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ARTICLE INFO ABSTRACT

The Epidermal growth factor receptor (EGFR) expression is controlled by a polymorphic CA simple sequence
repeat 1 [CA-SSR1] in intron one, and two single nucleotide polymorphisms (SNPs) in the promoter region (-216
G/T,-191C/A). We investigated the EGFR cell surface expression level and analyzed these genomic markers in six
rd types of adenocarcinoma in Arabian patients. The highest expression of EGFR was observed in lung (93%) and
23" February, 2016 bladder (95%) cancers. The CA-SSR1 long allele (OR=1.641, 95% CI 1.01-2.66, p=0.044) and the SNP-191C/A
Accepted 28 'Marc%lll, 2016 A allele (OR=3.87, 95% CI 1.51-9.87, p=0.004) were significantly associated with lung adenocarcinoma (LA).
Published online 26™ April, 2016 Haplotype analysis revealed three haplotypes within EGFR gene were significantly associated with lung and
bladder cancer risk. However, after Bonferroni correction only haplotype SSR1L/-216G/-191A remained
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Key words: significantly associated with increased lung cancer risk (OR=4.652, 95% CI 1.47-14.71, p=0.012). This is the first
observation of a significant association between genetic markers influencing EGFR expression level and the risk

EGFR, IHC, of developing lung cancers in Arabs. Furthermore, the molecular event that favors the selection of the long SSR1

Expression, allele in Arab lung cancer patients seems to be different from the somatic mutation that favors the selection of the

Gene polymorphism, short allele in the East Asian lung cancer patients.

Cancer.
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INTRODUCTION colorectal, gastric, pancreatic, renal, bladder, prostate, and

ovarian cancers with an expression level varying from low to
The human epidermal growth factor receptor [EGFR, HER1,  high according to the tumor type and the population studied
erbB1] member of the ErbB receptor tyrosine kinase family,  (Nicholson et al., 2001, Salomon et al., 1995). Immunotherapy
known to induce tumor growth and progression (Olayioye et  interfering with the functions of growth factors receptors has
al., 2000), has emerged as promising target for cancer therapy. introduced a breakthrough in cancer therapy and achieved
It has been shown that the EGFR is frequently overexpressed  significant leap forward for response rate, culminating in
in a large variety of human tumors such as, head and neck,  complete remission in some cases. Antibodies targeting the
esophageal, breast, non-small cell lung cancer (NSCLC), EGFR such as Cetuximab (Erbitux) are being used
successfully for close to a decade now (Karapetis et al., 2008,
Martinelli ef al., 2009, Van Cutsem et al., 2009, Pillay et al.,
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Gulf University, PO BOX 26671 Manama- Kingdom of Bahrain. express'ion e.lnd. .hOW gene ampliﬁcati(?n,' mutations  and
©Contributed equally to this work genomic variability affect EGFR transcription level or cell
surface expression. The recent data on the molecular basis of
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EGFR expression in cancer pathophysiology suggest that the
success of immunotherapy using antibodies against EGFR
depends heavily on a good assessment of EGFR expression.
Standardized IHC protocols, with harmonized scoring methods
backed by exhaustive genetic information on the EGFR
expression pattern are required to make reliable interpretation.
The gene coding the 170 kDa membrane-spanning EGFR
protein is located on the short arm on human chromosome 7
(7p12.1-12.3) (Gao et al., 2008, Davies et al., 1980), and it is
organized in 28 exons. The genomic polymorphism of the
EGFR loci has been extensively investigated and was shown to
display interethnic genetic variability (Liu et al., 2003,
Nomura et al., 2007). It has been reported that transcription of
the EGFR gene is modulated by a highly polymorphic CA
simple sequence repeat 1 (CA-SSRI1) located in intron 1 in
proximity to a transcriptional enhancer element (Gebhardt et
al., 2000). The length of this CA-SSR1varied from 14 to 21 in
Caucasian population, with the most common allele containing
16 (42%), 18 (20%) and 20 (26%) repeats. An inverse
correlation has been reported between the number of CA-
SSR1presents and the EGFR gene transcriptional activity
(Desai et al., 2003).

