
Abstract. – OBJECTIVE: We aim to explore
the expression difference between lung cancer
cells and normal lung cells, and to investigate
the mechanism of lung cancer development. Be-
sides, we predicted the potential target site of
transcriptional factors and microRNAs for differ-
entially expressed genes (DEGs), which may
help to regulate expression of DEGs. Small mol-
ecules were also identified to cure lung cancer.

MATERIALS AND METHODS: Gene expres-
sion profiles we used were downloaded from
Gene Expression Omnibus (GEO) using acces-
sion number of GSE2378. Firstly, we identified
differential genes between lung cancer cells and
normal lung cells by using R package limma.
Then, we detected the processes and pathways
that changed in lung cancer cells by Gene On-
tology (GO) and KEGG pathway enrichment
analysis. Potential target sites of transcriptional
factors and microRNAs were also detected
based on gene annotation data in MSigDB. Fi-
nally, small molecule drugs were screened via
querying Connectivity Map database.

RESULTS: We obtained 2961 differentially ex-
pressed genes between lung cancer cells and
normal lung cells. Besides changes in cell cycle,
metabolic processes and proteasome were also
dramatically disordered. Some DEGs shared tar-
get sites of the transcription factor such as E2F,
ETS and CEBPB. Target sites of hsa-miR-196a
and hsa-miR-200c were also significantly en-
riched by DEGs. Iloprost simulated the state of
normal cells, while MS-275 might be potential
pathogenic substances.

CONCLUSIONS: We investigate the lung can-
cer from Gene Ontology, pathway, transcription
factors and microRNAs based on gene expres-
sion profiles. All these results may facilitate
lung cancer treatment with a new breakthrough.

Key Words:
Lung cancer, Transcription factor, microRNA, Path-

way, Gene ontology, Small molecules.

Introduction

Lung cancer is the uncontrolled growth of ab-
normal cells in one or both lungs1. These abnormal
cells do not carry out the functions of normal cells
and do not develop into healthy lung tissue. As
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they grow, the abnormal cells can form tumors2.
Survival of lung cancer depends on stage, overall
health, and other factors. Overall, 15% of people in
the United States diagnosed with lung cancer sur-
vive five years after the diagnosis3. Worldwide,
lung cancer is the most common cause of cancer-
related death in men and women, and is responsi-
ble for 1.38 million deaths annually, as of 20084.
Therefore, the research and treatment of lung can-
cer is of great significance to human health.

Genome-wide transcriptional expression
analysis is a powerful strategy for characterizing
the biological activity of disease phenotypes.
Gene ontology (GO) is utilized to characterize
the function categories affected by lung cancer. It
determines the functional categories of lung can-
cer related genes. Genes that differentially ex-
pressed between normal lung tissue and cancer
show enrichment in gene ontology terms associ-
ated with mitosis and proliferation5. RBM5/H37
tumor suppressor, located at the lung cancer hot
spot 3p21.3, alters expression of genes involved
in metastasis. Overall gene set of the gene ontol-
ogy group is “proteinaceous extracellular
matrix”6. Methylated genes are significantly en-
riched as transcription factors (TFs) and in
processes of neuronal differentiation7. Gene on-
tology characterize that epigenetic genes shows
are almost exclusively involved in morphogenet-
ic differentiation processes in lung cancer8.

Many of lung cancer related genes are enriched
in biologic pathways. Using an improved gene-
set-enrichment analysis approach, the Fas signal-
ing pathway and the antigen processing and pre-
sentation pathway are most significantly related
with lung cancer susceptibility9. DNA copy num-
ber aberrations in small-cell lung cancer are sig-
nificantly activated by the focal adhesion
pathway10. MicroRNA signatures in tumor tissue
are related to pathway “angiogenesis” in non-
small cell lung cancer evaluated by Gene Set En-
richment Analysis (GSEA)11. In the final integra-
tive analysis of lung cancer related miR-21-targets
analysis, 24 hub genes are identified by overlap
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calculation, suggesting that miR-21 may play an
important role in the development and progression
of lung cancer through JAK/STAT signal path-
way, MAPK signaling pathway, Wnt signaling
pathway, cell cycle, PPAR signaling pathway,
apoptosis pathway and other pathways12.

