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Abstract

The epidermal growth factor receptor is central to the growth, differentiation and the mobility of
normal and cancer cells. Notably, EGFR plays an important role in non-small cell lung carcinoma
development. Two known nucleotide variants in EGFR promoter at position -216 (G > T) and -191
(C > A) are known to influence promoter activity. The transcription factor Sp1 (Specificity protein
1) binds with higher affinity the T allele at position -216 which results in 30% increased tran-
scriptional activity of EGFR. Sequencing of EGFR promoter region and exon 1 in 18 patients with
pulmonary carcinoma revealed that -216 G/T variant was associated with 58.82% of NSCLC pa-
tients especially those with squamous carcinoma, with predominance of homozygote (T/T) va-
riants. Strikingly, the -191C/A polymorphism was detected in 11.11% of patients having a pulmo-
nary carcinoma with the predominance of homozygote (C/C) variants. The distribution analysis of
the four haplotypes (G-C, G-A, T-C and T-A) and the diplotype (G-C/T-C) of -216G/T and -191C/A
polymorphisms, revealed a clear predominance of T-C haplotype (216T-191C) in squamous cell
carcinoma. The G-C and G-A haplotypes have a lesser distribution while the T-A haplotype is
non-existent. The incidence of (G-C/T-C) diplotype is more important than the G-A haplotype in all
the studied cases. Our results are strongly correlated with the data of Caucasian population.
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1. Introduction

The epidermal growth factor receptor (EGFR) is a 170 KDa transmembrane glycoprotein with a tyrosine kinase
activity, encoded by a gene located on human chromosome 7p 12.1-12.3. EGFR is an ubiquitously expressed
tyrosine kinase that plays a crucial role in cell proliferation, differentiation, mobility and the survival of normal
and tumor cells [1] [2]. EGFR is over-expressed in 30% of human primary tumors and its activity correlates to
tumor stage, survival and the response to chemotherapy [ 1]. Thus, most of patients present with a local advanced
or metastatic stage and a survival period of five years in 15% of patients having lung carcinoma [3]. The EGFR
gene has a G-C rich regulatory region devoid of TATA or CAAT box.

The regulatory process of EGFR is complex and is based on interactions between the transcriptional factors
binding multiple sites found in the promoter region [4], an intronic enhancer element and two enhancer coopera-
tive regions located near exon 1 as well as a CA dinucleotid repetition polymorphic site located also in intron 1
[5] [6]. The basal transcription of EGFR is essentially regulated by the transcription factor Sp1 (Specificity pro-
tein 1 or Sephacryl and phosphocellulose columns), which binds at least four known binding sites. Sp1 is one of
the Sp/KLF (Kruppel like factor) transcription factors binding GC sites, inducing regulation of gene without
TATA box. It’s also able to enhance the SV-40 (Simian Virus-40) promoter at GC rich sites [7]-[12]. The se-
quence analysis of the regulatory region of EGFR has revealed the presence of a functional Single Nucleotide
Polymorphism (SNP) located at the recognition site of Spl. This -216G/T SNP increases the promoter activity
by 30% [13]. Recent studies have shown that p38-MAPK induces the phosphorylation of Sp1 and then increases
the DNA binding activity after epidermal growth factor (EGF) stimulation [14] [15]. The blocking or loss of ac-
tivity of p38-MAPK decreases the binding affinity of Sp factors to the promoter elements at -245 and -240 sites
[15]. Recent studies have also shown that histones desacetylases inhibitors (HADCi) induce the dissociation of
Spl from the EGFR promoter [16]. Besides data of the EGFR gene regulation, there is few data about the va-
riants of the 5’ regulatory region of the EGFR. Thus, we sequenced the promoter region of EGFR in Algerian
patients with NSCLC and reported two polymorphisms implicated in the regulation of the expression of the
EGFR.

