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Abstract

Objectives: Lung cancer is one of the most dangerous cancers in the world. This study was based on the effect of Bcl-2
(B-cell lymphoma 2) gene family on the regulation of cell death (apoptosis) in the body and cancer progression due to high
expression of this gene in patients with Non-small cell lung carcinoma (NSCLC), based on age and sex segregation. The pres-
ence of this gene near a strong promoter of the immunoglobulin heavy chain (IgH) on chromosome 14 due to translocation
increases the overexpression of this gene.

Methods: This study was performed on 98 paraffin samples taken from Omid Hospital Research and Medical Center (Mash-
had Oncology Institute) by using polymerase chain reaction (PCR).

Results: From 98 patients, forty-six patients (46.9%) showed translocation of Bcl-2 gene at three chromosomal breakdown
points (it means, the translocation of Bcl-2 gene was positive in 46 patients out of 98 patients), that of which forty-six pa-
tients, based on gender segregation, 28 (60.9%) were male and 18 (39.1%) were female. Also, based on age, among these 46
people with Positive Bcl-2 translocation, 10 people (21.7%) were under 55 years old and 36 people (78.3%) wete over 55 years
old. The three chromosomal breakpoints shown in the above patients were associated with a rate of 43% (20 patients) in the
mbr region (Major break-point region), 48% (22 patients) in the mcr region (minor cluster region), and 9% (4 patients) in the
icr region (intermediate cluster region). The findings of this study suggest treatment by inhibiting this cancer gene.
Conclusion: Suppression of Bcl-2 cancer gene in NSCLC could activate the process of apoptosis in these cancer cells, which
may help to find treatment of NSCLC.
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Positive regulators such as Bid, Bic, Bak and Bax promote apop-
tosis and negative regulators like Bcl-XTL and Bcl-2, stop apopto-
sis. The function of Bcl-2 is to inhibit the binding of Bax to the
mitochondrial membrane. In fact, the key factor that determines

Introduction

The cause of most cancers is the accumulation of mutations in

somatic cells. Cell death has a genetic basis and does not occur if

this genetic system is disrupted [1]. the occurrence of cell apoptosis is the proportion of apoptotic

factors to antipoptotic Bcl-2 family proteins [3].

Cell death is part of the growth program in animal cells. Planned

cell death (apoptosis) is important to avoid cancer. All the protein’s Lung cancer is one of the deadliest cancers in the world. Lung

family found in B-cell lymphoma has a common similar region
called the second Bcl-2 identical. These regions are specifically
involved in regulating the release of cytochrome C from mito-
chondria. Cytochrome C release is a common event in apoptosis.
Cytosolic cytochrome C with binding to apoptotic factors such as
Factor-1 (Apaf-1, Apoptotic protease activating factor 1), dATP/
ATP and procaspase 9 makes the complex of apoptosomes [2].

*Corresponding Author:

cancers are classified according to their histological type [4]. This
classification is important for determining the type of disease
management and predicting the outcome of the disease. Lung
cancers are malignancies that arise from epithelial tissue. Lung
carcinomas are classified under a microscope based on the size
and shape of the malignant cells seen by a histopathologist. The
two most common categories are non-small cell lung carcinoma
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and small cell lung carcinoma [5].

Non-small cell lung carcinoma (NSCLC): The three subtypes
of this class are adenocarcinoma, squamous cell carcinoma, and
large cell lung carcinoma [6]. About 40% of lung cancers are ad-
enocarcinomas, which usually form in the lateral lung tissue [4].
Most cases of adenocarcinoma are associated with smoking; how-
ever, adenocarcinoma is the most common form of lung cancer
among people who have smoked less than 100 cigarettes in their
lifetime (nonsmokers) [7]. A subtype of adenocarcinoma, the
bronchioloalveolar carcinoma, is more common in female nevet-
smokers, and may have a better long-term survival [8]. Squamous
cell carcinoma accounts for about 30% of lung cancers. They typ-
ically occur near large airways. A hollow cavity and associated cell
death are commonly found in the center of a tumor [4]. About
9% to 15% of lung cancers are "large cell carcinomas" [9]. These
are so named because the cancer cells are large, with excess cyto-
plasm, large nuclei, and conspicuous nucleoli [4].

Genetic mutations and epigenetic abnormalities are important
factors in lung carcinogenesis. One of the most important factors
in the resistance of cancer to treatment is the over-expression
of Bcl-2 gene. Bcl-2 proto-oncogene is located on chromosome
18. Placement of this gene adjacent to a strong promoter of im-
munoglobulin heavy chain (IgH) gene, on chromosome 14 due to
translocation, increases the over-expression of this gene [10]. By
using flow cytometry and immunohistochemistry a strong link be-
tween Bcl-2 gene and IgH was found [10]. Major break-point re-
gion (mbr), in an area with 150bp (base pairs) long from the 3'un-
translated side of exon 3 of Bcl-2 gene and minor cluster region
(mcr) approximately 30 kb (kilo base) downstream of Bcl-2 gene
for the length of 500 bp was determined by using PCR method.
Intermediate cluster region (icr) and mer have been identified on
exon 3 of Bcl-2 gene [11]. Besides the lung cancer, Bcl-2 gene
translocation has also been confirmed in the other cancers such
as breast, skin, intestine, prostate, leukemia and lymphoma [12]. It
is notable that the naming of this gene was due to the early detec-
tion of its displacement in different types of B-cell lymphoma
cancers. In most follicular lymphoma, gene translocation of the t

(14:18) (q32, q21) has been detected [13].

