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Abstract

Objective: Although smoking is the most significant factor in the etiology of lung cancer, other environmental
pollutants and genetic predisposition also play major roles in its development. Histopathologically, lung cancers are
divided into two major types, as small cell lung cancer (SCLC) and non-small cell lung cancer (NSCLC). The latter
accounts for almost 85% of all lung cancers with a very aggressive course and being associated with a high rate of
mortality. Among the genetic mutations with prognostic value in NSCLC, the epidermal growth factor receptor (EGFR)
mutation is most frequently found in 50 to 80% of cases. The EGFR is a transmembrane glycoprotein with tyrosine
kinase activity which is associated with both normal cell growth and malignant transformations.

Material and Methods: In the present study, we aimed to evaluate the effects of exon 19 747-750 deletion in the EGFR
gene on the risk of developing lung cancer and to examine its potential relationship with the different histopathological
types of lung cancer. The study sample comprised a total of 178 patients diagnosed with lung cancer at Mersin
University, Medical Faculty, Oncology Clinics, and 192 age- and sex-matched healthy individuals as the control group.
Deoxyribonucleic acid (DNA) isolation was performed using the standard salt-water precipitation method, while the
mutation screening and genotyping analyses were carried out with a polymerase chain reaction (PCR) and restriction
fragment length polymorphism (RFLP) analyses.

Results: The frequency of mutant EGFR exon-19 deletion in the control group was 15.1%, increasing to 36.9% in the
lung cancer group, and increasing the risk of developing lung cancer by 2.64 times (p: 0.014). This increase did not
significantly differ between the histopathological types of lung cancer (p: 0.76).

Conclusion: Considering the distribution of lung cancer patients in different age groups, it is obvious that advanced age
is a risk factor for the development of EGFR mutation and lung cancers (p<0.001).
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Introduction

Lung cancer is the most frequent among all types of cancer ~ Of note, NSCLC follows a very aggressive course and is

and is associated with the highest rate of mortality (1).
Lung cancers can be divided into two types based on cell
morphology, as small cell lung cancer (SCLC) and non-
small cell lung cancer (NSCLC). Globally, more than 1.6
million individuals die from lung cancer annually (2), with
almost 85% of the total attributable to NSCLC, and the
remainder to SCLC. Smoking is the most important factor
in the etiology of lung cancer, although other
environmental pollutants and genetic predisposition also
play major roles in its development (3).

associated with a high rate of mortality, being the main type
of lung cancer, but incorporating several other
histopathological ~ types of lung cancer(4). In
adenocarcinomas, the rates of epidermal growth factor
receptor (EGFR) gene mutations, Kristen-rat sarcoma
oncogene (K-RAS) mutations and mesenchymal-epithelial
transition (MET) gene mutations have been reported as 20
to 30%, 30%, and 5%, respectively (5).
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The EGFR is one of the most important proteins playing a
role in the cell differentiation and proliferation with an
activity that involves its binding to the surface receptors of
the EGFR. It is a transmembrane glycoprotein with tyrosine
kinase activity which is associated with both normal cell
growth and malignant transformations (6). Previous studies
have shown an overexpression of EGFR in the presence of
lung, head and neck, colon, pancreas, breast, ovary, bladder
and kidney cancers, and in gliomas (7,8). Using the
immunohistochemical methods, the EGFR overexpression
has been found in 39%of adenocarcinomas, 58% of
squamous-cell  carcinomas, and 38%of large-cell
carcinomas (9). This is of prognostic importance, in that it
may contribute to the survival, recurrence and selection of
appropriate treatment protocols. In the present study, we
aimed to evaluate the relationship between the 747-750
deletion mutations in exon 19, the risk of lung cancer
development and to examine the co-existence of the
relevant mutations with specific histopathological types of
lung cancer, as well as its relationship with other risk
factors for lung cancer, including smoking, sex, and old
age.

Material and Methods

Study population

The study sample comprised a total of 178 patients
diagnosed with NSCLC at Mersin University, Medical
Faculty, Oncology Clinics and a control group of 192 age-
and sex-matched healthy volunteers between 2013 and
2015. All participants were informed about the objective
and design of the study and a written informed consent was
obtained from each participant. Data including age,
occupation, smoking status and family histories of lung
cancer were recorded on an information collection form
which was designed specifically for the study. The
interview response-rates among the eligible patient and
control participants were 97.2% and 98.3%, respectively.
The study protocol was approved by the Local Ethics
Committee of Mersin University, Medical Faculty of
Medicine. The study was conducted in accordance with the
principles of the Declaration of Helsinki.

