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MOLECULAR STRATIFICATION OF LUNG
ADENOCARCINOMA USING GENE EXPRESSION

Research Paper

Molecular stratification of tumors is essential for developing personalized therapies. Although
patient stratification strategies have been successful; computational methods to accurately
translate the gene-signature from high-throughput platform to a clinically adaptable low-dimensional
platform are currently lacking. Here, we describe bioinformatics method for identification of
biomarkers in lung adenocarcinoma using  unsupervised clustering of TCGA (the Cancer Genome
Altas Consortium) samples, based on gene-expression profiles, recaptured the three molecular
subgroups but switched the subtype for 14% of the samples, resulting in significant (P = 0.000344)
survival differences among the refined subgroups. Our results were able to define three subgroups
of lung adennocarcinoma that differed not only in gene expression patterns, but also in clinical
properties, including patient survival.
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INTRODUCTION
Lung cancer is the worldwide leading cause of
cancer-related deaths (Siegel et al., 2014). The
overall 5-yr survival for all stages is ~16%. The
two main types of lung cancer are non-small cell
lung cancer (NSCLC; ~90% of cases) and small
cell lung cancer (SCLC; ~10% of cases). The
types are based on the way the cells look under
a microscope. NSCLS further divided into

adenocarcinoma (the most common form of lung
cancer), squamous-cell carcinoma and large-cell
lung cancer. Adenocarcinoma is the most
common form of lung cancer found in women,
and is often found in non-smokers. It is also the
most common type of lung cancer in people under
the age of 45 and the most common type of lung
cancer among Asians (Eldridge, 2015). Early
detection of various forms of cancer before they
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spread and become incurable is an important
incentive for physicians and research scientists
(Etzioni et al., 2003). Cancer biomarkers can be
DNA, mRNA, proteins, metabolites, or processes
such as apoptosis, angiogenesis or proliferation
(Hayes et al., 1996). The markers are produced
either by the tumor itself or by other tissues, in
response to the presence of cancer. Such
biomarkers can be found in a variety of fluids,
tissues and cell lines.

Molecular understanding of tumor
heterogeneity and genomic similarities is the key
to personalized medicine and effective cancer
treatment. Numerous studies have identified
molecularly distinct lung cancer subtypes among
individual patients of the same histopathological
type by performing high-throughput gene-
expression analysis of the patient tumor samples
(Hayes et al., 2006; Takeuchi et al., 2006; Levy
et al., 2012; and Network, 2014).

Although lung cancer subtypes seem to exist,
there is little consensus on their number (two and
more than six subtypes) in addition to this the
derived subgroups did not show any significant
survival and prognostic stratification unless lower
histopathological grade glioma patients were
included (Bhattacharjee et al., 2001; Beer et al.,
2002; Hayes et al., 2006; Wilkerson et al., 2012;
and Network, 2014). We, therefore, hypothesize
that gene expression profiles would lead to better
cancer patient stratification with prognostic
significance. To address these problems, we
applied bioinformatics approaches to identify
molecular subtypes of lung adenocarcinoma
using TCGA RNA SEQV2 gene expression
profiles. Our subtyping with gene expression now
reveals a classification of subtypes with accurate
prognostic significance.

MATERIALS AND METHODS
Preprocessing of TCGA RNA-SEQV2 Data
A total of 512 lung adenocarcinoma and 58 normal
lung RNA-SEQV2 datasets retrieved from The
Cancer Genome Atlas (TCGA) data portal (http:/
/tcga-data.nci.nci.nih.gov/tcga) (RNASeqV2-
Level3). We removed 21 lung adenocarcinoma
samples for which no survival information was
available. We therefore analyzed RNA-SEQ data
of 491 lung adenocarcinoma and 58 normal lung
samples. Normalized isoform expression
estimates were used for the subgroup discovery
from TCGA adenocarcinoma samples by
performing the following data-filtering and
clustering methods.

Normalization and Fold Change
After obtaining normalized isoform-level gene
expression estimates, a separate isoform
expressions matrix was created for normal and
tissue samples using log2 (FPKM+1) values. The
fold change of the isoforms expression values
were measured between tumor and normal
samples. It is calculated by subtracting the median
value of normal samples with tumor samples
across each isoform.

Cox Proportional Hazards Regression
(Coxph Model) – Survival Associated
Genes
Before the identification of subgroups, survival
associated isoforms were identified using Cox
proportional hazards regression model (coxph
function from the R “survival” package) on each
gene. Any gene with a coxph p-value of less than
0.01 was considered positive. The coxph model
was applied on the datasets using vital status
(LIVE or DEAD) as predictor variable. In this
dataset vital status encoded as logic and days to
death was encoded as numeric.
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Identification of Lung Adenocarcinoma
Subgroups Based on Gene Expression
Using Consenuss Cluster Plus Clustering
We applied Consensus Cluster Plus clustering
approach to group the samples on the survival
associated genes data matrix. Consensus
Clustering Method was performed on expression
matrix of 1900 transcripts and 491 samples
using R packages Consensus Cluster Plus (ref).
We used “ward” heirarchical linkage method for
subsampling and consensus matrix (CC). Each
subsample was then partitioned into k = 2-10
groups by a hierarchical clustering (hc)
clustering algorithm using Pearson distance
matrix. This process was repeated for 200
repetitions.

