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Abstract. Cervical carcinoma high‑expressed long non‑coding 
RNA (lncRNA) 1 (lncRNA‑CCHE1) serves an oncogenic role 
in cervical and liver cancer. The present study aimed to explore 
the role of CCHE1 in pancreatic adenocarcinoma. CCHE1 
expression was detected by reverse transcription‑quantitative 
polymerase chain reaction, and rho associated coiled‑coil 
containing protein kinase 1 (ROCK1) levels were detected 
using an ELISA assay. Diagnostic analysis was performed by 
receiver operating characteristic curve analysis. The effects of 
CCHE1 on ROCK1 were analyzed by western blotting. Cell 
migration and invasion were analyzed by Transwell migra-
tion and invasion assays. The results of the present study 
demonstrated that, compared with healthy controls, CCHE1 
and ROCK1 were upregulated in the serum of patients with 
metastatic pancreatic adenocarcinoma. CCHE1 overex-
pression distinguished patients with metastatic pancreatic 
adenocarcinoma from patients with non‑metastatic pancreatic 
adenocarcinoma and healthy controls. A significant positive 
correlation between serum levels of CCHE1 and ROCK1 
was identified in patients with metastatic pancreatic adeno-
carcinoma. Furthermore, CCHE1 overexpression led to 
upregulated ROCK1 in human pancreatic adenocarcinoma 
cell lines, whereas no significant effects of ROCK1 overex-
pression upon CCHE1 expression were identified. CCHE1 
overexpression promoted the migration and invasion of 
human pancreatic adenocarcinoma cell lines, but no signifi-
cant effects on cell proliferation were identified. ROCK1 
small interfering RNA‑induced silencing partially reversed 
the enhancing effects of CCHE1 overexpression on cancer 

cell migration and invasion. Therefore, lncRNA‑CCHE1 may 
be involved in migration and invasion but not in proliferation 
of pancreatic adenocarcinoma cells, possibly by interacting 
with ROCK1.

Introduction

Pancreatic cancer is characterized by its aggressive nature 
and high mortality rate (1). In different regions of the world, 
the mortality rate of this disease almost reaches its incidence 
rate  (2,3). Compared with patients with non‑metastatic 
pancreatic cancer, the survival conditions of patients with 
metastatic pancreatic cancer are poor  (4). No significant 
improvements in the survival rates of patients with metastatic 
pancreatic cancer have been made during the past several 
decades  (4). It has been predicted that pancreatic cancer 
will become the second leading cause of cancer‑associated 
mortality in the next decade in certain regions, including the 
United States (5). Despite the high mortality rate of patients 
with metastatic pancreatic cancer, the survival time can be 
markedly prolonged by appropriate treatment. Therefore, a 
proper treatment strategy design based on the detection of 
metastatic tumors is critical.

Rho associated coiled‑coil containing protein kinase 1 
(ROCK1) is a well‑characterized transcription factor that 
serves a pivotal oncogenic role in cancer biology  (6‑8). 
Development of cancer in humans is usually accompanied 
by the activation of ROCK1 signaling (9), and inhibition 
of ROCK1 expression inhibits cancer development (10,11). 
Cervical carcinoma high‑expressed long non‑coding RNA 
(lncRNA) 1 (lncRNA‑CCHE1) serves an oncogenic role in 
cervical and liver cancer (12,13). Preliminary microarray 
data revealed that lncRNA‑CCHE1 and ROCK1 expression 
are upregulated and positively correlated in patients with 
metastatic pancreatic adenocarcinoma (data not shown, 
patients included in the microarray analysis were also 
involved in the patient group in this study). These findings 
indicated a potential interaction between them. The present 
study revealed that lncRNA‑CCHE1 may be involved in the 
migration and invasion of cancer cells in pancreatic adeno-
carcinoma, which is the most common type of pancreatic 
cancer.
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Materials and methods

Cell lines and human samples. Capan‑2 [American Type 
Culture Collection (ATCC) HTB‑80™] and HPAF‑II 
(ATCC CRL‑1997™) human pancreatic adenocarcinoma 
cell lines were purchased from ATCC (Manassas, VA, USA). 
Cells were cultured in ATCC‑formulated McCoy's 5a medium 
(cat. no. 30‑2007; ATCC), supplemented with 10% fetal bovine 
serum (Sangon Biotech Co., Ltd., Shanghai, China) at 37˚C in 
a 5% CO2. incubator.

