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1. ABSTRACT 
 

Non-small cell lung cancer (NSCLC) accounts 
for nearly 1 million deaths annually, worldwide. 
Conventional treatments offer limited benefits and patients 
have a survival rate of approximately 1 year. A biomarker 
for NSCLC could provide the potential benefits of early 
diagnosis, prognosis and could lead to important 
applications such as drug targeting. In a search for a 
biomarker with prognostic value, we reviewed the literature 
and tested potential biomarkers by performing a meta-data 
analysis using public databank of NSCLC biopsies 
containing gene expression data and clinical and pathologic 
information from 111 patients. We generated standard 
Kaplan–Meier mortality curves by clustering patients 
according to either biomarker expression levels or NSCLC 
stage grouping. Our statistical analyses show that all 60 
potential biomarkers analyzed here have no prognostic 
value for NSCLC patient outcome. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. INTRODUCTION 
 
 Lung cancer is the leading cause of cancer deaths 
worldwide, accounting for 1.3 million deaths annually (data 
from World Health Organization, 2008). The high mortality 
associated with this disease is primarily due to the fact that 
the majority of lung cancers are not detected until they have 
progressed to an advanced stage (1). Non-small cell lung 
cancer (NSCLC) represents nearly 85% of lung cancer 
cases. Compared with other major types of cancer such as 
colon, prostate, and breast cancers, the clinical outcome of 
conventional therapies for NSCLC remains poor, with a 
median survival of 9-11 months (2).  
 

 Therefore, there is an urgent need for more 
effective therapies, drugs, or treatments that could help 
decrease the incidence of NSCLC. Alternatively, cancer 
biomarker gives good guidance on many areas of cancer 
biology. Unlike uniformity of long-established TNM 
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system, the international standard protocol that allows the 
staging of carcinoma according to the extent of disease in 
the patient, cancer biomarkers are considered to be more 
suitable to the heterogeneous nature of cancer (3). In 2008, 
Sawyers discussed the three types of cancer biomarkers. 
These can be used for prognosis, to predict the natural 
course of a tumor, indicating whether the outcome for the 
patient is likely to be good or poor. They can also be used 
in prediction, helping to decide which patients are likely to 
respond to a given drug and at what dose it might be most 
effective (4). A biomarker for NSCLC could provide the 
potential benefits of early diagnosis, considering that the 
disease is usually detected in late stages when surgical 
removal of the tumor is no longer an option, and 
additionally, could lead to other important applications 
such as prognosis and drug targeting (5). An impressive 
number of molecular markers have been implicated in the 
prognosis of NSCLC; however, the results reported in 
literature are conflicting and none are in use in clinics. 
Thus, further investigation, newer molecular assays and the 
development of appropriate panel of molecular markers are 
still required (6).  
 
 Systematic analysis of gene expression using high-
throughput screening of cDNA microarray libraries has 
been considered as an effective approach for identifying 
and validating potentials biomarkers for NSCLC (7). 
However, final validation should be done by testing a 
collection of well-defined clinical samples. Herein, we 
describe a bioinformatics-based approach to test and 
validate the prognostic value of potential NSCLC 
biomarkers. Our research group have been studying many 
aspects of tumor biology by different bioinformatics 
approaches (8-9). Here our approach is to correlate data 
collected from the literature with data on gene expression 
of a large and well-defined collection of NSCLC biopsies 
containing information on patients’ clinical status and 
pathology to clinically evaluate the efficacy of potential 
biomarkers to predict patients outcome. Validation by 
clinical trials in large cohorts of patients is necessary before 
cancer-related phenotypes can be translated into the clinic 
as reliable biomarkers. 
 
