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Abstract: Lung cancer is the leading cause of cancer-related mortality, and approximately 80% of cases are nonsmall cell lung cancer (NSCLC). Recently, the incidence of NSCLC has been quickly increasing, while the age of
patients at diagnosis is decreasing. To date, it is still controversial whether younger patients have better or worse
outcomes compared with their older counterparts. MicroRNAs (miRNAs) have been defined to play a key role in
cancer pathogenesis, and their aberrant expression has been suggested as a potential biomarker of prognosis in
lung adenocarcinoma. To understand the molecular features of young and old adenocarcinoma patients, we investigated the expression level of a panel of miRNAs selected after a mini-literature review. The expression analysis was
performed by the nCounter System® (NanoString Technologies) directly on RNA, including small RNAs. The analysis
revealed that 7 miRNAs (miR-25-3p, miR-29c-3p, miR-33a-5p, miR-144-3p, miR-153-3p, miR-342-5p and miR-4853p) were differentially expressed in the two groups (P<0.05). All of these miRNAs showed higher expression levels in
young compared to old patients, and their predicted targets included EGFR, MET, VEGF-A, TP53 and PDGFRa. miR144-3p had an opposite influence on overall survival since its upregulation was associated with a worse prognosis
in young patients (P=0.01) and with a better outcome in the older group (P=0.03). We observed that lung cancer in
young and old patients may be influenced by different regulatory mechanisms. Moreover, one of the down-regulated
miRNAs showed a different prognostic impact in the two groups, confirming that young and old patients deserve a
specific clinical approach.
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Introduction
Lung cancer is the leading cause of cancerrelated mortality in both men and women, and
approximately 80% are non-small cell lung cancer (NSCLC) patients [1]. In the last decade, the
incidence of NSCLC has been quickly increasing and patients’ age at diagnosis continues to
decrease [2, 3]. However, it remains controversial whether younger patients have better or
worse outcomes compared with the older counterparts with lung cancer. In fact, several studies have indicated that lung cancer in young
patients could represent a separate clinical
pathological entity, suggesting that is more
common in non-smoker and female patients
with a predominance of adenocarcinoma, an
advanced stage at diagnosis and thus a generally poor prognosis [4]. In contrast, some reports have shown that younger patients had a

better outcome [5-7] or similar survival as older
patients [8-10].
MicroRNAs (miRNAs) are a class of small noncoding RNA that regulate the expression of
many target genes via mRNA degradation or
translation inhibition [11]. By regulating a great
diversity of mRNAs, miRNAs are involved in
gene function during various biological processes, such as proliferation, apoptosis, and differentiation. Most importantly, several studies have demonstrated that aberrant expression of
miRNAs appears to be causatively linked to
the pathogenesis of cancer [12]. Thus, specific
miRNA profiles could be useful in the diagnosis,
subclassification and prognosis of NSCLC as
well as the comprehension of mechanisms regulating the resistance or sensitivity of lung cancer to conventional chemotherapy (Figure 1)
[13, 14].

microRNA in young and old lung cancer

Figure 1. Role of microRNAs as diagnostic, prognostic and predictive markers.

Despite the accumulating evidence linking miRNAs to lung carcinogenesis, very little is known
about the expression level of these small RNAs
in the young compared to old lung adenocarcinoma patients.
In this review we will give a brief summary of
the most valuable deregulated miRNAs in lung
cancer. Moreover, we will report our own experience regarding the evaluation of specific miRNA
expression levels as prognostic markers in
young and old ADC patients. In details, the analyzed miRNAs were selected on the basis of
recent literature and their expression levels
were correlated with patients’ clinical pathological and follow-up parameters.
Materials and methods
Data sources for mini-literature review
To collect studies of interest we searched on
PubMed using the following keywords: microRNAs, lung cancer, lung adenocarcinoma, prognosis. Only English language publications were
examined. We considered a total of 5 papers
giving information about miRNAs as prognostic
markers. We focused our attention at the studies that used the most innovative molecular
techniques.
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Patients and tumor characteristics
Regarding our own experience, a total of 88
NSCLC patients who consecutively underwent
surgical resection at the Unit of Thoracic Surgery in the Department of Surgical, Medical,
Molecular Pathology and Critical Area at Pisa
University were retrospectively selected. The
patients were divided into two groups according to the age at diagnosis: a young age group
including patients who were 50 years or younger, and an old age group including patients who
were older than 50 years. All samples were formalin fixed and paraffin embedded (FFPE) for
microscopic examination, and the histological
diagnoses were formulated according to the
World Health Organization classifications [15,
16]. The most representative paraffin blocks of
the tumor tissues were selected for molecular
analysis for each group. The clinical pathological characteristics and survival data were collected for all patients. Informed consent for the
tissue collection and molecular analysis was
obtained from each patient.
miRNA and DNA isolation
According to the manufacturer’s instructions,
three to five paraffin sections with a thickness
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Table 1. miRNAs included in the Nanostring
panel
Official name
hsa-miR-25-3p
hsa-miR-29b-3p
hsa-miR-29c-3p
hsa-miR-30b-5p
hsa-miR-30c-5p
hsa-miR-33a-5p
hsa-miR-34a-5p
hsa-miR-34c-3p
hsa-miR-93-5p
hsa-miR-96-5p
hsa-miR-103a-3p
hsa-miR-125a-5p
hsa-miR-133a-3p
hsa-miR-133b
hsa-miR-137
hsa-miR-138-5p
hsa-miR-145-5p
hsa-miR-144-3p
hsa-miR-153-3p
hsa-miR-182-5p
hsa-miR-183-5p
hsa-miR-191-5p
hsa-miR-210-3p
hsa-miR-214-3p
hsa-miR-221-3p
hsa-miR-299-3p
hsa-miR-342-3p
hsa-miR-342-5p
hsa-miR-425-5p
hsa-miR-485-5p

