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ABSTRACT. The aim of this study was to explore epidermal growth 
factor receptor (EGFR) gene amplification and its relationship 
with cancer invasion and metastasis in non-small cell lung cancer 
(NSCLC). EGFR amplification in 45 patients with NSCLC and 15 
subjects with normal lung tissues was detected by fluorescence in 
situ hybridization. The relationship between EGFR amplification and 
the clinicopathologic features of NSCLC was analyzed. EGFR gene 
amplifications were identified in 2 of 15 normal lung tissues (13.33%) 
and in 29 of 45 NSCLCs (64.44%). Patients <60 years had a 66.67% 
EGFR amplification rate, while patients ≥60 years had a rate of 62.50%. 
The EGFR amplification rates in male and female patients were 64.0% 
(16/25) and 65.0% (13/20), respectively. Pathologically, the EGFR 
amplification rate of patients with squamous cell carcinoma was 56.52% 
(13/23), and with adenocarcinoma was 72.72% (16/22). The EGFR 
amplification rate in NSCLCs with well-moderate differentiation was 
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lower than in those with poor differentiation; 48.0% (12/25) vs 85.0% 
(17/20), respectively. Patients with lymph node metastasis had nearly 
double the amplification rate than those without metastasis; 90.0% 
(18/20) vs 44.0% (11/25), respectively. The rate of EGFR amplification 
was significantly higher in NSCLC than in normal lung tissue (64.44 vs 
13.33%, P < 0.05), and was not correlated with age or gender (P > 0.05), 
but increased with clinical stage in NSCLCs (P < 0.05). Overall, these 
studies found that the rate of EGFR gene amplification was increased 
significantly in NSCLC and was closely related to lymphatic metastasis 
and TNM stage.
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INTRODUCTION

Lung cancer is one of the malignant tumors that poses the largest threat to human 
health and life, and is demonstrating rapidly increasing incidence and mortality. Non-small cell 
lung cancer (NSCLC) accounts for approximately 80-85% of the total lung cancer diagnosed. 
One-third of NSCLC cases appear locally advanced in the initial diagnosis, and the 5-year 
survival rate was found to be only about 15% (Rivera, 2004; Parkin et al., 2005). Patients with 
advanced lung cancer that have lost the opportunity for surgical treatments are only able to rely 
on chemotherapy and radiotherapy for treatment options. Chemotherapy, however, is often 
accompanied by considerable side-effects because of its non-specificity. Currently, targeted 
biological therapies can kill tumor cells without damaging normal cells, and such treatment 
modes are becoming increasingly accepted by doctors and patients. Gefitinib is the most 
representative target drug, which acts on the epidermal growth factor receptor (EGFR) and 
has been recommended as the first-line treatment for NSCLC by the National Comprehensive 
Cancer Network (NCCN).

EGFR is the receptor for epithelial growth factor (EGF), and belongs to the ErbB 
receptor family, which mediates cell proliferation and signal transduction. EGFR is located 
on the surface of the cell membrane and can be activated after being combined with its ligand 
EGF and transforming growth factor α (TGFα) (Sibilia et al., 2007). EGFR changes from a 
monomer to a dimer after activation. The EGFR dimer can activate an intracellular kinase 
pathway to regulate cell growth (Stinchcombe and Socinski, 2010). Previous studies have 
shown that abnormal expression of EGFR in many solid tumors as well as elevated EGFR 
expression were related to tumor cell proliferation, angiogenesis, invasion, metastasis, and 
the inhibition of apoptosis (Jorissen et al., 2003). Due to the important function of EGFR 
in tumor formation and development, targeted EGFR treatments have caught the attention 
of researchers worldwide. Considerable progress on lung cancer target drugs, focused on 
molecular markers and signaling pathways, has been attained in the past 10 years. Gefitinib 
and Erlotinib, as inhibitors of EGFR tyrosine kinase (EGFR-TKIs), have shown marked 
clinical efficacy on patients with NSCLC carrying EGFR mutations. Previous research has 
demonstrated that the sensitivity of patients with NSCLC to EGFR-TKIs was closely related 
to the state of the EGFR gene (Jeon et al., 2006; Tamura et al., 2008). In 2004, it was found 
that EGFR-TKIs presented different sensitivities to patients with different EGFR exon 
mutation status (Lynch et al., 2004; Paez et al., 2004). In addition, Cappuzzo et al. (2005) 
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also found that EGFR-TKIs had a better curative effect in patients with NSCLC carrying 
EGFR amplifications. Numerous research studies have focused primarily on the relationship 
between EGFR gene mutation and lung cancer progression and treatment. In the present 
study, we used fluorescence in situ hybridization (FISH) to detect the EGFR amplification 
status in patients with NSCLCs, and explored the relationship between EGFR amplification 
and NSCLC invasion and metastasis.

