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Abstract. The identification of new less invasive biomarkers is necessary to improve the detection and prognostic outcome of
respiratory pathological processes. The measurement of miRNA expression through less invasive techniques such as plasma
and serum have been suggested to analysis of several lung malignancies including lung cancer. These studies are assuming a
common deregulated miRNA expression both in blood and lung tissue. The present study aimed to obtain miRNA representative
signatures both in plasma and bronchoalveolar cell fraction that could serve as biomarker in respiratory diseases. Ten patients
were evaluated to assess the expression levels of 381 miRNAs. We found that around 50% miRNAs were no detected in both
plasma and bronchoalveolar cell fraction and only 20% of miRNAs showed similar expression in both samples. These results
show a lack of association of miRNA signatures between plasma and bronchoalveolar cytology in the same patient. The profiles
are not comparable; however, there is a similarity in the relative expression in a very small subset of miRNAs (miR-17, miR-19b,
miR-195 and miR-20b) between both biological samples in all patients. This finding supports that the miRNAs profiles obtained
from different biological samples have to be carefully validated to link with respiratory diseases.
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1. Introduction

There is a growing interest in the identification of
new biomarkers for diagnosis in early stage, progres-
sion and treatment response in lung diseases such as
chronic obstructive pulmonary disease or lung can-
cer [1,2]. Nowadays, increasing evidence supports
the use of microRNAs (miRNAs) as disease-specific
biomarkers [3]. The discovery of miRNAs has revealed
an unexpected level of gene expression regulation by
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interacting with messenger RNA [4,5]. MicroRNAs
are small non-coding sequences of RNA, approximate-
ly 21 to 25 nucleotides long which expression may
vary according to cell type, specific tissue or differen-
tiation status [6–9]. The sequences of miRNAs regu-
late gene expression at the post-transcriptional level by
base-pairing with target mRNA molecules [10]. Thus,
miRNAs play a pivotal role in a wide range of human
diseases including cancer [11–14].

MicroRNAs appear to be well preserved in archival
collections of both formalin-fixed and frozen tis-
sues [15,16]. The identification of new miRNAs as
diagnostic or predictive markers is therefore based in
the differential presence of these molecules. In addi-
tion, several recent reports show circulating miRNAs
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Table 1
Summary of patients’ characteristics

Patient Sex Age, years Clinical diagnostic

385 Female 60 Adenocarcinoma
435 Male 74 Interstitial lung disease
460 Male 50 Healthy
505 Female 68 Adenocarcinoma
514 Male 55 Adenocarcinoma
539 Female 61 Healthy
557 Male 72 Interstitial lung disease
599 Male 54 Adenocarcinoma
729 Male 68 Adenocarcinoma
784 Male 59 Adenocarcinoma

in biological fluids such as sputum, serum and plasma,
among others [17–19], which are easy to collect in a
relatively non invasive fashion. MicroRNAs in body
fluids can be protected from endogenous RNase activ-
ity in exosomes, helping to transfer genetic material in
the human body [17,20]. However, up to date there are
not studies showing a correlation between the expres-
sion of miRNAs in different fluid/ tissues of the same
patient.

In respiratory diseases the identification of miRNAs
in bronchoalveolar fluid cytology or in plasma are pro-
cedures less invasive than lung tissue biopsy. To date
however, there are no previous studies reporting the
comparison of bronchoalveolar fluid cytology-derived
miRNA profiles with those obtained from plasma. Al-
so, broncoalveolar fluid is more complicated to col-
lect in patients than blood samples, which are routinely
taken. However, is reflected in plasma the status of
miRNA signatures present in the bronchoalveolar cy-
tology? We have explored this point in order to find
a new, sensitive, and noninvasive method to obtain a
biomarker in peripheral blood for respiratory diseases.

