
1686

Abstract. – OBJECTIVE: Lung cancer is 
common cancer worldwide. Non-small cell lung 
cancer (NSCLC) accounts for 85% of lung can-
cers. Thus, we studied whether long non-cod-
ing RNAs influence malignancy in NSCLC to 
discover new therapeutic targets for increas-
ing the survival rate of NSCLC patients. lncRNA 
has been proven to be important in different 
cancer progression. In this study, we mainly fo-
cused on the role of lncRNA CCHE1 (cervical 
carcinoma high expressed 1) expressed PCNA 
regulatory lncRNA in NSCLC cancer.

PATIENTS AND METHODS: qRT-PCR was 
used to detect the expression of CCHE1 in 126 
cases of NSCLC tissue and adjacent tissue, and 
the clinical significance was also analyzed. Cell 
Counting Kit-8 (CCK8) assay was used to detect 
the proliferation ability of NSCLC cancer cell 
lines, and Western-blot was used to measure the 
expression of the protein when the expression 
of CCHE1 was suppressed.

RESULTS:  We found that the CCHE1 was high-
ly expressed in the NSCLC tissue, compared with 
the adjacent tissue. We also found that the expres-
sion of CCHE1 was closely related to the size and 
survival time of patients. Moreover, CCHE1 could 
promote the proliferation, metastasis, and inva-
sion of NSCLC cell line via increasing the expres-
sion of ERK/MAPK signaling pathway.

CONCLUSIONS: According to the results, we 
found that CCHE1 was closely related the pro-
gression of NSCLC, which could be a potential 
target for treating NSCLC.
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Introduction

Non-small cell lung cancer (NSCLC) accounts 
for 85% of lung cancers. Treatments for early di-
agnosis and the emergence of new-targeted drugs 
have greatly developed the survival rate of NSCLC 

patients1. Although surgery, chemotherapy, radia-
tion therapy and blocking epidermal growth fac-
tor receptor pathway have improved the prognosis 
of NSCLC, the survival rate of late-stage patients 
is still very low. Thus, researching an underlying 
target for NSCLC patients is very important to im-
prove the survival time and effective of treatment.

Long non-coding RNAs are a novel class of mol-
ecules, with a length longer than 200 nucleotides. In 
addition, accumulating evidence has demonstrated 
that lncRNAs participate in the regulation of various 
biological processes, such as cell proliferation, dif-
ferentiation, apoptosis, motility and so on. Increas-
ing research shows that lncRNAs play a role in lung 
cancer proliferation, metastasis and invasion2-6.

Recently, studies have shown that enhanced ln-
cRNA CCHE1 expression in human tumors was 
associated with the lymph node metastasis, tumor 
pathological stage, the extent of lymph node me-
tastasis and the post-operative survival time. Peng 
et al7 found that CCHE1 indicates poor prognosis 
of hepatocellular carcinoma and promotes car-
cinogenesis via activation of the ERK/MAPK 
pathway. However, whether CCHE1 is impacting 
the NSCLC remains elucidated. In this investi-
gation, we aimed at detecting the expression of 
CCHE1 in the NSCLC tissue and the adjacent tis-
sue. Moreover, we determined whether CCHE1 is 
related to proliferation, metastasis, and invasion 
in NSCLC patients and preliminarily research a 
possible mechanism in order to form a theoretical 
basis for the discovery of novel targeted therapies.

Patients and Methods

Patients’ Specimens and Clinical 
Assessments

The data were collected from 220 patients 
with NSCLC in the hospital from June 2015 to 

European Review for Medical and Pharmacological Sciences 2018; 22: 1686-1692

Y. LIAO1, S. CHENG1, J. XIANG1, C. LUO1

Department of Respiration, University-Town Hospital of Chongqing Medical University, 
Chongqing, China

Corresponding Author: Chun Luo, MD; e-mail: Luochun-1@163.com

lncRNA CCHE1 increased proliferation, metastasis
and invasion of non-small lung cancer cells and
predicted poor survival in non-small lung 
cancer patients



CCHE1 increased tumorigenesis of NSCLC and predicted poor survival

1687

June 2016 (Sichuan Province, China). We col-
lected tumor tissues of 100 patients with squa-
mous carcinoma and 120 patients with lung ad-
enocarcinoma. All the specimens were divided 
into the equal size and then treated with liquid 
nitrogen after the operation. The clinical data 
included age, sex, tumor size, lymph node me-
tastasis, histology type and pathological grade. 
All NSCLC patients received no radiotherapy 
and/or chemotherapy before surgery, and the 
tissue was collected at -80°C until use. All 
patients were informed and signed informed 
consent. This experiment was approved by the 
Medical Ethics Committee of our hospital.