MATERIAL AND METHODS

Tissue samples

Lung tissue samples from 45 patients with NSCLC and 15 normal controlled samples 
were collected from lung biopsy and pathological diagnosis between December 2010 and 
August 2014 in The First People’s Hospital of Jining City. All of the 45 patients with NSCLC 
underwent surgery without preoperative radiotherapy or chemotherapy. There were 25 men and 
20 women in the NSCLC group and the average age was 53 years (40-72 years). Pathological 
types of NSCLC included 23 cases of squamous carcinoma and 22 cases of adenocarcinoma. 
Tumors were staged pathologically according to the Union International Contre le Cancer 
(UICC-7) staging system for lung cancer, including 10 cases in stage I, 17 in stage II, and 8 in 
stage III. Of the 45 patients with NSCLC, 20 appeared to have lymph node metastases. Written 
consents have been obtained from patients and their families. The research protocol has been 
approved by the Ethics Committee of our hospital.

Reagents

The EGFR gene amplification detection kit was purchased from the GPMedical 
Technology Company (Beijing, China). Proteinase K was obtained from TaKaRa Bio (Otsu, 
Shiga, Japan). An Olympus BX53 fluorescence microscope (Olympus, Tokyo, Japan) was 
used for fluorescence detection.

Detection method

Specimens were fixed with 10% formaldehyde, embedded in paraffin, and sliced to 4 
μm. The slides were baked overnight and treated with proteinase K. Slides were subsequently 
rinsed with 2X saline sodium citrate (SSC) solution and put in -20°C precooling baths of 
70, 85, and 70% ethanol for 2 min each. An EGFR FISH probe (10 pM) was synthesized 
using specific sequence complementary to EGFR mRNA nt 301-486 using a fluorescent-
labeling in vitro transcription kit (Roche, Basel, Switzerland) and was applied on the tissue 
section hybridization area and the slides were hybridized as followed: 83°C co-degeneration 
for 5 min, followed by 42°C hybridization for 4-16 h. After hybridization, the slides were 
immediately put into 0.3% NP-40/0.4X SSC solution for 30 min and then put into 0.1% NP-
40/2X SSC solution for another 30-min incubation, followed by a rinse in 70% ethanol and 
staining with 15 μL DAPI. To work as an internal reference, centromere was also stained 
using fluorescent probes. Negative controls were performed using the sense-strand of the 
EGFR gene as a probe.
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Determination of results

In the fluorescent images, a red signal represented the EGFR gene. FISH results were 
observed under a 100X objective and 100 cells were counted. The ratio was calculated as 
follows: Ratio = total red signal in 100 nuclei / green signal in 100 cells). Positive judgment 
criteria: 1) Ratio ≥2; 2) the number of cells with ≥15 red signals accounted for more than 10% 
of the total cells; 3) appearance of clustered cells with positive signals; 4) Ratio <2, but the 
number of cells with ≥4 red signals accounted for more than 40% of the total cells.

