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Abstract. It is well established that long intergenic non‑protein 
coding RNA 1638 (LINC01638) promotes the development 
and progression of breast cancer, whereas its roles in other 
human diseases are currently unknown. In the present study, 
expression of LINC01638 and ROCK2 was analyzed using 
quantitative PCR, ELISA and western blot. Receiver operating 
characteristic curve was used for diagnostic analysis. Cell 
transfections were performed to analyze interactions between 
LINC01638 and ROCK2, while Transwell assays were 
performed to analyze invasion and migration of the bladder 
cancer HT‑1197 and HT‑1376 cell lines. It was observed 
that LINC01638 and Rho‑associated, coiled‑coil containing 
protein kinase 2 (ROCK2) were significantly upregulated in 
the plasma of patients with early stage (stage I and II) bladder 
cancer compared with in healthy controls. Upregulation of 
LINC01638 and ROCK2 distinguished patients with early 
stage bladder cancer from healthy controls. Plasma levels of 
LINC01638 and ROCK2 were positively correlated in patients 
with bladder cancer, but not in healthy controls. A follow‑up 
study after surgical resection revealed that LINC01638 and 
ROCK2 were further upregulated in patients with distant 
recurrence, or distant and local recurrence, but not in patients 
with local recurrence and no recurrence. Overexpression of 
LINC01638 led to ROCK2 upregulation in bladder cancer 
cells, whereas ROCK2 overexpression did not significantly 
affect LINC01638 expression. Overexpression of LINC01638 
and ROCK2 mediated the promoted migration and invasion 

of bladder cancer cells, and ROCK2 small interfering RNA 
silencing attenuated the enhancing effects of LINC01638 on 
cancer cell migration and invasion. Therefore, LINC01638 
may mediate the postoperative distant recurrence of bladder 
cancer by upregulating ROCK2.

Introduction

Bladder cancer is the ninth most prevalent type of cancer 
worldwide  (1). In 2012, there were 430,000 new cases of 
bladder cancer and 165,000 deaths as a result of the disease 
worldwide (2), with >60% of new bladder cancer cases and 
approximately one half of deaths occurring in less developed 
regions (2). The clinical treatment of bladder cancer is chal-
lenged by tumor metastasis in patients with advanced stages 
of the disease (3). Although surgical resection usually results 
in satisfactory outcomes in patients with early stage bladder 
cancer (4), high postoperative recurrence rates lead to unac-
ceptably high mortality rates  (5). Therefore, preventing 
recurrence following treatment is critical for the survival of 
patients with bladder cancer.

Rho‑associated protein kinase 2 (ROCK2) is a member 
of the protein kinase A/G/C family of serine‑threonine 
kinases involved in cell movement by regulating the cyto-
skeleton (6). Due to the regulatory roles in cellular behavior, 
ROCK2 has been demonstrated to be a key player in human 
cancer  (7), and the inhibition of ROCK2 is considered a 
promising therapeutic mechanism for cancer treatment (8). 
ROCK2 participates in the development of cancer through 
interactions with multiple factors, including long non‑coding 
RNAs (lncRNAs)  (9), which are a group of non‑protein 
coding RNAs involved in almost all critical aspects of cancer 
biology (10). Long intergenic non‑protein coding RNA 1638 
(LINC01638) promotes breast cancer (11), while its roles in 
other human diseases are currently unknown. The prelimi-
nary RNA‑sequencing data of the present study revealed the 
overexpression of LINC01638 in bladder cancer tissues and 
its inverse correlation with ROCK2 mRNA (data not shown), 
indicating the potential role of LINC01638 in bladder cancer. 
The aim of the present study was to investigate the potential 
interaction between LINC01638 and ROCK1 in bladder 
cancer.
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Materials and methods