Cell Culture
L78, A549, and BEAS-2B cell lines were pur-

chased from Chinese Academy of Sciences (Shang-
hai, China). L78 and A549 were NSCLC cell line, 
and BEAS-2B was the normal human lung epi-
thelial cell line, which was used as control in this 
study. All cells were cultured in Dulbecco’s Modi-
fied Eagle Medium (DMEM) (Life Technologies, 
Carlsbad, CA, USA) supplemented with 10% fetal 
bovine serum (FBS) (Life Technologies, Carlsbad, 
CA, USA) at 37°C with 5% CO2.

RNA Extraction and Real-time 
Quantitative PCR Assays

Total RNA was isolated from NSCLC and 
matched adjacent tissues by using TRIzol Re-
agent (Life Technologies, Carlsbad, CA, USA), 
according to the manufacture’s protocol. The 
concentration and purity of total RNA were mea-
sured on a Nanodrop spectrophotometer (Thermo 
Scientific, Waltham, MA, USA). The total RNA 
was converted into cDNA by using a Prime Script 
1st Strand cDNA Synthesis Kit (TaKaRa, Dalian, 
China), according to the manufacture’s protocol. 
After that, quantitative Real-time PCR was con-
ducted using SYBR-Green RT-PCR kit (TaKaRa, 
Dalian, China), according to the manufacture’s 
protocol.

Plasmid Transfection
We seeded the target cells into six-well plate 

at 60-80% confluent before transfection. 1 mg 
of plasmid and 1 ml of lipofectamine 2000 (In-
vitrogen, Carlsbad, CA, USA) were added into 
200 ml of medium without fetal bovine serum 
(FBS), respectively. The diluted plasmid and 
lipofectamine 2000 were mixed and incubated 
for 15 min. Then, the plasmid-lipid complex 
was added to the cells.

CCK-8 Assay Detected the 
Cell Proliferation 

L78 and A549 cells transfected with siR-
NA-CCHE1 seeded in 96-well plates (3×103 per 
well) were incubated for 24 h, 48 h, 72 h, and 96 h, 
respectively. L78 and A549 cells transfected with 
NC-FAM-si RNA were used as negative control. 
Thereafter, cell growth inhibition was evaluated 
by the CCK-8 assay as described elsewhere.

Transwell Chamber Assay
We used a 24-well transwell chamber to per-

form transwell migration and invasion assays 
with either 8 um pore Bio-coat control inserts 
(migration assays) or Matrigel-coated inserts (in-
vasion assays). L78 and A549 cells transfected 
with siRNA-CCHE1 and NC-FAM-siRNA were 
pre-incubated for 24 h at 37°C in a CO2 incubator 
and then detached and resuspended in serum-free 
medium. We put the suspension of cells (6 × 105 

cells /100 ul) in upper chambers. After 24 h, the 
filters were fixed with methanol and stained with 
DAPI (4’,6-diamidino-2-phenylindole). We pene-
trated the filters to count the number of cells by a 
technician blinded to the experimental settings in 
four microscopic fields of each filter (40x).

Western Blot Assays
We used 10% resolving gel and 5% stacking gel 

for immunoblotting experiments. After loading pre-
pared samples in the gel, electrophoresis was per-
formed through the stacking gel at 60 V for 30 min 
and through the resolving gel at 110 V for 90 min. 
The gel was transferred to the membrane using a 
low-temperature constant current of 300 mA for 120 
min. The membrane was sealed with bovine serum 
albumin (BSA) for 45 min, incubated with a prima-
ry antibody overnight at 4°C, and developed and 
imaged using a gel documentation system (Bio-Rad, 
Hercules, CA, USA). The membrane was incubated 
with a secondary antibody for 1 h at room tempera-
ture, and the results were analyzed.

Statistical Analysis
GraphPad Prism software (GraphPad, La Jolla, 

CA, USA) was used to perform statistical analysis. 
Data were reported as mean ± standard deviation. 
Two-sample means were compared using a Stu-
dent’s t-tests, multiple-sample means were com-
pared using complete randomized block one-way 
ANOVA. Overall survival of patients was analyzed 
by Kaplan-Meyer method and log-rank test. Inde-
pendent prognostic significance of risk factors iden-
tified by multivariate analysis was computed by the 
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Cox proportional hazards model. Receiver operat-
ing characteristic (ROC) curve analysis was used to 
determine the predictive value among parameters. 
Tukey’s test was used as post hoc test. p<0.05 was 
considered statistically significant; p<0.01 was con-
sidered very statistically significant.