In addition at least 12 single nucleotide polymorphisms (SNP)
were described in the 5 untranslated/regulatory region of the
EGFR gene (Liu et al., 2005). Two of these SNPs, found
within the promoter sequence, were reported to regulate the
EGFR gene expression and hence the EGFR cell surface
expression (Liu er al., 2005). The 216 G/T (rs712829) is
located in the Spl binding site and the 191 C/A (rs712830)
four bp upstream of one of six transcription initiation sites
(Johnson et al., 1988, Kageyama et al., 1988). Despite the high
number of studies performed on this subject, it still not
definitely established whether the EGFR expression level
correlates with patient prognosis and can be used to predict
response to therapy. This is probably due to the fact that EGFR
cell surface expression is affected by a number of factors
including the natural genetic variability, gene amplification
and mutations in the EGFR coding region and activation of cell
proliferation through an alternative pathway such KRAS
mutations (Han et al., 2007, Buerger et al., 2000, Nomura et
al., 2007). Therefore good knowledge of the genetic
characteristics of the patients not only will help in designing a
better medication but will also help in establishing more
efficient therapeutic procedures to improve the clinical
outcome of cancer therapies targeting EGFR. Within this
context, little data is available on the relevance of EGFR gene
polymorphism to cancer in Arabian Gulf people.

To study the expression level status of EGFR and the genetic
variability of EGFR in cancer patients of Arab origin; we
analyzed, using a standardized automated IHC procedure, the
IHC staining profile of EGFR in six different types of
carcinomas in a total of 182 cancer patients from the Arabian
Gulf region. Paralleled to this study, we carried out the same
genetic study on an ethnically-matched healthy control group.
Our study focused on the EGFR locus three polymorphic
markers (CA-SSR1, 216 G/T, 191 C/A) shown to regulate
EGFR expression level in experimental studies. This
observation was validated in some cancer types and not others

and varied between studies in patients of different ethnic
origin.

MATERIAL AND METHODS
Patients

We investigated a total of 182 cancer patients from the Arabian
Gulf region distributed as follow: Colorectal Adenocarcinoma
(n=20); Breast Infiltrating Ductal Carcinoma (n=20); Lung
Adenocarcinoma (n=63), Ovarian Serous Carcinoma (n=20);
Bladder Urothelial Carcinoma (n=50) and Thyroid Papillary
Carcinoma (n=9). The patients and 114 healthy control
individuals were selected on the basis of their Arabic name and
all participants signed the required approval consent. Access to
patient’s data was strictly confined to the study senior
investigators. The patient’s personal information’s were
encoded and the clinical and histological characteristics along
with the genetic data were compiled in a database. All database
files were encrypted and password protected. The Institution
Review Board (IRB) approved the study.

Tumors Grading

As grading systems differ based on cancer type, we used the
grading systems recommended by the world Health
Organization (WHO) and listed in the latest edition of the
cancer staging manual of the American Joint Committee on
Cancer (AJCC) (Edge et al., 2010).

Immunohistochemical Analysis

We carried out the THC study on Formalin-fixed Paraffin
embedded tissues sections on a total of 104 cancer patients of
Arabic descend from the Gulf region. All biopsies were taken
before the patients undergo any therapeutic course. We
standardized IHC by using a Ventana Benchmark slide staining
automated platform (Ventana Medical Systems Inc.
Strasbourg, France) to carry out IHC based on the
manufacturer’s recommendations using anti-EGFR (3C6)
primary antibody.

