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1  | INTRODUC TION

The highest occurrence and fatality rate was lung cancer in the 
world. The accurate diagnosis, especially the diagnosis of distant 
metastases, is one of the important factors to improve the prog‐
nosis of lung cancer therapy. The first diagnosis of lung cancer is 
often with distant metastases, especially lymph node metastases, 
so patients have poor 5‐year survival rates. Lymph node metastases 
have a higher incidence rate and are not only one of the most im‐
portant factors determining the cancer stage but also an important 
indicator of treatment options in lung cancer1. The current diagnosis 
for lymph node metastases of lung cancer has not a precise maker. 

Only less than 80% accuracy in detecting lymph node metastases 
is achieved by enhanced CT, which is the first choice of diagnos‐
tic methods2. The approximately 20% of lymph node metastases 
remain undetected by the routinely methods. Patients with unde‐
tected T3 metastases will not benefit from radical surgical resection 
and may experience postoperative recurrence3. In addition, this is 
not a precise target of lymph node metastases. Therefore, it is es‐
sential to look for a new marker for individualized treatment options 
to accurately consider the stage of the cancer to decrease adverse 
events in patients without necessary treatment. In our research, we 
found that DDX49 may be useful as a novel biomarker of lymph node 
metastases and therapeutic target for lung cancer metastasis.

 

Received: 20 May 2019  |  Revised: 5 September 2019  |  Accepted: 20 September 2019
DOI: 10.1111/jcmm.14734  

S H O R T  C O M M U N I C A T I O N

DDX49 is a novel biomarker and therapeutic target for lung 
cancer metastases

Xiaojuan Lian1 |   Debing Xiang1 |   Chunfang Peng1 |   Jiangyan Chen1 |   Maojun Liao2 |   
Guiyin Sun1 |   Zhimin Zhang2

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited.
© 2019 The Authors. Journal of Cellular and Molecular Medicine published by John Wiley & Sons Ltd and Foundation for Cellular and Molecular Medicine.

1Oncology, Jiangjin District Central Hospital, 
Chongqing, China
2Cancer Center, Daping Hospital, Amry 
Medical University, Chongqing, China

Correspondence
Guyin Sun, Oncology, Jiangjin District 
Central Hospital, #725 Jiangzhou Avenue, 
Dingshan Street, Jiangjin District, Chongqing 
400042, China.
Email: sunriseok@126.com

Zhimin Zhang, Cancer Center, Daping 
Hospital and Research Institute of Surgery, 
Army Medical University, #10 Changjiang 
Zhilu, Daping, Yuzhong District, Chongqing 
400042, China.
Email: 774022337@qq.com

Funding information
Key Projects of Chongqing Health and 
Family Planning Commission, Grant/Award 
Number: 2012‐1‐106; National Natural 
Science Foundation of China, Grant/Award 
Number: 81802292

Abstract
The identification of lymph node metastases is important for the diagnosis, treatment 
and prognosis of patients with lung cancer. We found DDX49 was associated with the 
lymph node metastases in lung cancer by the Akt/β‐catenin pathway. Transcriptome 
sequencing, bioinformatics analysis, quantitative RT‐PCR, cell transfection and the 
Cancer Genome Atlas (TCGA) data set were used to identify DDX49 responsible for 
lymph node metastases. A Kyoto Encyclopedia of Genes and Genomes (KEGG) path‐
way enrichment analysis was used to explore the possible molecular mechanism in 
experimental cell. The DDX49 gene was correlated significantly with lymph node me‐
tastases of lung cancer. The knockdown of DDX49 inhibited the cell proliferation and 
migration in PC‐9 and H460 cells. The mechanism research found downexpression of 
DDX49 decreased the Akt/β‐catenin pathway in lung cancer cell. In vivo experiments 
showed that DDX49 promoted the proliferation and metastases of lung cancer cells 
by increasing the Akt/β‐catenin pathway. These findings suggested that DDX49 may 
be useful as a novel biomarker of lymph node metastases and therapeutic target for 
lung cancer metastasis.
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2  | METHODS AND MATERIAL S

2.1 | TCGA data set

A preprocessed expression matrix of gene‐level RSEM values from 188 
cases of lung cancer originally documented in TCGA data sets (Table 
S1 clinical characteristics of lung cancer patients) (https​://tcga.xenah​
ubs.net/downl​oad/TCGA.LUNG.sampl​eMap/Agile​ntG45​02A_07_3.
gz). Clinical information of this TCGA cohort was also obtained from 
UCSC (https​://tcga.xenah​ubs.net/downl​oad/TCGA.LUNG.sampl​eMap/
LUNG_clini​calMa​trix.g).

