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ABSTRACT. The goal of the current study was to investigate the differences 
in epidermal growth factor receptor (EGFR) mutation rates in tumor tissue 
and pleural effusion specimens from patients with lung adenocarcinoma. 
PCR amplification and gene sequencing were used to detect EGFR 
mutations in exons 18, 19, 20, and 21 in tumor tissue and pleural effusion 
samples from 50 patients with advanced lung adenocarcinoma. The EGFR 
mutation rate was 34.0% in tissue samples from patients with advanced 
lung adenocarcinoma. There were 11 cases with exon 19 mutations and 
6 cases with exon 21 mutations. The EGFR mutation rate was 30.0% in 
pleural effusion specimens, including 10 cases with exon 19 mutation 
and 5 cases with exon 21 mutations. Although the tissue samples had a 
slightly higher mutation rate compared to the pleural effusion samples, the 
difference was not statistically significant. These results indicate that the 
EGFR mutation rate detected in pleural effusion specimens from patients 
with advanced lung adenocarcinoma is similar to that detected in tumor 
tissue samples. Therefore, pleural effusion specimens can potentially be 
used for EGFR mutation detection in advanced lung adenocarcinoma.
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INTRODUCTION

Cancer poses a serious threat to human health and commonly occurs in the respiratory 
tract, digestive tract, and reproductive system. Lung cancer has the highest incidence and mortality 
rates among malignant tumors worldwide and accounts for the highest incidence of cancer in 
China (Zhu et al., 2008; Mitsudomi et al., 2010; Fukuoka et al., 2011). Lung cancer is classified 
into two main types: non-small cell lung cancer (commonly adenocarcinoma and squamous cell 
carcinoma) and small cell lung cancer. Non-small cell lung cancer accounts for roughly 82% of all 
lung cancers, and lung adenocarcinoma accounts for about 80% of non-small cell lung cancers. 
Most early stage lung cancers have non-specific symptoms including cough, sputum, and blood 
in the phlegm. However, such symptoms often cause lung cancer to be confused with diseases 
such as tuberculosis and pneumonia. Hence, most lung cancers are diagnosed late, when they 
are no longer operable. Non-surgical treatment options include local radiotherapy and systemic 
chemotherapy, but these are often harmful to the body, especially for elderly patients over 70 
years of age. Thus, it is important to find new treatment methods for elderly lung cancer patients 
or those who cannot tolerate radiation and chemotherapy. Targeted drug therapy for lung cancer 
has become a focus of current research (He et al., 2009; Zhang et al., 2010; Jiang et al., 2011). 
Currently, epidermal growth factor receptor (EGFR) gene mutations are the most widely investigated 
targets for therapy in lung adenocarcinoma. The most accurate and reliable specimen type used 
for EGFR mutation detection is tumor tissue (Liu et al., 2009; Luan et al., 2010). However, more 
than 70% of lung adenocarcinoma patients have advanced non-operable disease at diagnosis, 
making it difficult to obtain tissue samples. An international study showed that only about 30% 
of lung adenocarcinoma tissue specimens can be used to detect EGFR mutations (Sun et al., 
2014). Thus, finding a different lung tissue sample type for use in reliable EGFR mutation detection 
is a major hurdle. In the present study, PCR amplification and gene sequencing were used to 
detect EGFR mutations in exons 18, 19, 20, and 21 in tumor tissue and pleural effusion specimens 
from 50 patients with advanced lung adenocarcinoma to investigate the different rates of EGFR 
mutations in the different sample types.

MATERIAL AND METHODS

Materials

Lung tissue and pleural effusion samples from 50 advanced lung adenocarcinoma patients 
were collected between January 2013 and July 2014 in Weifang People’s Hospital. All of the enrolled 
patients were diagnosed by pathology combined with ipsilateral pleural effusion, and all lung cancers 
met the criteria for stage IV according to the 2011 Union for International Cancer Control (UICC). 
The enrolled patients included 22 males with an average age of 47 ± 2.6 years and 28 females with 
an average age of 45 ± 3.2 years. There were 18 male and 8 female smokers enrolled. All patient 
participation was voluntary, and signed written consent was obtained from all study participants.

