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A B S T R A C T

Background: Lung cancer is still the leading cause of cancer-related deaths and most 

of them  are normally diagnosed in late stages, So there is an urgent need to establish 

reliable tools for the identification at early stages of the disease. In this study, we use an 

eleven gene signature test to examine lung biopsy specimens for diagnostic, prognostic 

& therapeutic purposes.

Methods: Bronchoscopy was performed to collect 102 fresh frozen specimens from 51 

patients. 32 lung tumors& their adjacent normal tissues were examined along with biopsy 

specimens. In all specimens, total RNAs were isolated & after generating cDNA, were 

used for qRT-PCR analysis. 

Results: The results indicate that the expressions of 3 oncogenes Bcl-2, k-ras & h-ras 

were significantly high (p<0.05) in surgically removed tumors as well as biopsy speci-

mens compare to adjacent normal tissues. The differential expressions of these 3 genes 

were strikingly higher in cigarette using patients than nonsmokers.

Conclusion: Considering the overall results of this study, it can be concluded that, lung 

tissue abnormalities other than cancer could cause the elevation of some oncogene ex-

pression. This study also verifies that smoking can definitely cause oncogenic mutation, 

activation &/or amplification; which is now a globally proven fact.
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Introduction

Lung cancer is still the leading cause of cancer-
related death in both men and women.1 Prognosis 
is poor with 2-year survival rate of approximately 

15% because most lung cancers are normally diagnosed 
in late stages.2 Therefore the majority of patients are not 
cured by the therapeutic regimens that are available to-
day.3 There is an urgent need to establish reliable tools 
for the identification of lung cancers at early stages of 
the disease, prior to the development of clinical symp-
toms. The use of tissue-based biomarkers for lung can-
cers might circumvent the pitfall of imaging technologies 
diagnostics.4, 5 Biomarkers screening can be utilized to 
direct imaging approaches to those individuals identified 
as potential lung cancer patients.

All cancers are considered genetic diseases caused by 
alterations in cancer-associated genes.6 The identification 
of such specific mutated genes is critical for understand-
ing the pathogenesis of cancer. More than 100 oncogenes 
have been identified in animal systems, but only a small 
subset of genes have been found consistently as mutated 
genes in human cancers.7–10 Those involved in multiple 
tumor types include those encoding the growth factor 
receptors erbB and erbB2, ras, myc, Bcl-1and, Bcl-2.9 

Knowing that these genetic alterations are patient spe-
cific, personalized treatment based on tumor genotyping 
will probably be most effective way to combat cancers. 

Personalized medicine (PM) refers to a new paradigm 
based on improved integration of the biological back-
ground of both the host and tumor for enhanced cancer 
diagnosis, prognosis and therapy.11-13 For some, PM is 
guided not only by biology, but by modern functional 
and molecular imaging also. PM has the potential to help 
change the landscape of oncology. Targeted therapy has 
implications not only for systemic therapy but for radio-
therapy and surgery as well. To make such targeted thera-
pies a reality, better interventional radiology and endo-
scopic procedures and the establishment of partnerships 
with patient on ‘the tissue quest’ will enable acquisition 
of high-quality tumor material, truly reflecting the disease 
at stake.

Obviously optimal analysis of the tumor biopsies 
requires high through-put platforms, system biology 
knowledge with strong computational medicine. Target-

ed therapies reinforce and expand the multidisciplinary 
approach through the introduction of a new player; the 
cancer biologist. Such specialists will become manda-
tory members of clinical team within the next five years. 
Therefore PM will become integral to everyday clinical 
practice within the next five to ten years.

Using cancer biomarkers enables clinicians to make 
better treatment decisions based on the specific charac-
teristics of individual patients and their tumors.14 There 
have been significant advances in refining the prognosis 
of NSCLC by gene expression signatures,15-17 most nota-
bly the 5-gene signature from Chen et al(18) and the 133-
gene signature from Potti et al.19 Gene expression-based 
diagnosis of lung adenocarcinomas20 has already been in-
corporated in clinical settings to treat this deadly disease.

Personalized medicine has always been the ultimate 
goal and self-understanding of the medical community. 
Only through better understanding of oncogenic drivers 
and processes, and successful development of molecular 
biological techniques will we come closer to achieving 
this goal. A preliminary example of this approach has 
been provided recently by Von Hoff et al,21 using molecu-
lar profiling of patients’ tumors to identify targets and se-
lect treatments for their refractory cancers.  