To that end, we have compared circulating plasma
miRNA with the bronchoalveolar cell fraction-derived
miRNA patterns from the same patients using a RT-
qPCR assay. We have compared the expression levels
of miRNAs in ten patients with several lung diseases.

2. Materials and methods

2.1. Patients and clinical specimens

We assessed global miRNAs expression from ten pa-
tients who had required flexible bronchoscopy for di-
agnostic reasons. The characteristics of the patients
are shown in Table 1. These patients (7 men and 3
women) had a median age of 60.5 [range, 54.7–69.0]
years. Of the 10 patients diagnosed by bronchoscopy,

two of them showed not respiratory disease, two had
interstitial lung disease, and six had lung adenocarci-
noma stage III or IV. We collected the bronchoalveolar
cell fraction, and at the same time collected peripheral
blood samples to obtain plasma. Written consent was
obtained from the all patients involved in this study.
This research was approved by the Ethic Committee
of the Hospital and conforms with the Declaration of
Helsinki.

Peripheral blood samples were collected in EDTA
tubes and centrifuged for 10 min at 1800 g at 4◦C. The
plasma fractions were aliquoted into new tubes, and
stored at −80◦C for later RNA isolation. MicroRNA
samples did not show any tendency to degradation, as
previously described [21]. In parallel, subjects were
prepped with a combination of topical anesthesia (20%
benzocaine spray to pharynx plus 2% topical lidocaine
as needed) and conscious sedation using midazolam
according to institutional guidelines. Bronchoalveolar
fluid samples were obtained by instillation and aspira-
tion of 40 to 60 ml aliquots of 0.9% sterile saline in the
bronchopulmonary segment. Recovered fluid was im-
mediately passed through a 100-µm sterile nylon filter
(Becton Dickinson, San Jose, CA) to remove mucus.
The bronchoalveolar fluid was centrifuged at 1800 g
and 4◦C for 10 min. The cell pellet from these samples
was washed twice in PBS and frozen as a dry pellet at
−80◦ C for later RNA isolation.

2.2. RNA isolation

Total RNAcontaining small RNAwas extracted from
plasma byTrizol LS Reagent and frombronchoalveolar
cell fraction by Trizol Reagent (Invitrogen, Carlsbad,
CA). The total RNA yield was determined using a Nan-
odrop ND-1000 spectrophotometer (Nanodrop Tech,
DE, USA). The quality of the samples was assessed by
RT-qPCR analysis of the endogenous control miR-16
using TaqMan MicroRNA Assays (Applied Biosys-
tems, CA, USA) in bronchoalveolar fluid cytology and
plasma.

2.3. RT-qPCR assay

Mature human miRNA expression was detected and
quantified by using the TaqMan Low Density Arrays
(TLDA) based on Applied Biosystems’ 7900 HT Mi-
cro Fluidic Cards (Applied Biosystems, CA, USA) ac-
cording to the manufacturer’s instructions. TaqMan
Human MicroRNA A Array v2.0 contained a total of
384 TaqMan MicroRNA Assays to enable accurate
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Fig. 1. Pearson’s correlation between the miRNA Ct values of plasma and bronchoalveolar cell fraction.

quantity of 381 human microRNAs, all cataloged in
the miRBase database. TLDAs were performed in a
two-step process: briefly during the first step, 450 ng of
total RNA were reverse transcribed using MegaplexRT
Primers and the TaqMan miRNA reverse transcription
kit in a total volume of 7.5 µl. The 7.5 µl reactions
were incubated in a G-Storm Thermal Cycler (Gene
Technologies, Essex, UK) for 2 min at 16◦C, 1 min at
42◦C, and 1 min at 50◦C during 40 cycles, held 5 min
at 85◦C, and then kept at 4◦C. In the second step, 6 µL
of cDNA sample and TaqMan Universal PCR master
mix were loaded in fill ports on the TLDA microfluidic
card. The card was briefly centrifuged for 1 min at
280 g to distribute samples in the multiple wells con-
nected to the fill ports and then sealed to prevent well-
to-well contamination. The reactions were incubated
in a 384-well plate at 50◦C for 2 sec and 94.5◦C for
10 min, followed by 40 cycles of 30 sec at 97◦C and
1 min at 59◦C. The followed workflow is represented
in supplementary Fig. S1.

