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Bcl-2 chromosomal translocation t(14;18) in lung cancer tumors and lung 
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Introduction
Apoptosis is a regulated programmed cell death that is 
triggered in defected cells. This selective cell suicide plays 
an essential role in numerous physiological and pathological 
processes [1]. There are two apoptotic pathways-the 
extrinsic pathway (activated by ligand engagement of cell 
surface death receptors) and the intrinsic (mitochondrial) 
pathway. The BCL-2 family of proteins regulate activation 
of the intrinsic apoptotic pathway in response to cellular 
stresses such as DNA damage, g-irradiation, oncogene 
activation etc.

 BCL-2 was first identified through chromosomal mapping 
in follicular lymphoma where constitutive BCL-2 

expression is driven from the immunoglobulin locus by the 
t(14;18) translocation [2-4]. BCL-2 facilitate oncogenesis 
through cell death resistance [5,6]. Its involvement in 
t(14;18) in Follicular Lymphoma (FL), has a central role 
in the inhibition of apoptosis. The t(14;18) translocation 
causes constitutive overexpression of BCL2 by juxtaposing 
it to immunoglobulin heavy chain gene enhancer elements. 
This translocation is found in 20% of DLBCL. In the 
following years over15 proteins have been added to this 
family, each containing one or more BCL-2 Homology 
(BH) domain. Bcl-2-family proteins play central roles in 
cell death regulation and are capable of regulating diverse 
cell death mechanisms that encompass apoptosis, necrosis 
and autophagy [7,8].

BCL-2 gene amplification not only found in non-Hodgkin’s lymphomas but has been also reported 
in Small Cell Lung Cancers (SCLC). It has been demonstrated that BCL-2, the founding pro-survival 
BCL-2 family member is highly expressed in 65% of cases. The expression of BCL-2 was generally 
higher in SCLC cell lines than other solid tumor cell lines including NSCLC. Tumoral tissues were 
obtained from 45 lung cancer patients, who underwent curative surgery from 2009 to 2011 at Masih 
Daneshvari Hospital, Tehran/Iran. The tissues were snap-frozen in liquid nitrogen and stored at -80°C 
until use. Most tumors 60%) were Non-Small Cell Lung Cancer (NSCLC) and 40% diagnosed as 
Typical Carcinoid (T.C). We also received 25 lung biopsies from patients with non-cancerous lung 
diseases. All DNAs were extracted using QIAamp DNA mini Kit (QIAGENE cat.51304). The DNA 
was extracted from protease K digested samples, following the manufacturer’s protocol; and the DNA 
concentration was measured by Spectrophotometer. To detect the bcl-2 t(14;18) translocation, the 
PCR-amplifiable mixture contained 5 µl=500 ng dissected DNA; 3 pmol sense primer for the Mbr 
(5′-GAGAGTTGCTTTACGTGGCC-3′) or for the mcr (5′-CGCTTGACTCCTTTACGTGC-3′); 3 pmol 
antisense primer JH (5′-ACCTGAGGAGACGGTGACC-3′); 12 µl Taq DNA Polymerase Master Mix 
RED (Amplicon master mix) up to a final volume of 25 μL. We found no translocation at MBR breakpoint 
in any tumor specimen. But surprisingly 80% of lung tumors showed distinctive bands (600-700 bp) 
at MCR breakpoint. The biopsies from non-cancerous patients also showed no MBR breakpoint but 
interestingly, 77% of smokers exhibited MCR breakpoint while non-smokers had no bcl2 translocation 
at all. We could suggest that bcl2 translocation may be an early event that might influence cancer cell 
survival once lung cancer is further advanced to late stages. The result could also suggest that smoking 
might somehow alter the expression of bcl2 oncogene, most definitely causing bcl2 translocation at MCR 
breakpoint.
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In addition to chromosomal translocations as a mechanism 
for activation of the BCL-2 gene in human malignancies, 
changes to BCL-2 gene structure or copy number and 
many additional mechanisms contribute to elevated gene 
expression, which is estimated to occur in perhaps as many 
as half of all human cancers. Among the contributing 
mechanisms are (a) loss of endogenous microRNAs (miRs) 
that normally repress BCL-2 gene expression which has 
been documented in chronic lymphocytic leukemia, where 
the genes encoding miR15 and miR16 become deleted 
or inactivated by mutations in >70% of these leukemia, 
and gene hypomethylation, implying altered epigenetic 
regulation of BCL-2 in some malignancies [9,10].

Altered expression of other antiapoptotic members of the 
BCL-2 gene family has also been documented in human 
cancers and leukemias [11-18], although no somatic 
mutations have been discovered in these genes to date. Loss 
of miR-29, which represses antiapoptotic family member 
MCL-1, can occur in chronic lymphocytic leukemia 
and colon cancers, suggesting at least one responsible 
mechanism for elevated expression of relatives of BCL-2 
[19-21].

BCL-2 gene amplification not only found in non-Hodgkin’s 
lymphomas but has been also reported in Small Cell Lung 
Cancers (SCLC) as well [22,23]. It has been demonstrated 
that BCL-2, the founding pro-survival BCL-2 family 
member, is highly expressed in 65% of cases [24,25], 
as is BIM, a proapoptotic BCL-2 family member, which 
sensitizes SCLC to targeted therapies [26], in particular 
BH3 mimetics [27]. They evaluated BCL-2 expression 
in SCLCs compared with other cancers, to confirm prior 
findings that BCL-2 expression was generally higher in 
SCLC, and indeed they found SCLC cell lines have higher 
BCL2 expression on average than other solid tumor cell 
lines including NSCLC. They also identified two datasets 
[28,29] with gene expression from SCLC tumors and 
found significantly (P<0.001) higher BCL-2 expression in 
SCLC tumors than in NSCLC tumors.