Accession
MIMAT0000081
MIMAT0000100
MIMAT0000681
MIMAT0000420
MIMAT0000244
MIMAT0000091
MIMAT0000255
MIMAT0004677
MIMAT0000093
MIMAT0000095
MIMAT0000101
MIMAT0000443
MIMAT0000427
MIMAT0000770
MIMAT0000429
MIMAT0000430
MIMAT0000437
MIMAT0000436
MIMAT0000439
MIMAT0000259
MIMAT0000261
MIMAT0000440
MIMAT0000267
MIMAT0000271
MIMAT0000278
MIMAT0000687
MIMAT0000753
MIMAT0004694
MIMAT0003393
MIMAT0002175

of 5-10 μm per sample were utilized to purify
DNA and total RNA including miRNAs after standard deparaffinization and manual macrodissection of the neoplastic area, using the QIAmp
DNA Mini Kit (QIAGEN Inc., Hilden, Germany)
and the miRNeasy FFPE kit (QIAGEN Inc.,
Hilden, Germany), respectively. The samples,
after quality and quantity evaluation using a
NanoDrop ND-1000 (ThermoScientific, USA)
spectrophotometer, were stored at -80/-20°C
until used in the experiments.
Nanostring custom panel
The NanoString nCounter assay kit was used
to test the miRNAs expression profile. The
nCounter custom code set used in this study
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was designed and synthesized by NanoString
Technologies (Seattle, WA, USA). It consists of
reporter and capture probe pairs specific for 30
miRNAs reported in Table 1. In total, 150 ng of
RNA was used for the nCounter miRNA sample
preparation reactions. All sample preparations
were performed in accordance with the manufacturer’s instructions (NanoString Technologies). The small RNA molecules were ligated
with a specific DNA tag onto the 3’ end of each mature miRNA. After hybridization and the
removal of excess probes, counts of digital
reports were performed on the nCounter digital
analyzer according to the manufacturer’s protocol. Raw NanoString counts were analyzed by
Nanostring nSolver version 2.5 software. A
background level of expression for each sample using the mean level of the negative controls plus two standard deviations of the mean
was calculated. MiRNAs expressing less than
two standard deviations from the mean were
considered not expressed. Then, miRNAs were
normalized using a scaling factor based on the
top 5 miRNAs with the lower variability coefficients according to the manufacturer’s protocol.
Mutation detection
The status of EGFR exon 18-21 and KRas exon
2-3 was simultaneously evaluated using the
MALDI-TOF method on a Sequenom (Agena Bioscience, San Diego, CA, USA) platform. In detail,
we used the Myriapod Lung Status CE-IVD kit
(Diatech Pharmacogenetics) that can also detect BRAF, NRAS, PIK3CA, ALK, ERBB2, DDR2,
RET and MAP2K1 mutations.
Statistical analysis
Once miRNA raw data were normalized, differential expression was tested applying the
Mann-Whitney U test with linearity correction
using JMP10 software (SAS) in order to investigate the association between miRNAs expression and clinic-pathological parameters. Survival analyses were performed using the KaplanMeier method with log-rank test and the Cox
proportional hazard model. A two-tailed P value
<0.05 was considered significant.
MiRNA target prediction and pathway analysis
DIANA-mirPath v3.0 [17] was used to perform
the enrichment analysis of predicted target
Am J Transl Res 2018;10(3):892-900
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Table 2. Clinical pathological characteristics
of young and old ADC patients
Sample size
Gender
Males
Females
ADC patterns
Lepidic
Acinar
Solid
Papillary
Tumor grading
G1
G2
G3
Stage
IA
IB
IIA
IIB
IIIA
IIIB
IV