2.4. Analysis of miRNA expression

Expression of target miRNAs was normalized in re-
lation to expression of miR-16. One non human miR-
NA as a negative control was carried out in each ex-
periment. Finally, the cards were processed and ana-
lyzed on an ABIPrism 7900 HT Sequence Detection
System. Cycle threshold (Ct) values were calculated
using the SDS software v.2.3 using automatic base-
line settings and a threshold of 0.2. Pearson correla-
tion test was used to analyze the correlations between

the miRNA Ct values of plasma and bronchoalveolar
cell fraction. Correlations were performed with the
SPSS Software (Statistical Package for the Social Sci-
ences version 17.0; SPSS, Inc, Chicago, IL). Rela-
tive quantification of miRNA expression was calculat-
ed with the 2−ΔΔCt method (Applied Biosystems us-
er bulletin no. 2 (P/N 4303859)). MiRNA differences
in expression was defined arbitrarily as a 5-fold varia-
tion between biological specimens of the same patient.
Our data on expression of miRNAs has been published
in a public repository that archives experimental data
of expression profiling of miRNAs like Gene Expres-
sion Omnibus (GEO), database number: GSE33045
(http://www.ncbi.nlm.nih.gov/geo).

3. Results

3.1. Correlation of global miRNA profiling between
plasma and bronchoalveolar fluid cytology

To determine the degree of correlation between the
expression levels of 381 miRNAs of plasma samples
and bronchoalveolarcell fraction, the miRNA Ct values
of plasma were compared with respect to the Ct values
of bronchoalveolar cytology of the same patient in 10
patients. Pearson’s correlation factors were in a range
between 0.568 and 0.794, with p-values lower than
0.001 for all patients (Fig. 1; supplementary Fig. S2).
We analyzed percentage of miRNAs expressed in plas-
ma and bronchoalveolar cell fraction. We found that
from 35.8% (N = 136) to 45.4% (N = 172) of miRNAs
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Fig. S1. Followed flow-work for the identification of microRNA expression profile in plasma versus bronchoalveolar fluid cytology.

were not expressed either in plasma or bronchoalveolar
cell fraction. Only 55% of the 381 studied miRNAs
were detected in one of both samples. Of these detect-
ed miRNAs from 3.7% (N = 14) to 14.5% (N = 55)
were only expressed in plasma and from 5.5% (N =
21) to 19.4% (N = 74) were only expressed in bron-
choalveolar cell fraction from the same patient (Fig. 2;
supplementary Fig. S3). There was a lower specific
miRNA expression in plasma samples for all patients.
Therefore, we found that only around 50% miRNAs
were directly comparable between both samples.

3.2. Comparison of microRNA relative expression in
plasma versus bronchoalveolar cell fraction of
the same patient

To determine the relative expression (ΔCt) of indi-
vidual miRNAs, we selected miR-16 for normalization
(miR-16 is commonly used as a reference miRNA both
in serum and plasma) [22]. Furthermore, we detected
that the absolute Ct values for miR-16 remained con-
stant both in plasma and bronchoalveolar cell fraction
(data not shown). Therefore, the ΔCt values (assays
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Fig. 2. Percentage of miRNAs expressed in plasma and bronchoalveolar cell fraction.

Fig. S2. Pearson’s correlation between the miRNA Ct values of plasma and bronchoalveolar cell fraction.
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Fig. 3. Percentage of miRNA expression in plasma versus bronchoalveolar cell fraction.

