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Abstract. This study aimed to investigate the association of the 
mRNA expression of the echinoderm microtubule‑associated 
protein‑like 4 (EML4)‑anaplastic lymphoma kinase (ALK) 
fusion gene with that of thymidylate synthase (TYMS) in 
non‑small cell lung cancer (NSCLC) tissues. Quantitative 
polymerase chain reaction was used to detect the expression 
of EML4‑ALK fusion gene and TYMS mRNA in 257 cases 
of NSCLC. The positive rate of EML4‑ALK fusion gene 
was 4.28% in the NSCLC tissues (11/257), and was higher in 
nonsmokers than in smokers (P<0.05); TYMS mRNA expres-
sion was detected in 63.42% (163/257) of cases. An association 
of the EML4‑ALK fusion gene with TYMS expression was 
detected; a low expression level of TYMS mRNA was 
observed more frequently when the EML4‑ALK fusion 
gene was present than when it was not detected (P<0.05). In 
conclusion, patients positive for the EML4‑ALK fusion gene 
in NSCLC tissues are likely to have a low expression level of 
TYMS, and may benefit from the first‑line chemotherapy drug 
pemetrexed.

Introduction

Worldwide, lung cancer has become the cancer with the 
highest morbidity and mortality (1). Non‑small cell lung cancer 
(NSCLC) accounts for 80‑85% of all cases of lung cancer (2). 
The echinoderm microtubule‑associated protein‑like 4 
(EML4)‑anaplastic lymphoma kinase (ALK) fusion gene was 
discovered in 2007 as a lung cancer‑specific fusion gene in 
patients with lung cancer, with a positive rate of 3‑8% (3). The 
presence of the EML4‑ALK fusion gene is mutually exclusive 
with epidermal growth factor receptor (EGFR) mutation. The 
most common EML4‑ALK fusion gene variants are variants 
1, 2 and 3 in patients with NSCLC. The positive rates of vari-
ants 1, 2 and 3 are ~33, 29 and 9%, respectively. These three 
variants represent the majority of all variants; other variants 
are found in relatively low proportions (4‑10).

The thymidylate synthase (TYMS) gene encodes the 
rate‑limiting enzyme in the de novo synthesis of deoxythy-
midine monophosphate, plays an important role in DNA 
synthesis, replication and repair (11), leads to DNA breaks 
and cell death, and is an effective target for anticancer drugs. 
Studies have shown that TYMS activity is significantly higher 
than that in normal tissue in a variety of malignant tumors (12), 
affecting cell cycle by regulating the expression of p53, and 
thus affecting tumor cell proliferation (13). TYMS has been 
found to be associated with tumor proliferation (14), and tumor 
cell populations that overexpress TYMS have greater growth 
potential, suggesting that high TYMS expression correlates 
with poor prognosis.

For lung cancer patients with low expression levels of 
TYMS, the efficacy of the first‑line chemotherapy drug peme-
trexed (Alimta) has been demonstrated to be improved (15,16). 
In the present multi‑center study, the expression levels of the 
EML4‑ALK fusion gene and TYMS mRNA in 257 patients 
with stage I–IV NSCLC were reviewed and the correla-
tion between them was analyzed. The association of the 
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EML4‑ALK fusion gene with the expression of the TYMS 
resistance gene in patients with NSCLC was investigated in 
order to further explore more effective individualized treat-
ment plans for patients carrying the EML4‑ALK fusion gene.

Materials and methods

Specimens. Paraffin‑embedded tissue specimens were 
collected from 257  patients from surgeries performed 
between 2004 and 2013. There were 103  cases from the 
General Military Hospital of Beijing PLA (Beijing, China), 
58 cases from the Affiliated Zhongshan Hospital of Dalian 
University (Dalian, China) and 96 cases from the People's 
Hospital of Weifang (Weifang, China). The pathological 
diagnosis for the collected specimens was adenocarcinoma 
without preoperative chemotherapy, radiotherapy or biological 
immunotherapy. The specimens were analyzed for the detec-
tion of the EML4‑ALK fusion gene and TYMS mRNA. All 
protocols were approved by the Human Clinical and Research 
Ethics Committees of the General Military Hospital of Beijing 
PLA (Beijiang, China), the Affiliated Zhongshan Hospital of 
Dalian University (Dalian, China) and the People's Hospital 
of Weifang (Weifang, China). Written informed consent was 
obtained from all patients.

