and miR-92b-3p. These miRNAs were further assessed as a combination in a logistic regression model (Figure 3C).
This model was then assessed using ROC curve analysis, with the AUC improving to 0.820 (standard error = 0.066; CI =
0.690-0.950; p = 0.001) (Figure 3D).

A total of 1 miRNA was identified in the primary analyses as significantly dysregulated between moderate GOLD
participants compared to severe/very severe GOLD participants. The AUC for miR-374b-5p miRNA was 0.798 (standard
error 0.084; 95% CI 0.634-0.962; p = 0.01) (Figure 4).

Biological Pathways Associated with miRNAs Differentially Represented in Plasma EVs
in Exacerbating Compared to Stable State Participants

The five miRNAs differentially represented in EVs of exacerbating participants compared with stable participants were
found to be enriched in seven KEGG pathways (Table 4). The “cytokine—cytokine receptor interaction” (hsa04060) was
the most significant KEGG pathway targeted by the most miRNAs, with 9 enriched target genes, as well as the most
genes validated by the miRNA-regulated gene targets from the GeneGlobe analysis.

Discussion

This small-scale study verified that EVs could be isolated from plasma and that the pattern of dysregulation of EV
miRNAs was different depending on the clinical state and severity of COPD. These EV miRNA signatures are specific to
each cohort and have translational potential as sensitive biomarkers that can sufficiently discriminate between steady
state and exacerbation in an individual whose symptoms (based on CAT and lung function parameters) are less sensitive
of informing whether an exacerbation is acute. Further, KEGG pathway analysis based on the identified candidate EV
miRNAs specific to COPD state supports their involvement in biologically relevant pathways.

Biological Pathways Associated with miRNAs Differentially Represented in Plasma EVs

in Exacerbating Compared to Stable State Participants

The five miRNAs differentially represented in EVs of exacerbating participants compared with stable participants were
found to be enriched in seven KEGG pathways (Table 4). The “cytokine—cytokine receptor interaction” (hsa04060) was
the most significant KEGG pathway targeted by the most miRNAs, with 9 enriched target genes, as well as the most
genes validated by the miRNA-regulated gene targets from the GeneGlobe analysis. This result highlights that the
molecular function of these differentially expressed EV miRNAs is significantly enriched in cytokine activity, which is in
line with previous studies,” ?* further suggesting their crucial role during an exacerbation event and orchestrating
a chronic inflammatory response.”'

Significantly Dysregulated miRNAs Discriminate Exacerbating COPD Participants
from Stable State Participants, as Well as Between GOLD Classifications with

Discriminatory Power
Exacerbations are a major cause of disease progression, morbidity and mortality, and given the lack of curative
treatments, earlier intervention for exacerbation prevention is highly relevant.'> EVs are highly stable in circulating
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Figure 3 Discriminatory power assessed using ROC curves for the miRNAs that was significantly dysregulated in exacerbating COPD participants compared to stable state
participants. (A) ROC curves for dysregulated miRNAs; (B) AUC values including standard error (Std. Error), significance and 95% confidence intervals for all 5 deregulated
miRNAs (C) binary logistic regression model for miR-92b-3p, miR-374a-5p, miR-106b-3p; (D) ROC curve for the logistic regression model.
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Figure 4 Discriminatory power assessed using ROC curve analysis for miR-374b-5p that was significantly over-expressed in severe/very severe GOLD participants

compared to moderate GOLD participants.
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Table 4 Predicted Biological Pathways Enriched by the Significantly Dysregulated miRNAs Identified in Exacerbating COPD
Participants Compared to Stable State

Participant | KEGG Pathway Significance | # miRNAs List of Identified Target # of Genes Validated from
Groups Genes GeneGlobe Analysis
Exacerbating | Glycosphingolipid biosynthesis — | <0.0001* 2 B3GALT?2, FUTI, FUT9 2
vs stable lacto and neolacto series

(hsa00601)

Mucin type O-Glycan <0.0001° 2 GALNT7, GALNTI8 |

biosynthesis (hsa00512)

Glycosphingolipid biosynthesis — | 0.001? | FUTI, B3GALNTI, FUT9 |
globo series (hsa00603)

Cell adhesion molecules 0.008" 4 CLDNI I, CLDNI8, CLDNS, 2

(CAMs) (hsa04514) JAM2, PVRLI

Synaptic vesicle cycle (hsa04721) | 0.011* 2 SYTI, CPLX2, NSF, VAMP2 3

Tight junction (hsa04530) 0.012* 4 PRKCQ, CLDNI I, CLDNIS, 3
CLDNS, JAM2, EXOC3, AKT2,
RRAS

Cytokine-cytokine receptor 0.019° 4 PRLR, PDGFRA, MET, ACVR2B, | 6

interaction (hsa04060) CCL22, KIT, IL6ST, IL6R, PDGFA

Notes: “Gene union criterion.

bodily fluids and package cellular information indicative of their parental cell, which can be exchanged and influence
recipient cell pathophysiology. Studies have reported various circulating miRNAs that are involved in the development
and progression of COPD, including emphysema severity** (lists of studied circulating miRNAs have been extensively
detailed in previous reviews>**). Additionally, recent reports by Fujita et al describe how miRNAs involved in COPD
pathogenesis are modulated through EV-mediated transfer.?’