Human serum samples were derived from the blood 
extracts of 63 patients with pancreatic adenocarcinoma and 
44 healthy volunteers. The 63 patients were diagnosed for 
the first time and admitted to Taizhou Hospital of Zhejiang 
Province (Taizhou, China) between May 2016 and May 2018. 
Among these patients, tumor metastasis was observed in 
30 cases, which were classified as the metastasis group. The 
remaining patients were classified as the non‑metastasis 
group. There were 18 cases of American Joint Committee on 
Cancer stage I, 20 cases of stage II, 12 cases of stage III and 
13 cases of stage IV cancer (14). The 44 healthy volunteers 
received physical examination at the Physical Examination 
Center of Taizhou Hospital of Zhejiang Province during the 
same time period. No significant differences in the distribu-
tion of age and sex, as well as smoking and drinking habits, 
among the three groups were identified (Table I). The present 
study was approved by the Ethics Committee of Taizhou 
Hospital of Zhejiang Province. All participants fully under-
stood the experimental protocol and signed informed consent 
forms.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was extracted from serum and in vitro 
cultivated cells using RNAzol® reagent (Sigma‑Aldrich; Merck 
KGaA, Darmstadt, Germany), and subjected to reverse tran-
scription, which was performed using SuperScript III Reverse 
Transcriptase (Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) under the following thermal conditions: 25˚C for 5 min, 
55˚C for 20 min and 75˚C for 5 min. Subsequently, cDNA 
samples and a SuperScript III Platinum One‑Step RT‑qPCR 
kit (Thermo Fisher Scientific, Inc.) were used to prepare all 
PCR reactions. PCR reactions were performed using the 
following thermocycling conditions: 95˚C for 50 sec, followed 
by 95˚C for 12 sec and 58.5˚C for 20 sec for 40 cycles; no final 
extension. Sequences of primers used in the PCR system were: 
lncRNA‑CCHE1 forward, 5'‑AAG​GTC​CCA​GGA​TAC​TCG​
C‑3' and reverse, 5'‑GTG​TCG​TGG​ACT​GGC​AAA​AT‑3'; and 
β‑actin forward, 5'‑GAC​CTC​TAT​GCC​AAC​ACA​GT‑3' and 
reverse, 5'‑AGT​ACT​TGC​GCT​CAG​GAG​GA‑3'. Quantification 
cycle (Cq) values of lncRNA‑CCHE1 were normalized to the 
endogenous control β‑actin using the 2‑ΔΔCq method (15).

ELISA. The ROCK1 ELISA kit used for the measurement of 
serum levels of ROCK1 was obtained from MyBioSource, Inc. 
(cat. no. MBS9318720; MyBioSource, Inc., San Diego, CA, 
USA). This kit has a detection sensitivity of 0.1 pg/ml and a 
detection range of 2.5‑80  ng/ml.

Vectors, small interfering RNAs (siRNAs) and cell 
transfection. pIRSE2 vectors expressing full‑length 

lncRNA‑CCHE1 and ROCK1 were synthesized by Shanghai 
GenePharma Co., Ltd. (Shanghai, China). ROCK1 siRNA 
(cat. no. AM16708) and Silencer® Negative Control No. 2 
siRNA (cat. no. AM4613) were purchased form Thermo Fisher 
Scientific, Inc. According to the manufacturer's protocols, 
cell transfection was performed using Lipofectamine® 2000 
(cat. no. 11668‑019, Invitrogen; Thermo Fisher Scientific, 
Inc.) with vectors and siRNAs at dosages of 15 and 50 nM, 
respectively. The cell density for transfection was 105 cells/ml. 
In the present study, cells transfected with empty vectors 
or siRNA control were considered the negative control 
groups. The control groups included cells without transfec-
tion. Overexpression rates of lncRNA‑CCHE1 and ROCK1 
were >160%, and ROCK1 knockdown rate >55% in response 
to ROCK1 siRNA  12  h after transfection. Transfection 
efficiency was detected by RT‑qPCR (data not shown). Cells 
were collected 12 h after transfection prior to subsequent 
experimentation.

