Letter to the Editor

Exosome-enclosed microRNAs in exhaled
breath hold potential for biomarker discovery
in patients with pulmonary diseases

To the Editor:

MicroRNAs (miRNAs) are small noncoding RNAs of 22 to 25
nucleotides in length that act through an RNA-induced silencing
complex to posttranscriptionally regulate mRNAs that contain
complementary sequences. Highly stable circulating miRNAs are
found in biological fluids and are potential biomarkers." These
are often enclosed in small secretory membrane vesicles called
exosomes, which permit transfer of miRNA between cells.?
Exhaled breath condensate (EBC), which can be obtained nonin-
vasively and conveniently and is representative of the airway lin-
ing fluid, could be an ideal substrate for discovery of pulmonary
disease biomarkers.*® For the first time, we report that miRNAs
can be reliably detected in EBC by using quantitative PCR anal-
ysis and are suitable as biomarkers.

Briefly, EBC was collected over 10 minutes with an RTube
(Respiratory Research, Austin, Tex), as per the recommended
protocol. RNA was extracted with the miRvana small RNA extrac-
tion kit (Ambion, Invitrogen, Carlsbad, Calif) from vacuum-dried
and concentrated EBC samples. Equal amounts of quantitated RNA
(Nanodrop; Thermo Fisher, Uppsala, Sweden) were used to prepare
the cDNA by using miRNome cDNA synthesis kits (System
Biosciences, Mountain View, Calif), and finally, 5 pL of the
cDNA was used to perform quantitative PCR (LightCycler 4801I;
Roche, Mannheim, Germany). Sample input and processing were
tightly standardized, and data variability was acceptable, even
without any normalization (see the Methods section in this article’s
Online Repository at www.jacionline.org). A quantitative PCR cycle
threshold (Ct) cutoff of 18 or greater and 35 or less was used to focus
on those species of miRNAs that have reliable expression levels.
Institutional committees approved all research protocols.

To determine the miRNA profile of EBC and its variation
across age and disease, we measured the full miRNome of
approximately 1000 miRNAs for 10 subjects with asthma and 10
healthy subjects with no known disease. We found that using a
minimum cut-off of at least 5 positive samples (from 20 total
samples), 643 miRNAs were detectable in EBC with acceptable
intersample variability (SD, 1-2 Ct for most miRNAs; see Table
El in this article’s Online Repository at www.jacionline.org).

Highly abundant miRNAs in EBC, such as hsa-let7, hsa-miR-
181c, and hsa-miR-1307, have been previously found to be
abundant in lung tissue and were similar across most subjects. The
EBC miRNA profile of asthmatic patients was generally similar to
that of healthy subjects, and no miRNA crossed the multiple-
comparison adjusted significance threshold of a P value of less
than .0001. However, 11 miRNAs were somewhat differently
expressed in asthmatic patients compared with healthy subjects
based on a combination of fold differences in expression and
detection in a majority of samples to increase reliability (Fig 1,
A, and see Table E1 for details and statistics). Of these, at least
3 (hsa-miR-574-5p, hsa-miR-516a-5p, and hsa-miR-421) are pre-
viously known to be involved in asthma-, allergy-, and
inflammation-related pathways.” Results of a preliminary valida-
tion study with different stem-loop primers for hsa-miR-2861,
hsa-miR-574-5p, and hsa-miR-556-5p in human lung biopsy

samples (n = 2 each) and additional EBC samples (n = 6 each)
were consistent with the initial findings. Pooling the validation
samples with the discovery set led to increased statistical confi-
dence (95% CI ratios for asthmatic patients/healthy subjects in
pooled samples: hsa-miR-2861, 1.2-3.2; hsa-miR-574-5p, 1.3-
2.3; and hsa-miR-556-5p, 0.3-0.5), but only hsa-miR-556-5p
met the significance criteria (P <.0001). Further testing is needed
to determine clinical utility.

To test whether these miRNA signatures reflect asthma, we
additionally measured their levels in EBC from 9 patients with
pulmonary tuberculosis (Fig 1, B, and see Table E1). Seven of the
11 differently expressed miRNAs in asthmatic patients were also
correspondingly altered in patients with tuberculosis, although to
amuch higher degree. These changes were highly statistically sig-
nificant, confirming that these miRNAs do reflect disease but are
not specific to asthma, possibly reflecting general inflammatory
changes or epithelial damage. Interestingly, hsa-miR-4256 and
hsa-miR-453 were significantly altered in opposite directions in
asthmatic patients and patients with tuberculosis in comparison
with healthy subjects and seem more specific. Interestingly, hsa-
miR-345, which is downregulated in lungs by cigarette smoke
exposure,® was also specifically downregulated (P =.001) in asth-
matic patients after applying a normalization algorithm for sam-
ples in which the normalization strategy is debatable (see the
Methods section in this article’s Online Repository). Although
our study focuses on asthma with tuberculosis as a control, it
would be interesting to see whether other pulmonary infections
and tuberculosis can be distinguished by EBC miRNA.

