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miR-185 and miR-29a are similarly expressed in the
bronchoalveolar lavage cells in IPF and lung cancer but common
targets DNMT1 and COL1A1 show disease specific patterns
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Abstract. Idiopathic pulmonary fibrosis (IPF) and lung cancer
(LC) constitute two progressively devastating lung diseases
with common risk factors including aging and smoking.
There is an increasing interest in the investigation of common
pathogenic mechanisms between IPF and LC with therapeutic
implications. Several oncomirs, microRNAs associated with
malignancy, are also linked with IPF. miR-29a and miR-185
downregulation is probably involved both in carcinogenesis
and fibrogenesis. We have previously observed miR-29a and
miR-185 downregulation in IPF cells from bronchoalveolar
lavage (BAL) and in this study we investigated their expression
in LC BAL cells. Common targets of miR-29a and miR-185
such as DNA methyltransferase (DNMT)I, DNMT3b,
COLI1AI1, AKT1 and AKT?2 were measured. Potential corre-
lations with pulmonary function tests, smoking status and
endobronchial findings were investigated. Similar levels of
miR-29a and miR-185 were detected in IPF and LC while their
common targets AKT1 and DNMT3b were not found to differ,
suggesting potential pathogenetic similarities at the level of
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key epigenetic regulators. By conrast, COL1A1 mRNA levels
were increased in IPF suggesting a disease-specific mRNA
signature. Notably, DNMT1 was downregulated in the LC
group and its expression was further reduced in the presence
of increasing malignant burden as it was implied by the endo-
bronchial findings.

Introduction

Idiopathic pulmonary fibrosis (IPF) is a form of chronic
progressive interstitial pneumonia that continues to be asso-
ciated with high morbidity and mortality, despite the fact
that new anti-fibrotic drugs have recently been added to our
quiver (1).

The exact cause of the disease remains unknown, however
there is a strong association with aging and smoking, similarly
to lung cancer (LC) (2,3). Aggregating mutational burden,
increased epigenetic gene silencing through aberrant DNA
methylation patterns and telomere dysfunction frame the
probable underlying correlation (4-8). A deeper view of the
pathophysiology of the two diseases reveals several similari-
ties and common pathways involved (4,5,9-11). Crucial cellular
mechanisms known to be involved in cell proliferation,
resistance to apoptosis and epithelial-mesenchymal transi-
tion, are activated in both LC and pulmonary fibrosis (12-14).
Preneoplastic lesions (atypia, metaplasia, dysplasia), micro-
satellite instability and loss of heterozygosity in genes that
underlie the tumorigenesis have also been reported in lung
fibrosis tissue (15).

Interestingly, LC is a common comorbidity among patients
with IPF with major impact on their survival. Increasing data
support the hypothesis that LC occurs secondarily on the
ground of fibrosis rather than as a preceding finding. In the
majority of patients, LC arise as nodular lesions in the periph-
eral area of fibrosis, mainly at the lower areas of the lungs
with squamous cell and adenocarcinoma being the prevalent
histological types (12,16).

MicroRNAs have emphatically emerged as major regulators
of gene expression through epigenetic and post-transcriptional
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mechanisms. MicroRNA profiling studies in LC have
currently proposed several microRNAs as potential epigenetic
biomarkers in the diagnostic procedure. Similarly, in IPF
several oncomirs are consistently deregulated, such as the
miR-29 family (17). The miR-29 family is usually downregu-
lated in affected tissues and plays a crucial role in fibrogenesis
in multiple organs including lung (18), liver (19) and kidney (20).
Among the targets of miR-29 are collagens, enzymes required
for collagen synthesis (21,22), matrix metalloproteases and
DNA methylation enzymes such as DNA methyltransferase
(DNMT)3A/B (23). The miR-29 family can be an effective
regulator of tumorigenesis and cancer progression by targeting
multiple tumor-related pathways as cell proliferation, cell cycle,
apoptosis and metastasis as well as affecting the epigenetic and
immune regulation (24).