Young (n)
44

Old (n)
44

Total (n)
88

23
21

33
11

56
32

13
19
9
3

16
3
17
8

29
22
26
11

3
30
11

0
28
16

3
58
27

8
14
6
4
10
1
1

9
9
7
5
13
0
1

17
23
13
9
23
1
2

ADC: adenocarcinoma.

genes by one or more miRNAs into known Kyoto
Encyclopedia of Genes and Genomes (KEGG)
pathways. The software links miRNAs to experimentally validated target genes from Tarbase
v7.0, microT-CDS v5.0, TargetScan.
Results
Mini-literature review
According to criteria described above, we reviewed the recent literature in order to deal
with the usefulness of miRNAs as prognostic
markers in non-small cell lung cancer.
Peng et al, performing a comprehensive analysis based on lung ADC miRNome profiling studies, found 4 miRNAs (miR-21-5p, miR-210-3p,
miR-182-5p and miR-183-5p) up-regulated and
2 miRNAs (miR-126-3p and miR-218-5p) downregulated in lung adenocarcinoma tissues.
Moreover, they revelead the potential prognostic values of the six deregulated miRNAs in lung
adenocarcinoma patients [18].
Also Sui et al employed an integrative computational method for the analysis of the available
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large-scale samples in The Cancer Genome
Atlas (TCGA) database. They identified 15 aberrantly expressed miRNAs with respect to clinical features of lung adenocarcinoma. Among
which, the low miR-378c and miR-221-5p expression levels were negatively correlated with
overall survival, but the miR-142-3p overexpression had a better influence on overall survival [19].
A study conducted by Xu et al reported that
miR-25 expression in tissue was found to be
associated with lymph node metastasis and
disease stage. In addition they found that high
miR-25 expression was also associated with
poorer overall survival of women with lung ADC
[20]. A potential prognostic value of miR-138
expression levels and its target PDK1 was
described by Han and collaborators. They found
that patients with low levels of miR-138 combined with high levels of PDK1 had shortest
overall survival [21].
Hou and collegues claimed that miR-125a-3p is
a significant prognostic biomarker for patients
with NSCLC since they found that patients
treated with chemotherapy with high miR-125a3p expression levels had a longer overall survival and disease free survival rate compared
with untreated patients with low expression of
miR-125a-3p [22].
Patients and tumor characteristics
Forty-four patients younger than 50 years
(including 50) were enrolled as the younger
group and forty-four patients older than 50
years were collected as the older group. In the
young age group, females accounted for 47.7%
(n=21), whereas in the older age group females
accounted for 25% (n=11) (Chi-square test;
P=0.02). Regarding the histological classification, the different subtypes of adenocarcinoma
were defined according to the predominant
component, as follows: 19 acinar (19/44,
43.18%), 13 lepidic (13/44, 29.55%), 9 solid
(9/44, 20.45%), and 3 papillary (3/44, 6.82%)
among the younger patients; 17 solid (17/44,
38.63%), 16 lepidic (16/44, 36.37%), 8 papillary (8/44, 18.19%), and 3 acinar (3/44, 6.82%)
among the older group. Regarding tumor grading of the younger patients, 3 tumors were G1,
30 were G2 and 11 were G3. Among the old
group, no tumors were classified as G1, whereas 28 tumors were G2 and 16 were graded G3.
Features of patients and tumor characteristics
Am J Transl Res 2018;10(3):892-900
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Table 3. Prediction target analysis using DIANA-mirPath
v3.0 software
KEGG Pathway
p53 signaling pathway
Cell cycle
Regulation of actin cytoskeleton
FoxO signaling pathway
Adherens junction
Non small cell lung cancer

miRNAs differentially expressed between young and old patients

P-value #Genes #miRNAs
1.69e-05
30
6
1.88e-05
49
6
8.0e-04
60
6
2.0e-04
47
5
9.08e-06
28
5
0.01
17
5