Based on the genes related with disease phe-
notype, researchers screen drugs to repress these
genes. The Connectivity Map is a collection of
genome-wide transcriptional expression data
from cultured human cells treated with bioactive
small molecules and simple pattern-matching al-
gorithms that together enable the discovery of
functional connections between drugs, genes and
diseases through the transitory feature of com-
mon gene-expression changes13. Drug versus
Disease (DvD) provides a pipeline for the com-
parison of drug and disease gene expression pro-
files from public microarray repositories14. Yeh
et al15 screen drugs that target cancer stem cells
(CSCs) to improve the current treatment and
overcome drug resistance. They use gene signa-
tures between embryonic stem cell and CSC to
identify potential drugs that can reverse the gene
expression profile of CSCs based on Connectivi-
ty Map. They repurpose trifluoperazine as a po-
tential anti-cancer stem cell agent that could
overcome EGFR-tyrosine kinase inhibitor and
chemotherapy resistance. There is no standard
therapy for cholangiocarcinoma (CCA). Chen et
al16 hypothesize that, if a drug could reverse the
gene expression signature of CCA, then it may
inhibit the carcinogenesis of CCA. After compar-
ing the expression pattern of CCA-related genes
and genes perturbed by small molecules in con-
nectivity map, NVP-AUY922 is regarded as an
effective treatment option for patients with CCA.
Combining the query signature with correlating
profiles allows for the definition of a tight neu-
rodegeneration signature that successfully high-
lights many neuroprotective drugs in the Broad
connectivity map17. Using microarray technolo-
gy, Claerhout et al18 generate a gene expression
profile of human gastric cancer-specific genes
from human gastric cancer tissue samples. Then
they use profiles in the Broad Institute’s Connec-
tivity Map analysis to identify vorinostat as a
candidate therapy for gastric cancer.

Many diseases are caused by hereditary muta-
tions. An increasing number of the identified dis-
ease-related mutations occur in gene regulatory
sequences. Laurila and Lähdesmäki19 investigate
the effect of mutations on transcription factor
binding affinity computationally. For example,

the mutation in ALOX changes its binding status
with transcriptional factor SPI1, which results in
inflammatory effects20. Mutation of HBD also af-
fect its binding with transcriptional factor GA-
TA1, which finally leads to δ-thalassemia21. Res-
piratory and related diseases are affected by
modified transcription regulation programs.
Many TFs are significantly enriched in the target
disease groups22. MicroRNA-183 regulates Ezrin
expression in lung cancer cells23. miR-93, miR-
98, and miR-197 regulate expression of tumor
suppressor gene FUS124. MiR-21 is an EGFR-
regulated anti-apoptotic factor in lung cancer in
never-smokers25.

In this study, we aim to integrate information
of functional annotation, transcription factors and
microRNAs to elaborate the mechanism of lung
cancer development. Moreover, we screened
small molecules for lung cancer treatment based
on the differential genes. The potential target
sites of microRNAs and transcriptional factors
were also detected, helping to regulate expres-
sion of differential genes.

Materials and Methods

Data Source
To gain insight into the changes in lung cancer

cells, we intended to explore disease mechanism
from the gene level by identifying differentially
expressed genes (DEGs). We collected cells from
lung cancer samples and normal lung samples. The
cells are then used for microarray samples to get
gene expression profiles. The microarray data were
downloaded from Gene Expression Omnibus
(GEO, http://www.ncbi.nlm.nih.gov/geo/, acces-
sion number GSE237826). In this dataset, it in-
cludes five normal samples and five lung cancer
samples. Microarray platform is GPL96
[HG_U133A].

