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Abstract—Chronic obstructive pulmonary disease (COPD)
and lung cancer (LC) are two serious diseases that present a
major health problem worldwide. However, genetic contribution
to both diseases remains unclear, including various regulation
mechanisms at genetic level resulting in the progression from
COPD to LC. In this paper, we describe our comprehensive
methodologies, which seamlessly integrate both biological (conducted in “wet labs”) and computational (based on domain
ontologies and semantic technologies) approaches, to investigate
the important role of microRNA::mRNA regulations performed
in COPD and LC. We discovered two genes, RGS6 and PARK2,
that are strongly associated with the risk of developing either
COPD or LC or both; additionally, we also identified two sets
of microRNAs that are computationally predicted to regulate
RGS6 and PARK2, respectively. These microRNAs can be further
biologically verified in the future and serve as novel biomarkers
in COPD and/or LC.
Keywords—chronic obstructive pulmonary disease, COPD, lung
cancer, microRNA, target gene, bio-ontology, semantic search.

I.

I NTRODUCTION

Chronic obstructive pulmonary disease (COPD) and lung
cancer (LC) combined present a major global health problem.
COPD is a major cause of severe long-term disability and
ranks third as the leading cause of death in the United States.
The mortality rate of COPD has steadily increased over the
past ten years, accounting for approximately 5% of all deaths
in the states [1]. LC has been the most common malignant
disease with high morbidity and mortality for several decades
worldwide [2–4]. The overall 5-year survival rate of LC is
16%, resulting in more cancer death in the states than any
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other malignancy [5]. In addition, COPD coexists in 40% to
70% of patients with LC and is increasingly recognized as
a predecessor of LC development [6]. Indeed, COPD is a
strong and independent risk factor for developing LC, even
after controlling for smoking exposure. Further, accumulating
evidence [7–9] indicates that the presence of COPD independently increases the risk of LC as much as ten-fold.
Whereas past investigations have enhanced our understanding of the links between COPD and the development of LC,
further studies are desperately needed because the mechanisms
that regulate these two diseases still remain largely unclear.
In particular, new approaches that can further facilitate our
understanding of the genetic, genomic, and epigenetic bases of
these disease processes will be required to (1) better explore
the associations between these two deadly diseases, (2) identify
various regulation mechanisms at genetic level that lead to the
progression from COPD to LC, (3) more readily define patients
at greatest risk, and (4) create additional strategies to prevent
and treat these two serious diseases.
Towards this end, it is necessary to develop more advanced
methodologies that are capable of integrating both biological
and computational/bioinformatics approaches in a seamless
manner; it will then be possible for us to explore a more
accurate representation of biological processes that regulate
both diseases and the progression from COPD to LC. That
said, we report in this paper our on-going efforts to effectively
combine biological experiments (conducted in “wet labs”) and
software analysis (based upon domain ontologies and semantic
technologies), so that to better investigate the important role
performed by regulations between microRNAs (miRs) and
messenger RNAs (mRNAs) in COPD and LC.

The rest of this paper is organized as follows. Section II
summarizes state-of-the-art research in COPD, LC, and semantic technologies, respectively; Section III describes our
comprehensive methodologies; Section IV reports our current
findings along with discussion; and finally, Section V concludes with important future work.
II.

MMPs as a result of elevated levels of inflammatory cytokines
including IL-1β and TNF-α resulting from activation of the
nuclear factor NF-kβ signaling pathway. Further, IL-1β and
TNF-α have been shown [16] to be present at elevated levels
in the sputum of patients with COPD. Therefore, it appears that
the inflammatory environment present in the lungs of patients
with COPD likely supports the development of LC.