Table 4. EGFR and KRas status of young and
old ADC patients
Young (n, %) Old (n, %) Total (n, %)
EGFR status
Wild-type 41 (93.2%) 38 (86.4%) 79 (89.8%)
Mutated
3 (6.8%)
6 (13.6%) 9 (10.2%)
KRas status
Wild-type 30 (68.2%) 24 (54.5%) 54 (61.4%)
Mutated
14 (31.8%) 20 (45.5%) 34 (38.6%)

To explore differentially expressed
miRNAs between young and old lung
cancer patients, we evaluated the
expression profile of 30 miRNAs using
the nCounter Nanostring platform. After
raw data normalization, 3 samples were
excluded from the statistical analysis
because of the poor quality and quantity of the mRNA input. The Mann-Whitney
U test revealed that 7 out of 30 miRNAs were
differentially expressed between the two
groups. Specifically, the miR-25-3p, miR-29c3p, miR-33a-5p, miR-144-3p, miR-153-3p,
miR-342-5p and miR-485-3p were found to be
up-regulated in young compared to the old
patients with a statistical significance of
P<0.05.
microRNA target prediction and pathway
analysis

In order to understand the potential involvement of miRNAs in the pathogenesis of
NSCLC, potential targets were identified for the
7 differentially expressed miRNAs using the
DIANA-mirPath v3.0 software on the gene targets predicted by Tarbase v7.0. Our analysis
showed that 43 KEGG biological processes
were significantly enriched (P<0.05, FDR corrected). As reported in Table 3, important
pathways contributing to tumor aggressiveness were regulated by at least six of these
miRNAs. Many of the predicted miRNAs targets are involved in critical pathways such as
adherens junction (P=9.08e-06), the p53 signaling pathway (P=1.69e-05), cell cycle
(P=1.88e-05), and the FoxO signaling pathway
(P=2.0e-04).
Mutation analysis

Figure 2. Overall survival for mir-144 in young and
old adenocarcinoma patients (blue curve: high expression, red curve: low expression).

