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There are several limitations. One might think the changes in 
FeNO levels and oscillometry after 3 months were due to the re-
gression toward the mean effect. However, these changes can be 
explained thoroughly by the mechanisms stated above. Since the pa-
tients of this study had well controlled asthma and good lung func-
tion, attention has to be paid for the generalizability. Further studies 
warrant the effect of high FeNO levels on asthma pathophysiology 
and the interpretation of R5-R20.

CONFLIC T OF INTERE S T
The authors have nothing to disclose.

FUNDING INFORMATION
None.

Yoshinari Endo1

Toshihiro Shirai1

Keita Hirai2,3

Taisuke Akamatsu1

Eishi Kato4

Hidehiko Furui5

Tetsuo Hiramatsu6

1Department of Respiratory Medicine, Shizuoka General 
Hospital, Shizuoka, Japan

2Department of Clinical Pharmacology and Genetics, School 
of Pharmaceutical Sciences, University of Shizuoka, Shizuoka, 

Japan
3Laboratory of Clinical Pharmacogenomics, Shizuoka General 

Hospital, Shizuoka, Japan
4Hanasaki Clinic, Kiyosu, Japan

5Furui Clinic, Tarui, Japan
6Hiramatsu Clinic, Komaki, Japan

Correspondence
Toshihiro Shirai, MD, PhD, Shizuoka General Hospital, 4-27-1 

Kita-Ando, Aoi, Shizuoka 420-8527, Japan.
Email: toshihiro-shirai@i.shizuoka-pho.jp

ORCID
Yoshinari Endo  https://orcid.org/0000-0003-1857-6369 
Toshihiro Shirai  https://orcid.org/0000-0002-2352-7580 
Keita Hirai  https://orcid.org/0000-0001-8027-3508 

R E FE R E N C E S
 1. Dweik RA, Boggs PB, Erzurum SC, et al. An official ATS clinical 

practice guideline: interpretation of exhaled nitric oxide lev-
els (FENO) for clinical applications. Am J Respir Crit Care Med. 
2011;184(5):602-615.

 2. Matsunaga K, Hirano T, Oka A, Ito K, Edakuni N. Persistently high 
exhaled nitric oxide and loss of lung function in controlled asthma. 
Allergol Int. 2016;65(3):266-271.

 3. Shirai T, Kurosawa H. Clinical application of the forced oscillation 
technique. Intern Med. 2016;55(6):559-566.

 4. Global Initiative for Asthma. Global Strategy for Asthma Management 
and Prevention, 2015. www.ginas thma.org

 5. Dweik RA, Sorkness RL, Wenzel S, et al. Use of exhaled nitric oxide 
measurement to identify a reactive, at-risk phenotype among patients 
with asthma. Am J Respir Crit Care Med. 2010;181(10):1033-1041.

 6. King GG, Bates J, Berger KI, et al. Technical standards for respiratory 
oscillometry. Eur Respir J. 2020;55(2):1900753.

 7. Shirai T, Mori K, Mikamo M, et al. Respiratory mechanics and periph-
eral airway inflammation and dysfunction in asthma. Clin Exp Allergy. 
2013;43(5):521-526.

 8. Michils A, Haccuria A, Michiels S, Van Muylem A. Airway calibre vari-
ation is a major determinant of exhaled nitric oxide’s ability to capture 
asthma control. Eur Respir J. 2017;50(2):1700392.

SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section.

RNA-seq–based profiling of extracellular vesicles in plasma 
reveals a potential role of miR-122-5p in asthma

To the Editor,
Asthma is a heterogeneous disease encompassing several distinct 
sub-phenotypes with different etiologies and treatment responses,1 
but we are lacking markers to differentiate patient subgroups.

MicroRNAs (miRNAs) can regulate gene expression post-tran-
scriptionally. Due to their high stability in body fluids, their easy 