Genotype analyses: Peripheral blood samples of 7 to 8 mL
were obtained from each participant and placed in 15 mL
centrifugation tubes containing 50 mmol/l disodium-
ethylenediaminetetraacetic acid (EDTA). Deoxyribonucleic
acid (DNA) isolation was carried out through the standard
salt precipitation method (10), while the mutation screening
and genotyping analyses were performed through
polymerase chain reaction (PCR) and restriction fragment
length polymorphism (RFLP) analyses. After the obtained
PCR/RFLP products  were inspected  through
electrophoresis, the collected data were statistically
analyzed.

EGFR Exon 19(747-750) Deletion Studies: EGFR gene
mutation was identified by PCR-restriction fragment length
polymorphism in 178 lung cancer patients. The sequences
of primers for PCR amplification were as follows:

Forward:
5’- ATCCCAGAAGGTGAGAAAGATAAAATTC -3’
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Reverse:
5’- CCTGAGGTTCAGAGCCATGGA -3°

The 20 pul PCR system of the first run contained 20 ng
DNA, 1.5 mmol/l MgCI2, 1xPCR buffer, 200 nmol
deoxynucleotide triphosphates, 200 nmol/l PCR primers
and 0.2 U TagDNA polymerase (Qiagen, Holland). This
grade was to present restriction sites of restriction enzyme
Msel by primer EGFR. PCR appliance (2720 Thermal
cycler, Applied Biosystems) was designed for
amplification. The PCR cycling parameters were: one cycle
of 95°C for 15 minutes, 40 cycles of 95°C for 20 seconds,
60°C for 30 seconds, and 72°C for 1 minute, followed by
one cycle of 72°C for 3 minutes. The product of PCR was
138 bp. PCR product (2 pl) containing 200 ng DNA was
digested by Msel (MBI Fermentas, USA) at 37°C for 2 h.
The digested 10 pl products were examined on a 3%
agarose gel electrophoresis and staining with ethidium
bromide. The results were analyzed by a UV imaging
system. The digested fragments of wild-type DNA included
92 bp and 46 bp, and the digested fragments of mutant
DNA included 120-129 bp. The principle of the assay is
shown in the Msel which was used to digest the TTAA
sequence (from first letter of codon 747 to first letter of
codon 748) in wild-type genes, which are frequently absent
in exon 19 deletion mutants (codons 747-750; Leu Arg-Glu
sequence), resulting in the enrichment of deletion-type
genes (12,19).

Statistical Analysis: The relationship between positivity in
genes and disease were calculated by chi-square test.
Distribution of lung cancer in age groups was determined
by one sample chi square test. Categorical variables were
expressed as frequencies and percentage. Statistical
analysis was performed using the STATISTICA (13.3.1)
p<0,05 was considered statistically significant.

Results

The demographic characteristics and frequencies of
alleles/genotypes of EGFR exon 19 deletion (residues 747—
750) of the patients with lung cancer and the healthy
control sare presented in Table 1.

The mean age in the patient group was slightly higher than
that of the control group, being 60.06(£9.75) years
vs.58.04(+8.64) years, respectively (p:0.414). Of all the 178
patients with lung cancer, 155(86.6%) were men and
23(13.4%) were women. Lung cancer was more frequent
among men (0.001). Smokers accounted for 64.50% and
80.3%o0f the control and patient groups, respectively
(p<0.001). When EGFR 19 exon 747-750 deletion
genotype rates were analyzed, the rate of mutant genotype
was found to be 15.1%in the control group, increasing to
36.9%in the patient group, and a 2.64-times greater risk of
developing lung cancer (p:0.014).The distribution of lung
cancer patients based on the histopathological types and
EGFR exon 19 747-750 deletion rates were as follows:
Adenocarcinoma 53.37-52.08%, squamous cell carcinoma
30.89-35.41%, large cell carcinoma 3.93-4.16%, and small
cell carcinoma 11.79-8.33%(p:0.76) (Table 2). Agarose gel
electrophoresis of PCR products that wild and mutant
genotype for EGFR exon 19 was demonstrated in Figure 1.
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Table 1. Distribution of study participants according to cases-control status, demographic characteristics and EGFR exon
19 deletion genotypes