Results

CCHE1 was Highly Expressed in the 
NSCLC Tissue and Cell Lines

To estimate the effect of CCHE1 in NSCLC, 
we first detected the expression of CCHE1 in 
126 cases of NSCLC tissues and adjacent tissues 
by qRT-PCR. We found that CCHE1 was highly 
expressed in NSCLC tissues compared with adja-
cent tissues. Furthermore, we also detected the 
expression of CCHE1 in cell lines and the results 
showed that lncRNA CCHE1 highly expressed 
in NSCLC cell lines (Figure 1). The results sug-
gested that the expression of CCHE1 was related 
to the growth of NSCLC patients and involved in 

the occurrence and progression of NSCLC, but its 
mechanism remained unclear.

The Clinical Characteristic of CCHE1
To evaluate the clinical significance expression 

of BCAR4 in NSCLC, we wanted to research the 
clinical characteristic of CCHE1. We analyzed 
the expression of CCHE1 according to the clinic 
pathological information of the patients, and we 
found that CCHE1 was positively correlated with 
the tumor size and lymph node metastasis. We an-
alyzed the relationship between the survival time 
of NSCLC patients and the expression of CCHE1 
(Figure 2). This result indicated that the NSCLC 
patients with high CCHE1 expression showed a 
worse prognosis when compared with low level 
of CCHE1. The predictive values of CCHE1 were 
determined by ROC analysis (Table I). In addi-
tion to histological grade, lymph node metastasis, 
distant metastasis, and clinical stage, the CCHE1 
expression was also an independent prognostic 
factor for the prognosis of patients (Table II). We 
suggested that the expression of CCHE1 was neg-

Figure 1. CCHE1 was highly expressed in the NSCLC tissue and cell lines. (A) The expression of CCHE1 in the NSCLC 
tissue and adjacent tissue was detected by qRT-PCR assay. ***p<0.001; (B) The expression of CCHE1 in the NSCLC cell lines 
and BEAS-2B, ***p<0.001; 

Table I. Prognostic values of variables for death and disease recurrence by receiver operating characteristic analysis.

Variables Area under curve (AUC)  95% CI p-value 

Death   
Intra-tumoral CCHE1 0.572 0.532-0.611 .000
TNM stage 0.683 0.623-0.745 .000
3-year recurrence    
Intra-tumoral CCHE1 0.633 0.583-0.668 .000
TNM stage 0.549 0.518-0.592 .000
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atively correlated with the survival time of pa-
tients with NSCLC.

Suppression of CCHE1 Would Lead to 
the Reduction of Proliferation, Migration 
and Invasion in NSCLC Cell Lines

Previously, we found that lncRNA CCHE1 
was closely related to tumor size and lymph node 
metastasis of NSCLC patients, indicating that ln-
cRNA CCHE1 may be closely related to the pro-
liferation and metastasis of NSCLC cells. Based 
on above results, we would like to check whether 
CCHE1 could regulate the proliferation, migra-
tion, and invasion of NSCLC. We first inhibited 
the expression of CCHE1 in L78 and A549, which 
could lead to the decreases of proliferation of L78 
and A549. These results indicated that CCHE1 
could monitor the proliferation of NSCLC cell. 
Then, we found that the migratory and invasion 
capacity of L78 and A549 cells transfected with 
siRNA-CCHE1 was significantly down-regulat-
ed when compared with those transfected with 

NC-FAM-siRNA (Figure 3 and Figure 4). Taken 
together, the results indicated that the expression 
of CCHE1 was associated with the ability of cell 
migration and invasion.

CCHE1 Promotes the Proliferation, 
Migration and Invasion Ability of NSCLC 
Cell Line via ERK/MAPK Pathway

Recent study has found that lncRNA CCHE1 
could promote carcinogenesis via ERK/MAPK 
pathway in liver cancer and cervical cancer. The 
ERK/MAPK pathway is one of the most import-
ant signal transduction pathways, and several key 
growth factors and proto-oncogenes promote tu-
mor growth by activating this signaling cascade. 
Therefore, we wanted to study whether CCHE1 
promoted the proliferation, migration and invasion 
ability of NSCLC cell line through ERK/MAPK 
pathway. Western blot and RT-PCR were used. The 
results found that inhibition of CCHE1 expression 
could remarkably decrease the expression of ERK 
and MAPK phosphorylation, as well as the vari-

Figure 2. The clinical characteristic of CCHE1. (A) The expression of CCHE1 in NSCLC tissue was detected according to the 
tumor size, ***p<0.001. (B) The expression of CCHE1 in NSCLC tissue was detected according to the lymph node metastasis 
in tumor, ***p<0.001. (C) Association between these patients’ survival time and expression of CCHE1
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might promote the proliferation migration and in-
vasion ability by ERK/MAPK pathway.

ety of total ERK and MAPK in L78 and A549 cell 
lines (Figure 5). These results showed that CCHE1 

Figure 3. Suppression of CCHE1 would lead to the reduce of proliferation, migration and invasion of NSCLC cells. (A) The 
expression of CCHE1 was suppressed in the NSCLC cell lines, ***p<0.001; (B) Transwell was used to detect the migration 
ability after suppression of CCHE1, **p<0.01. (C-D) CCK8 assays were used to detect the proliferation ability of NSCLC cell 
after CCHE1 was suppressed. ***p<0.001. 