Additionally, miR-185 is increasingly recognized as
an oncomir commonly deregulated in IPF and LC (25).
Downregulation of miR-185 has been demonstrated in IPF
lung tissue (26) and in several malignancies including LC,
glioma, hepatocellular and breast cancer (27). miR-185
supplementation inhibits cell growth and proliferation by
directly targeting AKTI1 in NSCLC28, through DNMT1
targeting, leading to the PTEN upregulation and inhibition of
AKT phosphorylation (29).

Interestingly, the expression of miR-29 and miR-185 is
downregulated by TGFb (18,25,30). Furthermore, there are
emerging data suggesting an overlap of miR-29a and miR-185
targets; miR-185 appears to regulate collagens (26,30,31),
while miR-29a seems to regulate AKT1 (32) and AKT2 (33).
Recently, both miR-185 and miR-29a were downregulated
in IPF bronchoalveolar lavage (BAL) cells compared to
controls (25).

BAL is becoming an attractive, minimally invasive tool
to study alveolar macrophages and other immune cells, as
well as other lung resident cells that may derive from adjacent
lesions. In essence BAL could be considered a form of liquid
biopsy in LC and possibly in IPF34. In this study, the expres-
sion of miR-29a and miR-185 was compared in IPF and LC.
Well-established targets of miR-29a and recently emerged
miR-185 targets such as DNMTs (DNMTI1 and DNMT3b),
AKTI1/AKT2 and COL1A1 were analyzed. Furthermore,
microRNA and target gene expression was evaluated in the
LC group according to LC type and endobronchial findings,
including, the presence of endobronchial lesion(s), the side of
the BAL procedure relative to the tumor site and the cytology
findings for malignant cells.

In our study, similar levels of miR-29a, miR-185 and their
targets AKT1, AKT2 and DNMT3b were found in the two
diseases. By contrast, COL1A1 mRNA levels were increased
in IPF suggesting a disease-specific mRNA signature.
Importantly, DNMT1 was downregulated in the LC group and
its expression was further reduced in the presence of increasing
malignant burden as indicated by the endobronchial findings
further suggesting an LC-specific signature.

Materials and methods
Human subjects. Patients were classified as ever smokers and

non-smokers. Pulmonary function tests (PFTs), performed
within 1 month of CT, included forced expiratory volume
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in 1 sec (FEV,), forced vital capacity (FVC), and diffusing
capacity for carbon monoxide (DL,) corrected for hemo-
globin concentration, expressed as percentages of the
predicted normal values. A total of 89 subjects were enrolled
in this study, comprising patients with IPF (n=57) and patients
with LC (n=32) with the majority being diagnosed as NSCLC
(n=29). All subjects were recruited from the Department of
Thoracic Medicine, University Hospital of Heraklion (Crete,
Greece) between December 2013 and July 2017. The study was
approved by the Ethics Committee of the University Hospital
of Heraklion (IRB no. 17030/12-12-2013 for IPF patients
and Reg. no. 140/4-2-2015 for LC patients). All the patients
provided informed consent in written form.

IPF group: The IPF patients were evaluated with
complete PFTs, performed within 1 month of CT, including
spirometry, measurement of lung volumes and diffusion
capacity. Spirometry, lung volumes using the helium-dilution
technique and DL, (corrected for haemoglobin) using the
single breath technique were performed using a computer-
ized system (Jaeger 2.12; MasterLab, Wiirzburg, Germany).
Predicted values were obtained from the standardized lung
function testing of the European Coal and Steel Community,
Luxembourg (1993). PFTs, FEV,, FVC, and DL corrected
for haemoglobin concentration, and were expressed as
percentages of the predicted normal values. The diagnosis
of IPF was based on open or video-assisted thoracoscopic
biopsy, with all the biopsies reviewed by the same two histo-
pathologists, or using ATS/ERS clinical and high resolution
computed tomography (HRCT) criteria (35). In accordance
with the aforementioned criteria, any known cause of pulmo-
nary fibrosis, such as a systemic connective tissue disorder,
was excluded by immunologic screening and rheumatologic
clinical evaluation (35). All the IPF patients were newly diag-
nosed and had not received previous treatment.