Reagents and instruments. A DNA extraction kit (Qiagen, 
Hilden, Germany), RNA extraction kit (Qiagen), EML4‑ALK 
gene expression assay kit (Amoy Diagnostics Co., Ltd., Xiamen, 
China) and TYMS Gene Expression Analysis kit (Amoy Dx 
Ltd.) were used. In addition, a B‑500 spectrophotometer 
was used to measure nucleic acid protein concentrations 
(Shanghai Chong Meng Biotechnology Co. Ltd., Shanghai, 
China), and quantitative polymerase chain reaction (qPCR) 
assays were conducted using an ABI 7500 Real‑Time PCR 
system (Applied Biosystems Life Technologies, Foster City, 
CA, USA).

Methods
qPCR detection of the EML4‑ALK fusion gene. Between four 
and eight 4‑µm paraffin tissue sections were dewaxed. In 
accordance with the manufacturer's instructions provided with 
the genomic RNA extraction kit, tissue RNA was extracted 
and a spectrophotometer was used to detect the purity and 
concentration of the extracted RNA. According to the method 
provided with the EML4‑ALK gene expression assay kit, 
the gene was amplified using the ABI 7500 Real‑Time PCR 
instrument. The kit contained nine fusion mutant primers and 
probes to amplify the EML4‑ALK gene.

qPCR detection of TYMS mRNA expression in NSCLC 
tissues. Tissue sections were dewaxed and tissue RNA was 
extracted and spectrophotometrically analyzed as described 
in the section above. According to the method provided with 
the TYMS Gene Expression Analysis kit, the gene was ampli-
fied by qPCR. An absolute quantitative method was used, with 
β‑actin serving as a reference gene in the detection of the 
expression level of TYMS mRNA. The standard mean ratio of 
TYMS/β‑actin was 4.21x10‑3.

Statistical analysis. Data were analyzed using SPSS statistical 
analysis software, version 19.0 (SPSS, Inc., Chicago, IL, USA). 

Results were analyzed using χ2 and Fisher's exact tests, with a 
test level α=0.05. The P‑value was set to bilateral distribution, 
and P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Correlation between EML4‑ALK fusion gene and TYMS 
mRNA expression and patient clinical characteristics. Table I 
shows the clinical features of the 257 cases of NSCLC, of 
which there were 11 cases positive for the EML4‑ALK fusion 
gene (4.28%). The positive rate of the EML4‑ALK fusion gene 
was higher in non‑smoking patients (11/147, 7.48%; P=0.018), 
but did not differ significantly according to patient gender, age, 
tumor size, lymph node metastasis or clinical stage. Of the 
257 cases of NSCLC, high expression levels of TYMS mRNA 
were found in 163 cases (63.42%), and low expression levels 
were found in 94 cases (36.58%). The TYMS mRNA expres-
sion level did not differ significantly according to patient 
gender, age, smoking status, tumor size, lymph node metas-
tasis or clinical stage, independent of other clinical features 
(Fig. 1A and B, Table I).

Association between the EML4‑ALK fusion gene and the 
expression level of TYMS mRNA. Table II shows that 11 patients 
with NSCLC were EML4‑ALK fusion gene‑positive, 8 of 

Figure 1. Amplification plots for detection of the EML4‑ALK fusion gene 
and TYMS mRNA. The EML4‑ALK fusion gene's (A) positive control 
positive sample and negative control and (B) positive control negative sample 
and negative control. (C) The expression of TYMS mRNA. EML4, echino-
derm microtubule‑associated protein 4; ALK, anaplastic lymphoma kinase; 
TYMS, thymidylate synthase; Rn, normalized reporter.
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whom had low levels of TYMS mRNA expression (72.73%). 
Of the 246 patients with NSCLC that were EML4‑ALK fusion 
gene‑negative, low expression levels of TYMS mRNA were 
found in 86 cases (34.96%). Patients with NSCLC that were 
EML4‑ALK fusion gene‑positive tended to have lower expres-
sion levels of TYMS mRNA than those who were negative 
(72.73 vs. 34.96%, P<0.05; Fig. 1C, Table II).

Discussion

The EML4‑ALK fusion gene is selectively inhibited by 
crizotinib (also known as g  azole imatinib or Sai Rui™). 
When crizotinib was clinically tested in patients with NSCLC, 

phase I and II clinical trials obtained good results and no 
adverse reactions, and patients that tolerated the treatment 
entered phase III clinical trials (17‑19). In 2010, Choi et al (20) 
reported one case of an EML4‑ALK‑positive patient with 
NSCLC who after 5 months of treatment with crizotinib devel-
oped resistance to the drug; two types of point mutation were 
identified: C1156Y and L1196M. Therefore, further explora-
tion of an individualized treatment plan for certain patients 
with primary or secondary resistance to crizotinib is of great 
practical value and practical significance.

