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Abstract. - OBJECTIVE: This study was de-
signed to explore the molecular mechanisms of
Chronic Obstructive Pulmonary Disease (COPD)
with DNA Microarray.

MATERIALS AND METHODS: The gene expres-
sion profile GSE475 was downloaded from Gene
Expression Omnibus (GEO) database. There were
7 tissue samples of human diaphragm muscle
available, including 4 normal samples and 3 sam-
ples from COPD patients. The differentially ex-
pressed genes (DEGs) were identified by LIMMA
package in R language and were further analyzed
using bioinformatics methods. Firstly, DEGs were
classified into different COG clusters by BLAST.
Then, the protein-protein interaction (PPI) network
was constructed by STRING and pathways of
DEGs were analyzed by FuncAssociate. Finally, the
DEGs enriched diseases were obtained by EASE.

RESULTS: We selected 524 DEGs including
118 down-regulated DEGs and 406 up-regulated
DEGs. The most significant pathway was
JAK/STAT signaling pathway and the DEGs of
IL6 and SOCS3 were directly participated in this
pathway. Furthermore, the DEGs of SOCS3, IL4,
IL18R1, IL1R1, and IL6 were participated in the
disease of pulmonary fibrosis.

CONCLUSIONS: Our findings suggest that IL6
and SOCS3 play important roles in COPD and
have the potential to serve as therapeutic tar-
gets of COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD)
is a chronic inflammatory disorder characterized by
chronic obstruction of expiratory flow affecting pe-
ripheral airways and infiltration of inflammatory
cells into the airways'. COPD is projected to be-
come the third commonest cause of death and rank
fifth commonest cause of disability by 2020 in
worldwide according to a study published by the
World Bank/World Health Organization®?.
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COPD is a complex inflammatory disease that
involves multiple inflammatory mediators*.
There are several chemotactic signals that have
the potential for inflammatory cells recruitment
in COPD, including monocyte chemoattractant
protein-1 (MCP-1), leukotriene B4 (LTB4), inter-
leukin-8 (IL-8) and related CXC chemokines, in-
cluding GRO- (growth-related oncoprotein) and
ENA-78 (epithelial neutrophil activating protein)
which are increased in COPD airways®’. The
concentrations of IL-6, IL-8, TNF-a and LTB4 in
sputum are increased during an exacerbation®!°
and patients who have frequent exacerbations
have higher levels of IL-6 and lower concentra-
tions of SLPI (Secretory Leukocyte Protease In-
hibitor), even when COPD is stable®!!. However,
the underlying molecular mechanism of COPD is
not entirely clear and need to be fully elucidated.

In order to further explore the molecular
mechanisms of COPD, we downloaded the gene
expression profile of GSE475 from Gene Expres-
sion Omnibus (GEO) database, including 4 nor-
mal samples and 3 samples from COPD patients.
Compared with normal samples, we identified
the differentially expressed genes (DEGs). The
screened DEGs were further analyzed using
bioinformatics methods. We constructed protein-
protein interaction (PPI) networks to investigate
the critical DEGs. And we identified significant
pathways of DEGs. Furthermore, the enrichment
analysis of DEGs related diseases was conduct-
ed. We anticipate our work will improve the un-
derstanding to the molecular mechanisms of
COPD and provide novel sight for the develop-
ment of therapeutic strategy.

Materials and Methods
Affymetrix Microarray Data
The gene expression profile GSE475 was down-

loaded from Gene Expression Omnibus (GEO,
http://www.ncbi.nlm.nih.gov/geo/). Total 7 tissue
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samples of human diaphragm muscle were available
for further analysis, including 4 normal samples and
3 samples from COPD patients. The platform infor-
mation was GPL96 [HG-U133A] Affymetrix Hu-
man Genome U133A Array. The annotation infor-
mation of all probe sets was provided by Affymetrix
Company where we downloaded the raw file for fur-
ther analysis.