LC group: The diagnosis of LC patients and the exact
histological type of malignancy were based on lung biopsy
proceeded through bronchoscopy, CT-guided biopsy by
invasive radiologists or open lung biopsy. The LC patients
were all chemo/radio/immunotherapy naive patients and
their diagnostic management and staging were based on the
International Association for the Study of Lung Cancer (36).
The group of LC patients was further divided into subgroups
associated with endobronchial findings evaluated during
bronchoscopy and following BAL cytology evaluation. Thus,
LC patients were assigned into groups according to the side
of the BAL procedure relative to the side of the malignant
lesion as it was depicted in the CT scan with a group termed
‘same side’ (SS) and a group of ‘opposite side’ (OS), if this
separation was feasible, as patients with mediastinal lymph-
adenopathy could not fit in any of those groups. Secondly,
the patients were separated in two groups according to the
presence or absence of malignant cells in the BAL following
cytology evaluation, termed ‘negative cytology’ (NC) and
‘positive cytology’ (PC) respectively. A third option for the
cytology test was ‘suspective for malignancy’. Finally, the
patients were separated according to the physician's observa-
tions during bronchoscopy for obvious endobronchial lesions
with a group termed ‘endobronchial lesion’ (OEL) and ‘no
endobronchial lesion’ (NOEL). PFTs for LC patients were not
included in the studies.
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Table I. Patient demographics.
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Table II. IDs of the TagMan microRNA assays and primer
sequences used for the quantification of microRNAs and

Demographics LC (32) IPF (n=57) P-value  mRNAs, respectively.

Age 67.7 (£11.9) 72 (£7.3) 0.01 A,

Sex (M/F) 26/6 46/11 NS

Pyrs 75 (47.5-100) 30 (6-45) 0.001 MicroRNA assay name MicroRNA assay ID

:Irz(r)l ksgrloker/ 2/26 13/43 NS RNU19 001003

PFTs LC IPE hsa-miR-185 002271
hsa-miR-29a 002112

FVC, % ND 78.6 (£17,6) NA

FEV,, % ND 84.8 (x19.3) NA

FEV,/FVC, % ND 84.21 (79.8-89) NA B,

TLC ND 755 (62.1-83.4)  NA Gene name Primer sequences

TLCO/SB ND 51.3 (x16.8) NA

KCO ND 88 (£23.7) NA GAPDH F: agccacatcgctcagaca

BAL, % LC IPF R: ccaatacgaccaaatccgtt

Macrophages  86.2 (70.3-93.3) 80.38 (66-88) NS COLIAI F: gggattccctggacctaaag

Lymphocytes 5.8 (3.6-11.1) 64(35-127) NS R: ggaacacctegeteteca

Neutrophils 3(13-6.3) 58(24-129) Ns  AKTI F: geageacgtgtacgagaaga

Eosinophils 0 (0-1.5) 11(04-26) 001 R: gatgteagteteegacgtg
AKT2 F: ctcacacagtcaccgagage

LC, lung cancer; IPF, idiopathic pulmonary fibrosis; M, male; R: tgggtctggaaggcatactt

F, female; PFTs, pulmonary function tests; FVC, forced vital capacity; ~ DNMTI F: tttctgatgaaaaagacgaggat

FEV,, forced expiratory volume in 1 sec; BAL, bronchoalveolar R: tttctecgttggttctttgg

lavage; TLC, total lung capacity; KCO, transfer coefficient of carbon  paas73p F: agagggacatctcacggttc

monoxide; NS, not significant; NA, not applicable. R: ggttgccccagaagtateg

BAL cell isolation and determination of cellular composi-
tion. BAL was obtained from all the patients, as previously
described (25). Cells (1-1.5 million) were homogenised in
TriReagent™ (MBL) for total RNA analysis, followed by
storage at -80°C. Differential cell population count was
analysed following May-Griinwald Giemsa staining of cell
cytospins, as previously described (25).

