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Lung cancer is a leading cause of cancer-
related deaths worldwide (Jemal et al., 
2010). Therefore, it is not surprising that 
numerous expression profiling studies have 
been performed to predict prognosis and re-
sponse to therapy (Suzuki et al., 2011; 
Bhattacharjee et al., 2001; Wigle et al., 2002; 
Tomida et al., 2004; Roepman et al., 2009; 
Chen et al., 2007; Lohr et al., 2012; Larsen 
et al., 2007; Stewart et al., 2012; Lu et al., 
2006; Guo et al., 2008; Beer et al., 2002; Lee 
et al., 2008). However, it remains unknown 
whether the identified prognostic genes add 
additional prognostic information beyond the 
traditional clinical parameters (Subramanion 
and Simon, 2010). The prognostic influence 
of individual genes has also been critically 
discussed, since there is almost no overlap 
between the previously published gene sig-
natures (Botling et al., 2013). To validate the 
prognostic relevance of individual genes, 
Botling et al. (2013) recently introduced a 
novel single institute cohort (‘Uppsala co-
hort’) with gene array data from 196 non-
small cell lung cancer (NSCLC) patients. 
They hypothesized that the difficulty to con-
firm the prognostic role of individual genes 
may be due to the generally-applied sequen-
tial validation strategy, where genes identi-
fied in one study are tested for significance 
in separate subsequent studies (Botling et al., 
2013; Lohr et al., 2012, 2013). The size of 
the individual studies is usually small, which 
may contribute to the negative results. 
Therefore, Botling et al. (2013) used an al-
ternative approach - the novel ‘Uppsala co-

hort’ was used as a training set to screen for 
genes significantly associated with progno-
sis. The 450 probe sets were validated in five 
publicly-available lung cancer cohorts of 860 
additional patients (Botling et al., 2013). 
However, instead of using a sequential ap-
proach, the authors applied a meta-analysis 
strategy, where as an initial step the associa-
tion of individual genes was assessed sepa-
rately in each cohort. The next step involved 
calculating significance of all studies. This 
approach is superior to the conventional ‘se-
quential strategy’, because it combines the 
statistical power of several patient cohorts. 
Fourteen genes, which were found to be sig-
nificantly associated with survival in the 
Uppsala cohort, were further confirmed in 
the meta-analysis (Table 1). One of the iden-
tified genes, the adhesion molecule CADM1, 
was additionally validated using im-
munostaining (Botling et al., 2013). Valida-
tion of prognostic genes seems to be particu-
larly challenging in lung cancer. This obser-
vation differs from what has been observed 
in other tumor entities, such as e.g. breast 
cancer, where validation of prognostic signa-
tures appears more straightforward (e.g.: 
Schmidt et al., 2008, 2011, 2012; Hellwig et 
al., 2010; Brase et al., 2010; Chen et al., 
2012). Proliferation, estrogen receptor and 
immune cell-associated sets of genes have 
been identified and validated in breast cancer 
(review: Schmidt et al., 2009; Siggelkow et 
al., 2012); and redox factors (Cadenas et al., 
2010), anti-apoptotic signatures (Petry et al., 
2010),
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Table 1: Prognostic genes identified and validated in non-small cell lung cancer (from Botling et al., 
2013) 

 
 
 

mechanoactivity (Martin et al., 2012) and 
senescence (Cadenas et al., 2012) associated 
genes have also been confirmed. The diffi-
culty in validating prognostic genes in lung 
cancer may be due to the greater contribution 
of environmental factors rather than genetic 
predisposition to the etiology and progres-
sion of the disease (Micale et al., 2013; 
Remmer, 1987; von Stechow et al., 2013). 
However, the degree to which genetic varia-
bility and environmental exposure contribute 
to cancer risk is still undergoing investiga-
tion, and remains highly controversial (Bolt, 
2013; Schwender et al., 2012; Hammad et 
al., 2013; Selinski et al., 2011, 2012a, b, 
2013; Golka et al., 2012, 2011, 2009). 