miR-223-3p was one of the four plasma EV miRNAs that we found to be represented at high levels in exacerbating
cases. Using the same miRCURY LNA miRNA array chemistry, Ezzie et al found miR-223 to be higher in lung tissue in
COPD than in smokers without COPD.*® miR-223-3p appears to regulate inflammation, cell differentiation, proliferation
and cell death.”” miR-223 over-expression reduces pro-inflammatory responses,*° and has been proposed to modulate the
balance of neutrophilic/eosinophilic responses by inhibiting PARP-1 levels.>' However, in neutrophilic asthma partici-
pants, elevated miR-223 appears to be insufficient to reduce inflammation.** Similarly, in COPD exacerbating partici-
pants, high levels of miR-223 in circulating EVs may be insufficient to suppress pro-inflammatory responses.>°

Tan et al reported a significant increase in plasma exosomes in exacerbating COPD participants compared to stable
state and suggested that EVs are involved in the inflammatory process of COPD exacerbations.”® Our finding of the
positive correlation between miR-223-3p and the inflammatory blood marker, fibrinogen, would be consistent with such
a role for EV miR-233-3p. As we also found a negative correlation between EV miR-233-3p and indices of lung
function, miR-233-3p could potentially represent a link between inflammation and COPD severity.

While exacerbations are a significant phenotype that contributes to disease severity and progression, the GOLD
classification for COPD diagnosis requires spirometry, with the severity of airflow limitation categorising patients with
either mild or very severe disease.” As COPD is recognised as a heterogeneous disease, and not all patients can access lung
function tests in a timely way, the additional use of biomarkers to assess for COPD severity such as COPD severity-related
EV miRNAs from plasma, may be a promising additional strategy for disease evaluation. Our results identified miR-374b-5p
as significantly over-expressed in our severe/very severe GOLD COPD cohort compared to our moderate GOLD COPD
cohort. Involvement of miR-374b-5p and its over-expression in severe GOLD COPD has yet to be described.
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Target gene MEF2D was regulated by 3 out of the 4 significantly over-expressed miRNAs in exacerbating participants
compared to stable state COPD participants by GeneGlobe TargetScan analysis. MEF2D has been reported to play an
important role in cell differentiation, proliferation and apoptosis control, as well as being implicated as pathogenic in
several diseases other than COPD.***> In COPD participants, it was previously reported to be correlated with lower
levels of physical activity, reduced capacity related to fatigue, muscle wasting, as well as breathlessness.>® In COPD,
skeletal muscle weakness is often observed and acutely worsens during an exacerbation, particularly if the patient is bed
bound.*”*® Skeletal muscle differentiation is controlled by transcription factors including MEF2D. Systemic inflamma-
tion is a proposed mechanism contributing to acute muscle weakness,>® and Zhu et al reported that inflammatory
conditions lead to increased expression of MEF2D.

KEGG pathway analysis of miRNAs differentially represented in EV cargo of exacerbating participants compared to
stable participants shows that these miRNAs are enriched in the cytokine—cytokine receptor interaction, which is
consistent with previous studies of dysregulated RNA expression and signaling pathways in lung tissue from participants
with COPD.?*?* Chronic inflammation is a hallmark of COPD in which cytokines play critical roles in the recruitment
and activation of inflammatory cells,*® including neutrophils and eosinophils, which are more prominent during
exacerbations.*'*

In summary, our results support the premise that early detection of dysregulated EV miRNAs in COPD may predict
which participants are on a rapid deterioration pathway.

Limitations

There are potential limitations in this preliminary study that need to be considered. Firstly, the use of a precipitation-
based method for EV isolation, while yielding high volumes of EVs, also co-isolated contaminating proteins (Albumin),
as reported in previous studies,* with the potential to interfere with downstream EV characterization. Nevertheless, for
assessment of miRNA expression, this method has support.* Additionally, the target gene analysis performed was
through using QIAGEN’s Geneglobe gene regulation tool for identifying candidate miRNA-regulated genes. This was
therefore a predictive tool only, as we were unable to experimentally validate these miRNA-mRNA interactions,
particularly as it was EV miRNA that was assessed and not total mRNA.

Our results require prospective validation in larger cohorts, with EV miRNA analysis being repeated in each case
before, during and after exacerbations rather than studying separate stable and exacerbating cohorts as here, so as to
reduce extraneous biases. Furthermore, all stages of disease severity should be represented (as most of the cases reported
here had GOLD stage severe or very severe disease).

Conclusion

This preliminary study identified a total of five miRNAs that were significantly differently packaged between participants
with stable COPD and those experiencing an exacerbation, with miR-223-3p resulting in the highest AUC (0.755) for
a single miRNA and the combination of miR-106b-3p, miR-374a-5p and miR-92b-3p further improving discriminatory
power (AUC 0.820). One miRNA (miR-374b-5p) was significantly over-expressed in severe/very severe GOLD stage
COPD participants compared to moderate GOLD stage COPD participants (AUC 0.798).

These results highlight the biomarker potential that EV bioactive cargo (miRNA) within plasma holds for defining
and characterising exacerbations and disease severity in COPD. This warrants further investigation in larger participant
cohorts to verify the translational potential. Future studies could explore the effects on EV production and the selective
packaging of miRNAs due to treatments such as corticosteroids, antibiotics and mucolytics.
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