MicroRNA and mRNA expression analyses. Total RNA was
isolated as previously described (25) using the mirVana™
miRNA isolation kit (Ambion; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA). For the analysis of microRNA expression
levels, 10 ng of total RNA were used in reverse transcriptase and
quantitative PCR reactions using the TagMan™ microRNA
assays (Life Technologies; Thermo Fisher Scientific, Inc.)
and 7500 Fast Real-Time PCR system (Applied Biosystems;
Thermo Fisher Scientific, Inc.). For gene expression analyses,
500 ng of total RNA were treated with DNAfree (Ambion;
Thermo Fisher Scientific, Inc.) for genomic DNA contamina-
tion removal, followed by first-strand cDNA synthesis using
Maxima RT™ (Fermentas; Thermo Fisher Scientific, Inc.)
and qPCR analysis using Maxima SYBR-Green qPCRmix
(Fermentas; Thermo Fisher Scientific, Inc.) on Mx3005P
gPCR system (Agilent Technologies, Inc., Santa Clara,
CA, USA). Probe and primer sequences are summarized
in Table II. RNU19 levels were used as endogenous controls
for the normalization of microRNA expression levels in BAL
samples. GAPDH levels were used as endogenous control for
the normalization of mRNA expression levels in BAL samples.

DNMT, DNA methyltransferase.

Relative expression values per sample for each microRNA or
mRNA assay were calculated by the 2224 method using as
calibrator sample the average of DCT values.

Statistical analysis. Analysis of expression values with lung
function tests and BAL cell population percentages was
performed Prism 6 software. Group comparisons were made
by analysis of variance, log transformation and Mann-Whitney
test. Student's t-test, Wilcoxon rank-sum test, or Chi-square
test were also used for comparisons as appropriate. P<0.05
was considered statistically significant.

Results

Patient demographics. Demographic data and PFTs are
summarised in Table I. IPF patients were older than the
patients in the LC group by 4.3 (+4.6) years, while LC patients
were heavier smokers as could be expected. The majority of
LC was NSCLC (29/32), with the rest being SCLC. The group
of LC patients was subdivided according to the endobronchial
findings as described in materials and methods. Fourteen LC
patients were assigned to the group SS and 9 to OS according
to the site of broncoscopy. Fourteen LC patients had no malig-
nant cells detected in their BAL and were assigned to the NC
group and 7 to the PC. Nineteen patients had obvious OEL and
7 were assigned to NOEL.
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Figure 1. miR-29a and miR-185 levels are similar between IPF and lung cancer groups. (A) miR-29a and (B) miR-185 expression levels normalised by RNU19
in BAL cells from IPF and LC patients as shown by dot plots with median and interquartile range. IPF, idiopathic pulmonary fibrosis; BAL, bronchoalveolar

lavage; LC, lung cancer.
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Figure 2. DNMTT1 levels in LC patients compared to IPF patients. DNMT1 mRNA levels in BAL cells as measured by RT-qPCR and normalised using
GAPDH (A) in LC group and (B) in LC subgroups NC, PC, OS and SS as compared to IPF. "P<0.05, “P<0.01 of Mann-Whitney test. DNMT, DNA
methyltransferase; LC, lung cancer; IPF, idiopathic pulmonary fibrosis; BAL, bronchoalveolar lavage; NC, negative cytology; PC, positive cytology;

OS, opposite side; SS, same side.

miR-185 and miR-29a levels are similar between IPF and LC.
MicroRNA expression levels in BAL cells were measured by
RT-gPCR and normalized using small nucleolar RNA RNU19.
We have previously shown that both microRNAs were signifi-
cantly downregulated in IPF relative to controls (25). The
downregulation of the two microRNAs was also noted for LC
since the expression of miR-29a and miR-185 did not differ
between IPF and LC patients (Fig. 1A and B). miR-29a and
miR-185 expression levels were significantly correlated within
the IPF group (Spearman's R 0.81, P=6e'*) and the LC group
(Spearman's R 0.71, P=3.6¢").

DNMTs/AKT/miR-29a/miR-185 axis in IPF and LC. DNMT1
and DNMT3b are common targets of miR-185 and miR-29
in IPF and LC. mRNA expression levels in BAL cells were
measured by RT-qPCR and normalized using GAPDH.
DNMT]1 levels previously measured in IPF relative to controls
showed no differences. Notably, DNMT]1 levels were signifi-
cantly lower in LC patients compared to IPF patients. (Fig. 2A;
Table III). No differences were detected in the levels of
DNMT?3b between the two diseases (Table III). No difference
was detected in the levels of AKT1 and AKT2 between the
two diseases (Table III).

