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Abstract: Proliferation, growth, and differentiation of cells are strictly controlled by the
signal system of epidermal growth factor receptor (EGFR). If any link of the EGFR signals
system is interfered with or damaged, the proliferation, growth, and differentiation of cells
would become uncontrolled. EGFR is overexpressed in a variety of malignant tumors, such
as non-small-cell lung cancer, colorectal cancer and breast cancer. Results of the study have
proved that EGFR overexpression is closely associated with mutations and variants of the
EGFR genes, whose mutations and variants are associated with occurrence, metastasis, and
prognosis of different types of tumors, including lung cancer. This study is aimed at inves-
tigating whether the polymorphisms of CA simple sequence repeat in intron 1 (CA-SSR1),
-216G/T, and R497K in the EGFR are able to induce EGFR activation and whether overex-
pression is associated with pleural metastasis of lung adenocarcinoma. A total of 432 lung
adenocarcinoma patients with pleural metastasis (metastasis group) and 424 patients with
lung adenocarcinoma but without pleural metastasis (nonmetastasis group) were enrolled
in this study. For all patients, the CA-SSR1 genotypes were determined by capillary elec-
trophoresis, polymerase chain reaction amplification, and direct DNA sequencing, and the
R497K and -216G/T genotypes were determined by polymerase chain reaction amplification
and direct DNA sequencing. EGFR expression was evaluated by immunohistochemical stain-
ing in primary tumor tissues with different -216G/T, R497K, and CA-SSR1 genotypes. Our
results showed significant differences between pleural metastasis and nonmetastasis groups
in the genotype and allele distribution of -216G/T, R497K, and CA-SSR1 polymorphisms of
the EGFR gene. The -216T allele, Arg allele, and shorter CA-SSR1 (<17) had significantly
increased risks of pleural metastasis compared with the -216G allele, Lys allele, and longer
CA-SSR1 (=17), respectively. The expression of EGFR was higher in patients with genotypes
of -216T/T or -216G/T, Arg/Arg or Arg/Lys, and shorter CA-SSR1 (<17) than that in patients
with genotypes of -216G/G, Lys/Lys, and longer CA-SSR1 (=17), respectively. These results
indicate that -216G/T, R497K, and CA-SSR1 polymorphisms are associated with the risk of
pleural metastasis of lung adenocarcinoma, which may be related to the overexpression of
EGFR protein induced by -216G/T, R497K, and CA-SSR1 polymorphisms.
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Introduction
At the advanced stage, patients with lung cancer, especially lung adenocarcinoma,
frequently suffer from pleural metastasis,' but the exact underlying mechanisms
remain largely unclear.

Previous studies have shown that the occurrence, development, and distant metas-
tasis of tumors were related to the overexpression of the EGFR gene. Some clinical
models showed that the occurrence of pleural metastasis of lung adenocarcinoma was
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closely related to the abnormal excessive expression of the
EGFR gene, but the specific mechanism was unclear.

EGFR, a transmembrane glycoprotein of 170 kDa whose
gene is located at 7p12.1-12.3, is a major regulator of sev-
eral signaling pathways, such as ras-raf-MEK-MAPK and
PI3K-PKC-kB, and it could further activate transcription
factors at the levels of transcription and translation, which
mediate a series of processes, including cell differentiation,
survival, migration, invasion, adhesion, and cell damage
repair.>* Overexpression of EGFR often contributes to cell
proliferation, angiogenesis, cancer invasion, and metastasis.’
Hemming et al® reported that EGFR was associated with
poor survival, more aggressive behavior, and increased risk
of invasion/metastasis. Fontanini et al’® explored the rela-
tionship between the expression of EGFR and metastasis of
lung cancer by immunohistochemical method. The result
showed that the expression of EGFR was significantly higher
in patients with hilar and mediastinal lymph node metastasis
than those without lymph node involvement. Yudoh et al’
found that the expression of EGFR was higher in cell lines
of high metastatic mouse sarcoma than that of low ones.
Penetration and adhesion of cells increased when EGF was
added to these cells with high expression of EGFR; lung
metastasis rate was also greatly reduced when anti-EGFR
monoclonal antibody was added to block EGF stimulation.
Veale et al'® found that the expression of EGFR had close
relation with tumor stage while detecting the expression of
EGFR in non-small-cell lung cancer (NSCLC) by immu-
nohistochemical method, since the staining was stronger in
30 cases of stage III cancer patients than that in 47 cases of
stage I-II cancer patients. They observed that the average
concentration of EGFR was 16.1 fmol/mg in longer survival
groups and 68.6 fmol/mg in shorter survival groups.

Previous studies'''* have shown that EGFR and its
natural ligands, critical for the signal transduction pathway
for cell proliferation, differentiation, metastasis, and survival,
are overexpressed in most of the patients with NSCLC and
can affect the prognosis of cancer patients.!?

Experimental evidence indicates that polymorphisms of
the gene may also regulate protein expression. Results of
a previous study' showed that the expression of EGFR is
closely related to EGFR gene polymorphism.

EGFR was overexpressed in 50%—81% of patients with
NSCLC, and such overexpression had a close bearing on
cancer susceptibility and metastasis.®!> Meanwhile, a large
number of experimental results showed that EGFR gene
polymorphism was closely related to the overexpression and
activation of EGFR.!'%18 Besides, several functional EGFR
gene polymorphisms, such as CA simple sequence repeat

in intron 1 (CA-SSR1), -216G/T, and R497K, have already
been confirmed with higher frequency in lung cancer, and
these polymorphisms often lead to increased activity and
transcription of EGFR."!