In conclusion, the current study of 
Botling et al. (2013) further illustrates the 
importance of validating prognostic genes in 
cancer. The study also demonstrates that the 
concept of a training set followed by a meta-
analysis-based validation in independent co-
horts is superior to the conventional ap-
proach of sequential cohort by cohort valida-
tion.  

 
REFERENCES 

Beer DG, Kardia SL, Huang CC, Giordano TJ, Levin 
AM, Misek DE et al.Gene-expression profiles predict 
survival of patients with lung adenocarcinoma. Nat 
Med 2002;8:816-24.  

Bhattacharjee A, Richards WG, Staunton J, Li C, 
Monti S, Vasa P et al. Classification of human lung 
carcinomas by mRNA expression profiling reveals 
distinct adenocarcinoma subclasses. Proc Natl Acad 
Sci U S A 2001;98:13790-5.  

Bolt HM. Human bladder cancer risk calculation 
based on genome-wide analysis of genetic variants. 
Arch Toxicol 2013;87:397-9. 

Botling J, Edlund K, Lohr M, Hellwig B, Holmberg 
L, Lambe M et al. Biomarker discovery in non-small 
cell lung cancer: integrating gene expression profil-
ing, meta-analysis, and tissue microarray validation. 
Clin Cancer Res 2013;19:194-204.  

Brase JC, Schmidt M, Fischbach T, Sültmann H, Bo-
jar H, Koelbl H et al. ERBB2 and TOP2A in breast 
cancer: a comprehensive analysis of gene amplifica-
tion, RNA levels, and protein expression and their 
influence on prognosis and prediction. Clin Cancer 
Res 2010;16:2391-401. 

Cadenas C, Franckenstein D, Schmidt M, Gehrmann 
M, Hermes M, Geppert B et al. Role of thioredoxin 
reductase 1 and thioredoxin interacting protein in 
prognosis of breast cancer. Breast Cancer Res 
2010;12(3):R44. 

Cadenas C, Vosbeck S, Hein EM, Hellwig B, Langer 
A, Hayen H et al. Glycerophospholipid profile in on-
cogene-induced senescence. Biochim Biophys Acta 
2012;1821:1256-68. 

Chen HY, Yu SL, Chen CH, Chang GC, Chen CY, 
Yuan A et al. A five-gene signature and clinical out-
come in non-small-cell lung cancer. N Engl J Med 
2007;356:11-20. 



EXCLI Journal 2014;13:457-460 – ISSN 1611-2156 
Received: April 30, 2014, accepted: May 05, 2014, published: May 06, 2014 

 

 

459 

Chen Z, Gerhold-Ay A, Gebhard S, Boehm D, 
Solbach C, Lebrecht A et al. Immunoglobulin kappa 
C predicts overall survival in node-negative breast 
cancer. PLoS One 2012;7(9):e44741. 

Golka K, Hermes M, Selinski S, Blaszkewicz M, Bolt 
HM, Roth G et al. Susceptibility to urinary bladder 
cancer: relevance of rs9642880[T], GSTM1 0/0 and 
occupational exposure. Pharmacogenet Genom 2009; 
19:903-6. 

Golka K, Selinski S, Lehmann ML, Blaszkewicz M, 
Marchan R, Ickstadt K et al. Genetic variants in uri-
nary bladder cancer: collective power of the "wimp 
SNPs". Arch Toxicol 2011;85:539-54. 

Golka K, Kopps S, Prager HM, Mende Sv, Thiel R, 
Jungmann O et al. Bladder cancer in crack testers 
applying azo dye-based sprays to metal bodies. J Tox-
icol Environ Health 2012a;75A:566-71.  

Guo NL, Wan YW, Tosun K, Lin H, Msiska Z, Flynn 
DC et al. Confirmation of gene expression-based pre-
diction of survival in non-small cell lung cancer. Clin 
Cancer Res 2008;14:8213-20.  