Data Preprocessing and Analysis of DEGs

Firstly, the probe-level data in CEL files were
converted into expression measures. For each
sample, the expression values of all probes for a
given gene were reduced to a single value by tak-
ing the average expression value. And then, the
missing parts of data were imputed'? and the
complete data were standardized'. The Limma
(Linear Models for Microarray Data) package in
R language was used to identify DEGs between
the normal and COPD diaphragm muscle sam-
ples'*. The p-value < 0.05 and llogFCl >1 were
used as the cut-off criteria.

Functional Enrichment Analysis of DEGs

The comparative analysis between the se-
quences of DEGs and the database of clusters of
orthologous groups (COG, http: //www.
ncbi.nlm.nih.gov/COG) of proteins was conduct-
ed by using BLAST (Basic Local Alignment
Search Tool)'>'%, and the E-value<le-04 was
used as the comparing similarity threshold. Then,
the functional annotations and COG classifica-
tions of DEGs were obtained.

PPI Network Construction

Many activities of life were achieved by the
combination and dissociation of proteins. The
signal transduction networks of physiological ac-
tivities and responses to the external and internal
environment of cells were formed by the PPI'.
Further researches about PPI are the prerequisites
for recognizing and understanding all kinds of
life phenomena'®.

Therefore, the STRING (Search Tool for the
Retrieval of Interacting Genes/Proteins) software,
a database of known and predicted protein inter-
actions, was used to find the interactive products
of DEGs for constructing the PPI networks'.
Hub proteins were identified as those interacted
with most partners.

Pathway Annotation of DEGs

DEGs in PPI networks were input into the
FuncAssociate software to perform pathway an-

3558

notation based on the functional enrichment
analysis®. And the false discovery rate (FDR) <
0.05 was used as the cut-off criterion.

Analysis of DEGs Related Diseases

In this study, the enrichment analysis of DEGs
related diseases was conducted by the EASE
(Expressing Analysis Systematic Explorer)*' The
DEGs related diseases were picked out by the
Fisher algorithm in the EASE, and p < 0.05 was
used as the cut-off criterion.

Results

Identification of DEGs

For dataset GSE475, a total of 524 DEGs were
identified at p < 0.05 and llogFCI>1 between the
4 normal and 3 COPD diaphragm muscle sam-
ples. And there were 118 down-regulated DEGs
and 406 up-regulated DEGs.

Functional Enrichment Analysis of DEGs

The GO (Gene Ontology) functional nodes
classifications of DEGs were classified based on
the similarity between the sequences of DEGs
and the sequences at the GO nodes recorded in
the GO. As shown in Table I, we obtained 17
functional classifications with various regulatory
effects, such as regulation of transcription and
regulation of RNA metabolic process.

PPI Networks Construction

The STRING software was used to excavate
the interactive products of DEGs for constructing
the PPI networks. The constructed PPI networks
were shown in Figure 1. For the PPI network, IL-
6 and SOCS3 (suppressor of cytokine signaling
3) were the two hub genes with most interac-
tions.

Pathway Annotation of DEGs

As shown in Table II, we screened 7 signifi-
cant pathways and the most significant pathway
was the JAK/STAT (Janus activated kinase/signal
transducers and activators of transcription) sig-
naling pathway (hsa04630). Total 11 DEGs were
significantly enriched in this pathway. The IL6
and SOCS3 were directly participated in this
pathway, which were shown in Figure 2.

Analysis of DEGs Related Diseases
The enrichment analysis of DEGs related dis-
eases was conducted by the EASE. As shown in
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Table I. The COG list of DEGs.

Term Count E-value
GO:0006357~regulation of transcription from RNA polymerase II promoter 41 7.57E-10
GO:0051252~regulation of RNA metabolic process 67 4.96E-08
GO:0006355~regulation of transcription, DNA-dependent 66 4.97E-08
GO0:0010033~response to organic substance 37 7.22E-08
GO0:0048545~response to steroid hormone stimulus 18 1.25E-07
GO:0009719~response to endogenous stimulus 26 1.77E-07
GO:0009725~response to hormone stimulus 24 4.35E-07
GO:0051254~positive regulation of RNA metabolic process 27 1.29E-06
GO:0045893~positive regulation of transcription, DNA-dependent 26 3.60E-06
G0:0051098~regulation of binding 14 6.16E-06
GO:0007167~enzyme linked receptor protein signaling pathway 21 7.17E-06
GO:0051101~regulation of DNA binding 12 1.70E-05
GO:0016481~negative regulation of transcription 24 1.85E-05
GO:0031667~response to nutrient levels 15 2.12E-05
GO:0045944~positive regulation of transcription from RNA polymerase II promoter 21 2.34E-05
GO0:0010604~positive regulation of macromolecule metabolic process 35 2.78E-05
G0:0010629~negative regulation of gene expression 25 2.78E-05