Silhouette Width
Silhouette width is defined as the ratio of average
distance of each sample to samples in the same
cluster to the smallest distance to samples not
in the same cluster (Rousseeuw, 1987). If
silhouette width is close to 1, it means that sample
is well clustered. If silhouette width is close to –1,
it means that sample is misclassified. The
misclassified samples were removed from each
of the cluster.

Survival Difference Between Subtypes
Kaplan-Meier survival curves lung
adenocarcinoma subtypes were plotted. Log-rank
test is applied to test if there is a difference
between the survival curves. The R package
“survival” (http://cran.r-project.org/web/packages/
survival/index.html) was used to do the analysis.

Differential Gene Expression
Differentially expressed marker genes were
determined between normal and tumor samples,
Differential gene expression also calculated for
each sub-type with the other two sub-types using

limma (Ritchie et al., 2015). We used the cutoff
value to be the q-value <0.001.

Gene Function Annotation and Pathway
Analysis
Pathway analysis was conducted to infer the
functional roles and relationships of the genes
with varied expression in the analysis. logFC
value of significant genes were submitted to
Ingenuity Pathway Analysis (IPA,
www.qiagen.com/ingenuity).

RESULTS
Processed RNA-SEQV2 gene expression data
and clinical details for 491 lung adenocarcinoma
and 58 normal lung samples were downloaded
from TCGA data portal. The gene-level estimates
were obtained for a total of 20,531 genes.

Stratification of Lung Adenocarcinoma
Samples
We first selected most-variable gene-variants
across the tumor samples and performed
ConsensusClusterPlus clustering to stratify lung
adenocarcinoma samples. We identified three
major clusters (Figure 1a) named as “cluster1
(C1)”, “cluster2 (C2)”, “cluster3 (C3)” using the
expression of 1900 of the most variable genes.
The choice of three clusters was confirmed using
the Cumulative Distribution Function (CDF)
(Figure 1b). CDF plot exhibited a flat middle
portion for the three clusters. In order to prepare
homogeneous, lung adenocarcinoma
subgroups, we filtered out samples that were not
good representatives of subgroups by employing
the silhouette width method. This resulted (Figure
2) in the removal of 71 samples, leading to a final
set of 266 (C1), 81 (C2), 73 (C3) lung
adenocarcinoma samples-for a total of 420
samples as most representative of the three
groups.
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Differential Gene Expression
Comparative statistical analysis between lung
adenocarcinoma and normal lung samples
produced 10,000 gene-variants were significantly

altered in lung adenocarcinoma. Further we
calculated differential gene expression for all
possible one cluster versus all clusters , 7305,
5826, 6331 differentially express genes were

Figure 1: Gene Level Expression-Based Clustering of Lung Adenocarcinoma Patients from the
TCGA Cohort Shows Prognostic Differences. (A) Consensus Clustering Plus-Method-Based
Clustering of 492 Lung Adenocarcinoma Patient Samples Based on the Expression of 1,600

of the Most Variable Genes Across the Patients. (B) The Cumulative Distribution Function (CDF)
Shows the Flat Curve for k = 3, and Approaches the Maximum Consensus Distribution

Figure 2: The Silhouette Width Shows Assignments of Clusters to Samples and the k Silhouette
Width of Each Sample for the Most Robust Clustering
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resulted in C1 versus all other, C2 versus all other
clusters, C3 versus and all other clusters
respectively (adj.P.Val<0.001).

Prognostic Biomarkers Identification
Based on Gene Expressions
Kaplan-Meirer curves were generated to assess
differences in survival by adenocarcinoma
subtype (Figure 3). The molecular stratification
of the TCGA samples by the gene-based
signature showed that the there was significant
overall survival (0.000344). C1 subgroup has
significantly better overall survival than the other

two groups (p < 0.00143). Significant survival
differences ware also observed between C1 and
C3 (0.00817). There were no signif icant
differences were observed between C2 and C3
groups (p = 0.835). The patients in C3 subgroup
demonstrated significantly improved survival
compared with other subgroups.

Clinical and Biologic Correlates of
Adenocarcinoma Subtypes
Further we characterized the adenocarcinoma
subtypes using clinical information (Table 1). Male
patients were prevalent in C2 subgroups (63%)

Figure 3: Kaplan-Meier Survival Curve by the Adenocarcinoma Subtype for the Overlapping
TCGA Study Core Samples. The Statistical Significance of the Overall Plot and that

of One-to-One Comparison for Each Subtype is Shown. The P-values have been Calculated
Using the Log-Rank Test
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Table 1: Description of Patient Clinical Information and Tumor Characteristics by Subtype
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Table 2a: Description of Major Pathways, Upstream Regulators

compared to C1 (48.5%) and C3 (28.8%)
subgroups. Female patients were prevalent in C3
subgroup (71.2%). The median age across the
three subgroups was similar (65.5, 65, and 67).
Nonsmokers and reformed smokers were
prevalent in C3 subgroup. In C3 subgroup, Stage
I and Stage III patients were dominated whereas
in C1 the Stage II and Stage IV patient were
dominated. KRAS and EGFR mutation were
higher in C3 subgroups. Targeted Molecular
therapy treatment in C3 subgroups was dominant
(9.9%) where as radiation treatment was similar
across the three subgroups.