Patients and cell lines. A total of 88 patients with bladder cancer 
from The Second People's Hospital of Liaocheng (Linqing, 
China), The People's Hospital of Liqing (Linqing, China) 
and Shanxi Provincial People's Hospital Urology Surgery 
(Taiyuan, China) between March 2013 and March 2015 were 
analyzed in the present study. The inclusion criteria were as 
follows: i) Bladder cancer confirmed by pathological biopsy; 
ii) stage I or II bladder cancer; iii) patients appropriate for 
surgical resection (based on their health conditions and clinical 
stages); and iv) patients who had complete 3‑year follow‑up 
data. The exclusion criteria were as follows: i) Patients diag-
nosed with multiple diseases; ii) patients that were treated 
prior to admission; and iii) patients that failed to complete 
the follow‑up or died before the diagnosis of recurrence. The 
88 patients included 60 males and 28 females, and age ranged 
from 36‑67 years, with a mean age of 45.4±4.3 (standard devia-
tion) years. In addition, 68 healthy volunteers that had received 
systemic physiological examinations in The Second People's 
Hospital of Liaocheng, The People's Hospital of Liqing or 
Shanxi Provincial People's Hospital Urology Surgery during 
the same time period were included to serve as the control (C) 
group. The C group included 47 males and 21 females, and 
age ranged from 33‑69 years, with a mean age of 46.2±5.1 
(standard deviation) years. The patient and C groups all had 
similar age and sex distributions (revealed using χ2 analysis). 
This study was approved by the Ethics Committee of The 
Second People's Hospital of Liaocheng, The People's Hospital 
of Liqing and Shanxi Provincial People's Hospital Urology 
Surgery. All patients included in the study provided written 
informed consent.

The two human bladder cancer cell lines HT‑1197 and 
HT‑1376 (American Type Culture Collection; ATCC) were 
used in the present study to perform all in vitro cell experi-
ments. Cells were cultivated in Eagle's minimum essential 
medium containing 10%  FBS (both ATCC) at 37˚C in a 
humidified incubator with 5% CO2.

Follow‑up and specimens. Fasting blood (5 ml) was extracted 
from the elbow vein of each participant 1 day after admission 
(before treatment). All patients with bladder cancer received 
surgical resection and were followed up for 3 years after 
discharge. Fasting blood (5 ml) was extracted from patients 
on the day of discharge, or on the day of the diagnosis of 
recurrence or at the end of follow‑up in cases of non‑recur-
rence (NR). Plasma samples were prepared by centrifuging the 
blood samples in EDTA tubes at room temperature for 10 min 
at 1,200 x g.

Reverse transcription‑quantitative PCR (RT‑qPCR). To detect 
the expression of LINC01638 and ROCK2 mRNA, total RNA 
was extracted from plasma, and HT‑1197 and HT‑1376 cells 
using TRIzol® reagent (Thermo Fisher Scientific, Inc.), RT 
was performed using SuperScript III Reverse Transcriptase 
kit (Thermo Fisher Scientific, Inc.) at the following conditions: 
50˚C for 20 min and 80˚C for 10 min. qPCR were prepared 
using SYBR® Green PCR Master Mix (Thermo Fisher 
Scientific, Inc.) and the following thermocycling conditions 
were used: Initial denaturation at 95˚C for 1 min; 40 cylcles of 

95˚C for 10 sec and 58˚C for 40 sec. Primers for LINC01638, 
ROCK2 and endogenous control GAPDH were synthesized 
by Invitrogen (Thermo Fisher Scientific, Inc.). The following 
primer sequences were used: ROCK2 forward, 5'‑CTA​GGC​
CGG​GCG​AAG‑3 and reverse 5'‑TCC​AGC​TTC​CTC​TGA​CGA​
C‑3'; LINC01638 forward, 5'‑AAT​ACA​TCA​GCA​CTG​TTG​
CCT​TT‑3' and reverse 5'‑CTC​CAT​ACA​TAC​ATC​TCC​AAA​
AAG​T‑3'; GAPDH forward, 5'‑AAG​GTG​AAG​GTC​GGA​GTC​
AA‑3' and reverse 5'‑AAT​GAA​GGG​GTC​ATT​GAT​GG‑3'. The 
2‑ΔΔCq method (12) was used to normalize the expression of 
LINC01638 and ROCK2 to endogenous control GAPDH.