Because miRNAs appeared to be highly stable in EBC, unlike
mRNA, we further hypothesized that miRNAs in EBC might be
enclosed within exosomes. Therefore the presence of exosomes
was probed in concentrated EBC samples. Latex beads (singlets;
see Fig El, A, in this article’s Online Repository at www.
jacionline.org) coated with anti-CD63 antibody (exosome spe-
cific; see Fig E1, B) were used to bind exosomes and pelleted to
separate the exosomal fraction. We found that exosomes are pre-
sent in EBC and contain the majority of the miRNA content (Fig
1, C and D). This is significant for 2 reasons. First, it is likely that
the EBC miRNome reflects ongoing biological processes because
exosome secretion and exosome contents are highly regulated.9
Second, this ensures that measurement of the EBC miRNome
will be a robust strategy that does not require extreme care during
sample storage and transport. The tissue source of exosomes in
EBC remains to be characterized.

Because exosomes are known to mediate miRNA targeting of
distant cells, we speculated whether miRNA content of exhaled
breath, being contained in exosomes, might target epithelial
cells of the airway. Therefore we obtained scrapes of the
posterior nasal respiratory epithelial cells in a separate group of
subjects, examined gene expression profiles, and compared
these with the targets of the miRNAs associated with asthma
(see Fig E2 and Table E2 in this article’s Online Repository at
www.jacionline.org). There were clear differences between
gene expression patterns in subjects with or without asthma
(Fig 2), with the asthma pathway predicted to be of high
importance (see Fig E3 in this article’s Online Repository at
www.jacionline.org). Notably, predicted mRNA targets of the
upregulated miRNAs were downregulated in nasal epithelium
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FIG 1. EBC miRNAs are potential biomarkers and contained in exosomes. A, Correlation bubble plot of
miRNA expression between the healthy and asthma groups. Color (red to blue) and size (small to large)
denote sample counts in the asthma and healthy groups, respectively. miRNAs with high sample counts
(large blue circles) were selected from the regions away from the unity line with a fold change of 2 or greater
(axes truncated; see the extended legend for Fig 1 in this article’s Online Repository at www.jacionline.org
for details). B, Scatter plot of miRNA expression between the asthma and tuberculosis groups. Red and blue
circles indicate miRNAs overexpressed and underexpressed in asthmatic patients with respect to healthy
subjects, respectively. Black circles indicate miRNAs with no differential expression in the 3 groups. C, Flu-
orescence of CD9/MHC-Il measured by means of fluorescence-activated cell sorting confirming that EBC
contains exosomes. CellSup, Cell culture supernatant (positive control). PBS is the negative saline control.
D, Relative miRNA content of the exosome (CD63 pellet) and nonexosome (supernatant), confirming that

exosomes contain the majority of miRNAs.

(eg, SLCO2AI and PAX7) and vice versa (eg, HLA-DPBI and
NAV2). However, this is not direct proof of any effect of the
exosomal miRNAs in breath and epithelial mRNAs and is
only hypothesis generating.

In summary, we found that miRNAs are present in EBC, mostly
in a stable membrane-enclosed form. We also provide proof of
principle that lung disease can lead to alteration in the EBC
miRNome and that the study of miRNAs in EBC is a fertile
ground for clinical biomarker discovery, as well as understanding
disease.

‘We thank Gopal Gunanathan, Dr Naveen Bhatraju, and Parul Chauhan for
their assistance.
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FIG 2. Heat map showing differential expression of genes (x-axis, column) in nasal scrapings across 6
healthy subjects (N) and 21 asthmatic patients (A). The gene expression values were rescaled to lie between
an arbitrarily selected range of 0 to 1. The numeric values were shown as colors indicating the relative
expression of genes, with red being the most expressed and green being the least expressed.
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METHODS
EBC

Exhaled breath was collected with the RTube (Respiratory Research) over a
10-minute protocol, as per recommendations. It was concentrated for 3 hours
by using Eppendorf Concentrator Plus (Eppendorf, Hamburg, Germany). The
samples were then stored at —80°C.