Biological Pathways of Tumor Subtypes
The subgroup C1 is dominated by Cell cyle, RAN
signaling and Hepatic Stellate Cell Activation
pathways. The dominant upstream regulators
in this subgroup were TP53 (Inhibited), E2F4,
RABL6 (Activated), MITF (Activated) and NUPR1
(Inhibited). The cancer disease related genes
were dominant in this group. Highly expressed
genes this subgroup were GPR87, MUC16,
KRT16, ADGRF4, and KRT6A. Whereas the
genes, PGC, SLC14A2, C16orf89, SFTPB,
CACNA2D2 were observed low expression
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Table 2b: Top Diseases, Up and Down Regulated Genes by Subtype

compared with all other subgroups (Tables 2a
and 2b).

Defining genes of the C2 subgroup stem from
a dramatically different set of tumor processes,
including Antigen Presentation Pathway, Type I
Diabetes Mellitus Signaling, Graft-versus-Host
Disease Signaling, Altered T Cell and B Cell
Signaling in Rheumatoid Arthritis, Virus Entry via
Endocytic Pathways. All the top upstream
regulators in this group were inhibited which
includes TNF, IFNG, SMARCA4, TGM2 and TCR.
The dominant genes in this subgroup related to
the Immunological and Inflammatory diseases.
(Tables 2a and 2b).

The subgroup C3 demonstrated a pattern of
gene expression associated Cell Cycle Control

of Chromosomal Replication, Role of BRCA1 in
DNA Damage Response, Estrogen-mediated
S-phase Entry, and RAN Signaling Salvage,
Pathways of Pyrimidine Ribonucleotides. The top
upstream regulators in this subgroup were similar
to C1 subgroup but its predicted activation is
completed opposite for example TP53is inhibited
in C1 subgroup whereas in C3 subgroups in
activated, similarly RABL6, MITF were activated
in C1 subgroup but they were inhibited in the C3
group (Tables 2a and 2b).

DISCUSSION
The data show that patterns of gene expression
obtained from TCGA RNA SEQV2 data crudely
dissected lung tumors can be used to detect
tumor subtypes that correlate with biological and
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TCGA ID Cluster Silhoutte Width

TCGA-L4-A4E5 1 0.132728115

TCGA-78-7633 2 0.210174651

TCGA-86-8671 3 0.025154701

TCGA-05-4433 1 0.257024846

TCGA-55-7907 1 0.235689706

TCGA-78-7162 2 0.160891023

TCGA-44-7662 1 0.386296175

TCGA-73-A9RS 1 0.150476425

TCGA-78-7149 2 0.171137015

TCGA-97-A4M7 3 0.115346527

TCGA-55-8085 2 0.072249721

TCGA-67-3774 2 0.135433076

TCGA-97-8174 2 0.149489761

TCGA-L9-A5IP 1 0.369611630

TCGA-99-AA5R 3 0.057853813

TCGA-62-A46Y 3 0.019348495

TCGA-38-4630 1 0.214091009

TCGA-55-6968 1 0.204629164

TCGA-91-8496 3 0.116323892

TCGA-69-A59K 1 0.181260301

TCGA-44-7670 1 0.243926163

TCGA-49-4486 2 0.156813220

TCGA-91-6847 1 0.276667411

TCGA-91-6848 1 0.368635960

TCGA-73-7499 3 –0.120738098

TCGA-MN-A4N4 1 0.308273473

TCGA-64-5779 2 0.076887823

TCGA-73-4677 2 0.110875554

TCGA-44-7669 1 0.073066268

TCGA-50-5068 3 –0.070282803

TCGA-L9-A443 3 0.022087446

TCGA-50-6590 1 0.413465265

TCGA-86-8074 1 0.324523858

TCGA-55-6972 2 0.119170001

Supplementary Table: List of Samples with
3 Subtypes and Silhouette Width TCGA ID Cluster Silhoutte Width

TCGA-05-4410 3 –0.089931496

TCGA-50-5055 1 0.189771935

TCGA-49-4507 1 0.360238958

TCGA-73-4670 1 0.359769205

TCGA-69-7761 1 0.348199833

TCGA-69-7980 1 0.203028016

TCGA-99-8032 2 0.165295363

TCGA-62-A472 1 0.132086267

TCGA-67-3773 3 0.080590258

TCGA-78-7540 1 0.186601677

TCGA-97-8179 2 0.123536662

TCGA-49-AAR2 2 0.150512806

TCGA-64-1680 3 0.081289196

TCGA-55-A4DG 3 0.130394781

TCGA-49-AARQ 2 –0.016608256

TCGA-86-8359 1 0.050202081

TCGA-99-8033 1 0.337835260

TCGA-38-4628 3 –0.157147243

TCGA-62-8402 2 –0.041928460

TCGA-44-4112 1 0.250247029

TCGA-55-8096 1 0.120880067

TCGA-MP-A4T6 3 0.127153090

TCGA-J2-A4AE 3 0.136296778

TCGA-44-6777 1 0.326162998

TCGA-05-4422 2 0.183748337

TCGA-97-7547 3 –0.004894742

TCGA-55-8203 2 0.169503270

TCGA-05-4418 1 0.364023401

TCGA-78-7143 3 –0.001269298

TCGA-MP-A4SV 1 0.170137622

TCGA-73-4668 1 0.284206116

TCGA-50-5049 1 0.263041604

TCGA-44-6147 3 –0.014768646

TCGA-78-7145 1 0.280051764

TCGA-69-8253 2 0.070075986

Table (Cont.)
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TCGA ID Cluster Silhoutte Width