Methodology

The operation of preparing NSCLC lung cancer samples was
started by referring to the Oncology Institute and Omid Research
and Treatment Center in Mashhad. By referring to the electronic
archive of the center, the pathology code of patients with lung
cancer was identified. According to the pathology code of each
patient, slides prepared from patients were extracted from the ar-
chives of the center's patients. All excised slides were examined
by a pathologist using a light microscope and NSCLC lung cancer
specimens were confirmed by a pathologist at this stage. Also, in
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this study, the pathologist identified areas of paraffin-embedded
tissue containing cancer cells by marker on the slides. Thus, areas
of necrosis or healthy cells that were not affected by cancer were
excluded from the marked area. The number of selected slides
was recorded and the number of blocks containing NSCLC lung
cancer tissue was determined using the number of slides. The
paraffin-embedded blocks were taken out of the archives of this
center, and the marked places on the slides were identified and
marked exactly on the blocks. Blocks of these patients were trans-
ferred to the laminar air flow cabinet after marking the sampling
area. Samples were taken from the labeled area by using Needle
14 and transferred into 2 ml micro tubes that previously had been
sterilized by autoclave at 121° C for 15 minutes. Then, the sam-
ples were transferred to a geneticslaboratory.

DNA extraction from paraffin tissue: Phenol chloroform
method was used to extract DNA from paraffin tissue. (14) The
steps of DNA extraction in this study were as follows: paraffin
separation, tissue hydration, tissue digestion, DNA Clean up,
DNA deposition, evaluation of DNA quantity and quality by
spectrophotometry.

Primer selection: In this study, primer sequences for the three
breakpoints; mbr, mcr, and icr were extracted from the papers.
(10) The specificity of the Primers was confirmed on the NCBI
(National Center for Biotechnology Information) website in the
Primer Blast (Basic Local Alignment Search Tool) section. Prim-
er’s sequences are as follows:

1) Primer sequence F: 5-TCGTTCTCAGTAAGTGAGAGT-
GC-3' with the length of 23 Mer (mer from Greek word "meros",
means part) and GC-content (guanine-cytosine content) of
47.83% at temperature 62.9° with product size of 75-135 bp

2) Primer sequence R: 5'-"ACCTGAGGAGACGGTGAC-3' with
the length of 19 Mer and GC-content of 63.16% at a temperature
of 61.7° with product size of 75-135 bp

3) Primer sequence F: 5-GAGAGTTGCTTTACGTGGCC-3'
with the length of 20 Mer and GC-content of 45.83% at tem-
perature of 63.5° with product size of 200-300 bp

4) Primer sequence R: 5-ACCTGAGGAGACGGTGACC-3'
with the length of 19 Mer and GC-content of 63.16% at a tem-
perature of 61.7° with a product size of 200-300 bp

5) Primer sequence F: 5-CGCTTGACTCCTTTACGTGC-3'
with a length of 20 Mer and GC-content of 55% at a temperature
of 60.5° with a product size of 580-630 bp 6) Primer sequence
R: 5-ACCTGAGGAGACGGTGACC-3' with a length of 19
Mer and GC-content of 63.16% at a temperature of 61.7° with a
product size of 580-630 bp

The following table consists of the summary of above informa-
tion.

Table 1. Primer’s Characteristics.

Primer sequence #1 #2 #3 #4 #5 #6
length 23 Mer | 19 Mer | 20 Mer | 19 Mer | 20 Mer | 19 Mer
Product Size 75-135 | 75-135 | 200-300 | 200-300 | 580-630 | 580-630
guanine-cytosine content | 47.83% | 63.16% | 45.83% | 63.16% | 55% | 63.16%
temperature 62.9° 61.7° 63.5° 61.7° 60.5° 61.7°
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Polymerase Chain Reaction (PCR): In this study, 12.5 pl of
Master Mix with the final concentration of 1.5 mM Mgcl, was
used. Its components were: 3 mM Mgcl,, 0.4 mMs dNTP, 0.2
unit/pl Ampeliqon Taq DNA Polymerase. The PCR reaction ac-
cording to the values was as follows: Primer R and Primer F, 3 pl
each, PCR grade Water and DNA Template, and each 500ng.