In this study, we determine the eleven gene signature 
of lung biopsy specimens for diagnostic, prognostic and 
therapeutic purposes. Our eleven gene panel include, five 
well known and studied therapeutic target genes, h-ras, 
k-ras, bcl-2, c-myc and her2;22-28 a tumor growth factor, 
TGFα involved in most cancers including lung carcino-
mas;29 a well studied tumor suppressor gene, p53 and its 
regulator, MDM2;30-33 (two well studied genes involved 
in metastasis, mmp1and mmp14;34,35 finally a multiple 
drug resistant gene, MDR1.36,37 The rational for select-
ing these genes is the availability of gene targeted anti-
cancer drugs developed in Tofigh Daru for personalized 
cancer therapy. The eleven-gene signature will be used 
to screen cancer patients before treatment. In addition to 
biopsy specimens which is the main focus of this study, 
we examined 16 surgically removed  lung carcinoma tu-
mors and 16 adjacent normal tissues previously acquired 
from our colleagues at Masih Daneshvari Hospital, to 
have relatively positive and negative controls. Our goal 
is to help clinicians to select a better treatment regimen, 
particularly when gene targeted therapy is available. The 
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main focus of this study is to develop a workable and 
quick specimen characterizing assay for small biopsy 
specimens

.

Materials and Methods

Patient samples
Doctors performed bronchoscopy to collect fresh 

specimens from 51 suspected lung cancer patients at 
Masih Daneshvari Hospital, a Shahid Beheshti Medical 
University affiliate. Two specimens were obtained from 
each patient, one for histological examination and one for 
gene expression profiling. Total of 102 specimens were 
collected from June 2010 to January 2011. The 32frozen 
tumor and normal tissues were available at Tofigh Daru 
from previous year.The 32 tissues had been removed sur-
gically from 16 lung cancer patients; one specimen from 
tumor and one fromthe adjacent normal lung tissue of 
the same patient. The histological analysis of all tissues 
was performed by pathologists at the hospital and gene 
expression profiling was done in the molecular research 
laboratory at Tofigh Daru. This study was approved by 
the Institutional Review Board and ethic committee of 
Shahid Beheshti Medical University. The clinical charac-
teristics of these patients are described in supplementary 
table S1 and S2.

Method of collecting specimen for molecular 
analysis

Fresh biopsy samples were submerged in RNAlater®, 
RNA Stabilizing Reagent (Qiagen, Hilden, Germany) and 
carried from hospital to the research facilities at Tofigh 
Daru. They were stored at –20°C until use. 

RNA Isolation
Total RNA from each specimen, weighting 5-30 

mg,was extracted and purified using the RNeasy mini 
kit according to the manufacturer’s protocol (Qiagen, 
Hilden, Germany). A polytron homogenizer was used 
for tissue disruption andpurified RNA concentration was 
measured by spectrophotometer. 

Reverse Transcription
Purified RNA from each sample was used to generate 

complementary DNA using a Revert-Aid™ First Strand 
cDNA Synthesis Kit (Fermentas) according to the manu-
facturer’s protocol.  

Gene Expression Profilingfor ...
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Table S1: The clinical and pathological characteristics of 
biopsy specimens.

Cancerous Non  Cancerous

Total number of patients 18 33

Mean age (range) 63±10 53±21

Sex

Male 12 21

Female 6 12

Histological type

ADC 3 Fibrosis                      1

SQCC 6 Granulomatous          8

NSCC 2 Inflammation           15

SCC 4 Others                        9

Others 3

(a) ADC: Adenocarcinoma. 
(b) SQCC: Squamous cell carcinoma. 
(c) NSCC: Non small cell carcinoma. 
(d) SCC: Small cell carcinoma

Table S2: The clinical and pathological characteristics of 
surgical specimens

Cancerous 
specimens

Non  Cancerous 
specimens

Total number of patients 16 16

Mean age (range) 57.53 57.53

Sex

Male 9 9

Female 7 7

Histological type

ADC 6 -

SCC 3 -

TC 4 -

Lymphoma 3 -

(a) ADC: Adenocarcinoma. 
(b) SCC: Small cell carcinoma.
(c) TC: Typical Carcinoid.