TCGA-93-7347 3 0.024035041

TCGA-78-7535 3 –0.040138976

TCGA-86-7713 2 0.172794012

TCGA-44-6145 1 0.363018615

TCGA-J2-A4AD 1 0.276214397

TCGA-MP-A4T8 1 0.132239339

TCGA-35-4123 1 0.343396522

TCGA-71-8520 3 –0.089766082

TCGA-78-7167 2 0.149048775

TCGA-55-8510 1 0.183277092

TCGA-97-7938 3 –0.013348682

TCGA-05-4432 2 0.133242285

TCGA-50-7109 2 0.129780161

TCGA-05-5429 1 0.310669959

TCGA-J2-A4AG 3 0.050599977

TCGA-62-8397 3 0.111003900

TCGA-NJ-A4YP 1 0.170376944

TCGA-49-AARR 3 0.076633833

TCGA-99-8025 3 –0.128905988

TCGA-49-4510 2 0.136318614

TCGA-64-1678 2 0.120471227

TCGA-MP-A4TA 1 0.328022537

TCGA-99-7458 3 –0.112736305

TCGA-MN-A4N1 1 0.170441047

TCGA-97-A4M6 3 0.070600995

TCGA-86-A4P7 3 0.042261391

TCGA-05-4395 1 0.379646839

TCGA-55-A48Y 1 0.181785173

TCGA-50-5936 1 0.360190173

TCGA-78-7161 2 0.245649029

TCGA-50-5939 1 0.393428033

TCGA-49-4487 1 0.178435030

TCGA-78-7166 1 0.246150184

TCGA-55-6983 2 0.107322308

TCGA-55-8091 1 0.206339122

Table (Cont.)

TCGA ID Cluster Silhoutte Width

TCGA-50-8460 3 0.113719394

TCGA-78-8648 1 0.282871548

TCGA-55-A48X 3 –0.005398793

TCGA-91-A4BC 2 –0.042364086

TCGA-50-5942 3 0.103457378

TCGA-44-5644 2 0.062398411

TCGA-50-6592 1 0.408359770

TCGA-05-5423 3 0.093015580

TCGA-91-6835 1 0.189702840

TCGA-53-A4EZ 2 0.144558662

TCGA-86-A456 3 0.062599149

TCGA-05-5425 1 0.249976276

TCGA-97-7546 3 0.031053567

TCGA-67-3772 3 –0.024814963

TCGA-44-6148 3 0.078105211

TCGA-78-7539 3 0.029665895

TCGA-69-7973 2 0.159377168

TCGA-05-4434 1 0.331609978

TCGA-97-7553 1 0.230529214

TCGA-49-4514 1 0.107518524

TCGA-97-7937 3 –0.059780296

TCGA-44-8117 1 0.157040713

TCGA-55-7724 1 0.273378548

TCGA-44-2668 1 0.446843626

TCGA-78-8662 1 0.123173489

TCGA-64-1681 3 0.079079117

TCGA-55-6970 1 0.237809383

TCGA-62-A470 2 0.213674280

TCGA-55-7910 2 0.168715339

TCGA-55-6971 1 0.074124306

TCGA-53-7624 1 0.354021087

TCGA-55-8615 2 0.251768528

TCGA-49-AARO 3 –0.184078530

TCGA-55-7903 1 0.158352641

TCGA-93-A4JP 1 0.124254004

Table (Cont.)
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TCGA ID Cluster Silhoutte Width

TCGA-55-8513 1 –0.030299693

TCGA-50-5933 1 0.417720312

TCGA-L9-A7SV 3 0.009729693

TCGA-MP-A4TD 2 0.169091845

TCGA-J2-8192 1 0.232030861

TCGA-64-5781 1 0.381819036

TCGA-50-5066 1 0.301567302

TCGA-86-8585 1 0.247971001

TCGA-50-6673 1 0.263122609

TCGA-55-7570 1 0.255593408

TCGA-44-6779 1 0.404168395

TCGA-55-8090 1 0.206777893

TCGA-95-7947 1 0.216484200

TCGA-49-6745 1 0.393137581

TCGA-86-7711 1 0.326557194

TCGA-67-6217 3 0.136339527

TCGA-55-8508 2 0.060141367

TCGA-78-7152 2 0.04526835

TCGA-55-7914 3 –0.039837837

TCGA-49-AAR3 1 0.374711067

TCGA-78-8640 1 0.165775500

TCGA-78-7163 3 0.067694409

TCGA-49-4490 1 0.165063958

TCGA-55-A494 2 0.149395822

TCGA-55-6980 1 0.182364073

TCGA-44-2662 1 0.401586329

TCGA-44-A4SU 3 0.093204345

TCGA-MP-A4TF 1 0.339255039

TCGA-78-7148 1 0.153207103

TCGA-55-8097 3 0.123265300

TCGA-97-8177 3 0.017483416

TCGA-NJ-A4YI 3 0.069158358

TCGA-55-1594 2 0.077214878

TCGA-64-1676 1 0.238567448

TCGA-55-A48Z 1 0.168287194

Table (Cont.)