Cell proliferation assay. Following transfection, cell prolifera-
tion rates of different groups of cells were measured by Cell 
Counting kit‑8 (CCK‑8; Sigma‑Aldrich; Merck KGaA) assay. 
Briefly, cells were harvested to prepare single cell suspensions 
(3x104 cells/ml). A 96‑well plate was filled with single cell 
suspension (0.1 ml/well). Cells were cultured at 37˚C in a CO2. 
incubator, followed by the addition of 10 µl CCK‑8 solution 
24, 48, 72 and 96 h later. Following incubation for an additional 
4 h, absorbance at 450 nm was measured using Fisherbrand™ 
accuSkan™  GO  UV/Vis Microplate Spectrophotometer 
(Thermo Fisher Scientific, Inc.).

In  vitro cell migration and invasion assays. Following 
transfection, cell migration and invasion rates of different 
groups of cells were measured by Transwell migration and 
invasion assays. The materials used, including the Transwell 
inserts (96 wells; pore size, 8 µm; cat. no. CLS3374), were 
obtained from Sigma‑Aldrich; Merck KGaA. Briefly, cells 
were harvested to prepare serum‑free signal cell suspensions 
(3x104 cells/ml). A total of 100‑µl serum‑free cell suspension 
in ATCC‑formulated McCoy's 5a medium was added to the 
upper chamber and cell culture medium containing 20% fetal 
calf serum (Sigma‑Aldrich; Merck KGaA) was added into 
the lower chamber. After 12 h, membranes were stained with 

Table I. General information regarding the three groups.

	 Metastasis	 Non‑metastasis	 Control
Variable	  (n=30)	 (n=33)	  (n=44)

Age range, years	 34‑66	 33‑67	 33‑68
Mean age, years	 50.2±5.6	 50.7±5.2	 50.5±5.8
Sex			 
  Male	 16	 16	 21
  Female	 14	 17	 23
Habits			 
  Smoking	 14 (46.7%)	 14 (42.4%)	 20 (45.5%)
  Drinking	 16 (53.3%)	 17 (51.5%)	 22 (50.0%)
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0.5% crystal violet (Sigma‑Aldrich; Merck KGaA) at 25˚C for 
15 min. Migration and invasion assays were performed using 
the same protocol with the exception that the upper chamber 
was pre‑coated with 50 µg Matrigel in culture medium prior 
to the invasion assay. Migratory and invasive cells in the 
lower chamber were observed under a light microscope. The 
number of invasive and migratory cells in the control group 
was set to 100% and other groups were normalized to the 
control group.

Western blotting. Following total protein extraction 
using radioimmunoprecipitation assay buffer (Sangon 
Biotech Co., Ltd.) and concentration measurement using the 
bicinchoninic acid method, electrophoresis was performed 
using 12% SDS‑PAGE with 30 µg protein loaded per lane. 
Subsequently, transfer to polyvinylidene difluoride (PVDF) 
membranes was performed, followed by blocking in 
5% skimmed milk at 25˚C for 1.5 h. PVDF membranes were 
incubated with ROCK1 (rabbit anti‑human; 1:1,500 dilution; 
cat.  no.  ab97592; Abcam, Cambridge, UK) and GAPDH 
(rabbit anti‑human; 1:1,200  dilution; cat.  no.  ab37168; 
Abcam) primary antibodies at 4˚C for 8  h, followed by 
incubation with immunoglobulin G‑horseradish peroxidase 
secondary antibody (goat anti‑rabbit; 1:1,500 dilution; 
cat. no. MBS435036; MyBioSource, Inc.) at 25˚C for 2 h. 
Pierce Enhanced Chemiluminescence Western Blotting 
Substrate (Thermo Fisher Scientific, Inc.) was used to 
develop signals that were scanned by MYECL™ Imager 
(Thermo Fisher Scientific, Inc.). ImageJ  v1.6 software 

(National Institutes of Health, Bethesda, MD, USA) was 
used for data normalization.