3. SEARCHING FOR NSCLC POTENTIAL 
BIOMARKER 
 
3.1. Literature search  
 The list of genes presented in (Table 1) was 
compiled by searching the PubMed database for articles 
published in English between January 1985 and December 
2009. Search criteria included subject heading terms for 
“biomarker”, “prognosis”, “gene expression” and “lung 
cancer”. Genes reported in two or more articles during the 
period of our search, or in one article at least during the last 
3 years were selected. Those articles describing pooled 
biomarkers into the same analysis were excluded from the 
list (i.e. combined performance for multiple genes). A total 
of 60 NSCLC was tested. 
 
3.2. Tumor samples and microarray data 
 For the clinical validation of potential NSCLC 
prognostic biomarkers, we used a large, homogeneous, 

well-defined collection of samples from lung cancer 
biopsies, along with respective gene expression data and 
relevant clinical and pathologic information -such as age, 
sex, cancer histological type, and NSCLC staging in a 
cohort follow-up period of 72 months- on 111 patients (10). 
Data were obtained from the GEO database 
(http://www.ncbi.nlm.nih.gov/projects/geo/; Series 
GSE3141) and from the Duke Institute for Genome 
Sciences & Policy website 
(http://data.cgt.duke.edu/oncogene.php). All gene array 
data was on Affymetrix U133A GeneChip, from core 
biopsies of patients’ tumor. A sine qua non condition for 
select a given gene was the presence of two or more 
microarray probes in NSCLC cohort used. 
 
3.3. Survival data analysis 
 We used the SPSS software (SPSS for Windows, 
release 14.0.0, SPSS Inc., Chicago, IL) to generate 
Standard Kaplan–Meier mortality curves with their 
significance levels, for patient clusters. Survival curves 
were compared using the log-rank test; patients were 
clustered according to biomarker expression level or 
NCSLC stage grouping (i.e. initial and advanced staging).                                   
 
4. DISCUSSION 

 
Through a systematic MEDLINE literature 

inspection, we selected 60 genes as potential biomarkers to 
be validated using a clinical databank. These biomarkers 
constitute a diverse group of genes involved in different 
cellular functions. They code proteins such as transcription 
factors (TFAP2B, MYC), protein kinases (PIK3CA, STAT1, 
KRAS, STYK1, LCK), protein phosphatases (DUSP6), 
receptors (AGER, EGFR, AMFR), and several DNA repair 
systems (ALKBH5, ALKBH3, FGFR1OP, ERCC1) (See 
table 1 for complete list of potential prognostic 
biomarkers). These potential biomarkers are related in the 
most distinct ways with lung cancer; for example, 
mutations in the genetic region encoding the kinase domain 
of the epidermal growth-factor receptor (EGFR) predict the 
sensitivity of lung tumors to erlotinib or gefitinib (11), as 
well different mutation in KRAS predict that patients with 
lung cancer will fail to respond to these inhibitors (12).  