TCGA ID Cluster Silhoutte Width

TCGA-44-A47G 1 0.214218075

TCGA-91-6840 1 0.082035490

TCGA-49-AAR4 3 –0.17058817

TCGA-78-8660 1 0.226936069

TCGA-55-8089 1 0.405093281

TCGA-95-A4VP 2 0.200980396

TCGA-55-6982 1 0.340515362

TCGA-MP-A4TE 2 0.240169576

TCGA-67-3770 3 0.082836385

TCGA-62-8395 2 0.114790257

TCGA-49-6767 1 0.388657123

TCGA-78-7146 1 0.395565890

TCGA-44-6775 1 0.269168156

TCGA-86-8358 1 0.128472752

TCGA-MN-A4N5 1 0.154047640

TCGA-05-4390 2 0.106139296

TCGA-64-5775 1 0.349618362

TCGA-93-7348 3 –0.014365038

TCGA-69-7764 2 0.136829904

TCGA-49-6742 1 0.261522470

TCGA-38-4629 1 0.430757970

TCGA-91-7771 2 0.064118431

TCGA-44-2659 3 –0.015342908

TCGA-MP-A4TK 1 0.342106214

TCGA-97-8175 1 0.244382176

TCGA-L9-A50W 3 0.073006045

TCGA-73-7498 2 0.128758221

TCGA-NJ-A55R 2 0.191196894

TCGA-NJ-A4YQ 1 0.238037498

TCGA-50-6594 1 0.327319629

TCGA-86-7701 2 0.031515787

TCGA-55-8507 2 0.205285083

TCGA-86-8672 1 0.341286333

TCGA-55-A491 1 0.176860570

TCGA-83-5908 1 0.418701206

Table (Cont.)
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TCGA ID Cluster Silhoutte Width

TCGA-55-8620 1 0.051842670

TCGA-55-6987 1 0.225414048

TCGA-44-2655 2 0.080913723

TCGA-55-8616 3 0.010626529

TCGA-55-6978 1 0.430625813

TCGA-50-5045 1 0.288726929

TCGA-44-2656 1 0.249965241

TCGA-93-A4JQ 1 0.299864028

TCGA-64-1679 1 0.369002289

TCGA-49-4506 1 0.33766536

TCGA-97-8552 3 0.161690546

TCGA-44-6774 2 –0.190933423

TCGA-97-A4LX 1 0.145138896

TCGA-05-4384 2 0.147848376

TCGA-44-7667 2 –0.021224879

TCGA-05-5428 1 0.197863012

TCGA-55-8621 3 –0.088516012

TCGA-55-6975 1 0.400696372

TCGA-55-8207 3 0.037185449

TCGA-05-4415 1 0.331782241

TCGA-50-5932 2 0.054593775

TCGA-73-4658 1 0.308443580

TCGA-55-8614 1 0.256891576

TCGA-86-8674 2 0.193266656

TCGA-91-6849 2 0.108581700

TCGA-55-7576 1 0.283051071

TCGA-05-4396 2 0.016191759

TCGA-62-8398 1 0.331040575

TCGA-62-A46U 1 0.115472425

TCGA-50-5941 1 0.315340498

TCGA-44-2661 3 0.116642464

TCGA-95-7567 1 0.153814980

TCGA-91-6831 2 –0.029341954

TCGA-55-8505 1 0.350491371

TCGA-86-8056 3 0.037178165

Table (Cont.)

TCGA ID Cluster Silhoutte Width

TCGA-05-4402 1 0.233441898

TCGA-86-8278 1 0.134383957

TCGA-69-7760 1 0.143231020

TCGA-86-8279 3 –0.052352421

TCGA-05-4398 1 0.344771567

TCGA-91-A4BD 3 0.146656513

TCGA-NJ-A7XG 3 0.092366725

TCGA-05-4403 1 0.263010264

TCGA-55-6642 2 –0.047304979

TCGA-44-A4SS 1 0.349302976

TCGA-05-4420 2 0.014555138

TCGA-50-5946 1 0.136063669

TCGA-95-7043 1 0.086275881

TCGA-44-8120 1 0.143305293

TCGA-44-3396 1 0.335498080

TCGA-55-7725 3 0.073079743

TCGA-55-1596 1 0.212278028

TCGA-78-7147 3 0.005538531

TCGA-91-6836 1 0.256193566

TCGA-05-5420 1 0.234165467

TCGA-38-7271 1 0.223346170

TCGA-97-8171 3 –0.033964171

TCGA-95-8039 3 –0.056864544

TCGA-97-7941 1 0.002427088

TCGA-L9-A8F4 1 0.168809997

TCGA-64-1677 2 –0.131489421

TCGA-86-7953 1 0.205406585

TCGA-97-A4M0 3 0.117450829

TCGA-55-7911 1 0.182478464

TCGA-55-7283 3 –0.046270746

TCGA-86-6851 1 0.137128391

TCGA-50-6591 1 0.215761927

TCGA-4B-A93V 2 0.208027843

TCGA-73-4675 2 0.023493514

TCGA-78-7536 2 –0.011081806

Table (Cont.)
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TCGA ID Cluster Silhoutte Width