One of the most common EGFR gene polymorphisms
was CA-SSR1, and the relationship between CA-SSR1 repeat
length and the expression of EGFR has been extensively stud-
ied in breast cancers.?>>* The experimental results showed that
CA-SSRI1 influenced transcription levels of EGFR obviously.
The length of CA-SSR1 was closely related to the transcrip-
tional level of the EGFR. Compared with the shorter CA-SSR1
repeats (<17), the transcriptional activity of EGFR decreased
considerably in longer CA-SSR1 repeats (=17).%

In addition to CA-SSR1, the other two kinds of single
nucleotide polymorphisms, -216G/T and R497K, in the
promoter region might correlate with increased promoter
activity and expression of EGFR mRNA .-

-216G/T is located in the Spl transcriptional start site
in the EGFR promoter, where multiple protein factors and
transcriptional start sites have been identified.?”® Since Sp1
binding site is a key area of EGFR gene transcription,?-32
the change (G—T) at site -216 resulted in an increase in the
promoter activity by ~30%, which in turn led to an overex-
pression of EGFR.*%73

Another polymorphic locus in EGFR, R497K, a single
nucleotide replacement (G—A), leads to an Arg—Lys
substitution in exon 13. Experimental results have demon-
strated that such a change influenced multiple aspects of
biology, such as stimulation of cell growth, induction of
proto-oncogenes, etc, compared with the “wild-type” 497R
in vitro and in vivo.*

Based on the previous research results, we propose a
hypothesis on whether the abovementioned polymorphisms
ofthe EGFR gene might be associated with an increased risk
of pleural metastasis of lung adenocarcinoma. Therefore, we
performed the CA-SSR1, -216G/T, and R497K genotyping
and immunohistochemical detection of EGFR expression in
the pleural metastasis group and the nonmetastasis group,
respectively, which aimed at determining the relationship
between CA-SSRI1, -216G/T, and R497K polymorphisms
in EGFR gene and the risk of pleural metastasis of lung
adenocarcinoma.

Patients and methods

Patient information

Patient recruitment was performed between May 2010
and April 2013. In total, 856 patients, including 432 lung
adenocarcinoma patients with pleural metastasis and
424 patients with lung adenocarcinoma but no pleural
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Table | Clinical characteristics as predictors of pleural metastasis

Characteristics Nonmetastasis Pleural P-value
group metastasis
group
No of No of
patients (%) patients (%)
Age (years) 0.561
<50 112 2642 108 25.00
50-60 136 3208 129 29.86
>60 176 41.51 195 45.14
Sex 0.454
Males 216 50.94 208 48.15
Females 208 49.06 224 51.85
Smoking habit 0.174
Smoking 217 51.18 184 42.59
Nonsmoking 207 4882 248 57.41
Grade 0.434
Well differentiated 30 11.79 58 13.43
Moderately 188 4434 169 39.12
differentiated
Poorly differentiated 206 48.58 185 42.82

Notes: Two-sided }? test. The distributions of clinical characteristics between the
nonmetastasis group and the pleural metastasis group were not very different.

metastasis, confirmed by pathology and/or cytology, were
enrolled in this study. All patients were at stage IV according
to the revised TNM staging system for NSCLC. The clinical
characteristics, including age, sex, smoking history, and cancer
stage, were recorded and the details are listed in Table 1.

The study was carried out with ethics committee approval
from the Medical Ethics Committee of Dongying People’s
Hospital and concerns no medical ethical issues, and written
informed consent was obtained from all patients.

Sample preparation

Ten microliters of peripheral venous blood were collected
from each patient enrolled in this study and stored in EDTA-
coated tubes for the genotyping of genetic polymorphisms in
EGFR gene. Meanwhile, tissue samples were also obtained
from some of them and fixed in 10% buffered formalin,
embedded in paraffin for evaluating EGFR expression.

CA-SSR1,-216G/T,and R497K
genotyping

DNA was extracted using DNA extraction kit (Omega Bio-
Tek, Inc., Beijing Hong YueChuangxin Technology Co.,
Ltd., Beijing, People’s Republic of China) according to the
manufacturer’s instructions.

Agarose gel electrophoresis

Polymerase chain reaction (PCR) products were tested using
1.5% agarose gel electrophoresis and Alpha Imager TM 2200
Gel imaging system.

CA-SSR1, -216G/T,and R497K

genotyping

CA-SSR1 genotyping was performed by capillary elec-
trophoresis and direct sequencing. The primers were
5-ACAAGCTTTTAAAGAGTTTCTTGT-3’ (forward) and
5-AGGCAATGTGTTAGTACACA-3’ (reverse). A total of
80-100 ng of DNA was PCR amplified with a labeled forward
primer and an unlabeled antisense primer. PCR conditions were
as follows: initial denaturation at 94°C for 5 minutes, denatur-
ation at 94°C for 30 seconds, annealing at 60°C for 30 seconds,
extension at 72°C for 30 seconds, and a final extension for
7 minutes, with a total of 35 cycles. PCR products were puri-
fied using the MicroElute® Cycle-Pure Kit (Omega Bio-tek
Inc., Guangzhou Feiyang Biological Engineering Co., Ltd,
Guangzhou, People’s Republic of China). After PCR purifica-
tion, the exact number of the (CA), repeat was analyzed using the
capillary electrophoresis system (instrument model: Agilent HP
3D; Agilent Technologies, Santa Clara, CA, USA). PCR prod-
ucts were directly sequenced with the same unlabeled forward
primer to confirm the number of CA dinucleotide repeats.

-216G/T genotyping was performed by direct sequencing.
The primers were 5-GCTTGGTCCTCTTCGGCATCT-3’
(forward) and 5’-CCGTCTTGACCAGTCGCTTA-3’
(reverse). PCR conditions were as follows: predenaturation
at 94°C for 5 minutes, denaturation at 94°C for 30 seconds,
annealing from 68°C to 60°C decreasing at 1°C/cycle for
eight cycles and at 59°C for 22 cycles, extension at 72°C for
30 seconds, and a final extension for 7 minutes, with a total of
30 cycles. The PCR products were sequenced directly in the
sense and antisense directions using an ABI373 instrument
(Applied Biosystems, Foster City, CA, USA).

R497K genotyping was performed by direct sequencing.
The primers were 5-TTAGATGCAGCATTATTAGCC-3’
(forward) and 5-CGGGTGATACATCATTAGAAA-3’
(reverse). PCR conditions were as follows: initial denatur-
ation step at 94°C for 5 minutes followed by 35 cycles of
30 seconds at 94°C; 45 seconds at 60°C; 45 seconds at 72°C;
and a final extension for 7 minutes.