Vectors and cell transfection. Vectors expressing LINC01638 
or ROCK2 and empty vectors were constructed by 
Sangon Biotech Co., Ltd using the pcDNA3.1 vector as 
the primary vector. ROCK2 small interfering  (si)RNA 
(human; cat.  no.  sc‑29474) and negative control  (NC) 
siRNA (cat. no. sc‑37007) were purchased from Santa Cruz 
Biotechnology, Inc. Lipofectamine® 2000 reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.) was used to perform all cell 
transfections with 10 nM vectors or 50 nM siRNA and using 
aforementioned cell lines at a density of 1x106 cells in 2 ml 
cell suspension. Treatment with Lipofectamine® 2000 reagent 
alone was used as the C group and transfection with empty 
vectors or NC siRNA was used as the NC group. Cells 
were used for subsequent experiments when LINC01638 
and ROCK2 overexpression rates were >200% and ROCK2 
knockdown rate was <50%, only. The time interval between 
transfection and subsequent experimentation was 24 h.

In vitro migration and invasion assay. Following transfection, 
cell suspensions were prepared and cell density was adjusted 
to 5x104  cells/ml using serum‑free cell culture medium 
(as aforementioned). Cell suspensions were transferred to the 
upper chamber at 0.1 ml per well, while the lower chamber 
was filled with cell culture medium containing 20% FBS 
(Sigma‑Aldrich; Merck KGaA). Cells were cultured for 
2 h, followed by staining of the upper chamber membrane 
with 0.5% crystal violet (Sigma‑Aldrich; Merck KGaA) for 
20 min at room temperature. Cell migration and invasion 
assays were performed in the same way except that the upper 
chamber was pre‑coated with Matrigel (cat.  no.  356234; 
Corning Incorporated) prior to the invasion assay. Invading 
and migrating cells were observed under a light microscope 
(x40 magnification) and 5 visual fields were selected to count 
cells.

Western blot analysis. To detect the expression levels of the 
ROCK2 protein, total protein was extracted using RIPA solu-
tion (Thermo Fisher Scientific, Inc.), protein concentration 
was determined by bicinchoninic acid assay and all protein 
samples were separated via SDS‑PAGE (10% gel) electropho-
resis (30 µg per well) following denaturation. Following this, 
the proteins were transferred to PVDF membranes, which 
were blocked in 5% skimmed milk in PBS membrane at room 
temperature for 2 h. Subsequently, membranes were further 
incubated with primary antibodies against rabbit anti‑human 
ROCK2 (1:1,200; cat. no. ab71598; Abcam) and anti‑GAPDH 
(1:1,200; cat. no. ab9485; Abcam) for 12 h at 4˚C, followed 
by incubation with IgG‑horseradish peroxidase secondary 
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antibody (1:1,200; cat. no. MBS435036; MyBioSource, Inc.) 
for 2 h at room temperature. Signals were developed using 
ECL (Sigma‑Aldrich; Merck KGaA) and analyzed using 
ImageJ software v1.46 (National Institutes of Health).

Statistical analysis. All experiments were performed in 
3 independent biological replicates and data are expressed 
as the mean ± standard deviation. Comparisons between 
patients and controls were performed using an unpaired 
t‑test. Comparisons between the pre‑treatment and follow‑up 
data within the same group were performed using a paired 
t‑test. Comparisons among multiple groups were performed 
using one‑way ANOVA and Tukey's test. Receiver oper-
ating characteristic (ROC) curve analysis was performed 
to evaluate the diagnostic value of plasma LINC01638 and 
ROCK2 mRNA for bladder cancer. Correlation between 
the expression levels of LINC01638 and ROCK2 were 
performed using Pearson's correlation coefficient. P<0.05 
was considered to indicate a statistically significant differ-
ence.