TCGA-86-7955 1 0.203780762

TCGA-49-6743 1 0.337441422

TCGA-50-8457 3 0.120559696

TCGA-49-4488 1 0.160207153

TCGA-55-7816 1 0.211305602

TCGA-55-7995 1 0.141632366

TCGA-71-6725 3 0.044969959

TCGA-55-8205 1 0.396770080

TCGA-62-8394 1 0.225910435

TCGA-86-8280 3 0.101139893

TCGA-86-8073 1 0.198376799

TCGA-55-7227 1 0.166335658

TCGA-55-6543 3 –0.064866873

TCGA-44-A47A 3 0.030771832

TCGA-93-A4JO 3 –0.058650246

TCGA-44-2665 1 0.291292950

TCGA-97-8172 3 0.022040776

TCGA-MP-A4TH 3 –0.053084055

TCGA-55-A57B 3 –0.072151973

TCGA-91-8499 1 0.179808011

TCGA-55-8619 1 0.118482567

TCGA-35-4122 1 0.337292683

TCGA-44-A479 2 0.075972650

TCGA-64-5774 2 0.134334217

TCGA-95-7039 1 0.229557687

TCGA-64-5815 1 0.366287171

TCGA-86-6562 1 0.223645846

TCGA-78-8655 1 0.119432079

TCGA-67-3771 1 0.151944173

TCGA-MP-A4TI 1 0.418701639

TCGA-05-4405 1 0.076842121

TCGA-L9-A743 1 0.194408234

TCGA-69-7974 1 0.292544095

TCGA-49-AAQV 3 –0.094928749

TCGA-L9-A444 3 –0.018636771

Table (Cont.)

TCGA ID Cluster Silhoutte Width

TCGA-97-8176 1 0.278125038

TCGA-55-6969 2 –0.036193198

TCGA-62-A46O 1 0.308491172

TCGA-05-4389 1 0.092824119

TCGA-NJ-A55O 2 –0.033997185

TCGA-95-7948 3 –0.01097077

TCGA-69-7765 1 0.232518343

TCGA-86-7714 3 0.015024500

TCGA-55-6979 1 0.320979221

TCGA-97-7552 1 0.172618444

TCGA-44-5643 1 0.279275892

TCGA-49-AAR0 2 0.089814669

TCGA-78-7537 2 0.106028959

TCGA-97-A4M5 3 –0.120235527

TCGA-05-5715 3 –0.189501647

TCGA-78-7220 1 0.301213432

TCGA-44-6776 2 0.138119746

TCGA-35-5375 1 0.232951143

TCGA-86-8673 3 –0.217849060

TCGA-55-A490 1 0.130812523

TCGA-38-4626 1 0.112081574

TCGA-67-6216 3 –0.015081945

TCGA-05-4425 3 –0.141617415

TCGA-55-8301 1 0.241134148

TCGA-50-6593 1 0.277401471

TCGA-55-8092 1 0.240912537

TCGA-86-8668 3 0.116252026

TCGA-86-A4D0 2 0.137899793

TCGA-95-8494 1 0.277753595

TCGA-55-6981 1 0.252193098

TCGA-55-8094 2 0.024730964

TCGA-86-8055 1 0.394503794

TCGA-62-8399 1 0.145773491

TCGA-S2-AA1A 3 0.031370323

TCGA-44-7671 2 0.026899753

Table (Cont.)
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TCGA ID Cluster Silhoutte Width

TCGA-05-4426 3 –0.177087820

TCGA-55-7726 1 0.416756628

TCGA-86-A4JF 1 0.154090407

TCGA-93-A4JN 3 –-0.126586418

TCGA-86-8669 2 0.202905325

TCGA-38-4632 1 0.283540558

TCGA-55-7281 1 0.118096205

TCGA-44-5645 3 0.154624428

TCGA-91-6829 1 0.249342626

TCGA-44-8119 2 –0.044151009

TCGA-64-5778 3 –0.024222760

TCGA-49-AARN 1 0.094050315

TCGA-MP-A4SY 1 0.289874660

TCGA-38-6178 1 0.215396139

TCGA-NJ-A4YG 3 0.074414761

TCGA-NJ-A55A 3 0.139731621

TCGA-55-A492 2 0.136970631

TCGA-05-4250 1 0.413467442

TCGA-44-7660 1 0.247700703

TCGA-55-7574 1 0.107690983

TCGA-38-4625 1 0.328995828

TCGA-05-4430 1 0.218892079

TCGA-55-8514 3 0.104962763

TCGA-55-A4DF 1 0.119976194

TCGA-93-8067 1 0.220430998

TCGA-55-6984 1 0.301016644

TCGA-50-5935 3 –0.018668876

TCGA-44-2666 3 –0.088166930

TCGA-J2-8194 2 0.115752615

TCGA-97-8547 3 –0.121875710

TCGA-49-4512 3 0.000655706

TCGA-50-5944 3 –0.047103315

TCGA-44-6146 1 0.105879586

TCGA-55-6986 3 –0.145646825

TCGA-95-7562 1 0.237492117

Table (Cont.)

TCGA ID Cluster Silhoutte Width

TCGA-69-7978 1 0.398951241

TCGA-49-AAR9 1 0.388443838

TCGA-35-3615 2 0.112744997

TCGA-38-4631 1 0.319353386

TCGA-05-4424 1 0.165282305

TCGA-73-4676 1 0.341002179

TCGA-69-8453 1 0.222865115

TCGA-05-4417 2 0.058783245

TCGA-44-3398 1 0.253339097

TCGA-55-7994 1 0.262310620

TCGA-38-A44F 1 0.076894942

TCGA-69-7763 2 –0.093223542

TCGA-86-8076 3 –0.059355473

TCGA-55-A493 1 0.400586783

TCGA-38-4627 1 0.318513452

TCGA-49-4505 1 0.123368252

TCGA-50-6595 1 0.443308205

TCGA-97-A4M3 2 0.232259722

TCGA-78-7159 2 0.184101900

TCGA-78-7158 3 –0.009532054

TCGA-62-A46S 2 0.170558185

TCGA-55-8087 3 0.109271739

TCGA-50-6597 3 0.037254014

TCGA-55-8204 1 0.313186246

TCGA-44-7661 1 0.414914058

TCGA-62-A471 1 0.344248973

TCGA-05-4249 3 0.065756255

TCGA-50-5072 1 0.336473734

TCGA-78-7160 1 0.274156999

TCGA-55-7727 3 –0.087133401

TCGA-49-6744 1 0.243423960

TCGA-67-6215 3 –0.010846600

TCGA-55-7728 1 0.065141897

TCGA-MP-A5C7 2 0.192051388

TCGA-44-3918 1 0.251472860

Table (Cont.)
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TCGA ID Cluster Silhoutte Width