Screen of Differential Genes
We used R package (Geoquery27 and limma28)

to analyze chip data (version 2.13.0). Geoquery
can quickly query microarray data from GEO
(Gene Expression Omnibus) database. Limma is
the most popular method to identify differentially
expressed genes. First, the preprocessed microar-
ray data were obtained by Geoquery. Then log2
transformation was performed on these data. Up-
and down-regulated genes were identified be-
tween lung cancer cells and normal lung cells us-
ing R package limma28.
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(http://www.broadinstitute.org/gsea/msigdb/in-
dex.jsp). The statistical method used was hyper-
geometric algorithm, and BH (Benjamini-
Hochberg) adjustment was used for multiple test
correction33. Finally, we obtained the potential
target sites that regulate transcription factors.

Potential microRNA Target Sites
We performed gene enrichment analysis based on

gene annotation data in MSigDB (http://www.broad-
institute.org/gsea/msigdb/index.jsp). The statistical
method used was hypergeometric algorithm, and BH
adjustment was used for multiple test correction. Fi-
nally, we obtained the potential target sites of mi-
croRNAs that regulate expression of DEGs.

Expression Profiles of Cell Lines
Perturbed by Small Molecules

Connectivity Map[13] (http://www.broad.
mit.edu/Connectivity Map/) consists of more
than 7,000 gene expression profiles treated with
1,309 small molecules. These expression profiles
represent about 6,000 instances, each of which
comprises a treatment and vehicle pair. By com-
paring the expression pattern similarity of DEGs
and the genes perturbed in Connectivity Map in-
stances, a list of molecules related to the input
genes will be identified.

Differentially expressed genes were parti-
tioned into up- or down-regulated groups. KS
scores for both up () and down () were calculated
as follows:

Where, t is the number of genes in either the
up- or down-regulated gene group, N is the total
number genes in array, j denotes the jth gene in
the rank ordered up- or down-regulated groups
according to the extent of differential expression,
V(j) denotes the position of the jth gene in the
rank ordered whole gene list (also ranked accord-
ing to the extent of differential expression).
The connectivity S score is set to zero
where KSup and KSdown have the same sign. Oth-
erwise, set S to be KSup-KSdown.

We intend to identify small molecules with
similar or opposite effect with disease DEGs. S

Detecting Significant Gene Ontology
(GO) Terms of DEGs

To explore changes of DEGs occurring at the
cellular level and detect the function of DEGs, we
elaborated gene function and cellular location based
on Gene Otology (GO)29. GO enrichment analysis
was performed using GOEAST30. If DEGs contain
valid IDs of k genes from a microarray with a total
of t genes, for a given GO term, there are q genes
within k and m genes within t; then, the possibility
that whether genes associated with this GO term is
enriched by hypergeometric test.

m t-m(x ) ( k-x )
p (X = x > q) = ∑

m __________
x=q t(k)

We analyzed how DEGs to impact cells from
three ontologies of GO, that are biological
process, molecular function and cellular compo-
nent. In this way, we investigated how the DEGs
affected the lung cancer cells.

Detecting Significant Pathways
After elaborating gene function and cellular

location based on Gene Ontology, we further ex-
plored how these DEGs interact with other genes
in a pathway. We obtained all the metabolic and
non-metabolic pathways from kegg pathway
database. Then, we identified the enriched path-
ways of DEGs using Gene Set Analysis Toolkit
V231,32. Pathway enrichment analysis was per-
formed using hypergeometric test. If DEGs con-
tain valid IDs of k genes from a microarray with
a total of t genes, for a given pathway, there are q
genes within k and m genes within t, the possibil-
ity is calculated as following,

m t-m(x ) ( k-x )
p (X = x > q) = ∑

m __________
x=q t(k)

In this way, we identified pathways that were
disturbed in lung cancer cells.

Potential Transcription Factor Target Sites
We performed gene enrichment analysis

based on gene annotation data in MSigDB
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ranges from -1 to 1. If the S is close to 1, it indi-
cates that this small molecule can simulate the
state of normal lung cells. In contrary, if the S is
close to -1, it indicates that this small molecule
can simulate the disease state of lung cancer cells.