Statistical analysis. GraphPad Prism v6 software (GraphPad 
Software, Inc., La Jolla, CA, USA) was used for statistical 
analysis in the present study. All experiments were performed 
in triplicate and data are expressed as the means ± standard 
deviation. Data comparisons were performed by one‑way anal-
ysis of variance followed by Tukey's post hoc testing. Pearson 
correlation coefficient was used for correlation analyses. The 
diagnostic value of lncRNA‑CCHE1 for pancreatic adeno-
carcinoma was evaluated by receiver operating characteristic 
(ROC) curve analysis. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Serum lncRNA‑CCHE1 and ROCK1 are upregulated in 
patients with metastatic pancreatic adenocarcinoma. 
Compared with in patients with non‑metastatic pancreatic 
adenocarcinoma and healthy controls, the expression levels 
of CCHE1 (Fig. 1A) and ROCK1 (Fig. 1B) were significantly 
increased in patients with metastatic pancreatic adenocar-
cinoma (P<0.05). In addition, serum levels of ROCK1 were 
significantly higher in patients with non‑metastatic pancreatic 
adenocarcinoma compared with in healthy controls.

Upregulation of lncRNA‑CCHE1 distinguishes patients with 
metastatic pancreatic adenocarcinoma from patients with 

Figure 1. Upregulated serum lncRNA‑CCHE1 and ROCK1 are observed in patients with metastatic pancreatic adenocarcinoma. Levels of (A) CCHE1 and 
(B) ROCK1 were significantly increased in patients with metastatic pancreatic adenocarcinoma compared with in patients with non‑metastatic pancreatic 
adenocarcinoma and healthy controls. *P<0.05. CCHE1, cervical carcinoma high‑expressed lncRNA 1; lncRNA, long non‑coding RNA; ROCK1, rho associ-
ated coiled‑coil containing protein kinase 1.
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non‑metastatic pancreatic adenocarcinoma and healthy 
controls. Selecting patients with non‑metastatic pancreatic 
adenocarcinoma and healthy controls as true negative cases 
and patients with metastatic pancreatic adenocarcinoma as 
true positive cases, the diagnostic value of lncRNA‑CCHE1 
for metastatic pancreatic adenocarcinoma was evaluated 
by ROC curve analysis (Fig.  2). With healthy controls as 
true negative cases, the area under the curve (AUC) was 
0.8895  (standard error, 0.03976; 95% confidence interval, 
0.8116‑0.9675; P<0.0001). With patients with non‑metastatic 
pancreatic adenocarcinoma as true negative cases, AUC was 
0.9282  (standard error, 0.02801; 95% confidence interval, 
0.8733‑0.9831; P<0.0001).

Serum levels of CCHE1 and ROCK1 are positively correlated 
in patients with metastatic pancreatic adenocarcinoma. 
Pearson correlation analysis revealed a significantly positive 
correlation between serum levels of CCHE1 and ROCK1 in 
patients with metastatic pancreatic adenocarcinoma (Fig. 3A). 
However, the correlation between serum levels of CCHE1 and 
ROCK1 was not identified to be significant in patients with 
non‑metastatic pancreatic adenocarcinoma (Fig. 3B) or in 
healthy controls (Fig. 3C).

CCHE1 overexpression does not significantly affect the 
proliferation of pancreatic adenocarcinoma cells. In the 
present study, Capan‑2 and HPAF‑II cell lines were used to 
perform CCHE1 and ROCK1 overexpression experiments. 
To investigate the role of lncRNA‑CCHE1 in the prolif-
eration of pancreatic adenocarcinoma cells, proliferation of 
Capan‑2 and HPAF‑II cells was detected by CCK‑8 assay 
following transfection with lncRNA‑CCHE1 expression 
vectors. As shown in Fig. 4, compared with the control and 
negative control groups, lncRNA‑CCHE1 overexpression 
did not significantly affect the proliferation of Capan‑2 and 
HPAF‑II cells.