Experimental methods

Paraffin specimen extraction and digestion

Paraffin-embedded lung tissue specimens were heated at 65°C for 60 min, and then 
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dewaxed with xylene. After the xylene was removed with anhydrous ethanol, tumor cells were 
collected via cell scraping. Tumor cells were then incubated with 200 µL Buffer TL and 20 mL 
Proteinase K at 55°C for 6-8 h.

DNA extraction and purification

DNA was extracted using a DNA extraction kit (CW Biotech, Beijing, China) according 
to manufacturer instructions. Polyacrylamide gels were purchased from Jiangyuan Technology 
Co., Ltd. (Tianjin, China). Polyacrylamide gel electrophoresis was used to separate DNA 
fragments.

PCR

DNA polymerase was purchased from Generay Co., Ltd. (Shanghai, China). The cycling 
conditions consisted of an initial denaturation at 95°C, 1 min for annealing and 10 cycles of 1 min 
for extension, followed by 30 cycles of 50 s at 95°C, 60 s at 62°C, and 60 s at 72°C, and finally 10 
min at 72°C for extension. The PCR products were separated by agarose gel electrophoresis and 
purified using an agarose gel extraction kit (Sunshine Bio, Nanjing, China).

Sequencing

The ABI 3730xl DNA analyzer (Applied Biosystems, Carlsbad, CA, USA) was used for 
sequencing analysis of the purified PCR products.

Statistical analysis

Data are reported as means ± standard deviation (SD). All statistical analyses were 
performed using the SPSS 17.0 software (Chicago, IL, USA). Differences between the two tissue 
types were analyzed using a Student t-test. Enumeration data were analyzed by the chi-square test 
and the Fisher exact test with P < 0.05 considered statistically significant.

RESULTS

EGFR gene mutations (in exons 18, 19, 20, and 21) in tissue samples are shown in 
Table 1. In tissue samples, the EGFR mutation rate in exon 19 was significantly higher than 
that in the other three exons (P < 0.05), while the EGFR mutation rate in exon 21 was higher 
than that in exons 18 and 20 (P < 0.05). EGFR gene mutations (in exons 18, 19, 20, and 21) 
in pleural effusions are shown in Table 2. In pleural effusion samples, the EGFR mutation 
rate in exon 19 was significantly higher than that in the other three exons (P < 0.05), while 
the EGFR mutation rate in exon 21 was significantly higher than that in exons 18 and 20 (P < 
0.05). A comparison of the EGFR mutation rates in tumor tissue and pleural effusion samples 
from advanced lung adenocarcinomas is shown in Table 3. Although the tissue samples had a 
slightly higher EGFR mutation rate compared to pleural effusion samples, the difference was 
not statistically significant (P > 0.05).
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Table 1. EGFR gene mutations in tissue samples.

Group Cases % Mutation rate (N) 
Exon 18C 50 0 (0/50) 
Exon 19A 50 22.0 (11/50) 
Exon 20D 50 0 (0/50) 
Exon 21B 50 12.0 (6/50) 

 A is significantly higher than B, C, and D, P < 0.05; B is significantly higher than C and D, P < 0.05.

Table 2. EGFR gene mutations in pleural effusions.

Group Cases % Mutation rate (N) 
Exon 18C 50 0 (0/50) 
Exon 19A 50 20.0 (10/50) 
Exon 20D 50 0 (0/50) 
Exon 21B 50 10.0 (5/50) 

 A is significantly higher than B, C, and D, P < 0.05; B is significantly higher than C and D, P < 0.05.

P > 0.05.

Table 3. Comparison of EGFR mutation rates in different sample types.

Group Cases % Mutation rate (N) 
Tissue samples 50 34.0 (17/50) 
Pleural effusion samples 50 30.0 (15/50) 

 

Lung adenocarcinoma cell pathology is shown in Figure 1. Specifically, columnar and new 
cubic cells composed of adenoid structures can be seen under microscopy, with enlarged nuclei 
and clear nucleolus structures. A sequencing map of EGFR mutations in tissue samples is shown in 
Figure 2, and the microphthalmia locus (MI locus) mutation in exon 19 is shown. A sequencing map 
of EGFR mutations in pleural fluid is shown in Figure 3, as well as the L858R mutation in exon 21.