detection, and their functional relevance in asthma, we and others 
have proposed extracellular miRNAs in noninvasive clinical samples 
as biomarkers for asthma.2,3 Yet, extracellular miRNA profiles can 
be confounded by unspecific release of miRNAs from dying cells. 
Transfer of miRNAs by extracellular vesicles (EVs) is, however, sup-
posedly a selective communication mechanism,4 and EV-miRNA lev-
els have been shown to be altered in bronchoalveolar lavage (BAL) 
fluid of patients with asthma.5 In this pilot study, we profiled the 
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F I G U R E  1   small RNA sequencing from plasma EVs. A, EV concentration (left panel), size distribution, and median size (right panels) 
in plasma EV isolations from healthy controls (HC, n = 16), mild-to-moderate (AM, n = 15), or severe asthma (AS, n = 14) assessed by 
nanoparticle tracking analysis (lines represent median). B, Protein content of qEV fractions in mg/mL, assessed by microBCA (n = 45 per 
fraction, mean ± SD). C, Sequencing distribution of small RNA classes in %, with relative distribution within mapped reads (right) (D and E) 
10 top-regulated miRNAs (sorted by log2 fold change) in asthma patients vs HC (D) and AM vs HC (left) and AS vs HC (right) (E); FDR = false 
discovery rate. F, Spearman's correlations of miR-122-5p (upper panels), miR-3168 (middle panels), and miR-191-5p (lower panels) read counts 
with clinical characteristics of all included subjects (n = 45), and each graph depicts correlation co-efficient R and P-value

F I G U R E  2   EV-miRNA from plasma correlates with clinical characteristics of asthma. A and B, RT-qPCR for miR-122-5p and miR-191-5p 
normalized to miR-21 levels (reference) in (A) plasma EVs from healthy controls (HC, n = 26), all asthma (n = 51), mild-to-moderate (AM, 
n = 25) or severe asthma (AS, n = 26), or (B) sputum supernatant EVs from healthy controls (HC, n = 4) and patients with asthma (n = 10). 
All Mann–Whitney U to HC or AM. *P ≤ .05, **P ≤ .01, ***P ≤ .001. Graphs depict fold changes to healthy controls with lines indicating the 
median. (C) Ingenuity pathway analysis showing association of miR-122-5p and miR-191-5p with quantity of leukocytes, function of antigen-
presenting cells, activation of antigen-presenting cells, function of Th2 cells, quantity of regulatory T lymphocytes, and differentiation of Th2 cells
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EV-miRNA signature in plasma of patients with mild-to-moderate 
(AM) or severe eosinophilic asthma (AS) (as defined by ERS/ATS 
guidelines6) and healthy control (HC) subjects (Tables S1 and S2).

Therefore, we isolated small EVs (EVs) (<200 nm) by size exclu-
sion chromatography (SEC) (qEV, Izon Bioscience) from 1 mL plasma 
of 45 adult subjects with AM (n = 15) or AS (n = 14), and HC (n = 16) 
(Table S1). All study participants were enrolled in the all age asthma 
(ALLIANCE) cohort, a multi-center longitudinal asthma patient co-
hort of the German Center for Lung Research (DZL).7

SEC-isolated particles were confirmed to be <200 nm by nanopar-
ticle tracking analysis (NTA) (ZetaView PMX 110, Particle Metrix) 
and were equal in concentration and size distribution across groups 
(Figure 1A). The median particle concentration isolated from 1 mL 
of plasma was 8.6 × 109 particles/mL (interquartile range [IQR]: 
4.5 × 109-1.4 × 1010) for HC, 1.2 × 1010 particles/mL (IQR: 6.6 × 109-
2.8 × 1010) for AM, and 1.0 × 1010 particles/mL (IQR: 3.9 × 109-
3.6 × 1010) for AS. Furthermore, SEC fractions 7-9 used for sequencing 
were without protein contamination (Figure 1B) and expressed differ-
ent amounts of typical small EV markers CD63, CD81, and/or CD9 
(Figure S1).F I G U R E  1  small RNA sequencing from plasma EVs. A, 
EV concentration (left panel), size distribution, and median size (right 
panels) in plasma EV isolations from healthy controls (HC, n = 16), 
mild-to-moderate (AM, n = 15), or severe asthma (AS, n = 14) assessed 
by nanoparticle tracking analysis (lines represent median). B, Protein 
content of qEV fractions in mg/mL, assessed by microBCA (n = 45 per 
fraction, mean ± SD). C, Sequencing distribution of small RNA classes 
in %, with relative distribution within mapped reads (right) (D and E) 10 
top-regulated miRNAs (sorted by log2 fold change) in asthma patients 
vs HC (D) and AM vs HC (left) and AS vs HC (right) (E); FDR = false dis-
covery rate. F, Spearman's correlations of miR-122-5p (upper panels), 
miR-3168 (middle panels), and miR-191-5p (lower panels) read counts 
with clinical characteristics of all included subjects (n = 45), and each 
graph depicts correlation co-efficient R and P-value