Variables Cases (n=178) Controls (n=192) p-value
(Mean + SD) (Mean + SD)
Age (Mean + SD) 60.06+9.75 58.04+8.64
sex Male 155 (86.60) 162 (84.40) 0.001
Female 23 (13.40) 30 (15.60)
Smoking status Never smokers 33 (19.70) 68 (35.50) 0.001
Current smokers 145 (80.30) 124 (64.50)
Genotype frequencies 112 (63.1) 163 (84.9) 0.014
66 (36.9) 29 (15.1)

Table 2. Distribution of EGFR exon 19 deletion (residues 747-750) genotypes based on histopathological types of lung
cancer

Adenocarcinoma Squamous cell Large cell Small cell carcinoma
carcinoma carcinoma
n % n % n % n %
Total (n=178) 95 53.37 55 30.89 7 3.93 21 11.79
Wild type (n=130) 70 53.84 38 29.23 5 3.84 17 13.07
Mutant (n=48) 25 52.08 17 35.41 2 4.16 4 8.33

150bp
100bp

S50bp

120-129bp

Figure 1: Agarose gel electrophoresis of PCR products for sequencing EGFR exons 19 gene by RFLP method. M: DNA
marker; 1-4: patients wild type DNA sample; 5: patient mutant type DNA sample.

a5

40 //'_'\

. VA N

22 / / \
= |20 / / N\
% . // N

10 [/

5 P/

0 = —/

<39 40-49 50-59 60-69 270

Figure 2. Blue line: Distribution of ratio of Lung cancer patients with respect to age. Red line: Distribution of ratio of
Lung cancer patients with respect to older age in the Mersin sample.
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The mean age of the 178 patients in lung cancer group was
60.06(x9.75)  years with a distribution of patients
according to the age groups being 3.3% in <39 years age
group, 5.0% in 40-49 years age group, 39.2% in 50-59
years age group, 33.7% in 60-69 years age group, and
18.7% in >70 years age group. To identify whether old age
represented a risk factor, the distribution of the respective
age groups in the total Mersin population was initially
estimated. As the population was not distributed evenly
between the all age groups, the ratios of all lung cancer
patients in all age groups were calculated. These ratios
were as follows: 0.4% in the <39 years age group, 2.93% in
40-49 years age group, 27.9% in 50-59 years age group,
38.6% in 60-69 years age group and 29.9% in 270 years
age group. When the ratio of the overall population and
lung cancer patients in the relevant age groups was
compared, old age was found to be a risk factor for the
development of lung cancer (p:0.001).

To evaluate the increased risk of lung cancer in the older
age groups, case numbers and ratios of the relevant age
groups were estimated within the Mersin population (Fig.
2). We found no relationship between being in an older age
group and the risk of lung cancer (Fig.2, blue line),
although the ratio of lung cancer patients increased with
older age in the Mersin sample (Fig.2, red line). Consistent
with the literature, lung cancer was directly associated with
smoking.

Discussion

In this population-based case-control study, we investigated
whether the exon 19 deletion (residues 747-750) in the
EGFR gene was related to the risk of lung cancer in a
Turkish population, and whether there was any relationship
between the EGFR exon 19 deletion genotypes and the
histopathology types of lung cancers. We further
investigated whether demographic risk factors influenced
lung cancer development in our study sample. Based on our
study results, the EGFR exon-19 747-750 deletion mutant
genotype and older age were the main risk factors for the
development of lung cancer.