Two different readings of the immunostained sections were
performed under light microscope by one pathologist at an
interval of at least six months. No interpretational
discrepancies were encountered between the two readings. The
pathologist was blinded about the molecular results of the
study. The staining cutoff for positive results was 10% of cells
showing complete strong membranous stain. To standardize
the IHC data ,the scoring system used for the determination of
EGFR expression and the staining pattern of tumor cell
membranes was the metric 0, 1+, 2+ and 3+ recommended by
the American Society of Clinical Oncology/ College of
American Pathologists (ASCO/CAP) reporting guidelines
(Wolff et al., 2007)and used for Her2neu. Score zero, no
staining (negative), 1+ score (negative): faint incomplete
membranous staining in more than 10 % of the tumor cells. 2+
score (positive): weak complete membranous staining in 10-
30% of the tumor cells. 3+ score (positive): strong complete
membranous staining in more than 30 % of the tumor cells.
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Genomic DNA extraction

DNA was extracted from peripheral blood samples and PFFE
tissues using Blood & Cell Culture DNA Mini Kit (Cat. #
13323, Qiagen, USA) and QIAamp DNA FFPE Tissue Kit
(Cat. # 51306, Qiagen, USA) respectively according to the
manufacturer’s instructions.

EGFR Genetic typing

EGFR CA-SSR1 genotyping

Analysis of EGFR CA-simple sequence repeat 1 (CA-SSR1)
length polymorphism was performed using GenoScreen DNA
typing technical platform (Lille, France). Briefly, the repeat
region was ampli ed using the following primers
(ThermoFisher Scientific GmbH, Germany): forward 5’-
GGGCTCACAGCAAACTTCTC-3’and  reverse  5’HEX-
AAGCCAGACTCGCTCATGTT-3". Polymerase chain
reaction (PCR) (25 pl) for each sample was set in 0.2 mL thin-
walled tube using 20 ng of DNA, 1 pmol of each primer, 6
pmol dNTPs, 37.5 pmol MgCl, and 1 unit of Fast start Taq
DNA polymerase (Roche). PCR reaction was carried out in MJ
research Thermal Cycler (Waltham, MA, USA) using the
following conditions: initial denaturation of 95°C for 10 min
followed by 40 cycles at 95°C for 30 sec, 55°C for 30 sec and
72°C for 1 min and a nal extension at 72°C for10 min. 1ul of
each ampli ed product was diluted at 1/50 then migrated on
sequencer ABI 3730 XL (Applied Biosystems) and analyzed
by GeneScan software. For GeneScan, 1 pL of diluted PCR
product mixed with 0.25 pL of LIZ 500 (Applied Biosystems)
and 8.75 pL of HiDi-Formamide (Applied Biosystems).
Migration conditions on sequencer were as follows: injection
time: 15 sec, run voltage: 15 kV and run time: 1600 sec. The
raw data was analyzed using the GeneMapper Software
(Applied Biosystems) to estimate the alleles.

Single Nucleotide Polymorphism Genotyping

Two SNPs rs71289 (-216 G/T) and rs712830 (-191 C/A) were
genotyped using Genoscreen technical platform KBioscience
Competitive  Allele-Specific PCR genotyping technique
(KASP) version 4.0 SNP (Lille, France). Briefly, KASP
detects SNPs via FRET (Fluorescence Resonance Energy
Transfer). For each SNP, one common reverse primer and two
allele-specific forward primers (that differ at their 3’ ends).
The 296 samples and 2 negative controls (water) were
genotyped following KASP PCR protocol. Genotyping
reactions were performed in 2xHC16 thermal cycler in a final
volume of 5 pl containing 2.5 pl of genomic DNA (12 ng/ul),
2.5 pl of 2X KASP reaction mix (Taq polymerase enzyme and
the passive reference dye ROX, KBioscience) and 0.07 ul of
the KASP assay primer mix (consisting of 12 uM of each
allele-specific forward primers and 30 uM reverse primer).
The following cycling conditions were used: a hot-start Taq
polymerase activation step (94°C for 15 min) followed by a 10
touchdown cycles of 94°C for 20sec, 65-57°C for 1 min
(decreasing 0.8°C per cycle), and 26 cycles of 94°C for 20 sec
and 57°C for 1 min. Fluorescence detection of the reactions
was performed using a FRET reading instrument; BMG