Figure 4. Suppression of CCHE1 would lead to the reduce of proliferation, migration and invasion of NSCLC cells. (A-B) 
Transwell was used to detect the invasion ability after suppression of CCHE1, *p<0.05.
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Discussion

It has been reported8 that more than 90% 
of the genome is transcribed into non-coding 
RNA, which is referred to non-protein coding 
RNAs. However, the function and mechanism of 
non-coding RNAs remained unclear. Recently, 
increased evidence has reported that lncRNAs 
could play an important role in the beginning and 
development of tumors. For instance, Xue et al9 
reported that lncRNA urothelial cancer-associ-
ated 1 (UCA1) promoted the migration and in-
vasion of bladder cancer cells via regulating the 
miR-145/zinc finger E-box binding homeobox 
1 and 2 (ZEB1 and ZEB2)/fascin homologue 1 
(FSCN1) pathway. Thus, researching the role of 
special lncRNA is key to solve the problems of 
the development and progression of tumor10-16. In 
this research, we mainly focused on the role of 
CCHE1 in the NSCLC and found the underlying 
mechanism. We found that CCHE1 was highly 
expressed in NSCLC tissues compared with adja-
cent tissue. Moreover, we found that CCHE1 was 
positively correlated with the tumor size. Besides, 
we found that patients with higher expression of 

CCHE1 had a shorter survival time. The results 
suggested that CCHE1 may play an important 
role and affect the development of the NSCLC bi-
ology activities. Meanwhile, it indicated that the 
CCHE1 expression was a potential and indepen-
dent prognostic factor of NSCLC patients.

We would like to know whether the CCHE1 
influenced the proliferation, metastasis, and 
invasion of NSCLC cells and its mechanism. 
We investigated that CCHE1 was more high-
ly expressed in NSCLC cells, compared with 
the normal lung epithelial cells. In addition, 
we inhibited the expression of CCHE1 in L78 
and A549, leading to the decreases of prolif-
eration of NSCLC cells. Then, we used the 
transwell to examine the activities of tumor 
and found that the migratory and invasion ca-
pacity of L78 and A549 cells transfected with 
siRNA-CCHE1 was significantly down-reg-
ulated than those transfected with NC-FAM-
siRNA. The result confirmed our expectation. 
To explore the mechanism of CCHE1 affecting 
the biology activities in NSCLC, we detected 
ERK/MAPK pathway after inhibiting the ex-
pression of CCHE1. ERK/MAPK pathway was 

Figure 5. CCHE1 promotes the proliferation, migration and invasion ability of NSCLC cell line via ERK/MAPK pathway. 
(A-B) Western blot was used to detect the effects of CCHE1 knockdown on ERK/MAPK pathway. ***p<0.001.
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closely related to the different ability of differ-
ent cancer. Wu et al16 found knockdown of ZFX 
inhibits gastric cancer cell growth in vitro and 
in vivo via downregulating the ERK/MAPK 
pathway. Lommel et al 17 provided evidence that 
the ERK/MAPK pathway is involved in L-plas-
tin Ser5 phosphorylation in breast cancer cells 
with RSK1 and RSK2 kinases able to directly 
phosphorylate L-plastin residue Ser5. Similar-
ly, we found that suppression of CCHE1 ex-
pression could decrease the expression of ERK 
and MAPK phosphorylation, and the variety of 
total ERK and MAPK were also observed in 
L78 and A549 cell lines. The evidence support-
ed that CCHE1 could promote the proliferation, 
migration, and invasion ability of NSCLC cell 
line via pathway.

However, our experiment still has some lim-
itations and we should get furthermore proofs to 
define the effect of CCHE1 in the treatment of 
NSCLC. The direct conjunction between CCHE1 
and the ERK/MAPK pathway needs to be further 
investigated in the future. This research only pro-
vides us with a novel and potential treatment tar-
get for drug-resistance in NSCLC patients.

Conclusions

We firstly found that CCHE1 was highly ex-
pressed in the NSCLC tissue and predicted a poor 
prognosis in NSCLC patients. CCHE1 could reg-
ulate the ERK/MAPK pathway to promote the 
proliferation, migration, and invasion of NSCLC. 
Therefore, CCHE1 may be a potential treatment 
target in NSCLC patients.
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