Real-time RT-PCR
The generated cDNAs were used for qRT-PCR analy-

sis using, ABI Step OnePlusTM (Applied Biosystems). 
The endogenous control gene, human β-actin had rela-
tively constant expression level in all samples. Expres-
sion of mRNA for 12 selected genes was measured in 
each specimen with the use of Power SYBR Green PCR 
master Mix (ABI). Relative quantitation of gene expres-
sion was determined, using comparative CT method of 
(ΔΔCT). All  samples  were measured  in  triplicate and  
each PCR run was  accompanied  by  a  no-template  con-
trol. 

Primer design 
The primers were designed using the Primer3 primer 

design software (Rozen & Skaletsky, 2000) and synthe-
sized using Polygen DNA Synthesizer at Tofigh Daru. 
Sequence variability among individual subjects was 
avoided by selecting sequence regions free of known 
polymorphisms.  

Data analysis
The  threshold  cycle  (CT)  and the PCR  reaction  

efficiency were  calculated  for  each sample  based  on  
its  amplification  curve.  In  all  subsequent  analysis,  the  
average  CT value  from  each  sample’s  PCR  triplicates  
and  average  efficiency  calculated  from  all  samples  
were used for  each gene. Bio Pronet Software was used 
to analysis gene expression values based on the ∆∆Ct 
(delta-delta cycle threshold) method. The housekeeping 
gene β-Actin expression level was used for data normal-
ization.

Statistical analysis
T test independent was performed using SPSS19 soft-

ware to evaluate the association between expression of 
cancer related genes and clinico-pathologic information. 

Results

The gene expression analysis of 51 lung biopsy specimens 
was performed prior to receiving pathological evaluation. 
This is gene expression-based comparison of cancerous 
tissues versus non-cancerous tissues that suffer from 
other lung abnormalities. Pathological analysis showed 

that only18 specimens were cancerous while 33 were 
related to other lung diseases such as in flammations, fi-
brosis etc.We also examined 16 surgically removed lung 
cancer tissues and 16 adjacent normal tissues from the 
same patients to compare with biopsy gene expression re-
sults. The mean age of cancer patients was 63.9±10 and 
for other diseases was 53.2±21. It may also worth men-
tioning that 31.4% of tissues were from female patients 
and 66.7% belonged to males. We observed no associa-
tion between diagnostic signature and patient age or sex.  
Figure 1 Shows that the expressions of  3 oncogenes 
known to be involved in lung cancers, bcl-2, h-ras and k-
ras are significantly (p<0.05) high in surgically removed 
cancerous tissues (red), andbiopsy specimens (green, pur-
ple) compare to adjacent normal tissues (blue).Two other 
oncogenes in this panel, Her-2 and TGF-alpha are sig-
nificantly (p<0.05) elevated only in surgically removed 
tumors. C-myc on the other hand is not significantly 
expressed in any lung specimen. The metastatic gene, 
mmp1 expression is elevated in cancerous biopsies while 
mmp14 is highly expressed in surgically removed tumor 
tissues. The expression of tumor suppressor gene, P53 is 
significantly (p<0.05) high in all specimens compared to 
normal tissues. Differential expressions of bcl-2, h-ras 
k-ras as well as mmp14 arestrikingly higher in smokers 
than non-smokers specimens. As mentioned above, 18 
collected biopsy specimens were diagnosed to be cancer-
ous; among these 18 cancer patients, 65% were cigarette 
users and 35% of them were non-smokers (Figure 2).  We 

Figure 1: Eleven gene expression signatures in various human lung 
tissues are determined using real-time RT-PCR. The gene expres-
sion values are calculated relative to our reference gene expression, 
β-actin. 
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compared the expression of genes in biopsies collected 
from patients who smoke to those of non-smokers, re-
gardless of their pathoclinical results. Figure 3 clearly 
shows that all of our oncogenes except for TGF-α have 
significantly (p<0.05) elevated expression. Interestingly 
the result shows that, while p53 expression is elevated, 
the expression of its regulator gene, MDM2 is decreased. 
This may be a cellular defensive respond to cancer caus-
ing chemicals in cigarettes to raise the level of tumor 
suppressor gene p53. The expression signature clearly 
confirms once again that cigarette smoking plays a major 
role in oncogenic mutations and/or amplifications. Bcl-2 
and k-ras oncogenes, known to be involved in lung can-
cers are overexpressed in more than 50% of lung biopsy 
specimens. TGF-α, a tumor growth factor gene; MDM2, 
p53 regulator gene; and MDR1, the drug resistant gene, 
had no or very low expression in all samples.  