PCR products were purified using MicroElute® Cycle-Pure
Kit (Guangzhou Feiyang Biological Engineering Co., Ltd).
After PCR purification, -216G/T and R497K polymorphisms
were studied by direct sequencing from both ends using ABI
PRISM 310 automatic DNA sequencer.

All primers and PCR conditions used are described in
Table 2.

Immunohistochemical staining
The expression of EGFR protein was determined by immu-
nohistochemistry. The tissue samples, fixed in 10% buffered
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Table 2 Primers and PCR conditions used for polymorphisms amplification

Polymorphism Forward primer Reverse primer Annealing
temperature

CA-SSRI 5-ACAAGCTTTTAAAGAGTTTCTTGT-3’ 5-AGGCAATGTGTTAGTACACA-3’ 59°C, 35 cycles

-216G/T 5-GCTTGGTCCTCTTCGGCATCT-3’ 5-CCGTCTTGACCAGTCGCTTA-3’ 68°C-60°C decreasing
1°Clcycle for eight cycles,
59°C, 30 cycles

R497K 5-TTAGATGCAGCATTATTAGCC-3’ 5-CGGGTGATACATCATTAGAAA-3 59°C, 35 cycles

Abbreviations: CA-SSR1, CA simple sequence repeat in intron |; PCR, polymerase chain reaction.

formaldehyde solution and embedded in paraffin, were stained
with EGFR antibody. In brief, dry frozen tissue sections of
5 um thickness at room temperature for 2 hours. Fix sections
with 4% paraformaldehyde for 15 minutes at room tempera-
ture. Wash slides two times, 4 minutes each, with tris-buffered
saline (TBS)/0.1% saponin. Block endogenous peroxidase by
incubating for 30 minutes in TBS/0.3% H,0,/0.1% saponin
and 0.02% NaN3. Wash slides three times, 3 minutes each,
with TBS/saponin. Block nonspecific binding sites with 1/100
diluted goat serum in TBS/saponin for 20 minutes. Incubate
overnight at 4°C, with EGFR monoclonal antibody (Santa
Cruz Biotechnology Inc., Santa Cruz, CA, USA). Wash
slides four times in TBS/saponin, and incubate the slides
with biotinylated secondary antibody for 30 minutes. Add
avidin—biotin—peroxidase reagents, and reveal the resulting
peroxidase activity by incubating the slides with a 0.5 mg/
mL HRP substrate solution (3, 3’-diaminobenzidine + H,0,
prepared in distilled water). Wash slides four times in TBS,
counterstain for 1 minute with hematoxylin, dehydrate the
slides with sequential ethanol washes for 1 minute each start-
ing with 75%, followed by 80%, and finishing with a 100%
ethanol wash and then seal slides. Staining without primary
antibody was employed to create a negative control.

The level of EGFR expression was evaluated by multiply-
ing the positive cell rate and staining intensity, as reported in
previous studies.’>*¢ Briefly, the percentage of labeled cells was
graded as follows: grade 0, no positive cells; grade 1,1%—-10%
labeled tumor cells; grade 2, 11%—50% labeled tumor cells;
and grade 3, 51%—100% positive tumor cells. A composite
score was obtained by multiplying the grade by the dominant

B

intensity pattern of staining (0, negative; 1, weak; 2, moderate;
3, intense) for EGFR, respectively, as described previously.*’

Statistical analysis

Statistical analysis was carried out using commercial statisti-
cal software package SPSS 18 software for windows (SPSS
17.0, SPSS Inc., Chicago, IL, USA). The possible associations
between EGFR gene polymorphisms and pleural metastasis of
lung adenocarcinoma were assessed by computing the odds
ratio (OR) and 95% confidence interval (CI). The categorical
variables were analyzed using the y? test and Fisher’s exact
test. EGFR expression data were analyzed statistically with the
Mann—Whitney U-test. P<<0.05 was considered significant.

Results

Agarose gel electrophoresis

PCR products were tested using 1.5% agarose gel electro-
phoresis and Alpha Imager TM 2200 Gel imaging system.
Representative gel electrophoresis images for CA-SSR1
(16CA), -216 G/T, and R497K are shown in Figure 1.

Genotype/allele frequencies of CA-SSRI
Twenty-four repeat genotypes were observed by capillary
electrophoresis in the two groups, and the four most common
genotypes are shown in Figure 2 (dark blue peak, as shown
in Figure 2A-D).

According to the results of earlier wave figures of the
nucleotide sequence by direct sequencing, the single dark
blue peak (192 bp) in Figure 2A represents the homozygous
genotype 16/16CA; the double peaks (192 bp and 196 bp)

Cc

«— 1,500 bp
«— 1,000 bp

«— 500 bp

«— 159 bp
<«— 100 bp

Figure | Representative gel electrophoresis imaging for CA-SSR1 (16CA), -216G/T, and R497K.
Notes: Representative Gel electrophoresis imaging of PCR product. A: (CA)n repeats(16CA), fragment length was 192 bp; B: -216G/T, fragment length was 226 bp;

C: R497K, fragment length was |59 bp.

Abbreviations: CA-SSR 1, CA simple sequence repeat in intron |; M, 100 bp DNA Marker (SM072, Beijing Sunbiotech Co., Ltd).
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Figure 2 Four most common genotypes observed by capillary electrophoresis.

Notes: (A) Homozygous genotype (the length of PCR product was 192 bp); (B) heterozygous genotype (the lengths of PCR product were 192 bp and 196 bp);
(C) heterozygous genotype (the lengths of PCR product were 192 bp and 200 bp); and (D) homozygous genotype (the length of PCR product was 200 bp).

Abbreviation: PCR, polymerase chain reaction.

in Figure 2B represent the heterozygous genotype 16/18CA;
the double peaks (192 bp and 200 bp) in Figure 2C represent
the heterozygous genotype 16/20CA; and the single dark
blue peak (200 bp) in Figure 2D represents the homozygous
genotype 20/20CA, respectively.