R ELATED W ORK
B. Related work in semantic technologies

A. Related work in COPD and LC
COPD and LC have attracted substantial research attention
over the past few decades due to the potential links between
these two diseases, as well as shared versus unique biological
mechanisms.
While effective screening methods have remained challenging, computer tomography (CT) has demonstrated promising
as a useful means of screening for cancer. The National Lung
Cancer Screening Trial (NLCST) showed reduced mortality
in a high-risk population that received screening by lowdose CT [10]. However, this method was associated with
an unacceptably high level of false positive findings (around
95%), resulting in extensive cost and repeated imaging and
procedures to follow patients that ultimately proved to have
benign disease. NLCST illustrates the on-going need to better
understand risk factors for LC development so that clinicians
can more precisely define individuals that are at increased risk.

In biological and biomedical investigation, it, more often
than not, requires an ability to integrate and analyze large
amounts of data distributed across different sources such as
gene-related information, various phenotypic data, PubMed
publications, and so forth. These data sources usually have
quite heterogeneous semantics (intended biological meanings)
among one another. Thus, it is necessary to seek assistance
from domain ontologies and semantic technologies, which
have been proven, particularly within biological and biomedical research, to promote more precise communication among
scientists, enable more effective information retrieval and
integration, and better facilitate knowledge acquisition out of
original data.

The relationship between obstructive airway disease and
LC has been increasingly well defined, but the clinical entity of COPD includes more than airflow obstruction alone.
Specifically, COPD encompasses a broad variety of clinical phenotypes, and various phenotypes are characterized
by differing degrees of airflow obstruction, emphysema, and
chronic bronchitis [11]. Until recent years, the relationship
between emphysematous destruction of lung tissue and LC
was not entirely clear. With the development of advanced
imaging techniques, CT has become the preferred diagnostic
approach for non-invasive detection and quantification of emphysema. Based on visual assessment of CT scans, using semiquantitative emphysema assessments has allowed investigators
to demonstrate that the presence of emphysema itself is also
an independent risk factor for developing LC [12–14]. It
was shown that patients with emphysematous lung tissue
demonstrated on CT scans were roughly three-fold more likely
to develop LC compared to individuals without any evidence
emphysema. In fact, the association of LC with emphysema
persisted even in those individuals lacking airflow obstruction
on lung function testing.

1) Related work in bio-ontologies: As a foundation of
semantic technologies, ontologies have been widely utilized
in biological, biomedical, and clinical research. We briefly
describe relevant biological and biomedical ontologies (short
for bio-ontologies) as follows. Gene Ontology (GO) [18] is by
far the most successful and widely used bio-ontology, consisting of three independent sub-ontologies: biological processes,
molecular functions, and cellular components. The GO has
been utilized to annotate gene products of model organisms
including Homo sapiens. RNA Ontology (RNAO) [19] is
an Open Biological and Biomedical Ontologies (OBO) [20]
foundry reference ontology to catalogue the molecular entities
composing primary, secondary, and tertiary components of
RNA. The goal of the RNAO project is to enable integration
and analysis of diverse RNA datasets. Non-Coding RNA
Ontology (NCRO) [21] [22] is an OBO candidate reference ontology in non-coding RNA (ncRNA) domain. The NCRO was
developed to provide a precisely defined ncRNA controlled
vocabulary, which can fill a specific and highly needed niche
in unification of ncRNA biology. Ontology for MIcroRNA
Target (OMIT) [23–25] is an application ontology in OBO
Library. This miR domain-specific ontology aims to provide
the community with common data elements and data exchange
standards in the miR research, especially the research exploring
miR target genes.

A number of theories have been proposed [15] to help
understand how COPD and LC can be linked at the pathogenic
level. One possibility involves neutrophil elastase, a protease
capable of degrading elastin. Alpha-1 anti-trypsin serves as
the native anti-protease that binds and thereby neutralizes
neutrophil elastase. If neutrophil elastase acts in an unopposed fashion, such as occurs in patients with alpha-1 antitrypsin deficiency, emphysematous destruction of the lung is
the consequence. Another possibility involves the family of
enzymes known as matrix metalloproteinases (MMPs), which
are responsible for the degradation of collagen and other components of the extracellular matrix. Alveolar macrophages and
neutrophils are known [15–17] to release increased amounts of