Effect of malignant burden on DNMTI levels in BAL cells
compared to IPF. Comparing IPF patients with the LC group
in detail, further reduced levels of DNMT1 were detected in
the samples where the BAL procedure was performed at the
side of the lesion (SS) as opposed to the lesion free side (OS).
Moreover, LC patients with positive BAL cytology results
(PC) had a more pronounced reduction in DNMT1 levels than
those without the presence cells with malignant features (NC),
when compared with IPF (Fig. 2B). Regarding the histological
type of LC, the more obvious reduction in DNMT1 mRNA
levels compared with IPF was found in NSLC type.

COLIAIl/miR-29a/miR-185 axis in IPF and LC. Next we
analysed miR-29a specific target COL1A1 by RT-qPCR and
normalized using GAPDH. Our previous result showed that
IPF BAL cells express significantly higher levels of COL1A1
mRNA than controls. In this study, we observed that the levels
of COL1A1 mRNA were significantly lower in LC patients
compared with IPF patients (Fig. 3A; Table I1I).

Effect of malignant burden on COLIAI levels in BAL cells
compared to IPF. The mRNA levels of COL1A1 were mark-
edly reduced in LC patients compared with IPF overall as it
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Figure 3. COL1AL levels in LC patients compared to IPF patients. COL1A1 mRNA levels in BAL cells as measured by RT-qPCR and normalised using GAPDH
(A) in the LC group and (B) in the LC subgroups NOEL, OEL, OS and SS as compared to IPF. "P<0.05, ““P<0.001, Mann-Whitney test. LC, lung cancer; IPF,
idiopathic pulmonary fibrosis; BAL, bronchoalveolar lavage; NOEL, no endobronchial lesion; OEL, endobronchial lesion; OS, opposite side; SS, same side.

was noted previously. Assorting LC patients depending on the
side the BAL procedure was performed and comparing them
with IPF, further reduced levels of COL1A1 was detected in
LC patients when the BAL procedure was done ipsilaterally
of the lesion than contralaterally. The presence of an OEL
during the bronchoscope signified more clearly reduced levels
of COL1A1 (compared with IPF) than in the case of NOEL
(Fig. 3A; Table III). Patients with the histological type of
SCLC had COL1A1 levels similar with IPF levels, opposing
the reduced levels in the NSCLC patients subgroup.

Discussion

This is a BAL study of the expression of major epigenetic
molecules, miR-29a and miR-185, and their common targets
DNMTI1 and DNMT3b, involved in the DNA methylation
process. The downregulation of these molecules has been previ-
ously connected with IPF and LC. The relationship between the
lethal diseases which often coexist is an active field of research
as common pathogenic pathways emerge, with major thera-
peutic implications. Our cardinal findings were: i) Both miR-185
and miR-29a were comparably expressed in IPF and LC BAL
samples; ii) no direct correlation with miR-29a or miR-185 and
their targets was observed, albeit DNMT1 downregulation was
characteristic of LC and COL1A1 upregulation was representa-
tive of IPF BAL samples; and iii) in LC the malignant burden
affected both DNMT1 and COL1A1 expression.

Similar levels of miR-29a and miR-185 were detected
between IPF and LC in BAL cells while our previous findings
showed that both miR-29a and miR-185 were downregulated
in IPF relative to controls (25). The downregulation of miR-29a
and miR-185 in LC tissue specimens has been previously
established; however, to the best of our knowledge, this is the
first study on LC BAL cells. Our results suggest that miR-185
is a novel common microRNA deregulation in IPF and LC
next to previously identified microRNAs such as miR-29a.
miR-29a and miR-185 expression showed a significant associa-
tion in both IPF and LC BAL samples. A possible common
regulation of the expression of the two microRNAs may be
related to the increased levels of TGFb in both IPF and LC

BAL (37,38). Activation of TGF-f signaling and excessive
accumulation of ECM proteins are observed in IPF and LC,
highlighting a common molecular mechanism in both diseases
that is directly linked to both microRNAs (39,40). Of note,
miRNA based-therapeutic strategies are already under evalua-
tion for their use in several malignancies (41) and that imposes
the need for in-depth study of similarities and differences
between IPF and LC, focusing on key molecules involved in
the multifarious function of alveolar macrophages.