The four PCR products mentioned above were further
verified by direct sequencing. The results showed that the
numbers of CA-SSR1 in products of 192 bp, 196 bp, and
200 bp were 16CA, 18CA, and 20CA repeats, respectively,
and the corresponding waves are shown in Figure 3.

In total, nine alleles with 15-23CA repeats were found
in the two groups, with a predominance of 16, 18, and 20CA
repeats (Table 3), and the allelic distribution ranged from
1.62% to 35.42% in the metastasis group and from 1.42% to
39.15% in the nonmetastasis group, respectively.

16CA allele was significantly higher (P=2.425x10~") while
20CA allele was much lower (P=0.002314) in the pleural metas-
tasis group than that in the nonmetastasis group. Although 18CA
allele was higher (17.92% [152/848]) in the nonmetastasis group

than that in the pleural metastasis group (12.96% [112/864]),
there was no obvious difference (P=0.05883).

The three main genotypes of CA-SSR1 polymorphism of
the EGFR gene, namely, 16/16CA, 18/18CA, and 20/20CA,
were detected among the patients. Each genotype is dem-
onstrated by a representative sequencing wave in Figure 3.
The genotype and allele frequencies of CA-SSR1 in the two
groups are described in Table 4.

The distribution of genotype 16/16CA in the pleural
metastasis group was significantly lower compared with
that in the nonmetastasis group, with ORs of 1.43 (95% CI,
1.032-1.764) for 18/18CA and 1.94 (95% CI, 1.074-2.077)
for 20/20CA, respectively. Following adjustment for the clin-
icopathological variables using logistic regression analysis,
the adjusted ORs were 1.48 (95% CI, 1.415-1.845, adjusted
P=0.132) for 18/18CA and 1.59 (95% CI, 1.075-3.002,
adjusted P=0.034) for 20/20CA.

Patients with the 16/16CA genotype showed a higher
risk of pleural metastasis. Compared with patients with the
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100 110

Figure 3 Representative sequencing wave figures for CA-SSR1I of EGFR (16CA, 18CA, and 20CA).

Notes: (A) 16CA, (B) I8CA, and (C) 20CA in EGFR are shown.
Abbreviation: CA-SSRI, CA simple sequence repeat in intron .

16/16CA genotype, those with the 18/18CA and 20/20CA
genotypes have less risk of pleural metastasis.

Genotype/allele frequencies of -216G/T
The genotype and allele frequencies of -216G/T in the
nonmetastasis group and the metastasis group are shown in

Table 3 The allelic distribution of CA-SSRI polymorphism in the
metastasis group and the nonmetastasis group

(CA) repeat  Metastasis Nonmetastasis  P-value
group (n=432) group (n=424)
n % n %
15 18 2.08 22 2.59
16 306 35.42 166 19.58 2.425x107’
17 60 6.94 56 6.60
18 112 12.96 152 17.92 0.05883
19 52 6.02 48 5.66
20 250 28.94 332 39.15 0.002314
21 24 2.78 32 3.77
22 14 1.62 18 2.12
23 14 1.62 12 1.42

Note: »? test was used to compare the CA-SSRI polymorphism and P-values
are shown. Bold values represent the 3 most common alleles in this study.
"|6CA allele was significantly higher (P=2.425x1077) while 20CA allele was much
lower (P=0.002314) in the pleural metastasis group than that in the non-metastasis
group. Although 18CA allele was higher in the non-metastasis group than that in the
pleural metastasis group, there was no obvious difference (P=0.05883).
Abbreviation: CA-SSRI, CA simple sequence repeat in intron .

Table 4. The three genotypes, namely, G/G, G/T, and T/T, were
detected among the patients, and each genotype is demon-
strated by a representative sequencing wave in Figure 4. There
were significant differences in genotype and allele frequency
of the -216G/T polymorphism between the two groups.

The rate of allele T was 32.87% (284/864) in the metas-
tasis group, being significantly higher than that in the non-
metastasis group (24.41% [207/848]) (OR =1.61, 95% CI:
1.228-1.916, adjusted P=0.021).

The distributions of G/T and T/T genotypes in the pleural
metastasis group were much higher than that in the nonme-
tastasis group, with ORs of 1.42 (95% CI, 1.015-1.826)
and 1.65 (95% CI, 1.026-3.015), respectively. Following
adjustment for the clinicopathological variables by logistic
regression analysis, the adjusted ORs were 1.57 (95% CI,
1.124-1.912, adjusted P=0.032) for G/T and 1.86 (95% CI,
1.043-3.225, adjusted P=0.004) for T/T (Table 4).

Genotype/allele frequencies of R497K

in exon 13
The three genotypes of R497K in EGFR, namely, Arg/
Arg, Arg/Lys, and Lys/Lys, were detected. Each genotype
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Table 4 Association of -216G/T, R497K, and CA-SSR1| genotype/allele frequencies in EGFR with the risk of pleural metastasis of lung

adenocarcinoma

Genotype Nonpleural metastasis Pleural metastasis OR (95% CI) Adjusted OR® (95% CI) Adjusted P
and allele group (n=424) group (n=432)
n? % n? %

G/G 249 58.73 203 46.99 1.00 1.00 (ref) 1.00 (ref)
G/IT 143 33.73 174 40.28 1.42 (1.015-1.826) 1.57 (1.124-1.912) 0.032
TIT 32 7.55 55 12.73 1.65 (1.026-3.015) 1.86 (1.043-3.225) 0.004
G 641 75.59 580 67.13 1.00 (ref)
T 207 2441 284 32.87 1.61 (1.228-1.916) 0.021
Arg/Arg 107 2524 175 40.51 1.00 (ref) 1.00 (ref) 1.00 (ref)
Arg/lys 218 51.42 205 47.45 1.14 (1.008-1.314) 1.18 (1.014-1.363) 0.087
Lys/Lys 99 23.35 52 12.04 1.87 (1.074-3.086) 1.94 (1.081-3.162) 0.038
Arg 432 50.94 555 64.24 1.00 (ref)
Lys 416 49.06 309 35.76 1.76 (1.237-1.982) 0.016
CA-SSRI polymorphism
Main genotype