2) Related work in semantic search: Our investigation in
this paper is closely related to semantic search, which is
a research field that intends to improve the access to contents by considering the semantics behind the search process
[26]. In other words, semantic search goes beyond keywordbased search by considering contextual semantics of words,
the intend of the user, and the search space. In general,
semantic search requires the use of structured knowledge
in the modeling and interpretation of queries. One popular
way to represent structured knowledge in ontologies is by
formal logic, such as first order logic, description logic, and
frame logic. Because ontologies can help improve the search
by query expansion, ontology-based semantic search can be
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treated as one sub-area of semantic data mining [27]. One
main idea in many semantic search systems (e.g., [28–32])
is, the original set of query keywords can be expanded by
drawing on synonyms and other relationships (e.g., subclass
and parthood) that are not part of the query. For example,
in the work by Chauhan et al. [32], the original query was
first expanded by considering synonyms, then terms with high
semantic similarity were chosen from the ontology to be
integrated to the search query, and the semantic similarity used
for the query expansion was computed by the distance among
concepts in the ontology, the position in the hierarchy, and the
number of upper classes. Another way to implement semantic
search is to use ontologies to translate keyword-based search
into formal semantic queries. For example, Tran et al. [26] used
a set of models (mental, user, system, and query) to capture
information, such as thought entities, language primitives,
knowledge representation (KR) primitives, and query elements.
These models were then combined with a set of assumptions
to redefine original queries, filling the gap between terms with
structural information from an ontology. That is, each term
within the query was considered a property of another term.
III.

M ETHODOLOGIES

Our methodologies consist of three steps.
1)

2)

Step One: Validation study based on genome-wide
single nucleotide polymorphism based analysis (SNPGWA). Subjects will be recruited from four different
groups: LC-only, LC-and-COPD, COPD-only, and
controls. We will then conduct a comprehensive validation study on these subjects to tease apart genes
among candidate genes that have been associated
with COPD, or LC, or both. To be more specific,
we will perform redundancy analysis of linkage disequilibrium, and the biological roles will be elucidated by transcript expression quantitative trait loci
(eQTL), expression difference between tumor and
normal lung, and pathway analyses, along with allelespecific risks assessed by both odds ratio (OR) and
95% confidence interval (CI).
Step Two: Semantic integration and search through
OmniSearch software tool. OmniSearch [25] [33] [34]
was developed based upon domain ontologies and
semantic technologies, aiming to handle the significant challenge of miR-related data integration and
semantic search query. Three miR target prediction
databases (miRDB [35], TargetScan [36], and miRanda [37]) and one miR validated target database
(miRTarBase [38]) are integrated in OmniSearch.
This software tool provides with users a “one-stop”
visit that enables a convenient, side-by-side comparison among prediction results from numerous miR target prediction databases, as well as providing access
to other valuable, relevant data sources such as GO
annotations and PubMed publications. Our previous
research has demonstrated that OmniSearch has many
advantages over conventional miR target search [25]
[33], especially with regard to the accuracy (effectiveness) and efficiency of software output. For genes
resulted from the analysis in Step One, we will utilize
OmniSearch to obtain a list of miRs that have been
computationally predicted to regulate these genes.
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3)

Step Three: Biological validation. We will conduct wet-lab biological experiments to validate the
regulation mechanism of computationally predicted
miR::mRNA pairs output from Step Two. Respective 3’-UTR luciferase reporter constructs will be
generated for all mRNAs in the list of miR::mRNA
pairs obtained from Step Two, we will then perform
reporter assays to confirm the suppression of target
genes (i.e., target mRNAs) by their computationally
paired miRs. Following that, we will assess the role
of these miR::mRNA pairs in the malignant transformation of lung epithelial cells using soft agar arrays.
To be more specific, we will transfect the validated
miRs into BEAS2B and HBEC3 lung epithelial cells
to determine whether or not they promote the soft
agar colony formation.
IV.