Statistical analysis

The SPSS19.0 (SPSS, Chicago, IL, USA) statistical software package was used 
for data analysis. The chi-square test was used for enumeration and data comparison. The 
Spearman method was used for correlation analysis. P < 0.05 was considered to be statistically 
significant.

RESULTS

EGFR gene amplification in NSCLC tissue

Of the NSCLC tissues, 29 in 45 appeared positive for EGFR gene amplification, while 
no amplification was evident in the remaining 16 (Figure 1). The positive rates of EGFR gene 
amplification in normal lung tissues and NSCLC tissues were 13.33 and 64.44%, respectively 
(χ2 = 11.77, P < 0.05).

Figure 1. EGFR gene amplification in NSCLC tissue. A. Negative EGFR amplification in NSCLC tissue (100X, 
Ratio = 1). B. Positive EGFR amplification in NSCLC tissue (100X, Ratio >2). Red color indicates the positive 
signal of EGFR gene; green color is the centromere; blue, DAPI. NSCLC = non-small cell lung cancer.

EGFR gene amplification with NSCLC clinicopathologic characteristics

There were significant differences in the rates of EGFR gene amplification between 
NSCLC and normal lung tissues (P < 0.01; Table 1). As shown in Table 2, the EGFR 
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amplification-positive rate in patients aged <60 years was 66.67% (14/21), while it was 
62.50% (15/24) in patients aged ≥60 years. Male patients had a 64.0% (16/25) positive EGFR 
gene amplification rate, while female patients had 65.0% (13/20). Histologically, the positive 
rates in squamous carcinoma and adenocarcinoma were 56.52% (13/23) and 72.72% (16/22), 
respectively. These results suggested that the rate of EGFR gene amplification did not correlate 
with patient age, gender, or histopathologic type (P > 0.05). On the other hand, positive EGFR 
amplification was more often observed in patients with lymph node metastasis (90.0%) 
than in those without (44.0%) (P < 0.05). The EGFR-positive amplification rate increased 
following the rise of NSCLC clinical stage (P < 0.05). The positive rate in stage III tumors 
was significantly higher than that in stage II, while there was a lack of statistical difference 
between stages II and I. Finally, the positive amplification rate was lower in patients with 
moderate-poor differentiation than in well-differentiated ones (P < 0.05).

Type	                                                            EGFR amplification		  P value

	 Negative	 Positive

NSCLC	 16	 29	 0.01
Normal lung tissue	 13	 2

NSCLC = non-small cell lung cancer.

Table 1. EGFR amplification in NSCLC and normal lung tissue.

	 Patient	                                              EGFR amplification		  P value

		  Negative	 Positive (%)	

Age (years)				  
   <60	 21	   7	 14 (66.67%)	
   ≥60	 24	   9	 15 (62.50%)	 0.77
Gender				  
   Male	 25	   9	 16 (64.00%)	
   Female	 20	   7	 13 (65.00%)	 0.94
Histologic type				  
   Squamous carcinoma	 23	 10	 13 (56.52%)	
   Adenocarcinoma	 22	   6	 16 (72.72%)	 0.10
Lymph node metastases				  
   Negative	 25	 14	 11 (44.00%)	
   Positive	 20	   2	 18 (90.00%)	 <0.01
Differentiation				  
   Moderate-well	 25	 14	 12 (48.00%)	
   Poor	 20	   3	 17 (85.00%)	 <0.01
TNM staging				  
   I	 10	   7	   3 (30.00%)	
   II	 17	   7	 10 (58.82%)	
   III	 18	   2	 16 (88.89%)	 <0.01

NSCLC = non-small cell lung cancer; TNM = tumor, node, metastasis.

Table 2. EGFR gene amplification with NSCLC clinicopathologic characteristics.