PHERAstar and genotyping data was
KlusterCaller software (Kbioscience).

analyzed by

Statistical analysis

For statistical data analysis, we used the SPSS statistical
software package version 19.0 (SPSS Chicago Illinois, USA).
We applied the Chi square and Pearson tests when appropriate.
In the control group, we systematically checked the Hardy
Weinberg equilibrium for all the genetic markers studied. We
also used the SHEsis software platform (Shi and He, 2005, Li
et al., 2009), and the Haploview software package version 4.2
to construct the haplotypes and to study linkage disequilibrium
and polymorphic loci genetic association. P value < 0.05 was
considered significant.

RESULTS

EGFR expression analysis by Immunohistochemistry

We generated immunohistochemistry EGFR data on 182
Arabian cancer patients grouped in six consecutive types of
carcinomas.

Scoring Based On CAP Standard

Figure 1. Immunohistochemical staining for EGFR detection in
Bladder Urothelial Carcinoma (BUC) and Lung Adenocarcinoma
(LA). EGFR THC staining in tissue samples from BUC (Panels 3 and
4); LA (Panels 5 and 6). The staining of tumor cell membranes with
the Ventana EGFR 3C6 antibody was graded as negative or positive
based on CAP standard scoring 0, 1+, 2+ & 3+. 0 was scored when
negative or unspecific staining (black arrow head). 3+ was scored
when >30% of tumor cells exhibit a strong immune-reactivity and
complete membrane staining (fuchsia arrow head). Ovarian serous
carcinoma tissue was stained in the absence of primary antibody as a
negative control (1). Skin tissue was used as positive control (2)
exhibiting an intense complete membranous staining of >30% (black
arrows). Magnification (X 200)
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As Shown in Figure 1, EGFR positive tissues sections showed
brown or golden brown membranous immunostaining of
variable intensity. By applying the scoring system for HER-
2/neu expression accredited by the college of American
pathologist for use in breast cancer diagnosis, we found the
overall frequency of positive staining for the EGFR (HERI) to
be 50%. The estimation of EGFR expression for each type of
cancer showed higher rates of positive staining in lung and
bladder carcinomas, respectively 93 and 95% while breast
infiltrating ductal carcinoma cases had the lowest expression
rate, 8% (data not shown). All Lung Adenocarcinoma and
Bladder Urothelial Carcinoma samples with high tumor grade
(stage II-IV) had elevated EGFR expression level (score 3+)

(Fig.1).
Genetic Analysis

Based on the results obtained by IHC for the level of EGFR
expression on the six types of tumors investigated, we focused
our genetic studies on lung adenocarcinoma and bladder
urothelial carcinoma groups of patient.

EGFR CA-SSR1 genetic typing

Short and long alleles were calculated according to the
different alleles repeat length and the mean was taken as a cut
off value: Short < 35 >Long. A total of eight alleles were
found in both the control and patients groups (LA and BUC).
In the control group, the number of CA-SSR1 varied from 15
to 22. Allelic distribution was trimodal with predominance of
allele 16 (51%), allele 17 (10%) and allele 20 (20%), the rest
being minor alleles.

No deviations from Hardy-Weinberg equilibrium (HWE) were
observed in the control group (x*=1.94, df=1, Pearson's
p=0.163). We compared the differences in frequency
distributions of CA-SSR1 marker alleles (short and long)
between cases and controls by y° test (Table 1) and identified
the minor long allele >35 repeat associated with the risk of
lung adenocarcinoma (y=4.026, OR=1.641, 95% CI 1.010-
2.667 and p=0.044). No such association was observed in the
BUC group (Tablel).