RNA isolation

RNA was isolated by using the miRvana small RNA extraction kit
(Ambion), as per the manufacturer’s protocol with minor modifications,
because exhaled breath is extremely dilute. The isolated RNA was quantitated
with the Nanodrop 1000 Spectrophotometer (Thermo Scientific).

cDNA synthesis and real-time PCR analysis

cDNA was prepared with 60 ng of RNA by using the QuantiMir cDNA
synthesis kit (System Biosciences), and finally, 5 pL of cDNA was used as a
template for real-time analysis by using the miRNome real-time quantitative
PCR setup (System Biosciences). The instrument used was the Light Cycler
480 II (Roche).

Quantitative PCR was used to quantify the variations in miRNA content of
EBC. The PCR-amplified product was detected with SYBR Green dye, and the
increase in SYBR Green fluorescence was measured in real time. In brief, 5 pL.
of cDNA sample was mixed with SYBR Green I master mix per the
manufacturer’s protocol (System Biosciences), and the quantitative PCR
reaction was carried out in a pre—primer-coated 384-well plate using the Light
cycler 48011 (Roche).

The thermal cycles were as follows: (1) preincubation—cycles, 1;
temperature, 95°C/5 minutes; (2) amplification—cycles, 45; temperature/
time, 95°C/10 seconds, 60°C/10 seconds, and 72°C/10 seconds; (3) melting
curve—cycles, 1; temperature/time, 95°C/5 seconds, 65°C/1 minute; and (4)
cooling—cycles, 1; temperature/time, 40°C/30 seconds.

The Ct value for each amplification can be defined as the cycle in which the
fluorescence signal crosses a threshold level that is above any background
fluctuations in fluorescence. This value is associated with the initial amount of
DNA present in the sample and is inversely proportional to the expression level
of the gene. For more intuitive representation in XY plots, Ct was converted to
Ct’ (35-Ct), such that a higher Ct’ value means higher expression of miRNAs.

Analyses of miRNome data
As a primary filter, all Ct values of 18 or less and 35 or greater were
excluded. Each Ct value was then transformed by using the following formula:

Cr =35 — Ct.

Ct’ values from all 10 samples from each group were collated. Average Ct’
values were calculated for both the groups. Fold change (FC) for every miRNA
was calculated as follows:

FC = 25¢7
where ACt’ is defines as follows:
|Average Cf' (Healthy) — Average C'(Asthma)|.

These calculations and collations were done with a perl program.

Normalization of miRNome data

The default analysis was done without normalization because it was not
known which miRNA was stably expressed in EBC. XY plots of miRNA
expression between groups followed the line of unity, suggesting lack of any
systematic errors that could have introduced a bias. However, to assess the
potential effect of variations in input RNA, we attempted to discover a suitable
miRNA for normalizing EBC and performed a revised analysis. Using a code
written in perl, the normalizing miRNA (present in all samples and with least
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SD) was identified as hsa-miR-575. Next, the normalizing miRNA’s Ct value
in a particular sample was used to normalize every other Ct value for that
sample by using the following formula:

Ctl-j = NCt; — Cty,

where Ct’; is defined as the normalized value of Ct for ith sample’s jth
miRNA; NCt; is defined as the normalizing miRNA’s Ct value for the ith sam-
ple, which is used for normalizing other Ct values for that particular ithsample;
and Ct;; is defined as the Ct value for the ith sample’s jthmiRNA.

No major changes were made to the analysis after normalization, with 9 of
11 prioritized miRNAs being minimally changed. There was a marked
increase in the significance of 2 miRNAs (miR-453 to P =.001 and miR-345
to P =.002). However, because the validity of miR-575 as a stably expressed
miRNA in EBC is unclear at this time, the unadjusted values are reported in
Table E1.

Bioinformatic analysis

Gene targets were predicted for the most regulated (both upregulated and
downregulated) miRNAs by using the entire human genome data, with a
consensus of TargetScan and miRanda software. Because it is likely that
miRNAs target multiple genes along related pathways, the target gene list was
analyzed for enriched pathways by using the Database for Annotation,
Visualization and Integrated Discovery (DAVID; Fig E2).

Validation of miRNome results

The top 2 primers from the upregulated batch (hsa-miR-574-5p and hsa-
miR-2861) and 1 primer from the downregulated batch (hsa-miR-556-5p)
having a stem-loop design were selected to validate the miRNome results in
EBC of different patients (n = 6 each) by using real-time PCR analysis.