2.2 | Western blot analysis

Equal amounts of proteins were separated on SDS‐polyacrylamide 
gels, transferred to PVDF membranes and then blocked. Next, 
membranes were incubated with primary antibodies, followed in‐
cubation with horseradish peroxidase‐conjugated secondary anti‐
bodies. Finally, blots were imaged using chemiluminescent staining 
reagents.

2.3 | Scratch assay and Transwell assay

The cell‐culture inserts were coated with 5  µL pure Matrigel 
(Sigma) and placed in a 24‐well plate. Cells were detached, and 
single‐cell suspensions were placed into the upper chamber. After 
18 hours, the filters were fixed and stained with crystal violet. The 
invasive cells on the lower surface of the filters were examined by 
bright field microscopy. Cells were plated in 6‐well culture plates 
and incubated. Cell monolayers were then scratched and washed. 
The wounded areas were imaged using an Olympus microscope 
and marked. The same areas were imaged again to observe the 
wound gap.

2.4 | Patients

Ten specimens that used transcriptome sequencing and bioinfor‐
matics analysis were obtained from surgically resected primary 
tissue in patients with lung cancer treated at Daping Hospital of 
the Army Medical University (China) and were frozen and kept 
in liquid nitrogen (Table S2 clinical characteristics of lung cancer 
patients).

2.5 | Statistical analysis

Fifty‐eight significantly differentially expressed genes were analysed 
to identify candidates potentially predictive for lymph node metas‐
tasis using univariate logistic regression. One gene was found as‐
sociated with lymph node metastasis with crude P value <.05. All 
other statistical analyses were performed using SPSS 17.0 (IBM 
SPSS). All tests were bilateral, and P <  .05 was considered statisti‐
cally significant.

3  | RESULTS

3.1 | DDX49 gene was associated with lymph node 
metastases of lung cancer

To research the molecular nature of lymph node metastases in 
lung cancer, a sequential approach was used to select genes as‐
sociated with lymph node metastases (Figure 1A). We assessed 
the gene expression profiles of 10 lymph nodes representing the 
same spectrum of lung cancer obtained from different individu‐
als (five patients with positive lymph node metastases and five 
patients with negative lymph node metastases). This comparison 
identified 169 genes with differential expression patterns that 
best distinguished lymph node metastases from non‐lymph node 
metastases (1). The results are displayed as a heat map (Figure 1B); 
(2) 58 genes were associated with lung cancer; (3) 5 genes were 
associated with cell proliferation in lung cancer cell; and (4) DDX49 
gene was further identified in TCGA data of 188 sample transcrip‐
tome sequencing results (Figure 1C), with a crude P value of <.05. 
To identify the predictive value of DDX49 for lymph node metas‐
tases of lung cancer, we analysed the exon sequencing data of 
188 patients with lung cancer from TCGA and obtained 5 genes 
that were associated with lymph node metastases and cell prolif‐
eration, with a crude P value of <.05, through multivariate logistic 
regression. The prediction rate (area under the curve (AUC)), sen‐
sitivity (true positives) and specificity (false positives) of the risk 
score for the prediction of lymph node metastases were 82.0%, 
84.8% and 65.0%, respectively (Figure 1C). The AUC, sensitivity 
and specificity of DDX49 for prediction of lymph node metasta‐
ses were 62.4%, 75.8% and 51.3%, respectively. Taken together, 
DDX49 was differentially expressed in positive versus negative 
lymph node metastases, expressed in lung cancer cell, and asso‐
ciated with the proliferation and lymph node metastases of lung 
cancer in the exon sequencing data of 188 patients from TCGA.

3.2 | Effects of DDX49 on lung cancer cell 
growth and migration

Then, we investigated the role of DDX49 in cell proliferation, mi‐
gration and invasion in lung cancer cells by a lentivirus‐knockdown 
assay. Down‐regulation of DDX49 in PC‐6 and H460 cells, as shown 
in Figure 1D, substantially decreased cell growth, migration and in‐
vasion (Figure 1E‐G).

Moreover, we applied immunoblotting to identify KEGG path‐
ways associated with lymph node metastases of lung cancer, with a 
corrected P < .0001 and expression in more than half of the samples 
(Table S3). KEGG pathway enrichment analysis of all genes selected 
from all differentially expressed genes showed that the PI3K/Akt 
and Wnt/β‐catenin pathways may play key roles in the metastases 
of lung cancer (Figure 2A). We demonstrated that DDX49 down‐reg‐
ulation decreased Akt and β‐catenin activation (Figure 2B). These 
findings indicated that decreases in the activation of Akt/β‐catenin 
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signalling by DDX49 knockdown may play a key role in inhibiting cell 
proliferation and migration in vitro.