Hammad S, Marchan R, Hengstler JG. Cutting-edge 
topics in research on animal sciences. J Exp Appl 
Animal Sci 2013;1:1-3. 

Hellwig B, Hengstler JG, Schmidt M, Gehrmann MC, 
Schormann W, Rahnenführer J. Comparison of scores 
for bimodality of gene expression distributions and 
genome-wide evaluation of the prognostic relevance 
of high-scoring genes. BMC Bioinformatics 2010;11: 
276. 

Jemal A, Siegel R, Xu J, Ward E. Cancer statistics, 
2010. CA Cancer J Clin 2010;60:277-300. 

Larsen JE, Pavey SJ, Passmore LH, Bowman RV, 
Hayward NK, Fong KM. Gene expression signature 
predicts recurrence in lung adenocarcinoma. Clin 
Cancer Res 2007;13:2946-54. 

Lee ES, Son DS, Kim SH, Lee J, Jo J, Han J et al. 
Prediction of recurrence-free survival in postoperative 
non-small cell lung cancer patients by using an inte-
grated model of clinical information and gene expres-
sion. Clin Cancer Res 2008;14:7397-404.  

Lohr M, Köllmann C, Freis E, Hellwig B, Hengstler 
JG, Ickstadt K et al. Optimal strategies for sequential 
validation of significant features from high-
dimensional genomic data. J Toxicol Environ Health 
2012;75A:447-60.  

Lohr M, Edlund K, Botling J, Hammad S, Hellwig B, 
Othman A et al. The prognostic relevance of tumour-
infiltrating plasma cells and immunoglobulin kappa C 
indicates an important role of the humoral immune 
response in non-small cell lung cancer. Cancer Lett 
2013;333:222-8. 

Lu Y, Lemon W, Liu PY, Yi Y, Morrison C, Yang P 
et al. A gene expression signature predicts survival of 
patients with stage I non-small cell lung cancer. PLoS 
Med 2006;3(12):e467. 

Martin M, Müller K, Cadenas C, Hermes M, Zink M, 
Hengstler JG et al. ERBB2 overexpression triggers 
transient high mechanoactivity of breast tumor cells. 
Cytoskeleton (Hoboken) 2012;69:267-77. 

Micale RT, La Maestra S, Di Pietro A, Visalli G, Ba-
luce B, Balansky R et al. Oxidative stress in the lung 
of mice exposed to cigarette smoke either early in life 
or in adulthood. Arch Toxicol 2013;87: 915-8. 

Petry IB, Fieber E, Schmidt M, Gehrmann M, Geb-
hard S, Hermes M et al. ERBB2 induces an anti-
apoptotic expression pattern of Bcl-2 family members 
in node-negative breast cancer. Clin Cancer Res 
2010;16:451-60. 

Remmer H. Passively inhaled tobacco smoke: a chal-
lenge to toxicology and preventive medicine. Arch 
Toxicol 1987;61:89-104. 

Roepman P, Jassem J, Smit EF, Muley T, Niklinski J, 
van de Velde T et al. An immune response enriched 
72-gene prognostic profile for early-stage non-small-
cell lung cancer. Clin Cancer Res 2009; 15:284-90. 

Schmidt M, Böhm D, von Törne C, Steiner E, Puhl A, 
Pilch H et al. The humoral immune system has a key 
prognostic impact in node-negative breast cancer. 
Cancer Res 2008;68:5405-13. 

Schmidt M, Hengstler JG, von Törne C, Koelbl H, 
Gehrmann MC. Coordinates in the universe of node-
negative breast cancer revisited. Cancer Res 2009;69: 
2695-8.  

Schmidt M, Petry IB, Böhm D, Lebrecht A, von Tör-
ne C, Gebhard S et al. Ep-CAM RNA expression pre-
dicts metastasis-free survival in three cohorts of un-
treated node-negative breast cancer. Breast Cancer 
Res Treat 2011;125:637-46. 