Fig. S3. Percentage of miRNAs expressed in plasma and bronchoalveolar cell fraction.
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Fig. S4. Percentage of miRNA expression in plasma versus bronchoalveolar cell fraction.

of the 381 miRNAs versus miR-16), we used to com-
pare the relative miRNA expression levels in plasma
and bronchoalveolar cell fraction [23,24]. Consider-
ing that levels of expression were similar within 5 fold
differences, we found that only around 20% of miR-
NAs showed similar expression patterns between plas-
ma and broncoalveolar fluid samples (Fig. 3; supple-
mentary Fig. S4). Furthermore, this percentage of sim-
ilarity is heterogeneous among the different patients.
As shown in Fig. 4, between 15.7–28.1% (N = 60
and N = 107, respectively) of miRNAs were detected
both in plasma and bronchoalveolar cell fraction within
a 5 fold expression level differences, whereas a per-
centage from 11.1% (N = 42) to 31.5% (N = 120)
of miRNAs were hyper-expressed in bronchoalveolar
cell fraction and a percentage between 15–29.3% (N
= 57 and N = 111, respectively) of miRNAs were
hyper-expressed in plasma. Table 2 illustrates miRNAs
that are co-ordinately regulated at least in 8 patients in
plasma or bronchoalveolar cytology. We found four
miRNAs (miR-17, miR-19b, miR-195 and miR-20b)
with similar expression in both biological samples in
100% of patients. Therefore, these analyzed miRNAs
in blood could serve as noninvasively prognosis pre-
dictors of respiratory diseases. Likewise, 28 miRNAs
showed similar expression in 80% of studied patients.
Taking a closer look at the 28 co-ordinately regulated
miRNAs in plasma and bronchoalveolar cytology, we

found that these miRNAs do not show significant ex-
pression differences in lung adenocarcinoma patients
compared to the group without lung cancer (data not
shown). However, for this type of analysis our sample
size is small and results would need to be confirmed
in a larger cohort. In the present study, our aim was
to compare the miRNA expression levels in two bio-
logical samples with different grades of invasiveness,
in order to validate their applicability as a source of
biomarkers in respiratory diseases.

Our data indicate that, the profiles are not compara-
ble. However, there is a similarity in the relative ex-
pression in a small subset of miRNAs between both
biological samples.

4. Discussion

The potential identification of circulating plasma
miRNAs as good biomarkers could provide an accurate
way for the diagnosis of respiratory pathologies. How-
ever, our data reflects that there is an absence of as-
sociation between expression pattern in the circulating
plasma miRNAs and the bronchoalveolar cell fraction-
derived miRNAs from the same patient. Only a small
subset of miRNAs (from 15% to 28%) is commonly
observed in both samples, and this considering below 5
fold differences in the expression levels. These results
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Table 2
Expression of miRNAs in both studied samples

Hyper-expressed miRNAs in
plasma

Hyper-expressed miRNAs in
bronchoalveolar cell fraction

Without differences between bronchoalveolar
cell fraction versus plasma

– In all studied samples: U6, miR-
122, miR-133b, miR-134, miR-139-
3p, miR-370, miR-485-3p, miR-493,
miR-758

– At least in eight studied sam-
ples: RNU48, miR-1, miR-127-3p,
miR-146b-5p, miR-155, miR-199a-
5p, miR-200b, miR-326, miR-337,
miR-375, miR-376a, miR-379, miR-
382, miR-409-5p, miR-410, miR-
411, miR-429, miR-433, miR-499a,
miR-487b, miR-495, miR-539, miR-
654-3p, miR-655, miR-874, miR-889

– In all studied samples: RNU44, miR-
200a, miR-205, miR-31, miR-34c-5p

– At least in eight studied samples:
miR-126, miR-193a-3p, miR-221,
miR-323-3p, miR-328, miR-423-5p,
miR-484, miR-518b, miR-708, miR-
92a

– In all studied samples: miR-17, miR-19b,
miR-195, miR-20b

– At least in eight studied samples: let-
7b, let-7g, miR-106a, miR-106b, miR-10a,
miR-140-3p, miR-19a, miR-191, miR-192,
miR-20a, miR-222, miR-24, miR-25, miR-
26b, miR-30b, miR-30c, miR-324-3p, miR-
324-5p, miR-339-3p, miR-454, miR-532-
3p, miR-532-5p, miR-590-5p, miR-886-5p

indicate that marker profiles from different tissues have
to be carefully considered before using as biomarkers
of respiratory diseases.