 
Some genes of DNA repair system are also 

considered to be potential biomarkers to NSCLC. They 
have been constantly described as being related with 
sensitivity to chemotherapeutic drugs (13-14), specially 
alkylating agents, which are the most largely used anti-
cancer drug for NSCLC treatment (15). These drugs are 
mutagenic, genotoxic and have the ability to damage DNA 
(16). Cisplatin is an alkylating agent widely used in 
NSCLC treatment; however, this type of cancer can 
presents inherently resistance against it. Like many DNA 
alkylators, cisplatin acts inhibiting DNA replication, which 
is the critical target in cancer treatment. In this case, the 
resistance against cisplatin is mainly determinate by the 
expression levels of nucleotide excision repair genes 
(NER). ERCC, a component of the NER complex, is a 
potential marker involved in prediction of resistance to 
cisplatin, which has been described to be related with its 
mRNA expression (17-19).   
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Table 1. Potential NSCLC biomarkers previously described 
Symbol1 Gene Name1 Gene ID1 P-value2 Ref. 
ABCC1 ATP-binding cassette, sub-family C (CFTR/MRP), member 1 4363 0.6239 [27] 
AGER advanced glycosylation end product-specific receptor 177 0.0894 [28] 
ALKBH1 alkB. alkylation repair homolog 1 8846 0.5685 [29] 
ALKBH5 alkB. alkylation repair homolog 5 54890 0.1704 [29] 
ALKBH7 alkB. alkylation repair homolog 7 84266 0.6970 [29] 
ALKBH8 alkB. alkylation repair homolog 8 91801 0.5752 [29] 
AMFR autocrine motility factor receptor 267 0.6829 [30,31] 
BCL2L1 BCL2-like 1 598 0.0661 [22] 
BIRC5 baculoviral IAP repeat-containing 5 332 0.3584 [32,33] 
BRCA1 breast cancer 1, early onset 672 0.5103 [34] 
CALB1 calbindin 1, 28kDa 793 0.3541 [35] 
CAV1 caveolin 1, caveolae protein 857 0.0808 [36] 
CBLC Cas-Br-M (murine) ecotropic retroviral transforming sequence c 23624 0.0608 [7] 
CCNB2 cyclin B2 9133 0.8282 [28] 
CCND1 cyclin D1 595 0.1177 [29] 
CD9 CD9 molecule 928 0.7940 [20,26] 
CDK8 cyclin-dependent kinase 8 1024 0.4337 [38] 
CRABP1 cellular retinoic acid binding protein 1 1381 0.5485 [27] 
CTSB cathepsin B 1508 0.6717 [39] 
DNAJB4 DnaJ (Hsp40) homolog, subfamily B, member 4 11080 0.2820 [40] 
DUSP6 dual specificity phosphatase 6 1848 0.2842 [41] 
EGFR epidermal growth factor receptor 1956 0.6074 [42,43] 
ERBB2 v-erb-b2 erythroblastic leukemia viral oncogene homolog 2. 2064 0.2379 [42,10] 
ERBB3 v-erb-b2 erythroblastic leukemia viral oncogene homolog 3 (avian) 2065 0.5191 [44] 
ERCC1 excision repair cross-complementing rodent repair deficiency.  2067 0.4269 [43,45,46] 
FGFR1OP FGFR1 oncogene partner 11116 0.1871 [47] 
FOLR1 folate receptor 1 (adult) 2348 0.3262 [48] 
GSTA1 glutathione S-transferase alpha 1 2938 0.6353 [35] 
HMGA2 high mobility group AT-hook 2 8091 0.7014 [49] 
HSP90AA1 heat shock protein 90kDa alpha (cytosolic), class A member 1 3320 0.4367 [50] 
IFI44 interferon-induced protein 44 10561 0.9626 [51] 
IGF2BP1 insulin-like growth factor 2 mRNA binding protein 1 10642 0.8041 [52] 
IL1A interleukin 1. alpha 3552 0.4672 [29] 
ILF3 interleukin enhancer binding factor 3, 90kDa 3609 0.7057 [35] 
KIF14 kinesin family member 14 9928 0.9346 [53] 
KRAS v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog 3845 0.4472 [54] 
LARS2 leucyl-tRNA synthetase 2, mitochondrial 23395 0.8316 [27] 
LCK lymphocyte-specific protein tyrosine kinase 3932 0.5878 [44] 
LST1 leukocyte specific transcript 1 7940 0.2105 [27] 
MBD2 methyl-CpG binding domain protein 2 8932 0.4473 [55] 
MMD monocyte to macrophage differentiation-associated 23531 0.1662 [41] 
MYC v-myc myelocytomatosis viral oncogene homolog (avian) 4609 0.4586 [56,57] 
P53AIP1 p53-regulated apoptosis-inducing protein 1 63970 0.8171 [58] 
PIK3CA phosphoinositide-3-kinase. 5290 0.1111 [59] 
PLAU plasminogen activator. urokinase 5328 0.1314 [60] 
PRDX2 peroxiredoxin 2 7001 0.9166 [61] 
PRSS3 protease, serine, 3 5646 0.5814 [62] 
RRM1 ribonucleotide reductase M1 polypeptide 6240 0.8498 [43,45] 
SLC1A7 solute carrier family 1, member 7 6512 0.4883 [35] 
SLC2A1 solute carrier family 2 (facilitated glucose transporter), member 1 6513 0.7739 [27] 
SP100 SP100 nuclear antigen 6672 0.9490 [7] 
STAT1 signal transducer and activator of transcription 1. 91kDa 6772 0.9245 [41] 
STC1 stanniocalcin 1 6781 0.1508 [27] 
STYK1 serine/threonine/tyrosine kinase 1 55359 0.6834 [63] 
TAL2 T-cell acute lymphocytic leukemia 2 6887 0.4593 [35] 
TERF2 telomeric repeat binding factor 2 7014 0.1028 [64] 
TERT telomerase reverse transcriptase 7015 0.7542 [65] 
TFAP2B transcription factor AP-2 beta 7021 0.1814 [9] 
TOP2A topoisomerase (DNA) II alpha 7153 0.1998 [66] 
TYMS thymidylate synthetase 7298 0.1742 [67,68] 