R ESULTS AND D ISCUSSION

A. SNP-GWA analysis results
Our study was conducted in a Caucasian population with
2,523 subjects, including LC-only (n = 612), LC-and-COPD
(n = 612), COPD-only (n = 537), and controls (n = 762). We
tested a total of 4,491 SNPs out of 304 candidate genes and
identified the following eight candidate genes:
•

LC-with-COPD: RGS6, PARK2, FOXP1, and IRF2;

•

LC-from-COPD: RGS6, PARK2, COL4A3, and
MACRQD2;

•

COPD-only: RGS6 and IL10; and

•

LC-only: CCND1.

Among these eight genes, 11 SNPs were validated. A SNP
in RGS6 was inversely associated with COPD without LC (OR
= 0.47; 95% CI, 0.31-0.72) or with LC (OR = 0.40; 95% CI,
0.27-0.60), supported by eQTLs (P = 0.02). A SNP in PARK2
was inversely associated with LC that developed from COPD
patients (OR = 1.65; 95% CI, 1.17-1.78), with lower PARK2
transcript levels in tumor than normal lung tissues (P = 0.01).
Fig. 1 demonstrates the following results:
•

Fig. 1A: RGS6 and PARK2 are associated with both
COPD+LC vs. controls (healthy) and COPD-only;
whereas RGS6 by itself is also associated with COPD
vs. controls.

•

Fig. 1B: IL10 and RGS6 are related to immunity cell
function from healthy to COPD; PARK2, COL4A3,
MACROD2, and CCND1 are related to cellular development from COPD to LC; CASP7, EGFR, and TERT
are related to cell death and survival from healthy
to LC; and RGS6, PARK2, FOXP1, and IRF2 are
related to microtubule destabilization from healthy to
COPD+LC.

•

Fig. 1C: RGS6 expression by rs2238233 genotype.

•

Fig. 1D: Impaired mitoses including multipolar spindles, misalignment, and abnormal microtubule in
PARK2 knockout (KO) cells.1

1 PARK2-related pilot work that is closely related to the research reported
in this paper was published in our previous research [39].

Fig. 1.

PARK2 and RGS6 associate with the progression from COPD to lung cancer.
TABLE I.

A SUBSET (33 OUT OF 159) OF O MNI S EARCH RESULTS FOR GENE RGS6

miR name
hsa-miR-137
hsa-miR-128-3p
hsa-miR-216a-3p
hsa-miR-221-3p
hsa-miR-222-3p
hsa-miR-3681-3p
hsa-miR-190b
hsa-miR-199a-5p
hsa-miR-199b-5p
hsa-let-7c-5p
hsa-miR-1184
hsa-miR-1199-5p
hsa-miR-1275
hsa-miR-1291
hsa-miR-302e
hsa-miR-30a-5p
hsa-miR-3180-5p
hsa-miR-339-5p
hsa-miR-33b-3p
hsa-miR-363-5p
hsa-miR-3679-5p
hsa-miR-3689d
hsa-miR-4458
hsa-miR-4459
hsa-miR-4500
hsa-miR-4508
hsa-miR-4520-2-3p
hsa-miR-4524b-3p
hsa-miR-455-5p
hsa-miR-4651
hsa-miR-4663
hsa-miR-520c-3p
hsa-miR-615-3p

Score from miRDB
53.56
89.03
61.57
73.11
87.19
61.57
0
0
0
0
61.90
73.55
85.19
58.87
0
0
58.15
0
51.03
80.59
66.05
82.26
0
56.41
0
59.05
63.75
62.87
0
99.74
74.28
0
0

Score from TargetScan
22
97
96
18
18
97
0
0
0
17
0
0
0
0
0
49
0
0
0
0
0
0
16
0
18
0
0
0
0
0
0
0
0

Score from miRanda
0.7924
0
0
0
0
0
0.3285
0.8531
0.8496
0
0
0
0
0
0.1404
0
0
0.1029
0
0
0
0
0
0
0
0
0
0
0.3287
0
0
0.1377
0.1390

search for putative miRs given a target gene. Users can also

B. OmniSearch analysis results
The friendly user interface of OmniSearch allows the
search for putative target genes given a miR, as well as the
1070

TABLE II.