Results

Differentially Expressed Genes Between
Lung Cancer Cells and Normal Lung Cells

We identified differential genes between lung
cancer cells and normal lung cells using linear
models and empirical Bayes methods to assess
differentially expressed genes28. Benjamini-
Hochberg false discovery rate (BH-FDR)33 was
performed for multiple testing correction. All
genes were ranked by p-value. Genes with p <
0.05 were regarded as differential genes. Finally,
3730 probes exhibited differential expression,
which involved 2961 genes.

Enriched GO Terms of DEGs
Differentially expressed genes were enriched

into GO terms using GOEAST. DEGs enriched
cellular components are shown in Figure 1. DEGs
enriched molecular function is shown in Figure 2.
DEGs enriched biological process is shown in
Figure 3. The GO enrichment results preliminari-
ly interpret the impact of the differentially ex-
pressed gene on biological function. From the
perspective of molecule function, the DEGs influ-
ence protein-protein binding and the activity of
the respiratory chain, including the transmission
of oxygen as well as of NAD + metabolism.
These indicate that lung cancer cells differ from
norm lung cells in the energy metabolism.

From the perspective of the cellular compo-
nent, changes occur in microtubule, centromere
and chromosome relevant parts. These parts are
closely related to cell proliferation, which is also
consistent with the fact that cancer cell prolifera-
tion is abnormal and uncontrollable. Besides, we
also identified the mitochondrial changes, which
is consistent with the result of the molecular
function.

From the perspective of biological process, the
changes of lung cancer cells involves multiple
aspects, including cell division, cell cycle, organ
development and regeneration, lymphocyte dif-
ferentiation and maturation, cell signal transduc-
tion and metabolism of sugar, protein and fat.
These suggest that differences do exist in lung
cancer cells and normal cells.

Pathways Disturbed in Lung Cancer Cells
In order to explore the local changes, we fur-

ther investigated the changes in pathways. We
utilized hypergeometric algorithm for KEGG
pathway enrichment and BH method was used
for p value correction. All the pathways with cor-
rected p < 0.05 and at least two DEGs were re-
garded as significant signaling pathways. These
pathways are listed in Table I.

KEGG pathway enrichment further con-
firmed the speculation of GO enrichment. DNA
replication and cell cycle confirmed the strong
proliferation of lung cancer cells. Changes in
mismatch repair indicated that autonomous
DNA damage repair ability was changed in lung
cancer cells.

In addition, changes in KEGG pathway, such
as proteasome, metabolic pathways and glu-
tathione metabolism, further confirmed the infer-
ence of GO enrichment that cell metabolism
changed in lung cancer cells. Wherein it is wor-
thy noted that changes in pathway proteasome
may lead to degradation of intracellular tumor
suppressor proteins (e.g., p53), or the degrada-
tion of the cell cycle inhibitory factor. All these
implications provide some clues for lung cancer
development. Changes in pathway glutathione
metabolism indicated alteration occurred in glu-
tathione or its metabolites, which makes it possi-
ble to early diagnose lung cancer.

Potential Transcription Factor Target Sites
Studies on molecular differences between lung

cancer cells and normal lung cells offer the pos-
sibility to understand lung cancer. The analysis
of the lung cancer DEGs also facilitates to eluci-
date the mechanism of lung cancer. Exploring
targets of transcription factor may fundamentally
describe the occurrence of lung cancer, because
transcription factors are important regulatory ele-
ments for downstream gene. Here we analyzed
upstream sequences of DEGs and explored the
potential target sites of the transcription factors.
The results are shown in Table II. For example,
the target site of transcription factor E2F, ETS
and CEBPB were significantly enriched by the
DEGs.