DISCUSSION

C-erb-1 is located in human chromosome 7 p11.2 and encodes EGFR. The C-erb-1 
(EGFR) gene is approximately 200 kb and contains 28 exons (Baselga and Arteaga, 2005). 
The EGFR gene encodes a type of glycoprotein receptor that locates on the surface of the 
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cell membrane. This receptor contains an extracellular region, a transmembrane region, an 
intracellular region, and a carboxyl terminus, and has tyrosine kinase activity. Its activation 
can lead to an increase in DNA synthesis, and can stimulate cell proliferation by binding to 
its ligand (Baselga and Arteaga, 2005; Pinter et al., 2008). EGFR homotypes or heterotypes 
undergo dimerization after binding of the extracellular region to the ligand, which includes 
EGF and TGFα. Following this change, the tyrosine kinase domain in the intracellular region 
becomes activated and stimulates cell proliferation.

It has been confirmed that EGFR is overexpressed in many tumors and is closely related 
to tumor development, invasion, and metastasis (Sun et al., 2015; Khambata-Ford et al., 2010). 
EGFR overexpression has been found in 60-80% of NSCLCs (Dacic et al., 2006). Since the 
EGFR receptor is necessary for the EGFR signaling pathway, EGFR receptor target therapy 
has become an important part of NSCLC treatment (Tsao et al., 2005). TKIs that block EGFR 
tyrosine kinase receptor activation or competitive monoclonal antibody drugs that interact 
with the extracellular ligand binding sites can prevent EGFR receptor signal transduction, 
further inhibiting tumor cell proliferation, invasion, metastasis, and angiogenesis, while also 
inducing tumor cell apoptosis to prevent tumor progression (Tang et al., 2005; Lee et al., 
2010). At present, EGFR-TKIs have been used for NSCLC treatment clinically to considerable 
effect. In some patients, an EGFR mutation has been identified located at the ATP binding site 
of the tyrosine kinase activity domain. Mutation at this site allows for self-activation of the 
EGFR tyrosine kinase domain without the need for ligand binding, resulting in a stronger 
and constitutive proliferation signal. This has become the theoretical basis explaining the 
efficacy of EGFR-TKIs for the treatment of NSCLCs with EGFR mutations. Han et al. (2006) 
has suggested that EGFR mutation is the independent variable for the TKI curative effect 
after studying the relationship between EGFR gene mutation, positive EGFR amplification, 
and KRAS mutation with long-term survival of patients with NSCLC in East Asia. On the 
other hand, although patients with NSCLC have shown good response to the TKIs, the latter 
cannot significantly prolong survival. These results suggest the conclusion that numerous 
EGFR receptors can enhance EGFR signaling pathways following ligand binding when large 
amounts of EGFR are present through amplification or overexpression. This mechanism might 
have a crucial role in the occurrence, progression, and metastasis of NSCLCs. However, the 
relationships between EGFR amplification status and the clinical curative effect of EGFR-
TKIs have not been well reported (Xia et al., 2011). The present study focused on EGFR gene 
amplification in NSCLC pathogenesis, and investigated its correlation with clinical pathologic 
factors. EGFR amplification status was measured by FISH in 45 NSCLC and 15 normal lung 
tissues, and the positive rate in the former was 64.44%, which was consistent with previously 
published research (Sun et al., 2015). Our results showed that the positive EGFR gene 
amplification rate had no relationship with patient age and gender, which was also in line with 
previous study results (Pirker et al., 2012). Patients with NSCLC and lymph node metastasis 
presented higher EGFR gene amplification rates; in addition, the EGFR gene amplification 
rate increased following TNM upstaging of the cancers. These results indicated that EGFR 
gene amplification might be closely associated with NSCLC invasion and metastasis, and also 
with NSCLC progression.

Although the sample size is small in our study, the preliminary results suggested that 
NSCLC had a relative high rate of EGFR gene amplification regardless of the metastasis 
status. On the other hand, the EGFR gene amplification rate was associated with the degree of 
differentiation of the NSCLCs, a finding that is worth further study.
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