A SUBSET (23 OUT OF 72) OF O MNI S EARCH RESULTS FOR GENE PARK2

miR name
hsa-miR-320a
hsa-miR-320b
hsa-miR-320c
hsa-miR-320d
hsa-miR-107
hsa-miR-1227-5p
hsa-miR-125a-3p
hsa-miR-129-5p
hsa-miR-1299
hsa-miR-140-5p
hsa-miR-146b-5p
hsa-miR-17-3p
hsa-miR-181a-5p
hsa-miR-199a-5p
hsa-miR-199b-5p
hsa-miR-29a-5p
hsa-miR-3154
hsa-miR-384
hsa-miR-4311
hsa-miR-4755-5p
hsa-miR-496
hsa-miR-6791-5p
hsa-miR-543

TABLE III.

Score from miRDB
60.55
60.55
60.55
60.55
0
85.38
0
0
64.64
0
0
50.00
0
0
0
60.40
52.84
0
88.69
77.92
0
60.97
0

Score from TargetScan
0
0
0
0
0
0
0
0
0
0
0
0
85
0
0
0
0
0
0
0
0
0
0

S TATISTICS OF O MNI S EARCH RESULTS FOR BOTH RGS6 AND PARK2

Total number of putative targeting miRs
Number of targeting miRs predicted by all three databases
Number of targeting miRs predicted by any two databases
Number of targeting miRs predicted by only one database

perform additional analysis, e.g., DAVID and PANTHER, on
returned targets, and the interface provides a convenient way to
save search results in different formats (e.g., tab-delimited text
and CSV). In this study, the OmniSearch software returned a
total of 159 and 72 computationally putative miRs for genes
RGS6 and PARK2, respectively. Some of these results are
demonstrated in Table I and Table II, with their statistics
summarized in Table III.
Based on the above results, we further analyzed as follows:
•

For RGS6: Our focus was placed on hsa-miR-137,
hsa-miR-221-3p, and hsa-miR-222-3p. In particular,
hsa-miR-137 was predicted by all three prediction
databases but not yet biologically validated — this
information was provided in the OmniSearch tool.
The other two miRs are also of high importance because they were predicted by two different prediction
databases, and, similarly, not yet validated.

•

For PARK2: Our focus was placed on four miRs:
hsa-miR-320a, hsa-miR-320b, hsa-miR-320c, and hsamiR-320d. These four miRs were all predicted by at
least two different prediction databases but not yet
biologically validated.

•

An immediate piece of future work is to conduct
biological validation on those miRs reported above.
Upon completion of validation experiments, we will
be able to identify novel biomarkers in COPD and LC.
V.

Score from miRanda
0.8533
0.8533
0.8533
0.8533
0.1918
0
0.2020
0.1907
0
0.4894
0.2156
0
0
0.1383
0.1369
0
0
0.1375
0
0
0.7973
0
0.9246

C ONCLUSIONS

COPD and LC together present a major global health
problem, but genetic regulation mechanisms on both diseases
remains unclear. We described in this paper our comprehensive
1071

RGS6
159
1
5
153

PARK2
72
0
4
68

methodologies to seamlessly integrate both biological and
computational approaches in order to fully investigate the
important role of miR::mRNA regulations performed in COPD
and/or LC, as well as in the progression from COPD to LC. We
discovered that RGS6 and PARK2 are strongly associated with
the risk of developing either COPD or LC or both. Further,
we utilized our methodologies to successfully identify a set of
miRs that are computationally predicted to regulate these two
genes. Once the biological functions of these miRs are verified
by reporter and soft agar assays, they can highly likely serve
as novel biomarkers in COPD and/or LC. In particular, our
current findings indicated that hsa-miR-137::RGS6 appeared
to be a rather promising pair for further investigation.
Besides the biological validation to be performed
(discussed in Section IV-B), another interesting piece of
future work is to incorporate into our methodologies the
analysis of next-generation (NG) sequencing data, which
have profoundly altered our understanding of biology, human
diversity, and disease, thus revolutionizing genomic and
transcriptomic research over the past decade.
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