TCGA-MP-A4T9 1 0.258465411

TCGA-97-A4M1 3 0.096336411

TCGA-50-5044 1 0.346245989

TCGA-55-8511 1 0.327063441

TCGA-55-8302 1 0.328778163

TCGA-55-8506 3 –0.084083675

TCGA-97-7554 1 0.251492156

TCGA-78-7154 1 0.294975444

TCGA-55-8208 1 0.300300719

TCGA-73-4659 2 0.087695122

TCGA-NJ-A4YF 2 0.122795710

TCGA-97-A4M2 3 0.023717238

TCGA-95-A4VN 1 0.312782826

TCGA-78-7155 1 0.194891262

TCGA-62-A46P 2 0.175256729

TCGA-50-8459 1 0.313302315

TCGA-44-7659 3 0.122090073

TCGA-44-7672 1 0.299038264

TCGA-44-2657 3 0.028824794

TCGA-78-7153 2 0.243171148

TCGA-50-5931 1 0.280797608

TCGA-91-6828 2 0.144905269

TCGA-05-4382 1 0.296055820

TCGA-99-8028 1 0.189923609

TCGA-55-8206 3 0.073198807

TCGA-05-4244 1 0.120851683

TCGA-78-7156 2 0.187488152

TCGA-55-8512 3 0.018263383

TCGA-55-1595 1 –0.017056955

TCGA-05-4397 1 0.236536239

TCGA-69-7979 1 0.175128970

TCGA-69-8255 1 0.139349795

TCGA-50-5930 1 0.304977229

TCGA-55-7815 3 –0.221869930

TCGA-MP-A4TJ 3 –0.094392393

Table (Cont.)

TCGA ID Cluster Silhoutte Width

TCGA-50-5051 2 0.269485854

TCGA-44-A47B 3 –0.054003847

TCGA-49-6761 1 0.287326311

TCGA-86-8054 2 0.030729189

TCGA-44-6778 1 0.059477815

TCGA-49-4501 3 0.003878020

TCGA-95-A4VK 1 0.099135836

TCGA-55-1592 1 0.072234941

TCGA-MP-A4TC 1 0.366297006

TCGA-53-7626 1 0.110000193

TCGA-49-4494 1 0.240669860

TCGA-55-5899 1 0.070470414

TCGA-55-6712 1 0.363551298

TCGA-91-8497 3 –0.033507804

TCGA-91-6830 1 0.317886127

TCGA-73-4666 1 0.363751234

TCGA-MP-A4SW 3 0.069976654

TCGA-55-8299 1 0.333394380

TCGA-95-7944 1 0.342488304

TCGA-86-7954 1 0.097862797

TCGA-53-7813 2 0.217129462

TCGA-86-8281 2 0.197335175

TCGA-55-7573 3 0.132786983

TCGA-44-3919 3 –0.079821208

TCGA-86-8075 1 0.332914185

TCGA-62-A46R 3 –0.055114584

TCGA-49-AARE 1 0.206647109

TCGA-78-7150 1 0.355705531

TCGA-62-A46V 3 0.016807949

TCGA-MP-A4T7 1 0.202729494

TCGA-55-6985 1 0.25569530

TCGA-73-4662 3 0.051163616

TCGA-MP-A4T4 1 0.291429010

TCGA-05-4427 1 0.206329755

TCGA-86-A4P8 3 0.087151438

Table (Cont.)
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TCGA ID Cluster Silhoutte Width

TCGA-L4-A4E6 3 0.011184802

TCGA-78-7542 1 0.396105234

Table (Cont.)

clinical phenotypes. Specifically, patterns of gene
expression were found that correspond to the
major morphological classes of lung tumors. In
addition, we were able to define three subgroups
of lung adenocarcinoma that differed not only in
gene expression patterns, but also in clinical and
pathological properties, including patient survival.

TCGA gene datasets produced clear pictures
of the three adenocarcinoma subtypes. The
adenocarcinoma expression diversity is
consistent with the earlier reports (Garber et al.,
2001; Hayes et al., 2006; and Network, 2014).
Samples most representative of the clusters
were identified based on positive silhouette width
(14% samples were eliminated, Supplementary
Table), indicating higher similarity to their own
class than to any other class member.

With regard to their clinical features, C1
tumors dominated with female smokers with
EGFR mutations. The C2 tumors were more
likely from male smokers. Patients with C2
tumors fared significantly worse that those with
the C1 and C3 subtypes. The poor survival of
this subgroup may be due later stage of patients
(stage III) and smoking status. In contrast to C2
subgroup, C3 tumors were more likely to be from
female patients (71.2%) and non smokers
(24.7%) and reformed smokers (45.2%, greater
than 15 years). Approximately 71.3% patients
were belongs to init ial stage of lung
adenocaricinoma, i.e., stage I. Patients with these
tumors demonstrated significantly improved
survival compared with other tumor subtypes. The
activation of TP53 in this subgroup may leads to

apoptosis (Fridman and Lowe, 2003). Improved
survival for C3 patients may be due to their lower
rate of distant metastases, smoking status and
activation/inhibit ion upstream regulators
compared with the other tumor subtypes. Finally,
the subtypes exhibited different transition
frequencies, genomic ploidy profiles, patterns of
large-scale aberration, and differed in their
association with smoking history

In summary, we provided extensive and
detailed support for the gene expression-based
classification of tumors using TCGA RNA-Seq
gene expression profiles can be used as
prognostic biomarkers for lung adenocarcinoma.