Potential microRNAs that Target DEGs
Cells generally regulate gene translation in

two ways. One is via regulatory elements such as
transcription factors regulating DNA transcrip-
tion into RNA. The other is via elements such as
microRNAs regulating RNA stability. Therefore,
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Discussion

Lung cancer is the most common primary pul-
monary malignant tumors, generally originate in
the bronchial epithelium34. During the past 50
years, all over the world particularly in industrial
countries, the incidence and mortality of lung can-
cer has rapidly rise35. Therefore, it is of great sig-
nificance to research on treatment of lung cancer.

In this study, we identified 2961 differentially
expressed genes (DEGs) based on gene expres-
sion profile of lung cancer cells and normal lung
cells. It indicates that the DEGs imply the occur-

it is of particular significance to identify the mi-
croRNAs that regulate DEGs. Here we analyze
potential microRNAs based on the gene se-
quence of DEGs. The results are shown in Table
III. For example, the target site of hsa-miR-196a
and hsa-miR-200 c were significantly enriched
by the DEGs.

Lung Cancer Related Small Molecules
We hope our studies on lung cancer help the

treatment of lung cancer, which include explor-
ing possible small molecule drugs for lung can-
cer treatment. DEGs were divided into two types,
up-regulated and down-regulated. By comparing
the expression pattern of DEGs and that of genes
perturbed by small molecules, we obtained lung
cancer related small molecules. The most corre-
lated 20 small molecules are listed in Table IV. 

From Table IV, small molecules iloprost (en-
richment = 0.947) could simulate the state of
normal cells, that is to say, it may be potentially
used for lung cancer treatment. At the same time,
small molecule MS-275 (enrichment = –0.998)
could simulate the cell state of lung cancer cells,
that is to say MS-275 may be potential pathogen-
ic substances. They may provide good model to
study the mechanism of lung cancer.

Figure 2. Enriched molecular function of DEGs. Significantly enriched terms are colored yellow (FDR < 0.05). The more
yellow the color is, the more significant the term is.

Table I. Significant pathways that change in lung cancer cells.

KEGG pathway p value

DNA replication 5.17E-06
Cell cycle 3.61E-05
Mismatch repair 0.0056
Proteasome 0.0091
Systemic lupus erythematosus 0.0109
Metabolic pathways 0.0243
Glutathione metabolism 0.026
Alzheimer’s disease 0.0683
Type I diabetes mellitus 0.0829
Glycolysis/gluconeogenesis 0.0893
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rence mechanism of lung cancer or even the key
points of the lung cancer treatment. After con-
ducting functional analysis from the perspective
of Gene Ontology (GO) and KEGG pathway, a
number of changes occur in cell cycle and meta-
bolic processes. Some DEGs shared target sites
of the transcription factor and microRNAs. Fur-
ther, small molecule drugs, which repair the dis-
ordered metabolic pathways, were identified for
lung cancer treatment.

From GO enrichment analysis, the DEGs influ-
ence cell cycle and metabolic process36,37, which is
reported to be related to cancer progression. The
Gene Ontology term “protein binding” becomes

the predominant reaction with phenethyl isothio-
cyanate (PEITC) that accounts for 87% of the total
uptake but only 12% for sulforaphane (SFN)38.
These indicate that lung cancer cells differ from
norm lung cells in the energy metabolism. From
the aspect of the cellular component, changes oc-
cur in microtubule. Taxol, a chemotherapeutic
drug for cancer treatment, binds to microtubules
and abolish their dynamic behavior39. Centromere
protein or protein of centromere complexes are al-
so related to carcinogenesis and progression of
lung cancer40,41. Changes also occur in the connect-
ing portion between cells, which may explain mor-
phology changes of cancer cells.

KEGG pathway analysis confirms that DNA
replication and cell cycle are correlated with lung
cancer. Changes in mismatch repair (MMR) indi-
cate that autonomous DNA damage repair ability
changes in lung cancer cells. Hansen et al42 in-
vestigate the role of MMR in small-cell lung can-
cer cells. They propose two possibilities to ex-
plain the controversial findings in different sam-
ples. It is worthy noted that changes occur in
pathway Proteasome. The proteasome constitutes
the main protein waste disposal and recycling
system lung cells. In lung cancer cells, the pro-
teasome is a promising therapeutic target43,44.
Moreover, the proteasome is involved in lung
pathogenesis45. Common genetic variations in

Table II. Potential transcription factor target sites.