In a previous study by Dearden et al. (11), the frequency of
EGFR mutations in the Western populations was found to
be 19.2% in patients with adenocarcinoma and 3.3% in
patients with squamous cell carcinomas. These rates are
higher in the Asian population, reported to be 47.9% in
patients with adenocarcinomas and 4.6% in patients with
squamous cell carcinomas. Asano et al. (12) identified exon
19 mutations in the EGFR gene in 52% of 108 patients with
lung cancer, including mutations identified by direct
sequencing in 16 (15%) of the 108, from a fine-needle lung
biopsy sample in four (22%) of 18, and from a pleura fluid
sample in three (15%) of 20 patients. In another population-
based study performed by Shiau et al. (13) in Ontario State,
Canada, EGFR exon 19 deletion rates in 166 histology and
73 cytology samples were reported as 239 (53.6%). The
EGFR mutations were positive in 220 women (23.1%), 98
men (13.5%) and 79 Asian (48.8%) patients. In another
study reported by Sandra et al. (14), EGFR exon 19
deletions were present in 53%of 2,142 patients with an
early lung adenocarcinoma, while this rate was 61%among
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patients with an advanced adenocarcinoma. The frequency
of EGFR mutations in the NSCLC tumor tissue samples
was reported as 19% in men and 26% in women. In a study
by Baek et al. (15) involving a Korean population of 1,738
patients, the efficacy of EGFR tyrosine kinase inhibitors in
NSCLC patients with exon 21 L858R and exon 19 deletion
mutations of the EGFR gene was examined. In the
aforementioned study, 88 patients (5.1%) were positive for
rare or complex mutations and 54 were treated with
tyrosine kinase inhibitors. Rare and complex mutations
were identified in 33 and 21 patients, respectively. In
another study, Bircan et al. (16) investigated EGFR exon 19
and exon 21 mutations in 25 patients, including 14 with an
adenocarcinoma and 11 with a squamous cell carcinoma.
The EGFR mutations were identified 11 (44%) patients
with NSCLC, while exon 19 and exon 21 mutations were
identified in eight (32%) and five (20%) patients,
respectively. Two patients had both  mutations
concomitantly. Of the six (35.7%) patients with
adenocarcinomas, three had exon 19 and the remaining
three had exon 21 mutations. Of the seven (54.5%) patients
with squamous cell carcinomas, five had exon 19 and two
had exon 21 mutations. In their study investigating the
EGFR mutations in a Chinese sample of 157 individuals, Li
et al. (17) detected exon 19 and exon 21 mutations in 22
and 35 individuals, respectively. Quan et al. (18) found that
the total rate of somatic EGFR mutations was 48.02% in
the Chinese population, including 354 patients with
NSCLC. Of those mutations, 27.40% were in exon 19 and
25.99% were in exon 21. The most common mutations in
exon 19 and exon 21 were identified as E746-A750del
(8.47%) and L858R (10.17%) mutations, respectively. Of
all the patients with EGFR mutations, 60.13% were women
and 38.81% were men[adjusted odds ratio (OR), 1.93, 95%
confidence interval (Cl), 1.07-3.51, P:0.029]. The
distribution of patients by age groups was 58.62% in the
<60 years age interval and 40.67% in 260 years age interval
(adjusted OR, 1.87; 95% CI, 1.20-2.92; P:0.006). The
distribution of the EGFR mutation rates according to
histological tissue type was 52.76% for adenocarcinoma
and 26.56% for non-adenocarcinoma cases. The mean age
of the patients in the study was 62 years.

We found that the rate of the EGFR exon 19 (747-750)
deletion mutant genotype was higher among lung cancer
patients, and although the frequencies differed, our results
are overall consistent with those previous studies (12, 14—
18). The mean age of the patient group in the present study
was similar to those reported by Li et al. (17) and Quan et
al. (18). In the study by Baek et al. (15), the rates of
adenocarcinoma and non-adenocarcinoma cases were 88.9
and 11.1%, respectively, while in the study of Bircan et al.
(16), these rates were 56% for adenocarcinoma and 44%
for squamous cell carcinoma. In the study by Li et al.(17),
the rates were as follows: squamous cell carcinomas: 8.3%,
adenosquamous carcinoma: 50%, mixed adenocarcinomas
with bronchiole alveolar components and bronchiole
alveolar adenocarcinomas: 17.6% and other
adenocarcinomas: 58.8%. The distribution according to
histological tissue types was 81.92% for adenocarcinoma,
16.95% for squamous cell carcinoma and 1.13% for large
cell carcinoma in the study by Quan et al. (18). The
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distribution of lung cancer cases in terms of the major
histological tissue types in the present study was
adenocarcinoma, squamous cell carcinoma, and small cell
carcinoma, followed by large cell carcinoma. This finding
is also consistent with the aforementioned studies,
indicating that the male sex, smoking, and old age are
greater risk factors for the development of lung cancer.
This is the first study, however, to provide proof of the link
between old age and the risk of developing lung cancer by
presenting statistical analyses based on the distribution of a
sample population according to age groups, and secondly,
by calculating the ratio of lung cancer patients in each age
group.

Conclusion

In conclusion, the EGFR exon-19 747-750 deletion mutant
genotype represents a risk factor for the development of
lung cancer with individuals with this mutation being 2.64
times more likely to develop the disease. According to our
study results, the EGFR exon-19 747-750 deletion mutant
genotype frequencies did not differ significantly between
the histological tissue types, while smoking, male sex, and
old age were found to be the most significant risk factors
for the development of lung cancer. Considering the
distribution of lung cancer patients across the different age
groups, it is evident that older age represents a risk factor
for the development of lung cancer. Nonetheless, further
large-scale, comprehensive studies are needed to establish a
conclusion.
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