Results

Plasma LINC01638 and ROCK2 mRNA is upregulated in 
patients with bladder cancer. RT‑qPCR was performed to 
detect the plasma LINC01638 and ROCK2 mRNA in patients 
with bladder cancer and healthy controls. As presented in 

Fig. 1, compared with healthy controls, plasma LINC01638 
(Fig. 1A) and ROCK2 mRNA (Fig. 1B) were significantly 
higher in patients with bladder cancer (P<0.05). This data 
suggests that overexpression of LINC01638 and ROCK2 may 
have a role in bladder cancer.

Altered plasma levels of LINC01638 and ROCK2 mRNA 
distinguish patients with bladder cancer from healthy 
controls. A ROC curve analysis was performed to evaluate 
the diagnostic value of plasma LINC01638 and ROCK2 
mRNA for bladder cancer, with bladder cancer as true posi-
tive cases and healthy controls as true negative cases. For 
plasma LINC01638, the area under the curve was 0.88, with 
a standard error of 0.026 and 95% confidence interval of 
0.83‑0.94 (Fig. 2A). For plasma ROCK2, area under the curve 
was 0.87, with a standard error of 0.027 and 95% confidence 
interval of 0.82‑0.93 (Fig. 2B). Therefore, plasma LINC01638 
and ROCK2 mRNA may serve as diagnostic biomarkers for 
bladder cancer.

Plasma levels of LINC01638 and ROCK2 are positively 
correlated in bladder cancer patients but not in healthy 
controls. Correlations between the expression levels of 
LINC01638 and ROCK2 were performed by Pearson's corre-
lation coefficient. As presented in Fig. 3A, the plasma levels 
of LINC01638 and ROCK2 were positively and significantly 
correlated in patients with bladder cancer (Fig. 3A). However, 

Figure 1. Plasma LINC01638 and ROCK2 mRNA is upregulated in patients with bladder cancer. Reverse transcription‑quantitative PCR was performed 
to investigate the differential expression of LINC01638 and ROCK2 in patients with bladder cancer and healthy controls. The results revealed that plasma 
(A) LINC01638 and (B) ROCK2 mRNA were significantly upregulated in patients with bladder cancer compared with healthy controls. *P<0.05. LINC01638, 
long intergenic non‑protein coding RNA 1638; ROCK2, Rho‑associated, coiled‑coil containing protein kinase 2.

Figure 2. Altered plasma levels of LINC01638 and ROCK2 mRNA distinguish patients with bladder cancer from healthy controls. Receiver operating 
characteristic curve analysis was performed to investigate the diagnostic potentials of LINC01638 and ROCK2 in bladder cancer. It was observed that the 
altered plasma levels of (A) LINC01638 and (B) ROCK2 mRNA distinguish patients with bladder cancer from healthy controls. LINC01638, long intergenic 
non‑protein coding RNA 1638; ROCK2, Rho‑associated, coiled‑coil containing protein kinase 2.
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no significant correlation was observed between the plasma 
levels of LINC01638 and ROCK2 in healthy controls (Fig. 3B). 
Therefore, there may be interaction between LINC01638 and 
ROCK2 in bladder cancer, but not under normal physiological 
conditions.

LINC01638 and ROCK2 upregulation is induced by distant 
recurrence (DR). Based on the follow‑up data, there were 
16  cases of DR, 12 cases of both distant and local recur-
rence  (DLR), 14  cases of local recurrence (LR) only and 
46 cases of NR. Compared with the level at discharge, the 
plasma levels of LINC01638 (Fig. 4A) and ROCK2 (Fig. 4B) 
were increased in the DR and DLR groups (P<0.05), but not 
in LR and NR groups (day of the diagnosis of recurrence or 
at the end of follow‑up in cases of non‑recurrence). Therefore, 
LINC01638 and ROCK2 may specifically participate in the 
DR of bladder cancer.