16/16 37 8.73 94 21.76 1.00 (ref) 1.00 (ref) 1.00 (ref)

18/18 24 5.67 27 6.25 1.43 (1.032-1.764) 1.48 (1.415-1.845) 0.132

16/20 21 4.95 19 4.40 1.73 (1.067-2.034) 1.84 (1.301-2.849) 0.264

20/20 109 25.71 76 17.59 1.94 (1.074-2.077) 1.59 (1.075-3.002) 0.034
Main allele

16 83 9.79 153 17.71 1.00 (ref)

18 76 8.96 56 6.48 1.66 (1.037-1.768) 0.056

20 166 19.58 125 14.47 1.68 (1.024-3.218) 0.018

Notes: “The number of patients for the genotype and the allele. *Adjusted for age, sex, smoking status, and differential grade of tumor cells. n* was the number of patients
for the genotype and the allele. Adjusted P-values were derived from the Cox proportional hazards regression model, adjusted OR® and adjusted P-values were adjusted by

age, sex, smoking status and differential grade of tumor cells.

Abbreviations: CA-SSR1, CA simple sequence repeat in intron |; OR, odds ratio; 95% CI, 95% confidence interval.

is demonstrated by a representative sequencing wave in
Figure 5. The distributions of genotype and allele of R497K
in the two groups are described in Table 4. The rate of allele
Arg was 64.24% (555/864) in the metastasis group, which
was significantly higher than that in the nonmetastasis
group (50.94% (432/848); OR, 1.76; 95% CI, 1.237-1.982;
P=0.016).

The distribution of genotype Arg/Arg in the pleural
metastasis group was obviously higher compared with that
in the nonmetastasis group, with ORs of 1.14 (95% CI,
1.008-1.314) for Arg/Lys and 1.87 (95% CI, 1.074-3.086)
for Lys/Lys, respectively. Following adjustment for the clini-
copathological variables using logistic regression analysis,
the adjusted ORs were 1.18 (95% CI, 1.014—1.363; adjusted
P=0.087) for Arg/Lys and 1.94 (95% CI, 1.081-3.162;
adjusted P=0.038) for Lys/Lys.

The genotype distributions of -216G/T, R497K, and
CA-SSRI1 were in agreement with the Hardy—Weinberg’s
equilibrium in the two groups (P>0.05).

EGFR expression

Experiments have demonstrated that CA-SSR1, -216G/T,
and R497K variants resulted in EGFR activation and thereby
increased EGFR expression. In order to further reveal the
internal contact between different genotypes and EGFR

gene expression, EGFR expression was detected in lung
adenocarcinoma tissues of various CA-SSR1, -216G/T, and
R497K genotypes by immunohistochemical staining.

In total, 163 cases of lung adenocarcinoma tissues were
detected, including 18 cases with the 16/16 CA genotype,
19 cases with the 18/18 genotype, and 20 cases with the
20/20CA genotype; 21 cases with the G/G genotype, 22 cases
with the G/T genotype, and 19 cases with the T/T genotype;
and 20 cases with the Arg/Arg genotype, 20 cases with the
Arg/Lys genotype, and 22 cases with the Lys/Lys genotype,
as shown in Figure 6; the diffuse/intense brown staining
represented the positive expression of the EGFR protein.
EGFR was mainly expressed on the membrane, but there
were some expressions of EGFR in the cytoplasm. Weak
positive to markedly positive staining for EGFR expression
was detected.

The results of immunohistochemical staining showed
that the average positive rates were 92%13% in 16/16CA,
74%£6% in 16/18CA, 52%+4% in 18/18CA, and 39%+3%
in 20/20CA genotype specimens, respectively. The expres-
sion of EGFR varied a lot in different genotype specimens
(P<<0.05). The rate of positive staining cells was signifi-
cantly higher in subgroup of short alleles (<17) than that
in subgroup of long alleles (=17; 87%%2% vs 48%t5%,
P=0.012).
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Figure 4 Representative sequencing wave figures for -216G/T.
Notes: Three genotypes (A) G/G, (B) G/T, and (C) T/T in EGFR are shown, with
each variant base indicated by a red arrow.

A

The rates of positive staining cells were 88%+8% in T/T,
82%1t5% in G/T, and 52%*5% in G/G genotype specimens,
respectively, notably higher in genotypes of T/T or G/T than
that in genotype of G/G (P=0.042).

The rates of positive staining cells were 81%+4% in
Arg/Arg, 72%%8% in Arg/Lys, and 57%+6% in Lys/Lys
genotype specimens, respectively, significantly lower in
genotypes of Lys/Lys than that in genotypes of Arg/Arg or
Arg/Lys (P=0.038).

Multifactor logistic regression analysis was applied to fur-
ther investigate the correlation between CA-SSR1, -216G/T,
and R497K polymorphisms. Common clinical features such
as smoking, age, sex, and tumor differentiation degree and
pleural metastasis are shown in Table 5.

The results of multifactor logistic regression analysis sug-
gested that the factors including smoking, age, sex, and tumor
differentiation degree were not closely associated with pleural
metastasis (P>>0.05), while the CA-SSR1, -216G/T, and R497K
polymorphisms concerned the risk of the pleural metastasis of
lung adenocarcinoma (P<<0.05). The CA-SSR1, -216G/T, and
R497K polymorphisms could be used as genetic susceptibility
markers of pleural metastasis of lung adenocarcinoma.

Discussion

The results of clinical research showed that the overexpres-
sion of EGFR was closely related to the invasive and meta-
static ability in NSCLC.*® EGFR overexpression resulting
from genetic polymorphism has been found in other tumors

Figure 5 Three representative sequencing waves of genotypes of R497K in EGFR.

Notes: (A) Lys/Lys, (B) Arg/Lys, and (C) Arg/Arg in EGFR are shown, with each variant base indicated by a red arrow.
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Figure 6 Representative immunohistochemical images indicating staining patterns of EGFR in lung adenocarcinoma tissues with various genotypes.