3.3 | Down‐regulation of DDX49 inhibited tumour 
growth in vivo

We studied the impact of DDX49 on cell growth in lung cancer 
cells by injecting H460 cells containing either a control (shCON) or 
DDX49‐down‐regulation vector (shDDX49) into nude mice in vivo. 
We observed that down‐regulation of DDX49 significantly decreased 
tumour growth in vivo (Figure 2C,D). Consistent with observations in 
vitro, shDDX49 decreased DDX49 expression in vivo (Figure 2E,F), 
and DDX49 down‐regulation decreased Akt and β‐catenin activation 
(Figure 2E,G). These findings indicated that DDX49 down‐regulation 
decreases the activation of Akt/β‐catenin signalling and may play a key 
role in inhibiting cell proliferation and migration in vivo.

4  | DISCUSSION

In the present study, we integrated transcriptome sequencing data 
of lymph node metastases in lung cancer and an independent sample 
from TCGA data to identify DDX49 gene and validated the biologi‐
cal function. Furthermore, we demonstrated, for the first time, that 
DDX49 promoted NSCLC (non‐small‐cell lung cancer) cell growth 
and migration by increasing the Akt/β‐catenin pathway. Taken to‐
gether, these findings suggested that DDX49 may be useful as a 
novel biomarker of lymph node metastases and a therapeutic target 
in lung cancer.

Our selection of DDX49 gene in the microarray detection set and 
the patterns of gene expression found on microarray analysis were 
also validated by RT‐PCR. Our results were validated in one indepen‐
dent cohorts of 188 patients from TCGA data set. Thus, we believe 
that the DDX49 we obtained using the three factors is reliable.

F I G U R E  1   DDX49 was key gene for lung cancer proliferation and metastases. Overall strategy for the identification of 58 lymph node 
metastases‐associated genes in human lung cancer. (A) Genes associated with lymph node metastases of lung cancer were defined as the 
overlapping genes between three distinct conditions, namely genes differentially expressed in 5 paired positive and negative lymph node 
metastases from transcriptome sequencing, genes expressed in lung cancer from RT‐PCR, genes expression associated with cell proliferation 
and gene associated with lymph node metastases from bioinformatics analysis of TCGA data from the transcriptome sequencing results 
from 188 samples. We used a false discovery rate <0.05 and a |FC|> 1 to select differentially expressed genes. FC, fold change; HR, hazard 
ratio. (B) The 169 genes differentially expressed in 5 paired positive and negative lymph node metastases from transcriptome sequencing; 
(C) the ROCs of the DDX49 obtained using logistic regression with risk factors. The AUC, sensitivity and specificity of DDX49 for prediction 
of lymph node metastases were 62.4%, 75.8% and 51.3%, respectively. Effects of DDX49 on lung cancer cell growth, migration and invasion 
in vitro. Western blot analysis showed DDX49 down‐regulation in PC‐9 cells and H460 cells. Down‐regulation of DDX49 (D) in lung cancer 
cells significantly decreased cell proliferation (E), migration (F) and invasion (G) abilities compared with that of control cells. Data represent 
the average of three independent experiments (mean ± SD). *P < .005
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The identification of DDX49 gene that can predict lymph node me‐
tastases in patients with lung cancer may reveal a new target of ther‐
apy for lung cancer with lymph node or distant metastases. DDX49 is 
one such uncharacterized RNA helicase4, which has been implicated 
in viral infections and breast cancers in high‐throughput screens, sug‐
gesting an important physiological role5. We found that down‐regu‐
lation of DDX49 in NSCLC cells significantly suppressed NSCLC cell 
growth and migration. Sharad Awasthi also proposed a similar conclu‐
sion: DDX49 displays a robust ATPase and RNA helicase activity and 
it is involved in the export of poly (A)+ mRNAs to cytoplasm, DDX49 
affects cell proliferation and its aberrant expression might have onco‐
genic potential6. We found that these genes were more likely involved 
in the PI3K/Akt pathway, cell and metabolic pathways, and focal adhe‐
sion by KEGG pathway analysis. Furthermore, we found that DDX49 
mediated by the Akt/β‐catenin pathway promoted NSCLC cell growth 
and metastases. Growing evidence has shown that the Akt/β‐catenin 
pathway plays a key role in lung cancer cells7,8. Taken together, DDX49 
plays an important role through the Akt/β‐catenin pathway in increas‐
ing cell growth and metastases.

In conclusion, DDX49 was a novel predictor for diagnosing lymph 
node metastases of lung cancer; thus, the marker can be used to 

improve or even replace enhanced CT for the diagnosis of lymph node 
metastases. Moreover, the inhibition of DDX49 can significantly inhibit 
cell proliferation and metastases by the Akt/β‐catenin pathway.
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and immunohistochemistry analysis (F and G). The data are shown as the mean ± standard error, n = 10. * P < .01 versus the vehicle group
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