2. Material and Methods
2.1. Tumor Samples

This study reports 17 patients with non small cell lung carcinoma (NSCLC), one patient with small cell lung
carcinoma (SCLC), and a healthy patient. Patients’ specimens were obtained from either the Laboratory of
Anatomopathology of Mohamed Seghir Nekkache Hospital of Algiers or from the Laboratory of Anatomopa-
thology of west Algeria with consents.

All biopsies were performed during surgical thoracic resection. The tumor samples embedded in paraffin were
kept away from light and humidity at +4°C. The clinical data including age, gender and anatomopathological
diagnosis have been obtained for all patients as well.

2.2. Histopathological Diagnosis

The histopathological analysis and the definition of the score of lung tumors have been performed in accordance
with the data published in the International System for Staging Lung Cancer [17]. All clinical diagnosis pro-
vided by the hospital have been evaluated and confirmed according to the classification established by the
World Health Organization (WHO) for lung cancers. Some immunostainings using EGFR and Cytokeratin 5/6
antibodies, have been performed using the Envision+ kit (Dako Cytomation; Denmark) at the Laboratory of Bi-
ology of Development and Differentiation at the University of Oran 1 Ahmed Benbella, Algeria, to confirm the
differential diagnosis of NSCLC.

2.3. Extraction and Sequencing

The genomic study was performed at Nemours Biomolecular Core Laboratory located in the Alfred I du Pont
Hospital for Children (Wilmington, DE, USA).

The genomic DNA was extracted from formalin-fixed and paraffin-embedded (FFPE) tissues of primary tu-
mors using the Puregene Buccal Cell Kit (Qiagen; USA). Samples were subjected overnight to an enzymatic di-
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gestion with proteinase K (Puregene; USA) at 37°C. The lysed samples were treated with RNase and the fraction
containing proteins precipitated. The DNA was purified after precipitation with isopropanol solution in the
presence of glycogen (20mg/ml). DNA resuspension was performed using Tris-EDTA solution (TE 10:01).

The primers used to amplify a 245 bp sequence in the promoter region of interest are follows
(5’-GCGCAGCGCGGCCGCAGCA-3’) and (5’-GCATCGCTGCTCCCCGAAGA-3’). About 100 to 150 ng of
genomic DNA was incubated in 25 pl reaction containing 0.15 pl of Taq Polymerase (Qiagen; USA). The DNA
amplification included a preheating step at 98°C during 5 min followed by 45 cycles for 30 sec at 98°C, 30 sec
at 63°C and 1 min at 72°C. PCR products were purified with the Qiaquik PCR Purification Kit (Qiagen; USA)
and sequenced using the BigDye Terminator v3.1 Cycle Sequencing Kit (Thermofisher; USA) followed by
treatment with sodium dodecyl sulfat (SDS) solution at 0.2%, and purification using Edge BioSystems Performa
DTR Gel Filtration Cartridges (USA). The sequence analysis was performed on the 4B/ 3130X Genetic Ana-
lyzer (USA) using standard operating protocols.

3. Results

Sequence analysis of the EGFR promoter region in lung carcinoma subjects identified distinct haplotypes de-
fined by variants at position -216G/T and -191C/A (Figure 1). Variants at the -216 Spl binding site was ob-
served in 58.82% of the patients with NSCLC. At position -216G/T, 72.72% of patients with squamous carci-
nomas carry the T allele with 75% of the tumors being homozygous (T/T) while 25% are heterozygous (G/T).
Only 40% of patients with adenocarcinoma carry the -216G/T variant, while one patient with SCLC carried the

rs712829 rs712830
c.-216G>T c.-191C>A

CElGLCcCCCCGCACGGTETGEAGELGCCCHC|CE
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ottt

C QKL CCCCCGBCACGGTBETGAGCGCCCGC|CG

kil

"COTlECCCCCGCACGGTGBTGAGCGCCCGHCIEG

ot

Figure 1. The highlight of two polymorphisms -216G/T and -191C/A, located on the regu-
latory region of the gene encoding for epidermal growth factor receptor (EGFR). The
alignment of the 5’sequences resulting from the amplification of the exon 1 fraction and the
promoter show the presence of the polymorphism -216G/T located in the EGFR promoter
binding site of Sp1. The second polymorphism -191C/A is located 4pb upstream of one of
the EGFR transcription initiation sites.
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G allele. About 11.11%o0f male patients with pulmonary carcinomas carried a variant at -191 position. The ho-
mozygous genotype (A/A) was found in a patient with SCLC and a patient with squamous carcinoma both of
them marked with the absence of a T allele at Sp1 binding site.