Schmidt M, Hellwig B, Hammad S, Othman A, Lohr 
M, Chen Z et al. A comprehensive analysis of human 
gene expression profiles identifies stromal immuno-
globulin κ C as a compatible prognostic marker in 
human solid tumors. Clin Cancer Res 2012;18:2695-
703. 



EXCLI Journal 2014;13:457-460 – ISSN 1611-2156 
Received: April 30, 2014, accepted: May 05, 2014, published: May 06, 2014 

 

 

460 

Schwender H, Selinski S, Blaszkewicz M, Marchan 
R, Ickstadt K, Golka K et al. Distinct SNP combina-
tions confer susceptibility to urinary bladder cancer in 
smokers and non-smokers. PLoS One 2012;7(12): 
e51880. 

Selinski S, Blaszkewicz M, Lehmann ML, Ovsianni-
kov D, Moormann O, Guballa C et al. Genotyping 
NAT2 with only two SNPs (rs1041983 and 
rs1801280) outperforms the tagging SNP rs1495741 
and is equivalent to the conventional 7-SNP NAT2 
genotype. Pharmacogenet Genom 2011;21:673-8.  

Selinski S, Lehmann ML, Blaszkewicz M, Ovsianni-
kov D, Moormann O, Guballa C et al. 
Rs11892031[A] on chromosome 2q37 in an intronic 
region of the UGT1A locus is associated with urinary 
bladder cancer risk. Arch Toxicol 2012a; 86:1369-78.  

Selinski S, Lehmann ML, Blaszkewicz M, Ovsianni-
kov D, Moormann O, Guballa C et al. Urinary bladder 
cancer risk in relation to a single nucleotide poly-
morphism (rs2854744) in the insulin-like growth fac-
tor-binding protein-3 (IGFBP3) gene. Arch Toxicol 
2012b;86:195-203.  

Selinski S, Blaszkewicz M, Ickstadt K, Hengstler JG, 
Golka K. Refinement of the prediction of N-
acetyltransferase 2 (NAT2) phenotypes with respect 
to enzyme activity and urinary bladder cancer risk. 
Arch Toxicol 2013;87:2129-39.  

Siggelkow W, Boehm D, Gebhard S, Battista M, 
Sicking I, Lebrecht A et al. Expression of aurora ki-
nase A is associated with metastasis-free survival in 
node-negative breast cancer patients. BMC Cancer 
2012;12:562. 

Stewart JD, Marchan R, Lesjak MS, Lambert J, Her-
genroeder R, Ellis JK et al. Choline-releasing glycero-
phosphodiesterase EDI3 drives tumor cell migration 
and metastasis. Proc Natl Acad Sci U S A 2012;109: 
8155-60. 

Subramanian J, Simon R. Gene expression-based 
prognostic signatures in lung cancer: ready for clinical 
use? J Natl Cancer Inst 2010;102:464-74. 

Suzuki K, Kachala SS, Kadota K, Shen R, Mo Q, 
Beer DG et al. Prognostic immune markers in non-
small cell lung cancer. Clin Cancer Res 2011;17: 
5247-56. 

Tomida S, Koshikawa K, Yatabe Y, Harano T, Ogura 
N, Mitsudomi T et al. Gene expression-based, indi-
vidualized outcome prediction for surgically treated 
lung cancer patients. Oncogene 2004; 23:5360-70. 

von Stechow L, van de Water B, Danen EH. Unravel-
ing DNA damage response-signaling networks 
through systems approaches. Arch Toxicol 2013; 
87:1635-48. 

Wigle DA, Jurisica I, Radulovich N, Pintilie M, Ros-
sant J, Liu N et al. Molecular profiling of non-small 
cell lung cancer and correlation with disease-free sur-
vival. Cancer Res 2002;62:3005-8. 