Table 1. Association of EGFR CA-SSR1 Alleles with Lung
Adenocarcinoma (LA) and Bladder Urothelial Carcinoma (BUC)

Control LA BUC
(n=114) (n=63) (n=50)
EGFR L0.349/S0.651 L0.468/S0.532 1L0.398/S0.602
CA-SSR1
e 4.026 0.622
OR 1.641 1.234
[95% CT1] [1.010-2.667] [0.730-2.085]
p value 0.044 0.43

LA: Lung Adenocarcinoma; BUC: Bladder Urothelial Carcinoma; y* chi

square; OR: Odd Ratio, CI: Confidence Interval.

SNPs rs712829 (-216G/T)
genotyping

and rs712830 (-191C/A)

The observed genotype frequencies of rs712829 (-216G/T) and
rs712830 (-191C/A) complied with the HWE in the control
subjects (y2=1.005, df=1, Pearson's p=0.315 and y%2=0.121,
df=1, Pearson's p=0.727, respectively). For SNP rs712830 the
minor allele A showed a strong allelic association with LA
(Table 2).

Table 2. Allelic association of SNPs re712829 and rs7122830 with Lung Adenocarcinoma (LA) and
Bladder Urothelial Carcinoma (BUC)

Control LA BUC
(n=114) (n=63) (n=50)
SNP_ID rs712829 G 0.537/T0.463 G 0.643/T0.357 G0.622/T0.378
1 3.407 1.757
OR [95% CI] 1.553[0.971-2.484] 1.420[0.844-2.388]
p value 0.06 0.184
p value adj.* 0.12 0.368
SNP_ID rs712830 C0.968/ A 0.032 C0.885/A0.115 C0.970/ A 0.030
1 9.072 0.012
OR [95% CI] 3.870[1.517-9.874] 0.923 [0.233-3.647]
p value 0.002 0.909
p value adj.* 0.004 1

LA: Lung Adenocarcinoma; BUC: Bladder Urothelial Carcinoma; XZ: chi square; OR: Odd Ratio,
CI: Confidence Interval; p value adj.*: p value was adjusted by Bonferroni correction.

Table 3. EGFR Haplotype Association with Bladder Urothelial Carcinoma in the Arabian Gulf population

Haplotypes Freq (case)  Freq (control) $ pvalue  p value adj.* OR [95%CI]

SSR1.S/-216 G/-191 C 0.256 0.275 0.193  0.660 1 0.869 [0.46-1.62]
SSR1.S/-216 T/-191 C 0.307 0.353 0716  0.397 1 0.775[0.43-1.39]
SSR1.L/-216 G/-191 C 0.369 0.232 4.187  0.040 0.12 1.866 [1.02-3.40]
SSR1.L/-216 T/-191 C 0.031 0.111 4.603  0.031 0.093 0.245 [0.06-0.97]

S: short, L: Long, %2: Chi square; OR: Odd Ratio, CI: Confidence interval. p value adj.

*: p value was adjusted by Bonferroni correction.

Table 4. EGFR Haplotype Association with Lung Adenocarcinoma in the Arabian Gulf population

Haplotypes Freq (case) Freq (control) $2 p value p value adj.* OR [95% CI]

SSR1. S/-216 G/-191 C 0.211 0.275 1.329 0.248 0.744 0.706 [0.39-1.28]
SSR1. 8/-216 T/-191 C 0.326 0.353 0.210 0.646 1 0.883 [0.52-1.50]
SSRI1.L/-216 G/-191 C 0.307 0.232 1.770 0.183 0.549 1.468 [0.83-2.59]
SSRI1.L/-216 G/-191 A 0.120 0.029 8.044 0.004 0.012 4.652[1.47-14.71]
SSR1.L/-216 T/-191 C 0.036 0.111 4.811 0.028 0.084 0.295[0.09-0.93]
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However for SNP rs712829 the major allele G showed only a
tendency toward a significant association with LA. No allelic
association was observed with BUC (Table 2).