PCR Schedule: The PCR schedule for the three pairs of primers
mbr, mcr and ict was as follows: initial denaturation at 95°, 5 min-
utes for 1 cycle, denaturation at 95°, annealing at 58° and exten-
sion at 72° temperature was performed in 1 minute for 35 cycles
and finally final extension was performed at 72° temperatures, 5
minutes for 1 cycle.

Electrophoresis of PCR products: PCR products were stained
by using 1% agarose gel in an electrophoresis device with a volt-
age of 100v with ethidium bromide and in a gel documentation
device under UV light with a wavelength of 254 nm.

Results of molecular studies: Mbr positive samples were band-
ed at 1% agarose gel at 300 bp region. In this study, Ladder 100 bp
(Fermentas Lot N: 00037552) was used. The positive mcr samples
were banded on 1% agarose at 630 bp region and the icr positive
samples were banded on 1% agarose at 135 bp region.

Results of epidemiological studies: The total number of sam-
ples prepared from NSCLC patients was 98, including 56 males
and 42 females.

In other words, 42.9% of the samples belonged to female pa-
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And 57.1% of the samples belonged to male patients.
(0.75: 1)

Overall:

Translocation rate in the mcr area:

Translocation rate in the mbr area:

Translocation rate in the icr area:

However, the translocation rate of Bcl-2 gene in women, men and
in general, was obtained using the following formulas.

The following diagrams show the occurrence of Bcl-2 gene trans-
location in the sample population by age and sex.

Statistical analysis of Bcl-2 positive patients: Out of 98 pa-
tients, 46 patients (46.9%) were Bcl-2 positive, of which 46 pa-
tients that were Bcl-2 positive, 28 patients (60.9%) were male and
18 patients (39.1%) were female. Also, among these 46 patients
with Bel-2 positive, 10 patients (21.7%) were under 55 years old
and 36 patients (78.3%) were over 55 years old.

Statistical analysis of Bcl-2 negative patients: Out of 98 pa-
tients, 52 patients (53.1%) were Bcl-2 negative, of which 52 pa-
tients were Bcl-2 negative, 28 patients (53.8%) were male and 24
patients (46.2%) were female. Also, among these 52 Bcl-2 nega-
tive patients, 18 patients (34.6%) were under 55 years old and 34
patients (65.4%) were over 55 years old.

The following tables include the summary of above information.

tients.

Figure 1.

Figure 2.

Figure 3.
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Table 2. BcE2 gene translocation in NSCLC lung cancer based on sex segregation.

Bcl2 Positive (Bcl2+)

Bcl2 Negative (Bcl2-)

Paraffin Samples (total: 98)

46 Sample (46.9 % of total)

52 Sample (53.1% of total)

Paraffin Sample of male patients (male:56)

28 Sample (60.9% of Bcl2+)

28 Sample (53.8% of Bcl2-)

Paraffin Sample of female patients (female:42)

18 Sample (39.1% of Bcl2 +)

24 Sample(46.2% of Bcl2 -)

Table 3. BcF2 gene translocation in NSCLC lung cancer based on age segregation.

Bcl-2 Positive Bcl-2 Negative

Paraffin Samples of patients younger than 55 years old (28 samples)

10 Sample (21.7% of Bcl2+) | 18 Sample (34.6% of Bcl2 -)

Paraffin Samples of patients older than 55 years old (70 samples)

36 Sample (78.3% of Bcl2+) | 34 Sample (65.4% of Bcl-)

Discussion and Conclusion

Because the incidence of NSCLC is directly related to age, the in-
cidence of cancer also increases with increasing age of the popu-
lation. The Bcl-2 protein family plays a role in regulating cell death
in the body. Changes in their expression and function contribute
to the progression of NSCLC. For this reason, it is a good objec-
tive for targeted drugs in the treatment of cancer [15].

In this study out of 98 patients with NSCLC, it was observed
that Bcl-2 gene was translocated in 46 patients. Translocation in
Bcl-2 gene t (14:18) in cancer cells, increases the expression of
this gene. The rate of translocation in the mcr region was 48%
(22 patients), 43% in the mbr region (20 patients) and 9% in the
icr region (4 patients). In other studies, lymph node carcinoma
has been reported to have Bcl-2 translocation, between 60 and 90
percent and in patients with thyroid cancer, 50 percent. On the
other hand, in breast cancer, the translocation of Bcl-2 gene has
been reported to be 48% [16].

Comparison of the results of the present study with other men-
tioned studies shows that due to the translocation in Bcl-2 gene
and its high expression in various cancers, inhibition of the activ-
ity of this gene could be a suitable method for targeted treat-
ment of NSCLC. This study is valuable due to the prevalence of
NSCLC and the high mortality rate of this disease in relation to
targeted treatment. By examining the translocation of Bcl-2 gene
in a group of patients with NSCLC, it is possible to identify pa-
tients that may be treated with a type of drug that inhibits Bcl-2
gene expression.
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