Figure 1. The PPI networks of GRIK2
DEGs. ®
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Table II. Significantly expressed pathways in the interactive network.

Pathway Count p value DEGs

hsa04630: JAK-STAT signaling pathway 11 0.004798 LEP, IL4, GH1, IFNA21, IL6, EP300,
PRLR, SOCS3, CSF3R, EPOR, MPL

hsa04080: Neuroactive ligand-receptor interaction 14 0.010287 DRD3, TACR2, GRIK2, BDKRB2,
VIPR2, SCTR, GRMS5, CRHRI1, LEP,
GHI1, CHRMS5, GALR1, PRLR, FSHB

hsa04720: Long-term potentiation 6 0.025939 GRMS, EP300, CALMLS, RAPGEF3,
CACNAIC, ITPR1

hsa00140: Steroid hormone biosynthesis 5 0.026305 CYP3A43, CYP3A4, HSD3B2,
HSD11B2, UGT2B15

hsa04060: Cytokine-cytokine receptor interaction 13 0.028086 1L4, IFNA21, IL18R1, IL1R1, IL6,
CCL2, LEP, GH1, PRLR, CSF3R,
EPOR, NGFR, MPL

hsa04622: RIG-I-like receptor signaling pathway 6 0.030567 CASP10, IFNA21, IFIH1, MAP3K1,
DDX3Y, IKBKB

hsa00830: Retinol metabolism 5 0.043885 CYP3A43, CYP3A4, CYP2C9,

UGT2B15, RDH5
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Figure 2. The JAK-STAT signaling pathway (the screened DEGs were in the red boxes).
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Table III, we identified 19 relevant diseases
which DEGs significantly enriched, such as
breast cancer involved 23 DEGs, hypertension
involved 16 DEGs and atherosclerosis involved
13 DEGs. Furthermore, the DEGs of 1L4,
IL18RI1, IL1R1 and IL6 were participated in the
pulmonary fibrosis that has close relationship
with COPD.

Discussion

COPD is a severe respiratory disease caused
by the abnormal inflammatory response of the
lung to noxious particles or gases®**. In this
study, we used bioinformatics methods to investi-
gate the molecular mechanisms of COPD. The
results showed that the DEGs of IL6 and SOCS3
were directly participated in the JAK/STAT sig-
naling pathway which is the most significant
pathway. And DEGs of SOCS3, 1L4, IL18R1,
IL1R1, and IL6 were participated in the disease
of pulmonary fibrosis.

In our study, it is showed that IL-6 and SOCS3
directly participated in the JAK/STAT signaling

pathway and related to the disease of pulmonary
fibrosis. IL-6 is an interleukin that implicated in
the promotion of inflammation, cell proliferation
and differentiation, and it has been found that pa-
tients with COPD had higher levels of CRP (C
Reactive Protein), IL-6, fibrinogen and
adiponectin®?. The increased levels of IL6 are
present in the airways and blood samples of pa-
tients with COPD, and increased IL6 plasma lev-
els are associated with the risk of developing
COPD during follow-up?*?’. SOCS3 is an IL-6
responsive gene and is a specific inhibitor of the
IL-6/Stat3 signaling pathway®®. Furthermore, it
has been suggested that tobacco smoke could in-
hibit the expression of SOCS3, and SOCS3 may
represent a potential biomarker for understanding
the efficacy and a novel anti-inflammatory mech-
anism of FP/SAL (Fluticasone propionate/Salme-
terol) combination therapy in the treatment of
COPD?-°, Therefore, the results of our work are
consisted with previous studies.