In this study, we attempt to determine the frequency of 
BCL-2 translocation at MBR and MCR breakpoints in 
surgically removed lung tumors and biopsy specimens of 
patients suffering from other types of lung diseases. We 
will also compare biopsy specimens of smokers versus 
non-smokers individuals. The experiments are carried out 
using Rt-PCR technique.

Materials and Methods
Tissue samples 
Tumor tissues were obtained from 45 lung cancer patients, 
who underwent curative surgery from 2009 to 2011 at 
Masih Daneshvari Hospital, Tehran/Iran. The tissues 
were snap-frozen in liquid nitrogen and stored at -80°C 
until use. The histological examination was performed 
by pathologists at Masih Hospital to determine the 
tumor histopathologic types. Stained sections under the 

microscope revealed that most tumors 60% were Non-
Small Cell Lung Cancer (NSCLC) and 40% diagnosed as 
Typical Carcinoid (T.C). The median age of the lung cancer 
patients was 50.66 (range: 25-75). We also received 25 
lung biopsy specimens from patients with non-cancerous 
lung diseases. The median age of those provided biopsies 
was 35.7 years (25 to 53).

DNA extraction 
All DNAs were extracted using QIAamp DNA mini Kit 
(QIAGENE cat.51304). The DNA was extracted from 
protease K digested samples, following the manufacturer’s 
protocol; and the DNA concentration was measured by 
Spectrophotometer.

Translocation detection (PCR)
To detect the bcl-2 t(14;18) translocation, the 
PCR-amplifiable mixture contained 5µl=500ng 
dissected DNA; 3 pmol sense primer for the Mbr 
(5′-GAGAGTTGCTTTACGTGGCC-3′) or for the mcr 
(5′-CGCTTGACTCCTTTACGTGC-3′); 3 pmol antisense 
primer JH (5′-ACCTGAGGAGACGGTGACC-3′); 12 µl 
Taq DNA Polymerase Master Mix RED (Amplicon master 
mix) up to a final volume of 25 μL. The cycling parameter 
for Mbr and mcr was as follows: initial Denaturation at 
95°C for 5 minutes; 35 cycles of 95°C for 1 minute, 58°C 
for 1 minute, and 72°C for 1 minute; and a final incubation 
at 72°C for 5 minutes. PCR products for the bcl-2 Mbr 
and mcr analyses were separated on 1% agarose gels 
and visualized with autoradiography. Mbr and mcr was 
analyzed in 39 samples.

Results 
In all our PCR screening tests, we included the extracted 
DNA from a well-known cancer cell line, DLBCL (Diffuse 
Large B Cell Lymphoma) for its blc2 translocation at 
MBR breakpoint. Figure 1 shows a strong band (268 bp) 
confirming bcl2 translocation at mbr breakpoint next to 
a tumor specimen with no translocation. The experiment 
was repeated to show the accuracy of our PCR technique 
evaluating the extracted DNA from lung tumors and 
DLBCL cell line using both mbr and mcr primers in 
determining translocation breakpoints (Figure 2) exhibits 
bcl2 translocation in our selected tumor specimen 
and DLBCL at both breakpoints. Screening for bcl2 
translocation at MBR breakpoint in lung cancer tumors 
(1 to 45 as well as some lung biopsies (25 specimens) 
received from patients with non-cancerous lung diseases. 
We found no translocation at MBR breakpoint in any 
tumor specimen (Figure 3). However, when we screened 
for MCR breakpoints, surprisingly 80% of lung tumor 
specimens showed distinctive bands (600-700 bp) at 
MCR breakpoint (Figure 4). Biopsies from non-cancerous 
patients showed no MBR breakpoint but interestingly, 
77% of smokers showed MCR breakpoint while non-
smokers had no bcl2 translocation at all (Table 1).
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Table 1: BCL2 translocation (MCR breakpoint) in 25 biopsy 
specimens of non-cancerous patients.

Biopsy specimens from non-cancerous 
patients MCR translocation

10 of 13 smoker biopsy (77%) Positive
12 of 12 (100%) Negative

Discussion and Conclusion
Although we found no report indicating bcl2 translocation 
in Non-Small Cell Lung Cancer (NSCLC) tumors, 
we decided to explore if bcl2 plays any role in lung 
cancers at all. As we collected surgically removed lung 
tumors, we were hoping to have some SCLC tumors 
that had been previously reported to have significantly 
higher BCL-2 expression. However, the histological 
examination revealed that most tumors 60% were Non-
Small Cell Lung Cancer (NSCLC) and 40% diagnosed 
as Typical Carcinoid (T.C). We found no translocation 
at MBR breakpoint in any of these tumors. But when we 
screened for MCR breakpoints, surprisingly 80% of lung 
tumors showed distinctive bands (600-700 bp) at MCR 
breakpoint. The biopsy specimens from non-cancerous 
patients also showed no MBR breakpoint but interestingly, 
77% of smokers exhibited MCR breakpoint while non-
smokers had no bcl2 translocation at all. The results 
suggest that bcl2 translocation may be an early event that 
might influence cancer cell survival once lung cancer is 
further advanced to late stages. Although we have limited 
number of biopsy specimens from smoker individual, the 
result might further suggest that smoking might somehow 
alter the expression of bcl2 oncogene, most definitely 
causing bcl2 translocation at MCR breakpoint. Further 
investigation using large set of specimens is needed to 
further elaborate on bcl2 role in lung cancer development 
and prognosis.
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