For this reason, we examined the expression of a common
target of miR-29a and miR-185 induced by TGFb and central
fibrosis mediator collagen 1a in LC in comparison to IPF. Our
previous results supported that the downregulation of miR-29a
in IPF is associated with the overexpression of COLIA] gene in
BAL cells, confirming the active role of the miR-29a/COL1A1
pathway in AMs and lung tissue, while the expression profile
of COL1A1 in LC has not been yet clarified. COL1A1 may
be involved in carcinogenesis as aberrant expression levels
were revealed in several malignancies including hepatocel-
lular carcinoma (42), NSCLC tissue (43) and in malignant
gastric tissue (44). Our findings, however, showed significantly
increased levels of COL1A1 in IPF relative to LC in BAL cells
that establishes the characteristic fibrotic profile of BAL cells
in IPF, which appears to be lacking in LC BAL cells. The
further reduced levels of COL1A1 accordingly with increased
malignant burden cannot thus far be interpreted and further
functional analysis of AMs in LC is needed.

A second pathway/axis affected by both miR-29a and
miR-185 is the expression of DNMTs. An important concept
currently put forward for the pathogenesis of IPF as in cancer
is that common risk factors such as aging, cigarette smoke
and environmental effects induce errors in the maintenance of
the methylation marks of the genome creating aberrant DNA
methylation patterns and accelerating the aging of our epig-
enome (45,46). Global methylation profile in IPF lung tissue
was different compared to the controls and partially similar
to cancer (6,7). Furthermore, an increased expression of the
DNMTs was observed in both cancer and IPF lung tissue
studies (7,47), leading to site-specific hypermethylation and
gene silencing.
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We have previously reported that DNMT1 mRNA levels
in the BAL cells of IPF patients were similar to controls (25).
In the current study, we observed a significant reduction
in the mRNA levels of DNMTI1 in LC BAL cells while,
DNMT3b levels were similar in IPF and LC. DNMTI, in
contrast to DNMT3, appears to function in cooperation with
DNA damage repair pathways in order to maintain genomic
stability and ablation or reduction of DNMT1 promotes muta-
genic events (48), microsatellite instability and chromosomal
translocations (49). Notably, the samples obtained near the
malignant lesion or with positive malignant cell cytology
results showed a more pronounced reduction of DNMT1
expression suggesting that reduced DNMT1 levels were asso-
ciated with increased malignant burden.

LC is a common and prognostically determinant
comorbidity among IPF patients. BAL procedure is a less
invasive and harmless tool for revealing new, disease specific
biomarkers regarding LC in IPF patients, for screening, risk
stratification and diagnostic purposes, verging the promising
concept of cancer liquid biopsy. It would be of great interest
to study the expression profile of those miRNAs and their
targets also in patients who simultaneously suffer from IPF
and LC. MicroRNA based-therapeutic strategies are already
under evaluation for their use in several malignancies (41)
and IPF (50) and would greatly benefit from in depth study of
similarities and differences between IPF and LC, focusing on
key molecules involved in the multifarious function of alveolar
macrophages.

Tissue specimens and cell lines are the predominant
material of research; however, the role of BAL as a mini-
mally invasive tool to study alveolar macrophages and their
implication in pathogenesis continually recovers ground.
In IPF alveolar macrophages deriving from monocytes
recruited to the injured lungs are actively involved in the
fibrotic process (51). Altered alveolar macrophage function
in patients with LC has been recorded under the influence
of tumor-associated polarizing events such as mediators and
hypoxic tissue damage (52). Our study provides some insight
with respect to common alveolar macrophage function in the
two groups as demonstrated by the commonly reduced expres-
sion of miR-29a and miR-185. Further research is needed in
order to identify BAL biomarkers for high risk patients and
more targeted therapies.
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