Conclusion

Lung cancer is a dynamic and diverse disease associate 
with numerous somatic mutations, deletions and amplifi-
cations of genes. Traditional diagnostic markers and pro-
cedures can not stratify patients with molecularly distinct 
diseases. Since every cancer patient has distinct molecu-
lar abnormalities, it is a critical issue to reliably identify 
specific therapeutic targets to address personalized cancer 
therapy. There are not many gene tests around to stratify 
cancer patients and prescribe gene-targeted drugs. In this 
study we have employed an 11-gene expression signature 
that includesfive well studies oncogenes that are believed 
to be excellent therapeutic targets. Compare to other 
gene expression profiling techniques, real-time Rt-PCR 
is more efficient and consistent. This technique also re-
quires small amount of samples that makes it possible to 
test biopsy specimens. The 11-gene panel did not stratify 
our patients into distinct groups based on cancer and non-
cancerous abnormalities.However the expressions of bcl-
2, k-ras and h-ras are significantly (p<0.05) higher in both 
surgically removed tumor tissues and biopsy specimens 
compare to adjacent normal tissues. Furthermore, tissues 
received from cigarette user patients have shown signifi-
cant elevation in the expression of these genes compare 
to non-smokers.The failure to stratify patients into two 
distinct cancerous and non-cancerous groupsbased on 

this gene expression signature could be related to small 
number specimens tested. We can also postulate that oth-
er lung tissue abnormalities may elevate the expression of 
some oncogenes prior to cancer development. However 
this study verifies that smoking can definitely cause on-
cogenic mutation, activation and/or amplification; which 
is now agloballyproven fact.Overall, our data show the 
feasibility of a relatively simple diagnostic testfor lung 
biopsy specimens as small as 2-3 mm in diameters. Based 
on the data presented in this paper, it seems advisable to 
focus determining the expression profiling of other can-

Gene Expression Profilingfor ...

Figure 2: The data collected from cancer patients (18), shows the 
striking effect of smoking cigarette on cancer development. 

Figure 3: The oncogene expression signatures stratify patients into 
smokers and non-smokers group. The expressions of some oncogenes 
such as, bcl-2, c-myc, h-ras, k-ras and p53 as a tumor suppressor are 
significantly (p<0.05) higher in the biopsy specimens of smoker pa-
tients compare to non-smokers. The values represent the expression 
of each gene relative to β-actin expression.
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cer related genes by examining large number of speci-
mens if available.

Acknowledgement 
This study was accomplished at the Tofigh Darau, 

Research and Drug Engineering Company and supported 
by the Molecular and Cancer Biologydepartment. The au-
thors are grateful to the department for their support.

References

1. Spiro SG, Silvestri GA. One hundred years of lung cancer. Am 

JRespir Crit Care Med.2005; 172: 523–529.

2. Jemal A, Siegel R, Ward E, Hao Y, Xu J, Murray T, et al. Cancer.CA 

Cancer J Clin. 2008; 58:71–96.

3.Sandler A, Gray R, Perry MC, Brahmer J, Schiller JH, Dowlati A, et 

al. Paclitaxel-carboplatin alone or with bevacizumab for non-small-cell. 

N Engl J Med. 2006; 355:2542–50.

4. Henschke CI, Yankelevitz DF, Libby DM, Pasmantier MW, Smith 

JP,Miettinen OS. Survival of patients with stage I lung cancer detected 

onCT screening. N Engl J Med. 2006;355:1763–71.

5. Bach PB, Silvestri GA, Hanger M, Jett JR. Screening for lung 

cancer:ACCP evidence-based clinical practice guidelines (2nd edition). 

Chest. 2007;132:69S-77S.

6. Roland R R. Population genetics meets cancer genomics. PNAS. 

2010; 107 (43): 18241-1824.

7. Sager R, Sheng S, Anisowicz A, Sotiropoulou G, Zou Z, Stenman 

G, Swisshelm K, Chen Z, Hendrix M J C, PembertonP, Rafid K,Ryan 

K.Cold Spring Harbor Symp. Quant. Biol. 1994; 59, 537–546.