are shown in Table 2. Follow-up data, in terms
of disease-free interval (DFI) and overall survival (OS) were available for all patients.
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Three EGFR mutations (3.4%) and 14 KRas
mutations (15.9%) were identified in the younger group, while 6 EGFR mutations (6.8%) and
20 KRas mutations (22.7%) were found in the
old patients. The molecular characterizations
of the above-reported mutations are detailed
in Table 4. No alterations in genes other than
EGFR and KRas were detected. The difference
in the frequency of oncogenic mutations between the two groups was not significant (Chisquare test; P=0.16).
Am J Transl Res 2018;10(3):892-900
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Survival analysis
Survival analysis using the Kaplan-Meier method with log-rank test and the Cox proportional
hazard model showed no difference in the DFI
and OS between young and old patients (data
not shown). Then, we further investigated the
prognostic impact of the analyzed miRNAs, and
it was found that miR-144-3p had an opposite
influence on overall survival between the two
age-groups. Interestingly, high levels of miR144-3p were associated with a worse outcome
in young patients (P=0.01) and a better prognosis in the old group (P=0.03) (Figure 2).
Discussion
In the last few years, several reports have
shown trends of increasing incidence rates of
lung cancer among young patients [23], with
peculiar characteristics such as a higher incidence in females, a predominance of adenocarcinoma and an advanced stage at diagnosis
[6, 8, 10]. Although there is no consensus
about the specific cut-off age defining youthful
lung cancer, an age of forty-fifty years is commonly used to separate the young patients
from the old ones. To date, only few data are
available about the molecular characteristics
of young lung cancer patients compared to
their old counterparts, and controversial results
have been reported in this field. Moreover, no
studies have been conducted on miRNAs expression profile in the two age-groups. A putative association between miRNAs and prognosis of lung adenocarcinoma, with the aim to find
age-specific miRNAs, may highlight the molecular mechanisms and predict the clinical outcome.
The present study aimed to investigate the
expression profile of 30 selected miRNAs between ADC patients younger and older than 50
years. We found that 7 miRNAs (miR-25-3p, miR29c-3p, miR-33a-5p, miR-144-3p, miR-153-3p,
miR-342-5p and miR-485-3p) were significantly up-regulated in the young patients.
A study of genome-wide assessment of 800
miRNAs conducted by Noren Hooten et al [24]
in peripheral blood mononuclear cells from 14
young and 14 old healthy individuals by realtime RT-PCR analysis revealed that the expression of 9 miRNAs (miR-103, miR-107, miR-128,
miR-130a, miR-155, miR-24, miR-221, miR-
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496, and miR-1538) was significantly lower in
older individuals. Investigating the diseases,
molecular functions and canonical pathways
associated with each miRNA, it was determined
that cancer was the most common disease
associated with the differentially expressed
miRNAs.
Furthermore, an age-related miRNA signature
has been identified in breast cancer by PeñaChilet et al [25]. They identified and validated a
panel of six miRNAs differentially expressed in
very young breast cancer patients, suggesting
that breast cancer in young patients appears to
be a different biological entity. The validated
miRNAs noted pathways related to cell motility,
invasion and proliferation.
To the best of our knowledge, our study is the
first demonstrating the decrease of miRNA levels with age in lung adenocarcinoma patients.
The biological role in lung cancer of miRNAs
found as differentially expressed in our study
has already been investigated. For example,
the analysis of 81 NSCLCs patients showed
that miR-25 promotes cell proliferation and
inhibits apoptosis in NSCLC cells by negatively
regulating the Modulator of apoptosis 1 expression [26]. A previous study demonstrates that
miR-29c suppresses lung cancer cell adhesion
to the extracellular matrix and metastasis by
directly inhibiting integrin β1 and MMP2 expression [27]. Yang et al [28] reported that miR-33a
regulates the epithelial-mesenchymal transition by targeting Twist1 in NSCLC cells and
inhibits lung cancer metastasis. A report from
Zhang et al [29] claimed that miR-144 promoted proliferation, migration, and invasion of
nasopharyngeal carcinoma through repression
of phosphatase and tensin homolog (PTEN).
Although miR-153 has been shown to play an
important role in various cancers, the function
of miR-153 is not completely understood. miR153 suppresses tumor growth in glioblastoma,
epithelial cancer and leukemia [30]. In contrast, in prostate cancer, miR-153 promotes
cell proliferation via down-regulation of the
PTEN tumor suppressor gene. A study conducted by Mou and colleagues [31] found that the
expression level of miR-485 was down-regulated in four lung adenocarcinoma cell lines and
tissues and that the reduced miR-485 expression was associated with tumor metastasis.
Luciferase assay revealed that Flot2 is a direct
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target of miR-485, while the expression levels
of Flot2 were inversely correlated with the
expression levels of miR-485 in lung adenocarcinoma tissues.
In addition, the analysis of the predicted targets regulated by these miRNAs and the relative pathway enrichment displayed the involvement of biological processes crucial for cancer
such as adherens junction, the p53 signaling
pathway, cell cycle and the FoxO signaling
pathway.
The outcomes of young and old patients with
lung cancer have been previously studied, but
the results remain to be addressed. In our
cohort of patients, overall survival time was
similar between the younger and older groups
as assessed in some reports [3, 6, 7]. However,
some studies described a worse [4, 5] and others a better overall survival [2, 8] for the two
age-groups. This controversial issue could be
due to either the rare occurrence of lung cancer
in young patients, the lack of a commonly
accepted age cut-off, the different enrollment
criteria of patients (not only surgically treated
cases but also unresectable ones) or ethnic origin. While investigating the prognostic influence of each miRNA analyzed in our study, we
found that miR-144-3p had an unexpected
impact on overall survival between the two agegroups since its upregulation was associated
with a worse prognosis in young patients and a
better outcome in the old group. After further
validations, these data could suggest that the
expression level of miR-144 could be a novel
indicator of prognosis depending on the age of
lung adenocarcinoma patients.
In order to examine the presence of molecular
alterations that frequently occur in the lung
adenocarcinoma, we performed the analysis of
exon 18-21 of EGFR and exon 2-3 of KRas. The
EGFR mutation rate was 3.4% among young
patients and 6.8% among old patients, whereas KRas mutations occurred in the 15.9% of
young patients and 22.7% of old patients. The
frequencies of EGFR and KRas mutations were
not significantly different in relation to the age
of patients, which is consistent with reported
studies [32, 33]. It should be noted that studying the relationship between age and genotype
in young patients is challenging given the presence of multiple confounding factors including
smoking status, sex and race.
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In conclusion, our study provides new insights
into the role of miRNAs in lung adenocarcinoma
occurring in young patients. We observed that
lung cancer in young and old patients may be
influenced by different regulatory mechanisms
since we found 7 miRNAs down-regulated in
the older group, probably due to distinct agerelated genetic and epigenetic alterations.
Moreover, one of the dysregulated miRNAs
showed a different prognostic impact in the two
groups, thus confirming that young and old
patients deserve a specific clinical approach.
Further validations are needed to better define
if an age-based genomic signature could be
used as a prognostic marker in lung cancer.
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