Target p-value Target p-value

a_V$E2F_Q6_01 0.0012 hsa_V$CP2_01 0.0123
hsa_V$ZF5_01 0.0012 hsa_V$E2F1DP2_01 0.0123
hsa_TTGTTT_V$FOXO4_01 0.0012 hsa_V$HNF3ALPHA_Q6 0.0136
hsa_V$TCF11MAFG_01 0.0026 hsa_RYTTCCTG_V$ETS2_B 0.0136
hsa_V$E2F_Q4_01 0.0026 hsa_GGGYGTGNY_UNKNOWN 0.0175
hsa_V$E2F_03 0.0039 hsa_V$ETS_Q4 0.0184
hsa_TGANTCA_V$AP1_C 0.0046 hsa_V$E2F_Q6 0.0184
hsa_V$E2F1DP1RB_01 0.0068 hsa_V$CEBPB_01 0.0198
hsa_V$E2F1_Q6 0.0068 hsa_V$CEBP_Q2 0.0241
hsa_GGGCGGR_V$SP1_Q6 0.0102 hsa_V$TFIIA_Q6 0.0241
hsa_V$HFH4_01 0.0102 hsa_TGANNYRGCA_V$TCF11MAFG_01 0.0288
hsa_CTTTGT_V$LEF1_Q2 0.0102 hsa_V$FOXD3_01 0.0315
hsa_V$NFE2_01 0.0123 hsa_GGGAGGRR_V$MAZ_Q6 0.0324
hsa_V$E2F_Q4 0.0123 hsa_V$AP1_Q2_01 0.0331
hsa_TGGAAA_V$NFAT_Q4_01 0.0123 hsa_V$FOXO4_01 0.0337
hsa_V$E2F4DP2_01 0.0123 hsa_MGGAAGTG_V$GABP_B 0.0337
hsa_V$E2F_Q3_01 0.0123 hsa_V$ELF1_Q6 0.0337
hsa_V$E2F4DP1_01 0.0123 hsa_V$AHR_01 0.0389
hsa_V$E2F1_Q4_01 0.0123 hsa_V$ELK1_01 0.0409
hsa_V$E2F1DP1_01 0.0123 hsa_.V$CP2_02 0.0428
hsa_WGGAATGY_V$TEF1_Q6 0.0123 hsa_V$SRF_C 0.0432
hsa_SGCGSSAAA_V$E2F1DP2_01 0.0123 hsa_GGGTGGRR_V$PAX4_03 0.045
hsa_V$E2F_02 0.0123

Table III. Potential microRNAs that target differentially ex-
pressed genes.