The JAK/STAT signaling pathway activated by
cytokines, hormones and growth factors plays
important role in regulating expression of genes
involved in cellular activation, differentiation and

Table Ill. The diseases relevant to the DEGs in the interactive network.

Disease Count p value DEGs

Bone mass 5 0.001193 GHI1, IL1R1, IL6, ESR1, ESR2

Breast cancer 23 0.001195 CYP3A4, IL6, XRCC6, ESR1, AURKA, ESR2, MMP3,
PTEN, HPR, LEP, CASP10, GH1, MTHFR, EP300,
PRLR, NCOA3, MAP3K1, RASSF1, TXN, BUBI,
PTCHI1, GNB3, UGT2B15

Hypertension 16 0.003851 CYP3A4, IL6, DRD3, SLC6A2, CYP2C9, ESRI1,
ESR2, BDKRB2, MMP3, FKBP1B, LEP, CD36,
HSD11B2, ERAP1, GNB3, CACNAIC

Anorexia nervosa 5 0.004388 UCP3, DRD3, SLC6A2, ESR1, ESR2

Uterine cancer 3 0.004403 ESR1, AURKA, ESR2

Endometriosis 8 0.004417 1L4, IL6, ESR1, ESR2, MMP3, PDCD6, PTEN, AHSG

Blood pressure, arterial 8 0.005424 MTHEFR, SLC6A2, CYP2C9, ESR1, BDKRB2, GNB3,
ESR2, SELE

Bone density 11 0.006942 1L4, GGCX, IL1R1, IL6, CCL2, GNRH1, DBP, ESRI1,
PDE4D, ESR2, AHSG

Myocardial infarction 12 0.007076 IL4, MTHFR, IL6, CCL2, THBD, CYP2C9, ABCAL1,
BDKRB2, GNB3, MMP3, SELE, SELPLG

Depressive disorder, major 7 0.008061 CRHRI1, CCL2, SLC6A2, CYP2C9, ESR1, GNB3, ESR2

Cardiovascular disease 7 0.01584 MTHFR, THBD, CYP2C9, ESR1, GNB3, SELE, HPR

Atherosclerosis, coronary 13 0.016062 IL18R1, CCL2, ESR1, ESR2, BDKRB2, ABCAI1,
MMP3, HPR, MTHFR, THBD, GNB3, SELE, SELPLG

Body mass 6 0.018237 LEP, HSD3B2, MTHFR, IL6, UCP3, GNB3

Atherosclerosis, carotid 4 0.01863 IL6, CCL2, ABCA1, AHSG

Heart disease, ischemic 6 0.024328 MTHEFR, IL6, ABCA1, MMP3, SELE, SELPLG

Myocardial infarction 7 0.025747 MTHFR, IL6, THBD, ESR1, BDKRB2, MMP3, THPO

Blood pressure 4 0.045991 CYP2C9, BDKRB2, ESR2, SELE

Pulmonary fibrosis 4 0.045991 IL4, IL18R1, IL1R1, IL6

Osteoporosis 4 0.045991 MTHEFR, ESR1, ESR2, AHSG




W. Chen, Y.-Q. Hong, Z.-L. Meng

survival®!*2, Research has shown that SOCS
could blind to the cytokine receptors and sites of
JAK tyrosine-phosphorylation by its SH2 struc-
ture to suppress cytokine signaling, and the IL-
6/JAK/Stat3 pathway induces expression of
SOCS3, inhibits activation of JAK-1 and, hence,
blocks IL-6 signaling in a classic feed-back
loop?®¥. Therefore, JAK/STAT signaling path-
way is very critical for IL-6 and SOCS3.

Conclusions

IL6 and SOCS3 play important roles in COPD
and have the potential to serve as therapeutic tar-
gets of COPD. This work could contribute to un-
derstanding the molecular mechanisms of COPD.
Since the identified DEGs in COPD were based
on gene chips from a small sample size, the mol-
ecular mechanism and target therapy of RCC
need to be further explored and researched.
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