CCHE1 overexpression significantly promotes the invasion 
and migration of pancreatic adenocarcinoma cells via 
upregulation of ROCK1. To investigate the involvement of 
lncRNA‑CCHE1 and ROCK1 in the migration and invasion 
of pancreatic adenocarcinoma cells, Transwell migration and 
invasion assays were conducted on Capan‑2 and HPAF‑II 
cells following transfection with lncRNA‑CCHE1 expres-
sion vectors. Cell migration and invasion were presented 
as a percentage. Compared with the control and negative 
control groups, lncRNA‑CCHE1 and ROCK1 overexpression 

Figure 2. Upregulation of lncRNA‑CCHE1 distinguishes patients with metastatic pancreatic adenocarcinoma from patients with non‑metastatic pancreatic 
adenocarcinoma and healthy controls. Receiver operating characteristic curve analysis revealed that upregulation of lncRNA‑CCHE1 distinguished patients 
with metastatic pancreatic adenocarcinoma from (A) patients with non‑metastatic pancreatic adenocarcinoma and (B) healthy controls. CCHE1, cervical 
carcinoma high‑expressed lncRNA 1; lncRNA, long non‑coding RNA.

Figure 3. Serum levels of CCHE1 and ROCK1 in serum are positively correlated in patients with metastatic pancreatic adenocarcinoma. Pearson correlation 
coefficient analysis revealed a significant positive correlation between serum levels of CCHE1 and ROCK1 in (A) patients with metastatic pancreatic adeno-
carcinoma, but not in (B) patients with non‑metastatic pancreatic adenocarcinoma and (C) healthy controls. CCHE1, cervical carcinoma high‑expressed long 
non‑coding RNA 1; ROCK1, rho associated coiled‑coil containing protein kinase 1.
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significantly promoted the invasion (Fig. 5A) and migration 
(Fig. 5B) of Capan‑2 and HPAF‑II cells (P<0.05). In addi-
tion, ROCK1 siRNA‑induced silencing partially reversed 
the enhancing effects of lncRNA‑CCHE1 overexpression on 
cancer cell invasion (Fig. 5A) and migration (Fig. 5B; P<0.05).

CCHE1 overexpression mediates the upregulation of ROCK1 
in pancreatic adenocarcinoma cells. To investigate the 

potential interaction between lncRNA‑CCHE1 and ROCK1, 
the expression levels of lncRNA‑CCHE1 and ROCK1 were 
detected by RT‑qPCR and western blotting following transfec-
tion with lncRNA‑CCHE1 and ROCK1 expression vectors. 
Compared with in the control and negative control groups, 
lncRNA‑CCHE1 overexpression upregulated ROCK1 expres-
sion in Capan‑2 and HPAF‑II cell lines (Fig. 6A; P<0.05). 
Conversely, in cancer cells with ROCK1 overexpression, no 

Figure 4. CCHE1 overexpression does not affect the proliferation of (A) Capan‑2 and (B) HPAF‑II pancreatic adenocarcinoma cells. C, control; CCHE1, cervical 
carcinoma high‑expressed long non‑coding RNA 1; NC, negative control.

Figure 5. CCHE1 overexpression significantly promotes the migration and invasion of pancreatic adenocarcinoma cells, potentially via the upregulation of 
ROCK1. lncRNA‑CCHE1 and ROCK1 overexpression significantly promoted the (A) invasion and (B) migration of Capan‑2 and HPAF‑II cells. ROCK1 
siRNA‑induced silencing partially reversed the enhancing effects of lncRNA‑CCHE1 overexpression on cancer cell invasion and migration. *P<0.05. 
C, control; CCHE1, cervical carcinoma high‑expressed lncRNA 1; lncRNA, long non‑coding RNA; NC, negative control; ROCK1, rho associated coiled‑coil 
containing protein kinase 1; siRNA, small interfering RNA.
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significantly altered expression levels of lncRNA‑CCHE1 
were observed (Fig. 6B; P<0.05).

Discussion

Pancreatic adenocarcinoma is the most common type of 
pancreatic cancer. Notably, the present study demonstrated 
that CCHE1, which is a characterized oncogenic lncRNA 
in cervical and liver cancer  (12,13), exhibited oncogenic 
functions in pancreatic adenocarcinoma. The actions of 
lncRNA‑CCHE1 in pancreatic adenocarcinoma were possibly 
mediated by upregulation of ROCK1.