The distribution of the four haplotypes (G-C[-216G-191C], G-A[-216G-191A], T-C[-216T-191C] and T-A
[-216T-191A] and the diplotype (G-C/T-C) in the EGFR promoter region revealed a clear predominance
(38.88%) of the haplotype T-C in all lung cancers (Table 1), with 41.17% in the NSCLC. A great predominance
of the haplotype T-C has been found in squamous carcinoma with a percentage of 54.54%. A less incidence of
the haplotype G-C (33.33%) has been reported in all of the patients with lung carcinoma with a low percentage
(18.18%) described in squamous carcinoma patients. The incidence of the haplotype G-A is in the 3" position
(11.11%) and seems to be more frequent in squamous carcinomas (9.09%). The T-A haplotype is non-existent in
all lung cancers.

The (G-C/T-C) diplotype distribution analysis revealed a percentage of 16.66%, more important than G-A
haplotype distribution in all lung cancers. It’s important to highlight that the highest incidence has been reported
in squamous cell carcinoma (18.18%).

4. Discussion

The EGFR basal transcription is regulated by the Sp1 factor [7] [8]. The substitution of a guanine by a thymine
in -216G/T position corresponding to the recognition site of Spl increases the EGFR promoter activity by 30%
[10]. The results show the presence of the variation -216G/T in 58.82% of patients with NSCLC, especially
those having squamous carcinoma.

The immunostaining of adenocarcinoma lung tissues by the EGFR antibodies revealed a medium staining in-
tensity, contradicting the phenomenon of EGFR over-expression. The immunostaining of EGFR combined to
the cytokeratins 5/6 and Thyroid Transcription factor-1 (TTF1) are mainly used in the differential diagnosis of
NSCLC. Furthermore, most of patients with adenocarcinoma have the variation G216T and revealed a mod-
erately intense staining of the CK5/6. These results could explain the medium intensity staining obtained for
EGFR and lead to the hypothesis of adenosquamous carcinoma. The over-expression of EGFR has been ob-
served in a patient with lung adenocarcinoma carrying the homozygous allele T at the -216 position. This result
could be explained by the increasing activity of the EGFR promoter by at least 30% [13]. Numerous data con-
firm the necessity of the Sp1 factor in the EGFR gene transcription and suggest a regulatory role not dependent
of the cell type and the expression rate of EGFR. Nevertheless, it may be possible that other cis-activating func-
tional elements could also cooperate with the variation -216G/T in vivo. The -216G/T polymorphism is not re-
lated to the other polymorphisms located in the promoter region or the (CA)n polymorphism in intron 1 and the
intron’s microsatellites [13].

The distribution analysis of the variation -216G/T in the squamous lung carcinoma, revealed an important
-216G/T polymorphism frequency with a rate of 75% of homozygous (T/T) tumors and 25% of heterozygous
(G/T) tumors. A lot of data show the existence of the binding affinity variation of nuclear proteins on the
Splconsensus sequence. Thus, the measure of the binding efficiency of the Spl protein on the T allele seems to
be highly more significant than for the G allele [13]. This could explain the EGFR expression rate through the
results describing the frequent distribution of the T allele in squamous lung carcinoma. The absence of Spl site
in patient with SCLC correlated with the differential expression of EGFR compared to NSCLC.

Table 1. Distribution of four haplotypes (G-C, G-A, T-C and T-A) and the diplotype (G-C/T-C) of the -216G/T and -191C/A
polymorphisms of the EGFR promoter in lung carcinoma of the North-African patients.