Haplotype Analysis

The analysis as a mini haplotype of the EGFR markers within
the regulatory region that controls transcription and protein cell
surface expression; CA-SSR1 variant, rs712829 (-216G/T),
and rs712830 (-191C/A); showed the existence of 4 and 5 out
of 8 possible haplotypes in BUC and LA, respectively. The
results of the associations between these EGFR haplotypes and
the risk of LA and BUC cancers are listed in table 3 and table
4. The data show that haplotype SSRI1L/-216G/-191C is
significantly associated with an increased risk of BUC
(p=0.040, OR=1.866, 95%CI 1.02-3.40, Table 3), while
SSR1L/-216T/-191C is significantly a protective haplotype (p=
0.031, OR=0.245, 95%CI 0.06-0.97, Table 3). However, after
Bonferroni correction for multiple comparisons, the statistical
significance was lost (Table 3). Interestingly the SSRIL/-
216T/-191C is also a protective haplotype against LA (p=
0.028, OR=0.295, 95%CI 0.09-0.93, Table 4), while haplotype
SSR1L/-216G/-191A is significantly associated with an
increased risk of lung adenocarcinoma (p= 0.004, OR=4.652,
95% CI 1.47-14.71, Table 4). After adjusting for multiple
comparisons, only the later (SSR1L/-216G/-191A) remained
significant (p=0.012, Table 4).

DISCUSSION

EGFR is an important cell surface signaling molecules and
deregulation of the EGFR signaling pathway via elevated
expression level or through mutations results in cell
proliferation and loss of apoptosis. Therefore EGFR is
critically involved in the molecular pathogenesis of cancer
(Jorissen et al., 2003, Yarden and Sliwkowski, 2001). EGFR is
being successfully used as a target in cancer therapy. However
the mechanism by which the EGFR germline genetic
variability contributes to carcinogenesis is not fully elucidated
despite the elevated number of genetic studies carried out in
different cohort. In this case-control study, we investigated
whether EGFR genetic variants are associated with
carcinogenesis in the Arabian Gulf population. The Arabian
gulf population has been undergoing dramatic lifestyle changes
in the last two to three decades and in which prevalence of
cancer is significantly rising according to reports from the
International Agency for Research on Cancer (IARC), and the
specialized cancer agency of the World Health Organization
WHO (Ferlay et al., 2012, Bray et al., 2013). We have focused
our study first on standardizing the IHC method to investigate
EGFR expression, then we carried out genetic analysis of three
markers located at the S'end of the EGFR gene previously
shown to modulate EGFR expression level in in vitro
experimental studies using cell lines (Liu et al., 2007).
However this effect was not consistently confirmed in all
cancers and varied between the cancer types and the ethnic
origin of the patients studied (Brandt et al., 2004, Shitara et al.,
2012, Jung et al., 2012, Kim et al., 2009, Nomura et al., 2007,
Etienne-Grimaldi ef al., 2005). Investigation of this issue in the
Arabian Gulf population provided new data on the
determination of EGFR expression status in six different types

of cancer using IHC as well as interesting data on the genetic
polymorphism of potentially functional genetic variants.
Standardization of IHC relies heavily on the adjustment of the
antibody preparations and detection methods, as well as the
scoring system necessary to produce an assay for EGFR
evaluation that provides consistent, comparable results. To
standardize THC for the determination of tumor EGFR, we
attempted to overcome the limitations of the method by first
using the Ventana Benchmark slide staining automated
platform and the commercial anti-EGFR Monoclonal antibody
3C6 that recognize even EGFR variant III. We couldn't find a
study that demonstrates the superiority of an antibody versus
another in measuring EGFR Cell surface expression by IHC. In
addition we adopted a scoring method validated by the college
of American pathologists (CAP) for the diagnosis of breast
cancer patients through measuring the Her2Neu cell surface
expression. The data we obtained for the six types of cancer we
studied is consistent with what was reported using IHC on
EGFR expression level in cancer patients from populations
other than Arabs. Furthermore our data show a very high
prevalence of EGFR expression in lung and bladder
adenocarcinoma.