8. Cooper GM. Oncogenes 2nd edition (Jones & Bartlett, publishers). 

1995.

9. Weinberg RA. How Cancer arises. Sci. Am. 1996; 275, 62–70.

10.Bishop J M.Molecular themes in oncogenesis. Cell. 1991; 64, 235–

248.

11. Erika Check Hayden. Personalized Cancer Therapy. Nature. 

2009;458: 131-132.

12. Ken Carber.  ALK Lung cancer and Personalized Therapy. JNCI. 

2010; 102: 672-675.

13. Roberts PJ, Stinchcombe TE, Der CJ, Socinski MA.Personalized 

medicine in non-small-cell lung cancer: is KRAS a useful marker in se-

lecting patients for epidermal growth factor receptor-targeted therapy.J 

Clin Oncol. 2010; 1: 28(31):4769-77. 

14. DaltonWS, Friend SH. Cancer biomarkers-an invitation to the table. 

Science. 2006; 312:1165-1168.

15. Beer DG, Kardia SL, Huang CC, et al. Gene-expression profiles 

predict survival of patients with lung adenocarcinoma. NatMed. 2002; 

8:816-824.

16. BhattacharjeeA, RichardsWG, StauntonJ, et al. Classification of hu-

man lung carcinomas by mRNAexpression profiling reveals distinct ad-

enocarcinoma subclasses. Proc Natl Acad Sci U S A. 2001;98:13790-5.

17. Larsen JE, Pavey SJ, Passmore LH, Bowman RV,Hayward NK, 

Fong KM. Gene expression signature predicts recurrence in lung ad-

enocarcinoma. Clin Cancer Res. 2007;13:2946-54.

18. Chen HY, Yu SL, Chen CH, et al.  A five-gene signature and clini-

cal outcome in non-small-cell lung cancer. NEngl JMed.2007;356:1120.

19. Potti A, Mukherjee S, Petersen R, et al. A genomic strategy to 

refine prognosis in early-stage non-smallcell lung cancer. NEngl 

JMed.2006;355:570-8.

20. Hayes DN, Monti S, Parmigiani G, et al. Gene expression profiling 

reveals reproducible human lung adenocarcinoma subtypes in multiple 

independent patient cohorts.  J Clin Oncol. 2006;24:5079-90. 

21. Von Hoff DD, et al. Pilot study using molecular profiling of patients’ 

tumors to find potential targets and select treatments for their refractory 

cancers. J Clin Oncol, 2010 Nov; 28(33):4877-83. 

22. Suzuki Y, Orita M, Shiraishi M, Hayashi K, Sekiya T. Detection 

of ras gene mutations in human lung cancers by single-strand confor-

mation polymorphism analysis of polymerase chain reaction products. 

Oncogene.1990; 5: 1037-1043.

23. Mitsudomi T, Viallet J, Mulshine JL, Linnoila RI, Minna JD, Gaz-

dar AF. Mutations of ras genes distinguish a subset of non-small-cell 

lung cancer cell lines from small-cell lung cancer cell lines. Onco-

gene.1991;6: 1353-1362.

24. Alemany R, Ruan S, Kataoka M, Koch PE, Mukhopadhyay T, Cris-

tiano RJ. Growth inhibitory effect of anti-K-ras adenovirus on lung can-

cer cells. Cancer Gene Therapy. 1996; 3: 296-301. 

25. Yoshimoto K, Shiraishi M, Hirohashi S, Morinaga S, Shimosato Y, 

Sugimura T, Sekiya T, Rearrangement of the c-myc gene in two giant 

cell carcinomas of the lung. Jpn J Cancer Res. 1986; 77: 731-735. 

26. Usuda J, Ichinose S, Ishizumi T, Ohtani K, Inoue T, Maehara S, 

Imai K, Shima K, Ohira T, Kato H, Ikeda N. Molecular determinants 

of photodynamic therapy for lung cancers. Lasers Surg Med. 2011 

Sep;43(7):591-9. 

27. Lara PN JR, Laptalo L, Longmate J, Lau DH, Gandour-Edwards R, 

Gumerlock PH, Doroshow JH, Gandara DR.Trastuzumab plus docetax-

el in HER2/neu-positive non-small-cell lung cancer: a California Can-

cer Consortium screening and phase II trial. Clin Lung Cancer.2004 

Jan;5(4):231-6.