Notes: A-a, A-b, and A-c are the representative immunohistochemical images of T/T, G/T, and G/G genotypes of -216G/T, respectively; B-a, B-b, and B-c are the
representative immunohistochemical images of Arg/Arg, Arg/Lys, and Lys/Ly genotypes of R497K, respectively; C-a, C-b, and C-c are the representative immunohistochemical
images of 16/16CA, 18/18CA, and 20/20CA genotypes of (CA), repeats, respectively. A-d, B-d, and C-d were the representative immunohistochemical images of T/T genotype
of -216G/T, Arg/Arg genotype of R497K, and 16/16CA genotype of (CA), repeats, stained without the primary antibody as a negative control (H&E). All images were obtained

with a 40x objective lens.
Abbreviation: H&E, hematoxylin and eosin.

such as breast cancer and stomach cancer,***! which induced
and triggered a variety of cell transfers.*>**

EGFR inhibitors could inhibit tumor cells, including
proliferation, differentiation, invasion, and metastasis of lung
cancer cell. The process of cancer cell metastasis was associated
with the activation of EGFR signal transduction pathways.*>4¢

The results of previous studies*’ ! showed that single
nucleotide polymorphisms usually modulated gene transcrip-
tion and further affected the protein expression by interacting
with frans-acting elements and cis-acting elements. These
polymorphisms might modify the promoter activity. Previous
studies have suggested that EGFR gene polymorphisms
were associated with the development and metastasis of
lung cancer.!” However, it remains largely unclear whether

Table 5 The results of multifactor logistic regression analysis

Factor Odds ratio 95% CI P-value*
CA-SSRI 2.74 1.31-5.85 0.017
-216G/T 429 2.62-6.46 0.021
R497K 1.72 1.03-2.86 0.039

Notes: Based on a Cox proportional hazards model; adjusted by smoking, age,
sex, and tumor differentiation degree. The results of multifactor logistic regression
analysis suggested that the factors including smoking, age, sex, and tumor
differentiation degree were not closely associated with pleural metastasis (*P>0.05),
while the CA-SSR1, -216G/T and R497K polymorphisms concerned the risk of the
pleural metastasis of lung adenocarcinoma (*P<<0.05).

Abbreviations: CA-SSRI, CA simple sequence repeat in intron |; 95% Cl, 95%
confidence interval.

EGFR gene polymorphisms, such as CA-SSR1, -216G/T in
the EGFR promoter, and R497K in exon 13 of the EGFR
gene, play any critical roles in the pleural metastasis of lung
adenocarcinoma, and the genetic mechanism by which the
allele or genotype distribution of the EGFR gene polymor-
phism, including CA-SSR1, -216G/T, and R497K polymor-
phisms, affected the occurrence and development of pleural
metastasis remains unclear.

Several studies have shown that the CA-SSR1, -216G/T,
and R497K genotypes were detected in patients with pleural
metastasis at different frequencies compared with cases of pri-
mary lung adenocarcinoma, and the expression of the EGFR
protein also varied among different genotypes. All these results
collectively indicated that CA-SSR1, -216G/T, and R497K
were associated with the pleural metastasis of lung adenocar-
cinoma, possibly by affecting EGFR overexpression.

In our study, the results of genotyping of CA-
SSR1,-216G/T, and R497K showed that patients with shorter
CA-SSR1 (<17), the G/T or T/T genotypes, and the Arg/Lys or
Arg/Arg genotypes had an increased risk of pleural metastasis
of lung adenocarcinoma than those with longer length of CA-
SSR1(=17), G/G, or Lys/Lys genotypes; CA-SSR1,-216G/T,
and R497K polymorphisms were closely related to the pleural
metastasis of lung adenocarcinoma. Our conclusion was con-
sistent with the results of previous research.
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EGFR was frequently overexpressed in a wide variety
of solid tumors® and thus represents an attractive target
for novel treatments. The possibility that different genetic
polymorphisms in the EGFR gene may regulate, at least
in part, EGFR expression and/or activity, was an attrac-
tive hypothesis that could help identify the patients with
tumors that were likely to concern pleural metastasis of lung
adenocarcinoma.

The experimental results!* showed that the CA-SSR1
polymorphisms affected the activity of transcription factors
in vivo and in vitro, and the number of CA-SSR1 was closely
associated with the activity of gene transcription.

Buerger et al* evaluated EGFR protein concentrations in
specimens of 82 cases of patients with breast cancer using
enzyme-linked immunosorbent assay quantitatively. All
patients were divided into different subgroups according to
different genotypes of the CA-SSR1 in EGFR. The results
showed that the protein content was negatively correlated
with CA repeat number: EGFR protein concentration was
127.5447.4 fmol/mg in 15CA specimens, 52.0£59.1 fmol/mg
in 18CA specimens, and varied a lot between short and long
CA-SSRI1 specimens (P<<0.05).

Gebhardt et al'* and Tidow et al** analyzed the mechanism
behind CA-SSR1’s influence on protein expression. The
research has found that CA-SSR1 was highly flexible, and the
longer the repetitive sequence, the more the fold, and some
of the biological molecules that possessed inhibitory activity
for transcription or translation tended to be combined with
CA-SSRI1 that fold more than others, which in turn induced
DNA structure change, inhibited the process of transcription
and translation, and resulted in lower expression of EGFR
protein and mRNA in patients with more CA-SSR1 repeat.

Gebhardt' explored the gene transcriptional activity by
applying seven kinds of cell lines in vivo and in vitro, respec-
tively. These cell lines had no gene mutation but CA-SSR1
polymorphism. The experimental result showed that gene
transcription activity was negatively related to the number
of CA repeats, that is, more CA repeats would lead to lower
transcriptional activity.

Previous research results*-*%* also confirmed that EGFR
protein was expressed more in tissues with CA homozygous
genotype compared with CA heterozygote genotype. CA-
SSR1 Polymorphism in Intron 1 of the EGFR Gene in
Patients with Malignant Tumors Who Develop Acneiform
Rash Associated with the Use of Cetuximab.* Liu et al?’
explored the correlation of EGFR gene transcription activity
and CA-SSR1 polymorphisms in vitro. The results showed
that the number of CA repeats increased from 16 to 21, and

the transcription activity declined fivefold; the number of CA
repeats decreased from 16 to 12, and the transcription activity
increased fivefold. The experimental results fully confirmed
that the CA-SSR1 polymorphism, namely, the number of CA
repeats, influenced the expression of EGFR gene a lot.