The results of the present study show that in the 
patients with stage  I‑IV NSCLC, the positive rate of the 
EML4‑ALK fusion gene was 4.28% (11/257) and was higher 
in nonsmokers than in smokers (P<0.05). This positive rate 
is slightly lower than that in four other studies, in which the 
EML4‑ALK fusion gene positive rate was from 4.69%(3/64) 
to 11.65%(12/103) (7,21‑23). High expression levels of TYMS 
were exhibited in the NSCLC tissues at a rate of 63.42% 
(163/257), and the results are similar to those reported by 
Gandara et al (24). The TYMS expression levels were found 
not to differ according to patient gender, age, smoking status, 
tumor size, lymph node metastasis, pathological stage or other 
clinical characteristics.

The present study observed that in NSCLC patients, the 
EML4‑ALK fusion gene has an association with the expres-
sion level of TYMS (P<0.05), as a majority of the EML4‑ALK 
fusion gene‑positive patients had low expression levels of 
TYMS. The development of resistance to chemotherapy is one 
of the main causes of tumor treatment failure. Following the 

Table I. Association between EML4‑ALK fusion gene and TYMS mRNA expression and patient clinical characteristics.

	 EML4‑ALK	  TYMS
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Clinical features	 Positive	 Negative	 P‑value 	 High	 Low	 P‑value

Gender			   0.137			   0.196
  Male	   3	 135		    93	 45
  Female	   8	 111		    70	 49
Age (years)			   0.520			   0.907
  ≥59	   4	 126		    82	 48
  <59	   7	 120		    81	 46
Smoking history			   0.018			   0.166
  Yes	   0	   99		    68	 31
  No	 11	 147		    95	 63
Tumor diameter/cm			   0.637			   0.798
  ≥5	   4	 119		    79	 44
  <5	   7	 127		    84	 50
Node metastasis			   0.751			   0.627
  Yes	   5	 100		    70	 35
  No	   6	 146		    93	 53
Clinical stage			   0.495			   0.524
  I	   5	   87		    56	 36
  II+III+IV	   6	 159		  107	 58

EML4, echinoderm microtubule‑associated protein 4; ALK, anaplastic lymphoma kinase; TYMS, thymidylate synthase.

Table II. Association between the EML4‑ALK fusion gene and 
the expression level of TYMS mRNA.

	 Expression of 
	 TYMS mRNA 	
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	
EML4‑ALK fusion gene	 High	 Low	 Total

Positive	    3	   8	    11
Negative	 160	 86	 246
Total	 163	 94	 257

EML4, echinoderm microtubule‑associated protein 4; ALK, ana-
plastic lymphoma kinase; TYMS, thymidylate synthase.
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short‑term application of pemetrexed chemotherapy, TYMS 
induction may occur, leading to TYMS overexpression, 
increased catalytic activity and the resistance of tumor cells. 
High expression levels of TYMS enhance the DNA synthesis 
and repair capacity of proliferating cells, making the lung 
cancer cells less susceptible to being killed by chemotherapy 
drugs and leading to drug resistance; when there is a low expres-
sion level of TYMS, the development of pemetrexed resistance 
does not occur so readily, which increases the likelihood of 
effective chemotherapy. This may be a theoretical basis for 
the mechanism underlying the observation that EML4‑ALK 
fusion gene‑positive NSCLC patients have a higher response 
rate to chemotherapy.

In summary, this study initially identified that patients with 
NSCLC who are EML4‑ALK fusion gene‑positive tend to 
have low expression levels of TYMS, and it is speculated that 
EML4‑ALK fusion gene‑positive patients will have greater 
responsiveness to pemetrexed chemotherapy; however, the 
inherent molecular mechanisms underlying this phenomenon 
require further study. Our group mainly studies the association 
between the chemotherapy drugs cisplatin and gemcitabine, 
drug resistance genes and the EML4‑ALK fusion gene. In the 
present study, we examined the association between the peme-
trexed resistance gene TYMS and the EML4‑ALK fusion 
gene, but did not consider the microtubule drug resistance 
gene TUBB3 in first‑line chemotherapy. Future studies will 
examine the association between the EML4‑ALK fusion gene 
and TUBB3 to further explore more effective individualized 
treatment plans. In particular, research will focus on individu-
alized treatment plans for patients with primary or secondary 
resistance to the EML4‑ALK fusion gene‑selective inhibitor 
crizotinib.
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