In a preliminary study the same miRNAs were also found differently
expressed in human lung biopsy samples from patients and healthy subjects
(n = 2 each), which is consistent with our findings in EBC.

Detecting the presence of exosomes in EBC

samples

Concentrated EBC was incubated with anti-CD63 antibody—coated beads
and kept overnight on a rotary shaker at 50 rpm. The beads coated with
exosomes were saturated with 2% BSA for 30 minutes, followed by incubation
with anti-CD81/CD9/MHC-II antibody (BD Biosciences, San Jose, Calif) at
1:100 dilution for 30 minutes in the dark. Samples were acquired on a BD
FACSCalibur by gating onto single beads. Five thousand events were counted
for each sample. PBS was used as a negative control, whereas THP-1 cell
culture supernatant was used as a positive control.

In a separate experiment the effectiveness of the beads in pulling down the
exosomes was confirmed by incubating the beads with cell culture supernatant
from THP-1 cells and then detecting the associated proteins Tsg-101 and Alix
in the pelleted fraction by means of Western blotting with the antibody against
these 2 proteins (Fig E1, A).

Extraction and detection of miRNA from the bead-

bound exosome-enriched fraction in EBC

Exhaled breath samples from different patients collected at multiple times
were pooled and concentrated, as mentioned previously. They were incubated
with anti-CD63 antibody—coated beads overnight in an Eppendorf rotor mixer
at 4°C. Next, the sample was centrifuged at 10,000g for 30 minutes. Pellets and
supernatants were separated, and miRNA was extracted from both fractions,
followed by cDNA synthesis with the Revert aid H minus first-strand cDNA
synthesis kit (Fermentas Life Sciences, Thermo Scientific).

Real-time PCR analysis was done with primers of miRNA selected from
the most differentially regulated list (hsa-miR-574-5p, hsa-miR-595, and
hsa-miR-556-5p).



J ALLERGY CLIN IMMUNOL
VOLUME mmm, NUMBER um

Isolation of RNA from nasal epithelial scrapings and

subsequent cDNA microarray analysis

Nasal epithelial cells were scraped off 10 times from the inferior turbinate
of the nose of subjects, followed by immediate storage in RLT buffer. RNA
was isolated with the RNeasy Mini kit 50 (Qiagen, Hilden, Germany),
quantitated with Nanodrop, and stored at —80°C.

Samples from asthmatics (without allergic rhinitis) and control subjects were
selected based on RNA integrity determined by using gel electrophoresis and
concentrations. These samples were subsequently converted to cDNA, followed
by microarray experiment on the Illumina Platform (Illumina, San Diego,
Calif). The microarray data were analyzed by using the GenomeStudio Platform
(Illumina) and examined for differentially regulated genes. The differentially
regulated genes were fed into pathway enrichment tools, such as pathway
express and DAVID, to look for enriched pathways related to our study (Fig E3).

Fig 1. Figs 1, A and B, are plotted by using average Ct’ values for the cor-
responding group (healthy subjects, asthmatic patients, or patients with tuber-
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culosis). Fig 1, A, shows the average Ct’ values for asthmatic patients and
healthy subjects, whereas Fig 1, B, shows the average Ct’ values for asthmatic
patients and patients with tuberculosis. These average Ct’ values are used to
denote expression levels of miRNAs. In Fig 1, A, the underexpressed miRNAs
are found to be above the diagonal line, where the size of the bubble is large
(high sample count in healthy subjects) and blue in color (high sample counts
in asthmatic patients). Similarly, the overexpressed miRNAs are seen below
the diagonal line with larger, blue-colored circles. The axes have been trun-
cated for the sake of clarity. The miRNAs removed by means of truncation
are not differentially expressed (either low or high). Fig 1, B, shows the scatter
plot of average Ct’ values compared between asthmatic patients and patients
with tuberculosis. The overexpressed and underexpressed miRNAs in asth-
matic patients are with respect to the healthy samples. “Similar expression”
miRNAs are denoted with respect to mutual comparison of the asthma and tu-
berculosis groups. This is done to bring out the similarities and differences of
underexpressed and overexpressed miRNAs with respect to tuberculosis.
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FIG E1. A, The forward scatter (FSC)-side scatter (SSC) plot shows the bead selection for detection of bead-
bound exosomes. The selected region marks the region for further analysis across various groups. B, Exo-
somal marker proteins (Tsg-101 and Alix) are seen in anti-CD63 antibody-coated beads in comparison with
uncoated beads.
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DAVID Bioinformatics Resources 6.7