ACKNOWLEDGMENT
The Corresponding author Prof. Sathyavelu
Reddy K is thankful to the UGC, New Delhi for
the award of UGC-BSR- One Time Grant (F.19-
141/2014 (BSR) dated 16-12-2014) through
financial assistance to carry out a part of this
research work.

REFERENCES
1. Beer D G, Kardia S L, Huang C-C, Giordano

T J, Levin A M, Misek D E and Thomas D G
(2002), “Gene-Expression Profiles Predict
Survival of Patients with Lung
Adenocarcinoma”, Nature Medicine, Vol. 8,
No. 8, pp. 816-824.

2. Bhattacharjee A, Richards W G, Staunton J,
Li C, Monti S, Vasa P and Gillette M (2001),
“Classification of Human Lung Carcinomas
by mRNA Expression Profiling Reveals
Distinct Adenocarcinoma Subclasses”,
Proceedings of the National Academy of
Sciences, Vol. 98, No. 24, pp. 13790-13795.

3. Eldridge L (2015), “Lung Adenocarcinoma
Symptoms, Treatments, and Prognosis”,



35

This article can be downloaded from http://www.ijmspr.com/currentissue.php

Int. J. of Medical Sciences & Pharma Research, 2015 K Satyavelu Reddy et al., 2015

from http:// lungcancer.about.com/od/
t y p e s o f l u n g c a n c e r / a / L u n g -
Adenocarcinoma.htm

4. Etzioni R, Urban N, Ramsey S, McIntosh M,
Schwartz S, Reid B and Hartwell L (2003),
“The Case for Early Detection”, Nature
Reviews Cancer, Vol. 3, No. 4, pp. 243-252.

5. Fridman J S and Lowe S W (2003), “Control
of Apoptosis by p53”, Oncogene, Vol. 22,
No. 56, pp. 9030-9040.

6. Garber M E, Troyanskaya O G, Schluens K,
Petersen S, Thaesler Z, Pacyna-Gengelbach
M and Whyte R I (2001), “Diversity of Gene
Expression in Adenocarcinoma of the Lung”,
Proceedings of the National Academy of
Sciences, Vol. 98, No. 24, pp. 13784-13789.

7. Hayes D F, Bast R C, Desch C E, Fritsche
H, Kemeny N E, Jessup J M and Norton L
(1996), “Tumor Marker Utility Grading
System: A Framework to Evaluate Clinical
Utility of Tumor Markers”, Journal of the
National Cancer Institute, Vol. 88, No. 20,
pp. 1456-1466.

8. Hayes D N, Monti S, Parmigiani G, Gilks C
B, Naoki K, Bhattacharjee A and Meyerson
M (2006), “Gene Expression Profiling
Reveals Reproducible Human Lung
Adenocarcinoma Subtypes in Multiple
Independent Patient Cohorts”, Journal of
Clinical Oncology ,  Vol.  24, No. 31,
pp. 5079-5090.

9. Levy M A, Lovly C M and Pao W (2012),
“Translating Genomic Information into
Clinical Medicine: Lung Cancer as a

Paradigm”, Genome Research, Vol. 22,
No. 11, pp. 2101-2108.

10. Network C G A R (2014), “Comprehensive
Molecular Prof iling of Lung
Adenocarcinoma”, Nature, Vol. 511,
No. 7511, pp. 543-550.

11. Ritchie M E, Phipson B, Wu D, Hu Y, Law C
W, Shi W and Smyth G K (2015), “Limma
Powers Differential Expression Analyses for
RNA-Sequencing and Microarray Studies”,
Nucleic. Acids Res., gkv007.

12. Rousseeuw P J (1987), “Silhouettes: A
Graphical Aid to the Interpretation and
Validation of Cluster Analysis”, Journal of
Computational and Applied Mathematics,
Vol. 20, pp. 53-65.

13. Siegel R, Ma J, Zou Z and Jemal A (2014),
“Cancer Statistics”, A Cancer Journal for
Clinicians, Vol. 64, No. 1, pp. 9-29.

14. Takeuchi T, Tomida S, Yatabe Y, Kosaka T,
Osada H, Yanagisawa K and Takahashi T
(2006), “Expression Prof ile–Def ined
Classification of Lung Adenocarcinoma
Shows Close Relationship with Underlying
Major Genet ic Changes and
Clinicopathologic Behaviors”, Journal of
Cl inical Oncology ,  Vol.  24,  No. 11,
pp. 1679-1688.

15. Wilkerson M D, Yin X, Walter V, Zhao N,
Cabanski C R, Hayward M C and Thorne L
B (2012), “Differential Pathogenesis of Lung
Adenocarcinoma Subtypes Involving
Sequence Mutations, Copy Number,
Chromosomal Instability, and Methylation”,
PLoS ONE, Vol. 7, No. 5, p. e36530.