Haplotypes -216G/T and -191C/A Lung Cancers (%) NSCLC (%) Squamous Carcinoma (%)
G-C 33.33 35.29 18.18
G-A 11.11 5.88 9.09
T-C 38.88 41.17 54.54
T-A 0 0 0
Diplotype G-C/T-C 16.66 17.64 18.18
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The healthy patient is homozygote for the T allele, thus justifying the important process of regulation of the
EGFR promoter even in absence of regulation of lung hyperplasia. However, it is important to note that most of
patients with lung adenocarcinoma were not homozygote for the T allele, and this fact is in contradiction with
the high expression level of EGFR mainly over-expressed in this kind of histological type.

The polymorphism -216G/T corresponds to one of the fourth recognition sites of Spl, while the -191C/A po-
lymorphism is located upstream of the sixth transcription initiation sites [8] [9]. This last data could not exclude
the possibility of a potential regulatory action of -191C/A polymorphism on the EGFR promoter [13]. The se-
quencing of the promoter region revealed the presence of the -191C/A polymorphism in 11.11% of masculine
patients with lung carcinoma having homozygote alleles (A/A). These patients revealed the absence of the
-216G/T polymorphisms. This last data leads to think that the presence of the -191C/A polymorphism (homo-
zygote (A/A)) seems to be substitutive to the -216G/T polymorphism. Our results describe the presence of the
polymorphism -191C/A in Algerian cancer population. This is in accordance with the data of Caucasian popula-
tion. Whereas no variation -191C/A has been detected in Asiatic and afro-American population. The assessment
of EGFR allelic transcription level in the fibroblast cell lines bearing the (G-C/T-C) diplotype for the G216T and
C191A polymorphisms, has shown that the expression of mRNA bearing the T-C haplotype were stronger than
the level of expression of the G-C haplotype (P < 0.02). This result demonstrates that the variant -216G/T has a
substantial impact on the EGFR transcription in vivo [13].

EGFR possesses a major initiation transcription site located at the -260 position [8] [9], giving evidence of the
presence of G216T and C191A sites in the resulting mRNA sequences. Assessment of EGFR expression in three
cell lines revealed a high expression in MDA-MB-231 cell line (haplotype T-C), six-fold higher than HEK-293
cell line (diplotype G-C/T-C), while the lowest rate has been observed in the MCF-7 cell line (haplotype G-C)
[13]. Some experiments revealed the predominance of the T-C haplotype in squamous carcinomas and a high
frequency of the G-C/T-C diplotype compared with all lung carcinomas. This previous data is correlated with
the aggressive phenotype and the poor prognosis of squamous carcinomas, caused essentially by the EGFR
over-expression leading to the carcinogenesis process by apoptosis inhibition and cell cycle activation [2].

A low incidence (11.11%) has been described for the G-A haplotype in our study for all lung carcinomas. It
seems to be in accordance with the level described of the Caucasian population (18.2%), but not in the
afro-American and Asiatic population (0%). We haven’t detected the T-A haplotype in the Algerian patients.
This last result is perfectly correlated with that one obtained for Caucasian, afro-American and Asiatic popula-
tion [13].

5. Conclusions

The Spl factor regulates the EGFR basal transcription by increasing its activity about 30% to 40%, due to the
presence of the -216G/T polymorphism. The T allele is frequently found in tumors of squamous carcinoma and
binds more efficiently Sp1 than the G allele. This could reveal a very bad prognosis in absence of direct or indi-
rect inhibition of the Sp1 factor and inform about the anti-tumoral medication efficiency.

There is a hypothesis about synergetic role of the -216G/T and -191C/A polymorphisms. Maybe, they could
induce lung carcinoma development since a significant incidence of the haplotype T-C has been reported partic-
ularly in the squamous carcinoma. But, it still important to characterize and confirm the regulatory action in tu-
mor cells because of the high incidence of T-C polymorphisms in the healthy Caucasian population.
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