28. Samanthi A. Pereraa,b, Danan Lia,b, Takeshi Shimamuraa, Maria 

G. Rasoc, Hongbin Jid, Liang Chena,b, Christa L. Borgmana,Sara Za-

ghlula, Kathleyn A. Brandstettera, Shigeto Kuboe, Masaya Takahashie, 

16
www.bccrjournal.comBasic & Clinical Cancer Research, 2012; 4(3&4): 11-17

Sheikhnejad R et al.



Lucian R. Chirieacf, Robert F. Paderaf, Roderick T.Bronsong, Geoffrey 

I. Shapiroa, Heidi Greulicha,h, Matthew Meyersona,h, Ulri Guertleri, 

Pilar Garin Chesai,Flavio Solca, Ignacio I. Wistuba, and Kwok-Kin 

Wong. HER2YVMA drives rapid development of adenosquamous lung 

tumors in mice that are sensitive to BIBW2992 and rapamycin combi-

nation therapy. PNAS. 2009; 106 (2): 474-479

29. Wenjuan Wu, Michael S. O’Reilly, Robert R. Langley, Rachel Z. 

Tsan, Cheryl H. Baker, Neby Bekele, Xi Ming Tang, Amir Onn, Isaiah J. 

Fidler and Roy S. Herbst. Expression of epidermal growth factor (EGF)/

transforming growth factor-α by human lung cancer cells determines 

their response to EGF receptor tyrosine kinase inhibition in the lungs of 

mice. Molecular Cancer Therapeutics.2007;6:2652-2663.

30. Kishimoto Y, Murakami Y, Shiraishi M, Hayashi K, Sekiya T. Ab-

errations of the p53 tumor suppressor gene in human non-small cell 

carcinomas of the lung. Cancer Res. 1992;52: 4799-4804.

31. Hollstein M,Sidransky D, Vogelstein B,Harris CC. p53 mutations in 

human cancers, Science.1991; 253: 49-53. 

32.Reiss M,. Brash DE, Munoz-Antonia T,. Simon JA,Ziegler 

A,Vellucci VF, Zhou ZL. Status of the p53 tumor suppressor gene in 

human squamous carcinoma cell lines. Oncol Res. 1992;  4: 349-357. 

33. Leach FS, Tokino T, Meltzer P, Burrell M, Oliner MJD, Smith S,Hill 

DE, Sidransky D,. Kinzler KW, Vogelstein B, p53 Mutation and MDM2 

amplification in human soft tissue sarcomas,.Cancer Res. 1993; 53: 

2231-2234. 

34.Sauter W, Rosenberger A, Beckmann L, Kropp S, Mittelstrass K, 

Timofeeva M, Wölke G, Steinwachs A, Scheiner D, Meese E, Sybrecht 

G, Kronenberg F, Dienemann H; LUCY-Consortium, Chang-Claude J, 

Illig T, Wichmann HE, Bickeböller H, Risch A.Matrix metalloprotein-

ase 1 (MMP1) is associated with early-onset lung cancer.Cancer Epide-

miol Biomarkers Prev. 2008 May;17(5):1127-35.

35. Deshmukh HS, McLachlan A, Atkinson JJ, Hardie WD, Korfhagen 

TR, Dietsch M, Liu Y, Di PY, Wesselkamper SC, Borchers MT, Leikauf 

GD.Matrix metalloproteinase-14 mediates a phenotypic shift in the air-

ways to increase mucin production.Am J Respir Crit Care Med. 2009 

Nov 1;180(9):834-45. 

36. Wang YL, Yan YL, Zhou NJ, Han S, Zhao JX, Cao CL, Lü YH. 

Mechanism of multidrug resistance of human small cell lung cancer cell 

line H446/VP. Chin Med J (Engl). 2010 Nov;123(22):3299-303.

37. Takakuwa O, Oguri T, Ozasa H, Uemura T, Kasai D, Miyazaki M, 

Maeno K, Sato S. Over-expression of MDR1 in amrubicinol-resistant 

lung cancer cells. Cancer Chemother Pharmacol. 2011 Sep;68(3):669-

76. 

Gene Expression Profilingfor ...

17
www.bccrjournal.com Basic & Clinical Cancer Research, 2012; 4(3&4): 11-17