EV-RNA was isolated (miRNeasy Micro Kit; Qiagen) and subjected 
to RNA sequencing (RNA-seq) (HiSeq 2500, Illumina) of small RNAs 
(below 35 nt) according to Ref.8 While all samples achieved high 
Phred scores (>30) indicating excellent sequencing quality (Figure 
S2A), 46.42% of reads were short or unmapped (39.11%) (Figure 1C). 
From all mapped reads, 17.15% were classified as miRNAs, while 
81.08% were ribosomal RNAs. In total, we detected 139 distinct EV 
miRNAs with ≥10 reads (AM: 115; AS: 114; HC: 128) (Figure S2B, 
Tables S3-S5), and 35 of which had read counts ≥ 50. Unsupervised 
clustering and principal component analysis did not separate the dif-
ferent groups (Figure S2C, D), indicating that there is no difference 
between asthma patients and healthy controls based on total EV-
miRNA expression. However, miR-122-5p was significantly increased 
in all patients with asthma (log2 fold change (log2FC) = 1.74, false 
discovery rate (FDR) = 0.03) and in AS (log2FC = 1.77, FDR = 0.02) 
compared with healthy controls, while miR-3168 was decreased 
(log2FC = −1.28; FDR = 0.05) (Figure 1D). In AS, we found similar 
trend for miR-191-5p (log2FC = 0.39, FDR = 0.12) (Figure 1E).

In a bivariate analysis, miR-191-5p normalized read counts cor-
related negatively with FEV1%pred (Spearman's R = −.38; P = .013) and 

lymphocyte percentage in blood (R = −.5; P = .0006) (Figure 1F). We 
found a positive correlation with blood neutrophil (R = .48; P = .0012) 
counts and a similar trend for blood eosinophil counts (R = .29; 
P = .058). miR-3168 read counts correlated significantly with blood 
eosinophils (R = −.28, P = .012), neutrophils (R = −.3, P = .05), and lym-
phocytes (R = .38, P = .012). Read counts of miR-122-5p positively cor-
related with both eosinophil (R = .32; P = .034) and neutrophil (R = .39; 
P = .0094) counts in blood, and trendwise with blood lymphocytes 
(R = −.28; P = .065) (Figure 1F). We do acknowledge that some cor-
relation coefficients are quite low (R < .3) which could be due to the 
small sample size and needs to be confirmed in larger future studies.

Next, we isolated EVs from additional plasma samples of the 
same subjects and 10 new subjects per group (Figure 2A), and found 
a strong trend for an increase of miR-122-5p (FC = 1.84; P = .07) 
in severe asthma, and in all asthma subjects (FC = 1.96; P = .09) 
(Figure 2A) by RT-qPCR, confirming the sequencing results. miR-
191-5p did not differ significantly among the groups, and miR-3168 
was not detectable by RT-qPCR. Of note, in a pilot approach both 
miRNAs could also be detected in EVs isolated from sputum super-
natant samples of four healthy control and ten asthma subjects, 
and we have a first hint that they are increased in asthma compared 
with healthy controls (miR-122-5p: FC = 2.90; P = .014; miR-191-5p: 
FC = 2.69, P = .014) (Figure 2B).F I G U R E  2  EV-miRNA from 
plasma correlates with clinical characteristics of asthma. A and B, 
RT-qPCR for miR-122-5p and miR-191-5p normalized to miR-21 lev-
els (reference) in (A) plasma EVs from healthy controls (HC, n = 26), 
all asthma (n = 51), mild-to-moderate (AM, n = 25) or severe asthma 
(AS, n = 26), or (B) sputum supernatant EVs from healthy controls 
(HC, n = 4) and patients with asthma (n = 10). All Mann–Whitney 
U to HC or AM. *P ≤ .05, **P ≤ .01, ***P ≤ .001. Graphs depict fold 
changes to healthy controls with lines indicating the median. (C) 
Ingenuity pathway analysis showing association of miR-122-5p and 
miR-191-5p with quantity of leukocytes, function of antigen-presenting 
cells, activation of antigen-presenting cells, function of Th2 cells, quan-
tity of regulatory T lymphocytes, and differentiation of Th2 cells

Ingenuity Pathway Analysis (IPA) of predicted targets of miR-
122-5p and miR-191-5p revealed a concise network, containing the 
biological functions quantity of leukocytes, function of antigen-pre-
senting cells, activation of antigen-presenting cells, function of Th2 
cells, quantity of regulatory T lymphocytes, and differentiation of Th2 
cells (Figure 2C). This is a first hint that miR-122-5p (and potentially 
miR-191-5p) could influence immune cell function upon uptake. This 
could systemically perpetuate the asthmatic phenotype and should 
be confirmed in larger studies, where also the specificity for asthma 
vs a general immune reaction should be assessed.