CA-SSR1 might have a separate effect on gene regulation.
CA-SSR1 polymorphism was associated with altering levels
of EGFR transcription both in vitro and in vivo,***? and the
length of CA-SSR1 inversely correlates with transcriptional
activity of EGFR. The result of the previous study showed
that CA-SSR1 affected the activity of gene transcription and
translation. Compared with the shorter allele with 16 repeats,
the longer allele with 21 repeats showed an 80% reduction
of gene expression. Liu et al?’ reported that transcriptional
activity of EGFR gene decreased by fivefold when (CA),
repeats increased from 16/16CA to 21/21CA in vitro.

Previous studies’>3¢ have shown that 16 repeats and
20 repeats were the two most common alleles of CA-SSR1
ofthe EGFR gene. For the (CA)n repeat in intron 1 of EGFR
polymorphism, alleles 20 (42.9%) and 16 (15.7%) were the
two most common in a Chinese population in this study,
which was similar to previous studies.’’

In our study, the allele frequency distribution in the metas-
tasis group ranged from 1.62% to 35.42% with a predominance
of 16, 18, and 20 CA repeats, whereas in the nonmetastasis
group it ranged from 1.42% to 39.15%, with the same pre-
dominance of 16, 18, and 20 CA repeats. Allele 16 frequency
in the metastasis group was significantly higher than that in
the nonmetastasis group (35.42% vs 19.58%, P=2.425x107);
allele 20 CA frequency in the metastasis group was notably
lower than that in the nonmetastasis group (28.94% vs
39.15%, P=0.002314). There were apparent differences
between the two groups; allele 18 frequency in the metas-
tasis group was lower than that in the nonmetastasis group
(12.96% vs 17.92%), but there was no significant difference
between the two groups (P=0.05883).

CA-SSR1 Polymorphism in Intron 1 of the EGFR
Gene in Patients with Malignant Tumors Who Develop
Acneiform Rash Associated with the Use of Cetuximab
varied a lot in genotype of 16/16CA, 18/18CA, 16/20CA,
and 20/20CA: 21.76%, 6.25%, 4.40%, and 17.59%; non-
metastasis group: 8.73%, 5.67%, 4.95% and 25.71%. The
genotype frequency of 16/16CA in pleural metastasis was
significantly lower compared with that in the nonmetas-
tasis group, with ORs of 1.43 (95% CI, 1.032—-1.764) for
18/18CA and 1.94 (95% CI, 1.074-2.077) for 20/20CA,
respectively. Furthermore, following adjustment for the
clinicopathological variables using logistic regression
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analysis, the adjusted ORs were 1.48 (95% CI, 1.415-
1.845, adjusted P=0.132) for 18/18CA and 1.59 (95% CI,
1.075-3.002, adjusted P=0.034) for 20/20CA.

The result of immunohistochemistry showed that the
average positive rate was 92%=*3% in 16/16CA genotype
specimens, 74%t6% in 16/18CA genotype specimens,
52%+4% in 18/18CA genotype specimens, and 39%+3% in
20/20CA genotype specimens, respectively. The expression
of EGFR was significantly different in different polymor-
phism specimens (P<0.05). The rate of positive staining
cells was much higher in subgroup of short alleles (<17)
than that in subgroup of long alleles (=17; 87%%2% vs
48%15%, P=0.012).

Analyzing comprehensively the above results of our stud-
ies, we could conclude that the less the (CA), repeated, the more
the EGFR was expressed. It was the difference in genotype
that resulted in differences in the expression of EGFR, which
might cause pleural metastasis. CA-SSR1 polymorphism in
EGFR was one of the risks for pleural metastasis.

This conclusion was basically consistent with that of the
previous studies,” which reported that expression of EGFR
was significantly higher in primary lung adenocarcinoma
patients with distant metastasis (M,) than those without dis-
tant metastasis (M,). This result showed that expression of
EGFR played an important role in metastasis of lung cancer
and other tumors.

Although there were enough data to show that CA-SSR1
had an important function of transcriptional regulation:
mRNA and protein expressions decreased when the number
of CA-SSR1 increased; mRNA and protein expression
increased when CA-SSR1 decreased, the exact mechanism
was not clear.

One possible mechanism was that the transcription
activity of EGFR gene mainly depended on the combined
effect of enhancer 2 and enhancer 3. As CA-SSR1 was
located near the enhancer 2, there might be a regulating
function of transcription in this region according to Helix
theory. This needs further study in the near future.

The results of recent years’ research® showed that -216G/T
polymorphism, another polymorphism loci in the promoter
region of EGFR, may independently regulate the activity and
the process of gene transcription of EGFR promoter.

-216G/T, located in one of the four Sp1 recognition sites
in the promoter region of EGFR, could adjust the promoter
activity, influence the process of transcription and transla-
tion, and in turn affect the promoter activity and EGFR gene
expression. Nomura et al?! found that average mRNA con-
tent was 1.0, average protein content was 0.97 in -216G/G

genotype of tracheal epithelial cell lines, whereas average
mRNA content was 1.2 and average protein content was
1.24in -216G/T or -216T/T genotypes of tracheal epithelial
cell lines. Although there was no significant difference in
mRNA and protein contents between -216G/G genotype
and -216G/T or -216T/T genotype, transcription activity
tended to increase, that is, the change (G—T) at site -216
led to a high expression of EGFR.