1Gene symbols and names according to HUGO Gene Nomenclature Committee, HGNC database (http://www.genenames.org). 
2Differences in survival were assessed with the log-rank test using SPSS version 14.0. In all statistical analyses, P-value less than 0.05 

 
Despite the large literature about markers in 

NSCLC, our study shows that none of the genes we tested 
have their mRNA levels directly correlated with patient 
outcome. It is important to state that our analysis was based 
on gene expression status, not taking into account other 
relevant parameters, like gene mutation pattern, 
methylation, or cohort subgroups. As an example, ERBB2 
gene has prognostic value in patients with NSCLC when 

considering specific cohort gender (20). Likewise, ERCC1 
is effective in stage IIB-IIIA-IIIB of NSCLC (21) and CD9 
has prognostic value given the mutation status of KRAS 
gene (22).  

 
 Different experimental approaches have been 
used to establish each of the genes listed in table 1 as 
potentials biomarkers for predicting patient outcome. This 
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approach shows that biomarker candidates should be 
carefully tested in clinical samples and exemplifies a 
rational use of public high-throughput clinical data.  In 
theory, it could be applied to validate any possible 
biomarker, optimizing the use of the information available 
in public databanks and serving as standard tool to guide 
future clinical trials. Thus, we would be maximizing the 
use of information already generated and increasing its 
applicability. 
 

The panel generated by this tool must be further 
analyzed.  Microarrays are well described as capable of 
determining the expression levels of thousands of genes 
simultaneously (23) and the ability to define cancer 
subtypes, recurrence of disease and response to specific 
therapies using DNA microarray-based gene expression 
signature has been demonstrated in multiple studies (24). 
Bild & Col. described the activation status of several 
oncogenic pathway based on the statistical combination of 
gene expression signatures (8).  Nevertheless, we believe 
that the gene signatures should be obtained based on 
biological (not statistical) combination of high-throughput 
screening of cDNA microarray probes. In this scenario, 
fluctuation of gene expression within biological networks 
can be evaluated by landscape analysis, which can 
represent different functional states of the same gene 
network (25) 
 
 In summary, our research describes a reliable tool 
able to discriminate biomarkers performance, revealing that 
none of the 60 genes individually tested had shown 
sufficient statistical power to be safely included in clinical 
use, when compared to TNM system, which is considered 
gold standard by physicians. Therefore, these approach 
may strengthens the development of new biomarkers, since 
up-to-date there is still no prognostic biomarker (based on 
gene expression) available for NSCLC. As stated by Dr. 
Goldstraw in the last World Conference on Lung Cancer 
(26), it is still uncertain how to integrate the predictive 
information from biomarkers with the anatomical extent of 
disease described by the TNM system, which rises the 
possibility that T, N, and M could be joined by a B 
(biological) factor. Biomarkers will probably be the next 
major development in NSCLC staging. 
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