The relatively low number of significantly altered miRNAs here 
might be due to the isolation of highly pure EVs by SEC. This is in 
line with previous reports,8 but SEC isolation is superior to other 
methods in separating EVs from contaminating proteins.9 Further, 
we have here focused on eosinophilic asthma of different severities, 
hampering comparisons of different asthma sub-phenotypes. This 
will require considerably larger patient numbers and was thus be-
yond the scope of this study.
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In summary, in relatively well-controlled asthma the total miRNA 
expression in plasma EVs is not different to controls. miR-122-5p is 
increased in plasma and sputum supernatant EVs derived from pa-
tients with (severe) asthma, and this miRNA correlated with immune 
cell types in the blood. Combined with the IPA-predicted role in lym-
phocyte differentiation and function, it is intriguing to speculate that 
this miRNA can sub-differentiate different forms of asthma, such as 
neutrophilic from eosinophilic asthma. This should be investigated 
in larger asthma cohort studies with a broad spectrum of clinically 
well-defined phenotypes and different treatment regimen also in-
cluding steroid-naïve patients.
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Comparison of diagnostic accuracy of acoustic rhinometry and 
symptoms score for nasal allergen challenge monitoring

To the Editor,
The nasal allergen challenge (NAC) is a safe and reproducible method 
to identify the allergic triggers of rhinitis1 in both atopic and non-
atopic patients; besides, it can guide the composition and moni-
tor the effect of allergen immunotherapy.2,3 Nevertheless, NAC 
is scarcely implemented in the clinic due to the lack of standard-
ized protocols, among other factors. In this regard, the European 
Academy of Allergy and Clinical Immunology (EAACI) published 
in 2018 a consensus document on NAC methodology.3 National 
guidelines already existed in Spain4 and Germany.5 All documents 
advise to monitor the provocation by both subjective (symptoms 
score) and objective (nasal patency) parameters. Nonetheless, the 
guidelines differ on recommended symptom score (Lebel score, vis-
ual analogue scale [VAS], etc.), method to assess the nasal patency 
(acoustic rhinometry [AcRh], active anterior rhinomanometry, etc.), 
and cutoff points for both parameters. EAACI guidelines consider 
NAC positive if either a moderate change in both parameters (in-
crease >23 mm−3 points for VAS/symptom score AND decrease 
>20-27% for nasal patency) or a clear change in at least one of them 
(increase >55/5 points for VAS/symptom score AND/OR decrease 
>40% for nasal patency) occurs.3 However, these recommendations 
are mainly based on expert consensus, as there is a scarcity of data 
coming from ad hoc studies. Selection of cutoff points relies on the 

intended use of the test under evaluation. While screening methods 
need a high sensitivity, confirmatory tests require high specificity. 
Importantly, sensitivity and specificity inform on the proportion of 
diseased and disease-free subjects who are correctly diagnosed, but 
cannot predict the probability of a condition to be present in an indi-
vidual patient referred for evaluation. Conversely, positive (PPV) and 
negative (NPV) predictive values inform directly about the probabil-
ity of a subject who displayed a positive or negative result to have 
been or not correctly diagnosed. Nevertheless, predictive values 
are influenced by disease prevalence, implying that their diagnostic 
performance can vary in different populations.6 On the other hand, 
positive (LR+) and negative (LR-) likelihood ratios display a direct 
mathematical relationship between pretest and posttest probability, 
and are independent of disease prevalence.7 Therefore, LR+ and LR- 
are the most helpful indicators for the clinician to take decisions on 
individual patients. In this study, we investigated the discriminative 
power, and the pretest and posttest predictive power of NAC, to-
gether with optimal cutoff points for positivity, as measured by Lebel 
nasal-ocular symptom score (NOSS) and AcRh. We prospectively re-
cruited 1165 and 369 adults with allergic rhinitis (AR) and nonallergic 
rhinitis (NAR), respectively, based on the results of skin prick test, 
serum allergen-specific IgE, and NAC (Table S1 and Table S2). We 
also enrolled 361 healthy nonatopic control (HC) subjects. All study 
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