Our observations combined with those reported in the literature
suggest that standardization of IHC for the study of EGFR
expression could make it the most recommended method for
the clinical evaluation of EGFR expression status in cancer
setting. Since EGFR has been reported as being a major driver
of malignancy in several types of cancer and that
polymorphism in the EGFR gene 5 'regulatory region was
shown to control EGFR expression level, and based on the
results obtained by IHC for the level of EGFR expression, we
investigated the association of the genetic variability of three
markers in the gene's regulatory region rs712829 (-216G/T)
and 15712830 (-191C/A) and intron 1 CA-SSRI in Lung
adenocarcinoma and Bladder urothelial carcinoma groups of
patient. Our study showed no significant difference in the
EGFR expression according to the length of CA-SSR1. The
length of CA-SSR1 polymorphism differs by ethnicity and
tends to be longer in Asians than in Europeans or African-
Americans (Jung et al., 2012). In the current study, we show
that in Arabs the short CA-SSR1 allele (up to 16 repeats) is
predominant and that the pattern of the CA-SSRI1 allele's
frequency is closer to that of the Caucasians (Liu et al., 2003).
On the other hand the association's study of CA-SSR1 alleles
with cancer showed a significant association of the long allele
(L) with lung adenocarcinoma. Interestingly in a study on
NSCLC in patients from various ethnic backgrounds Nomura
et al. (2007) reported a selective amplification of the shorter
CA-SSR1 allele in tumors harboring a mutation resulting in
higher EGFR expression in East Asian where the long allele is
predominant (Nomura et al., 2007). This situation is at the
opposite of our observation in the Arab population where the
CA-SSRI1 short allele is predominant while the long allele
seems to be selected in patients with lung tumors even though
we do not have yet exhaustive information's on the EGFR
somatic mutation status of the Arab patients. This suggests that
the molecular event that favors the selection of the long allele
in the Arab patients is different from the somatic mutation that
favors the selection of the short allele in the East Asian lung
cancer patients.
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In addition, assuming that the minor allele of the SNP was a
risk allele compared to the wild type major allele, the genotype
analysis has shown for the first time in the Arabian Gulf
population, a strong association of variant A of SNP rs712830
(-191 C/A), as a single marker, with lung adenocarcinoma
(p=0.002, OR=3.870, 95%CI 1.517-9.874). This association
was further confirmed with a haplotype combining the two
SNPs 1rs712829 and rs712830 and the CA-SSR1. We have
shown that LGA haplotype was associated with a significantly
increased risk of lung cancer in the Arabian Gulf population.
Moreover, this finding suggests that haplotype analysis could
be an appropriate tool for evaluating the risk association than
the single marker. Our data confirm that the natural genetic
variability affects EGFR cell surface expression and is linked
to the susceptibility to develop specific types of cancer; this in
addition to the known intrinsic tumorogenicity-related factors
including, gene amplification and mutations in the EGFR
coding region and activation of cell proliferation through an
alternative pathway such KRAS mutations (Stella et al., 2012).
In conclusion our study has shed some light on the role of
EGFR polymorphism in cancer setting in the Arab Gulf
populations and confirmed that germline genetic variations in
the EGFR 5' regulatory region might play a role in the
development of cancer particularly lung and bladder
adenocarcinoma in addition to other cancer types. Testing for
the potentially harmful or protective genetic patterns identified
in Arabs can be clinically very useful. It can help identifying
people with high risk of LA or BUC whom would become
eligible for screening for early detection of these two types of
cancer. Meanwhile it can prevent people with the protective
genetic signature undergoing unnecessary costly medical
check-ups. In addition determination of EGFR expression level
may help match patients with individualized treatments.
Genetic testing based on this data might lead to an earlier,
accurate diagnosis and prevention of LA and BUC in the
Arabian Gulf region people. These positive outcomes preclude
a reduction of the financial burden on the health care system.
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