National Institute of Allergy and Infectious Diseases (NIAID), NIH

*** Announcing the new DAVID Web Service which allows access to DAVID from various programming languages. More info... ***

Functional Annotation Chart
Help and Manual
Current Gene List: combined_david
Current Background: Homo sapiens
5115 DAVID IDs

B KEGG_PATHWAY Axon guidance i 58 1.1 6.5E-7 1.3E-4
F KEGG_PATHWAY MAPK signaling pathway RT = 94 1.8 7.5E-5 7.2E-3
] KEGG_PATHWAY Calcium signaling pathway RT & 64 1.3 4.7E-4 3.0E-2
(= KEGG_PATHWAY GnRH signaling pathway RT & 39 0.8 1.2E-3 5.5E-2
] KEGG_PATHWAY Melancgenesis RT & 39 0.8 1.5-3 5.5E-2
[ KEGG_PATHWAY Pathways in cancer RT =m 104 2.0 2.3E-3 7.1E-2
] KEGG_PATHWAY Glvcerophospholipid metabolism RT & 28 0.5 3.9E-3 1.0E-1
F KEGG_PATHWAY Endocytosis RT & 61 1.2 7.6E-3 1.7E-1
] KEGG_PATHWAY Long-term depression RT & 27 0.5 1.0E-2 2.0E-1
[ KEGG_PATHWAY Pr ncer RT & 33 0.6 1.0E-2 1.8E-1
] KEGG_PATHWAY Insulin signaling pathway RT & 46 0.9 1.3E-2 2.0E-1
[ KEGG_PATHWAY Wnt signaling pathway RT & 50 1.0 1.6E-2 2.3E-1
[ KEGG_PATHWAY Dilated cardiomyopathy RT & 33 0.6 1.7E-2 2.3E-1
[ KEGG_PATHWAY H hog signalin hw: RT & 22 0.4 2.1E-2 2.5E-1
] KEGG_PATHWAY Cell adhesion molecules (CAMs) RT & 44 0.9 2.2E-2 2.5E-1
[ KEGG_PATHWAY rbB signalin hw RT & 31 0.6 2.4E-2 2.5E-1
] KEGG_PATHWAY Adherens junction RT & 28 0.5 2.5E-2 2.5E-1
[ KEGG_PATHWAY lorectal cancer RT & 30 0.6 2.5E-2 2.4E-1
B KEGG_PATHWAY Vascular smooth muscle contraction RT & 38 0.7 2.6E-2 2.36-1
[ KEGG_PATHWAY Phosphatidvlinositol signalin m RT & 27 0.5 2.7E-2 2.3E-1
(] KEGG_PATHWAY Basal cell carcinoma RT i 21 0.4 3.4E-2 2.7E-1
] KEGG_PATHWAY Glioma RT & 23 0.4 4.2E-2 3.1E-1
] KEGG_PATHWAY Neurotrophin signaling pathway RT & 40 0.8 4.8E-2 3.4E-1
] KEGG_PATHWAY Gap junction RT & 30 0.6 5.3E-2 3.6E-1

FIG E2. The most significant pathways reflected from the predicted gene list of the significant miRNAs
using DAVID.
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DAVID Bioinformatics Resources 6.7
National Institute of Allergy and Infectious Diseases (NIAID), NIH
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Functional Annotation Chart

Current Gene List: Input_Pathway_Express_Difff_25(2)
Current Background: Homo sapiens
83 DAVID IDs

@ Options

( Rerun Using Options ) (_ Create Sublist )
13 chart records

Help and Manual

& pownload File

o KEGG_PATHWAY Systemic upus grythematosus RY == 8 9.6 3.0E-6 1.76-4
O KEGG_PATHWAY Viral myocarditis RY — 7 8.4 5.9E6 1.764
[C KEGG_PATHWAY Asthma RT s 6.0 3565 6864 ]
U KEGG_PATHWAY Allograft rejection RT == s 6.0 B8.4E-S 1.2-3
o KEGG_PATHWAY Graft-versus-host disease RT &= s 6.0 1.2E-4 1.36-3
O KEGG_PATHWAY Type ! diabetes mellitus RYT mm s 6.0 1.6E-4 1.56-3
o KEGG_PATHWAY Antigen processing and presentation RYT == 6 7.2 2.0E-4 1.6E-3
O KEGG_PATHWAY Cell adhesion molecules (CAMs) RY s 7 8.4 2.0E4 1.56-3
O KEGG_PATHWAY 1 imm, f RT = s 6.0 2.9E-4 1.86-3
O KEGG_PATHWAY Autoimmyng thyrold disease RYT == s 6.0 3.3E4 1.9€-3
O KEGG_PATHWAY Prion diseases RT = 3 3.6 2.26-2 1.1€-1
O KEGG_PATHWAY Pathogenic Escherichia coll infection RT = 3 3.6 S.5E-2 2.4€1
@) KEGG_PATHWAY Complement and coaqulation cascades RT = 3 3.6  7.7€-2 3.0E-1