The present study observed significantly upregulated serum 
levels of lncRNA‑CCHE1 in patients with metastatic pancre-
atic adenocarcinoma but not in patients with non‑metastatic 
pancreatic adenocarcinoma. Tumor metastasis is accompanied 
by a globally altered expression pattern of genes, including 
lncRNAs (16,17). Therefore, the upregulated expression of 
lncRNA‑CCHE1 may be mediated by the occurrence of tumor 
metastasis in patients with pancreatic adenocarcinoma, alterna-
tively lncRNA‑CCHE1 overexpression may induce metastasis. 
Combined with the observation that lncRNA‑CCHE1 overex-
pression significantly promoted the migration and invasion of 
two pancreatic adenocarcinoma cell lines, this suggested that 
lncRNA‑CCHE1 may serve an oncogenic role in pancreatic 
adenocarcinoma by promoting tumor metastasis. Notably, no 
significant alterations in the proliferation rate of the two tested 
cell lines were identified following lncRNA‑CCHE1 overex-
pression. Therefore, it may be unlikely that lncRNA‑CCHE1 
is involved in the growth of pancreatic adenocarcinoma. 
However, a previous study demonstrated that lncRNA‑CCHE1 
expression can promote the proliferation of cervical cancer 
cells  (12). Therefore, lncRNA‑CCHE1 may serve different 
roles in various malignancies.

ROCK1 is involved in cancer biology mainly by regulating 
cancer cell motility and tumor metastasis (10). Upregulation of 
ROCK1 has been observed in various types of cancer, including 
pancreatic cancer (18,19). Consistent with previous studies, 

the results of the present study demonstrated upregulation of 
serum ROCK1 in patients with pancreatic adenocarcinoma, 
compared with in healthy controls. ROCK1 signaling in cancer 
biology is transduced via interactions with different signaling 
molecules, inducing lncRNAs  (20,21). The present study 
revealed a significant correlation between lncRNA‑CCHE1 
and ROCK1 in patients with metastatic pancreatic adenocar-
cinoma. Additionally, lncRNA‑CCHE1 was suggested to be 
an upstream activator of ROCK1 signaling in the regulation 
of migration and invasion of pancreatic adenocarcinoma cells. 
Notably, although serum levels of ROCK1 were upregulated 
in patients with non‑metastatic pancreatic adenocarcinoma, no 
significant correlation between serum levels of lncRNA‑CCHE1 
and ROCK1 was observed among those patients. ROCK1 
signaling may interact with multiple functional molecules 
in pancreatic adenocarcinoma and the crosstalk between 
ROCK1 and lncRNA‑CCHE1 may only occur at late stages. 
Besides ROCK1, lncRNA‑CCHE1 may also interact with other 
signaling molecules to regulate pancreatic adenocarcinoma cell 
migration and invasion, since ROCK1 siRNA knockdown only 
partially reversed the enhancing effects of lncRNA‑CCHE1 
overexpression on cancer cell migration and invasion. Notably, 
CCHE1 siRNA transfection was also performed, but the 
knockdown rate was <60%. No significant alterations in cell 
migration and invasion were identified following transfection 
(data not shown). This may be due to the low knockdown 
efficacy of CCHE1, or that CCHE1 knockdown has no marked 
effect on cancer cell migration and invasion. Future studies will 
try to improve the knockdown efficacy by evaluating the effects 
of additional siRNAs.

In conclusion, CCHE1 is likely to be an oncogenic lncRNA 
associated with metastasis but not growth of pancreatic 
adenocarcinoma. The actions of CCHE1 in pancreatic adeno-
carcinoma were possibly achieved via upregulation of ROCK1. 
The results of the present study suggested that CCHE1 may 
be used as a diagnostic biomarker for pancreatic adenocar-
cinoma, and also as a potential target to prevent pancreatic 
adenocarcinoma metastasis.

Figure 6. CCHE1 overexpression mediates the upregulation of ROCK1 in pancreatic adenocarcinoma cells. (A) Compared with the C and NC groups, 
lncRNA‑CCHE1 overexpression resulted in upregulated ROCK1 expression in Capan‑2 and HPAF‑II cells. (B) By contrast, cancer cells with ROCK1 overex-
pression did not exhibit significantly altered expression levels of lncRNA‑CCHE1. *P<0.05. C, control; CCHE1, cervical carcinoma high‑expressed lncRNA 1; 
lncRNA, long non‑coding RNA; NC, negative control; ROCK1, rho associated coiled‑coil containing protein kinase 1.
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