Figure 1. Lung adenocarcinoma pathology, HE staining, 100X magnification.
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Figure 2. Sequencing map for a representative tissue sample mutation.

Figure 3. Sequencing map for a representative pleural fluid sample mutation.

DISCUSSION

Advanced non-small cell lung cancer, especially adenocarcinoma, currently has many 
treatment methods. Aside from systemic chemotherapy and local radiotherapy, EGFR tyrosine 
kinase inhibitors (EGFR-TKI) are becoming widely used in the clinical management of lung cancer 
(Koizumi et al., 2010; Simone et al., 2010; Brevet et al., 2011; Nakamura et al., 2011). EGFR is 
derived from the type I tyrosine kinase receptor family and shares homologies with HER2, HER3, 
and HER4. EGFR is composed of 28 exons and is located on the short arm of chromosome 7. EGFR 
has been shown to be widely distributed in the membranes of epidermal cells and is composed 
of three regions that include the intracellular, transmembrane, and extracellular domains (Yoo et 
al., 2010). EGFR has mainly been implicated in the following four signaling pathways: JAK-STAT, 
PI3K-PDK, PLC-γ, and RAS-RAF-MEK-ERK-MAPK (Qi et al., 2014).

Although promising, EGFR-TKI can only exhibit their inhibitory effects on tumor growth 
to promote prolonged survival in patients with EGFR mutations. The intracellular tyrosine kinase 
of EGFR is comprised of the four exons 18, 19, 20, and 21 (Cheng et al., 2014). Among the four 
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exons, deletions in exon 19 and mutations in exon 21 are the most common, as previous studies 
found that exon 19 deletions accounted for 48% and exon 21 mutations account for 43% of all 
EGFR genetic changes (Agwa and Ma, 2014).

Mutations in EGFR are mainly detected in tumor tissue and hydrothorax samples (i.e., 
cytology), of which tumor tissue is still most commonly used. However, as most lung cancers are 
found to be advanced upon diagnosis and cannot be surgically resected and samples obtained by 
bronchoscope or percutaneous lung biopsy are too small to use for EGFR mutation detection, new 
sample types to replace or supplement tissue samples to detect EGFR mutations have become a 
focus of current research.

Zhao et al. (2011) found that the total EGFR mutation rate was 30% in tissue specimens 
from 100 patients with lung adenocarcinoma, including 16% with exon 19 deletions, 13% with exon 
21 mutations, and 1% with exon 20 mutations. The total EGFR mutation rate was slightly lower 
than our results in tissue samples (34%), which may be associated with the limited number of 
patients enrolled in our study.

In comparison to tissue EGFR mutations in the aforementioned study, Billah et al. (2011) 
found that the total EGFR mutation rate in pleural effusion samples was 29% in 300 cases of patients 
with lung adenocarcinoma, including 16% with exon 19 deletions, 12% with exon 21 mutations, and 
1% with exon 20 mutations. Lozano et al. (2011) reported similar results, where the total EGFR 
mutation rate was 26% in pleural fluid specimens from 200 lung adenocarcinoma patients, including 
12% with exons 19 deletions, 11% with exon 21 mutations, and 3% with exon 20 mutations.

In the present study, 50 tissue samples and pleural fluid samples were collected from 
patients clinically diagnosed with lung adenocarcinoma by pathology combined with malignant 
pleural effusion. PCR and direct sequencing were used to identify EGFR mutations in both lung 
tissue and pleural effusion samples. The results showed that the overall EGFR mutation rate was 
34% in tissue samples, which was slightly higher than the EGFR mutation rate in pleural effusion 
samples (30%), but this difference was not statistically significant. These results are consistent 
with previous studies. The mutation rate in exon 19 was significantly higher than that in the other 
three exons (18, 20, 21), regardless of the sample type (P < 0.05). The mutation rate in exon 21 
was higher than that in exons 18 and 20 (P < 0.05). We failed to detect exon 20 mutations, which 
have been identified in previous reports, but this may be attributed to the limited number of patients 
enrolled herein. Hence, a larger sample size is needed for follow-up investigations.

In conclusion, our results revealed that tissue samples and pleural effusion samples have 
similar EGFR mutation rates in advanced lung cancer. Thus, pleural effusion samples may become 
a candidate specimen for detecting EGFR mutations as a complement to tissue samples.
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