In our study, the genotype and allele frequencies
of -216G/T were detected, and each genotype was demon-
strated by a representative sequencing wave. The rate of allele
T was 32.87% in the metastasis group, much higher than that
in the nonmetastasis group (24.41%; OR =1.61, 95% CI:
1.228-1.916; adjusted P=0.021). The distribution of G/T and
T/T genotypes in the pleural metastasis group was signifi-
cantly higher than that in the nonmetastasis group, with ORs of
1.42 (95% CI, 1.015-1.826) and 1.65 (95% CI, 1.026-3.015),
respectively. Following adjustment for the clinicopathologi-
cal variables using logistic regression analysis, the adjusted
ORs were 1.57 (95% CI, 1.124-1.912; adjusted P=0.032)
for G/T and 1.86 (95% CI, 1.043-3.225; adjusted P=0.004)
for T/T. There were significant differences in genotype and
allele frequency of the -216G/T between the nonmetastasis
group and the pleural metastasis group.

The result of immunohistochemistry showed that the
average positive rates were 88%18% in T/T, 82%+5% in
G/T, and 52%=%5% in G/G genotype specimens, respectively,
and the rate of positive staining cell was significantly higher
in genotypes of T/T or G/T than that in genotype of G/G
(P=0.042).

Based on the results of immunohistochemistry and differ-
ent distributions of G/T and T/T genotypes in the nonmetas-
tasis group and the metastasis group (41.28% vs 53.01%) in
this study, it was reasonable to conclude that the mutations
or variants in -216G/T in EGFR were closely associated with
pleural metastasis of adenocarcinoma of lung, and the pos-
sible mechanism was that -216G/T variants promote EGFR
overexpression, which in turn promote the pleural metastasis
of lung adenocarcinoma.

In addition to CA-SSR1 and -216G/T, another poly-
morphism locus, namely, R497K in exon 13, with an Arg
to Lys substitution at codon 497 of EGFR, was identified
in 1993.9 R497K (Arg—Lys) was closely related to the
occurrence, development, and transfer of cancer.®*¢! Allele
Arg in patients with distant metastasis was obviously higher
than that in patients without distant metastasis. Compared
with the allele Lys, allele Arg might be a higher risk factor
for distant metastases.
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Experiment showed that, compared with wild-type 497 R,
mutation of 497 K could weaken the function of ligand bind-
ing, growth stimulation, glycine kinase activity and decrease
the function of inducing proto-oncogene, such as myc, fos,
and jun.*

Studies had shown that R497K polymorphism in exon 13
influenced some cancers.®*> For example, Zhou et al®
reported in a study about R497K polymorphism in patients
with dilated cardiomyopathy that the frequency of Lys allele
in dilated cardiomyopathy patients was obviously higher
than that in control subjects (64.4% and 53.8%, in dilated
cardiomyopathy patients and control subjects, respectively).
The frequency for Lys/Lys genotype was significantly over-
represented in dilated cardiomyopathy patients (P=0.020, for
Lys/Lys vs Arg/Arg).

Our study detected that Arg allele in 64.24% of the
patients with pleural metastasis was higher than that in
50.94% in patients with primary lung adenocarcinoma
(OR, 1.76; 95% CI, 1.237-1.982; P=0.016).

For the R497K polymorphism, in the pleural metastasis
group, 40.51% of the patients were homozygous for the
Arg/Arg variant, 47.45% for Arg/Lys, and 12.04% for the
Lys/Lys genotype. In the nonmetastasis group, 25.24%
of the patients were homozygous for the Arg/Arg variant,
51.42% for Arg/Lys, and 23.35% for the Lys/Lys genotype.
The distributions of genotypes and alleles of the R497K
polymorphism were statistically different between the two
groups. The genotype frequencies of Arg/Arg in the pleural
metastasis group were higher than those in the nonpleural
metastasis group, with ORs of 1.14 (95% CI, 1.008-1.314)
for Arg/Lys and 1.87 (95% CI, 1.074-3.086) for Lys/Lys,
respectively. Furthermore, following adjustment for the
clinicopathological variables by logistic regression analysis,
the adjusted ORs were 1.18 (95% CI, 1.014—1.363; adjusted
P=0.087) for Arg/Lys and 1.94 (95% CI, 1.081-3.162;
adjusted P=0.038) for Lys/Lys.

The result of immunohistochemistry in our study showed
that the rates of positive staining cells were 81%%4% in
Arg/Arg, 72%%8% in Arg/Lys, and 57%%6% in Lys/Lys
genotype specimens, respectively, significantly lower in
genotypes of Lys/Lys than that in genotypes of Arg/Arg or
Arg/Ly (P=0.038).

The results mentioned above have demonstrated a clear
trend that EGFR expression decreased when Arg allele was
replaced by Lys allele at codon 497 of EGFR.

After comprehensive analysis of the previous studies, we
could conclude that the Arg/Arg genotype was significantly

higher in the pleural metastasis group than that in the
nonmetastasis group, which resulted in a higher EGFR
protein expression in the metastasis group than that in the
nonmetastasis group. Compared with the patients with the
Lys/Lys genotype, those with the Arg/Arg genotype suffered
increased risk of pleural metastasis.

In summary, it was the difference in EGFR polymor-
phism that resulted in the difference of EGFR protein
expression, which might cause pleural metastasis. EGFR
gene polymorphism, especially -216G/T, R497K polymor-
phism in exon 13, and CA-SSR1 of the EGFR gene might
be one of the molecular mechanisms of pleural metastasis
of lung cancer.

Study limitations

First, a limited sample size should be considered; second,
the molecular mechanism by which the EGFR gene poly-
morphisms were associated with pleural metastasis of
lung cancer was unknown; third, in terms of EGFR gene
expression, we had only discussed the impact of CA-SSR1,
R497K, -216G/T without further exploration of the interac-
tion among the three gene polymorphisms on the expression
of EGFR protein; moreover, other polymorphisms of EGFR
gene polymorphisms might also contribute to variability in
EGFR expression. These issues need further study.

Conclusion

This study has demonstrated for the first time that
the -216G/T polymorphism in the EGFR promoter, R497K
polymorphism in exon 13, and CA-SSR1 of the EGFR gene
were genetic susceptibility factors for the pleural metastasis
of lung adenocarcinoma, with the -216T allele, Arg allele,
and shorter CA-SSR1 (<17) genotypes being associated with
increased metastatic risk.
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