Target 
sequence Potential microRNA p-value

hsa_ACTACCT MIR-196A, MIR-196B 0.021
hsa_CAGTATT MIR-200B, MIR-200C, 

MIR-429 0.021
hsa_TGCCTTA MIR-124A 0.021
hsa_AATGTGA MIR-23A,MIR-23B 0.021
hsa_GTGCCAA MIR-96 0.021
hsa_TTGGGAG MIR-150 0.024
hsa_CATTTCA MIR-203 0.024
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tivity Map. These small molecules can simulate
the states of normal lung cells compared to lung
cancer cells, which means that these small mole-
cules might repair the disordered pathways.
Small molecules iloprost (enrichment = 0.947)
could simulate the state of normal cells. Iloprost
is regarded as a promising agents for lung
cancer51. The trial of the prostacyclin analog ilo-
prost recently reported 20%-30% lung cancer
mortality reductions52. Keith et al54 carry out a
multicenter double-blind, randomized, phase II
placebo-controlled trial of oral iloprost in current
or former smokers with sputum cytologic atypia
or endobronchial dysplasia. When compared
with placebo, former smokers receiving oral ilo-
prost exhibited a significantly greater improve-
ment53. Iloprost also can improve bronchial his-
tology. iloprost is able to inhibit transformed
growth of human non-small cell lung cancer
(NSCLC)55. At the same time, small molecule
MS-275 (enrichment = –0.998) could simulate
the cell state of lung cancer cells. The histone
deacetylase (HDAC) inhibitor MS-275 reverses
CSC-induced epithelial-to-mesenchymal transi-
tion (EMT), migration, and invasion through the
restoration of E-cadherin expression56. MS-275
restored E-cadherin expression and moderate
sensitivity to erlotinib in HCC4006ER cells57.
Treatment with MS-275 was most effective in E-
cadherin up-regulation and persistence in non-
small cell lung cancers. As with other tumor
types and HDAC inhibitors, MS-275 inhibited
growth and induced apoptosis. Importantly,
blocking E-cadherin induction by short hairpin
RNA resulted in less inhibition by MS-275, im-
plicating the epithelial to mesenchymal pheno-
type process as a contributing factor58. MS-275
effect is related to an HDAC tethered to the
HLA-DRA promoter by the transcription factor
YY159. The combination of 5AZA-CdR and MS-
275 has been reported in patients with advanced
Ewing’s sarcoma60. Such small molecules pro-
vide new possibility for lung cancer treatment. It
is also found many DEGs have the same target
sites of the transcription factor. These sites play a
vital role in the regulation of gene expression.

Conclusions

Overall, through the functional analysis of
DEGs, we identified cell cycle, metabolic path-
ways and proteasome as the significant terms for
lung cancer. The target sites of transcriptional

Table IV. List of lung cancer related small molecules.

cmap name Enrichment p

Vorinostat -0.73 0
Trichostatin A -0.708 0
Thioridazine -0.57 0
LY-294002 -0.446 0
Sirolimus -0.358 0
MS-275 -0.998 0.00004
Prestwick-675 0.918 0.00004
Prestwick-857 0.902 0.0001
Prochlorperazine -0.532 0.0001
Trifluoperazine -0.525 0.00012
Tanespimycin -0.276 0.00012
Iloprost 0.947 0.00018
Mebendazole -0.82 0.00046
Atractyloside 0.813 0.00058
PHA-00745360 0.65 0.00084
Puromycin -0.851 0.00092
Scriptaid -0.91 0.00128
Phenoxybenzamine -0.83 0.00151
Niclosamide -0.757 0.00154
Cefamandole 0.818 0.00193
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genes of EGFR and glutathione pathways may be
associated with overall survival among patients
with advanced stage NSCLC treated with plat-
inum, taxane, and/or gemcitabine
combinations46. Changes in pathway glutathione
metabolism indicate alteration occurs in glu-
tathione or its metabolites, which makes it possi-
ble to early diagnose of lung cancer.

Moreover, the DEGs significantly share target
sites of transcription factors and microRNA.
These sites play an important role for the regula-
tion of gene expression. The putative control of
Gpr19 expression by E2F transcription factors is
verified by chromatin immunoprecipitation in
small cell lung cancer47. Transcription factor
CEBPB and ets variant 4 (ETV4) are the hub
nodes in the transcriptome network of human
lung cancer48. Rs11614913 is a polymorphism in
hsa-miR-196a2 reported to alter mature microR-
NA expression and function. It is reported to be
associated with severe toxicity in lung cancer pa-
tients49. The expression level of miR-200c in
non-small-cell lung cancer A549 cells is low in
contrast to normal human bronchial epithelial
cells50. The transcription factor and microRNA
analysis may provide an improved understanding
of the molecular mechanisms and potential thera-
peutic targets in the treatment of lung cancer. 

A series of small molecules were identified
based on expression pattern of the DEGs and
genes perturbed by small molecules in Connec-
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