FIG E3. Asthma is reflected as one of the most important pathways from
epithelial genes in asthmatic patients and healthy subjects.

the differentially regulated
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TABLE E1. Prioritized miRNAs reflecting differences between groups

Ct’ = 35 — Ct (SD) Fold change P value (t test)

Asthmatic Patients Patients Healthy Healthy Asthmatic
miRbase patients/ with TB/ with TB/ subjects—  subjects- patients-
accession Healthy Asthmatic Patients healthy healthy asthmatic asthmatic patients patients

Sl no. miRNA ID subjects patients with TB subjects subjects patients patients with TB with TB

1 hsa-miR-649 MIMAT 0.8 (1.1) 2.6(1.2) 7.7 (1.6) 34 123.2 35.7 .01 3.49245E-08 1.15165E-06
0003319

2 hsa-miR-1264 MIMAT 0.9 (1.3) 2.7(1.6) 6.9 (1.5) 34 64.0 19.0 .05 1.95612E-07 <.001
0005791

3 hsa-miR-2861 MIMAT 0.95 (1.3) 35@3.5) 6.6 (1.3) 5.8 50.6 8.7 .05 1.80722E-07 .02
0013802

4 hsa-miR-574-5p MIMAT 1.0(1.4) 28(1.9) 6.2 (1.2) 33 353 10.6 .04 5.13377E-07 <.001
0004795

5 hsa-miR-421 MIMAT 39(59) 73(5.5) 5.5 (NA) 9.8 2.9 0.3 25 NA NA
0003339

6 hsa-miR-624 MIMAT 3632 57@4)5) 3.9 (5.6) 4.0 1.2 0.3 3 9 5
0003293

7 hsa-miR-453 MIMAT 1.7 (1.3) 0.3 (0.6) 8.6 (1.1) 0.4 118.7 305.8 .03 1.06123E-07  1.7536E-10
0001630

8 hsa-miR-4256 MIMAT 4729 1720 6.8 (1.1) 0.1 4.2 17.5 .02 .07 1.12E-05
0016877

9 hsa-miR-516a-5p MIMAT 79 42) 42@3.0) 2.7 (5.1) 0.1 0.02 1.0 .09 .07 5
0004770

10 hsa-miR-1913 MIMAT 0.61 (0.9) 0.20 (1.82) 16.7 (0.3) 2.7 68,662.2 92,681.9 3 1 8
0007888

11 hsa-miR-556-5p MIMAT 3.1 (2.8 0.7(1.2) 0 (0) 0.2 0.1 0.9 .03 .01 1
0003220

The prioritized miRNA (healthy subjects vs asthmatic patients) along with their miRBase accession IDs, average counts along with their SDs, and fold changes in samples from
healthy subjects, asthmatic patients, and patients with tuberculosis are shown. The figure also shows the P values for the same. The Bonferroni adjusted threshold for significance
was .0001 and was only reached in samples from patients with tuberculosis.

TB, Tuberculosis.
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TABLE E2. miRNnome versus transcriptome

Common genes between the Common genes between the
targets for the downregulated targets for the upregulated
miRNAs in exhaled breath and the miRNAs in exhaled breath and the
upregulated genes in nasal downregulated genes in nasal
transcriptome transcriptome
C2orf43 PAX7
HLA-DPBI TTC4
ZNF518A SUMF1
NAV2 GFODI
BRD3 NAGPA

TOMM?22

SLCO2A1

TRAPPCI

RYBP
KLHL35

The common gene targets between the miRNAs differentially regulated in EBC and
the differentially regulated genes in the nasal epithelium are shown. Predicted mRNA
targets of upregulated miRNAs were downregulated in nasal transcriptome (eg,
SLCO2A1 and PAX7) and vice versa (eg, HLA-DPBI and NAV2). This requires
validation and is a preliminary observation.
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