One limitation of this study is the sample size. How-
ever, it is important to highlight that our results clear-
ly demonstrate that levels of miRNA expression are
consistent in all studied patients. In addition, miR-
NA differences in expression were analyzed between
biological specimens of the same patient. Therefore,
probabilistic causation that the miRNA profiles are not
comparable between plasma and bronchoalveolar fluid
cytology is higher in a larger sample size.

We have found that the analysis of individual miR-
NA expression levels differs between both biological
samples and there is a group of miRNAs characteris-
tic to each sample. Thus, these differences of expres-
sion in circulating plasma miRNAs could be associated
to communication processes between several organs,
since exosomes containing microRNAs can be trans-
ferred to another cell and be functional in a different
environment from that of origin [25–27].

Hu et al. have recently reported that the expression
of four miRNAs (miR-1, miR-30d, miR-486, and miR-
499) in serumwere significantly associatedwith overall
survival of lung cancer [28]. Therefore, these miRNAs
analyzed in serum could serve as noninvasive predic-
tors for prognosis of this tumor. Nevertheless, these
results need to be validated in other cohorts to evaluate
their clinical application. Interestingly, we have found
an increased relative expression of 18 miRNAs in 381
analyzed miRNAs (let-7g, miR-106a, miR-17, miR-
19a, miR-19b, miR-191, miR-20a, miR-222, miR-223,
miR-24, miR-26a, miR-26b, miR-30b, miR-30c, miR-
320, miR-342, miR-484, and miR-93) both in plasma
and bronchoalveolar cell fraction of all patients (data

not shown). Therefore, this similarity of miRNA rel-
ative expression between biological samples may be
associated with physiological condition in the respi-
ratory system, although more studies are necessary to
establish a functional role of these miRNAs.

It was reported that 12 miRNAs (miR-17-3p, miR-
21, miR-106a, miR-146, miR-155, miR-191, miR-192,
miR-203, miR-205, miR-210, miR-212, and miR-214)
are hyper-expressed in lung cancer tissues versus non-
cancerous lung tissues [29]. These 12 miRNAs isolated
from plasma samples were shown to have significant
expression differences in lung adenocarcinomapatients
compared to a control group without lung cancer [30].
Recently, it was reported a similar expression of five
miRNAs (miR-21, miR-126, miR-182, miR-210, and
miR-486-5p) in paired surgical tissue and plasma spec-
imens in non-small-cell lung cancer patients. These
miRNAs has been identified with an aberrant expres-
sion in primary lung tumours [31]. In our study, there
is no variability in the expression levels of these de-
scribed miRNAs between plasma and bronchoalveolar
cell fraction. This absence of association might be due
to that, besides the small cohort used, our study is re-
alized in patients with advanced lung adenocarcinoma.
Despite large lack of correlation, four miRNAs (miR-
17, miR-19b, miR-195 and miR-20b) are expressed in
both samples from the same patient without expression
differences. However, these miRNAs have not been
described as potential biomarkers for lung cancer.

In summary, this is the first study that describes the
comparison of miRNA patterns between plasma and
bronchoalveolar cell fraction in the same patient. We
conclude that there is a clear lack of association of
miRNA signatures between plasma and bronchoalve-
olar cytology. Furthermore, the variations among dif-
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ferent patients suggest that the miRNAs profiles ob-
tained from different tissue samples have to be care-
fully validated in large cohorts before proper clinical
application.
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