Overexpression of LINC01638 leads to ROCK2 upregulation 
in bladder cancer cells. Compared with the C and NC, 
overexpression of LINC01638 led to ROCK2 upregulation 
in the bladder cancer cell lines HT‑1197 and HT‑1376 at the 
mRNA (P<0.05; Fig. 5A) and protein levels (P<0.05; Fig. 5B). 
However, ROCK2 overexpression failed to significantly affect 
the expression of LINC01638 (Fig. 5C). These data suggest 
that LINC01638 may serve as an upstream positive regulator 
of ROCK2 in bladder cancer.

Overexpression of LINC01638 promotes bladder cancer 
cell migration and invasion through ROCK2. Successful 
knockdown of ROCK2 was established in the two cell lines 
(P<0.05; Fig. 6). Compared with C and NC, overexpression of 
LINC01638 and ROCK2 promoted the migration (Fig. 7A) and 
invasion (Fig. 7B) of bladder cancer cell lines HT‑1197 and 
HT‑1376 (P<0.05), while ROCK2 siRNA silencing attenuated 

Figure 4. LINC01638 and ROCK2 upregulation is induced by DR. Reverse transcription‑quantitative PCR was performed to detect the expression levels of 
LINC01638 and ROCK2 in patients with bladder cancer that had different recurrence conditions. The results revealed that, compared with discharge level, 
plasma levels of (A) LINC01638 and (B) ROCK2 were significantly increased in the DR and DLR groups, but not in LR and NR groups. *P<0.05. LINC01638, 
long intergenic non‑protein coding RNA 1638; ROCK2, Rho‑associated, coiled‑coil containing protein kinase 2; DR, distant recurrence; DLR, distant and 
local recurrence; LR, local recurrence; NR, non‑recurrence.

Figure 3. Plasma levels of LINC01638 and ROCK2 are positively correlated in patients with bladder cancer but not in healthy controls. Pearson's correla-
tion coefficient was used to analyze the correlation between plasma levels of LINC01638 and ROCK2. (A) Plasma levels of LINC01638 and ROCK2 were 
significantly and positively correlated in patients with bladder cancer. (B) Plasma levels of LINC01638 and ROCK2 were not significantly correlated in healthy 
controls. LINC01638, long intergenic non‑protein coding RNA 1638; ROCK2, Rho‑associated, coiled‑coil containing protein kinase 2.
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the effect of LINC01638 on cancer cell migration and inva-
sion. These data indicate that LINC01638 may promote the 
migration and invasion of bladder cancer cells via upregula-
tion of ROCK2.

Discussion

The high recurrence rate is a major challenge in the treatment 
of bladder cancer. The main result of the present study is that 
LINC01638 appears to be involved in the DR of bladder cancer. 
The actions of LINC01638 are likely mediated by ROCK2.

ROCK2 mediates cancer cell migration and inva-
sion (13), with downregulation of ROCK2 inhibiting tumor 
metastasis (14,15). To the best of our knowledge, studies inves-
tigating the involvement of ROCK2 in bladder cancer are rare. 
The present study, demonstrated the upregulated expression 
of ROCK2 in patients with bladder cancer and the effect of 
ROCK2 on bladder cancer cell migration and invasion. These 
results indicate that ROCK2 may have an oncogenic role in 
bladder cancer.

The present study demonstrated that LINC01638 may 
be an oncogenic lncRNA in bladder cancer as LINC01638 
and ROCK2 mRNA were detected in plasma of patients 
with bladder cancer, which indicated that LINC01638 and 
ROCK2 mRNA can be released into the blood after synthesis, 
possibly from multiple organs but further investigation is 
required. In addition, it was indicated that LINC01638 is 
likely an upstream activator of ROCK2 in the regulation of 
bladder cancer migration and invasion. Overexpression of 
LINC01638 led to the upregulation of ROCK2 at the mRNA 
and protein levels. It is known that lncRNAs can participate 
in cancer biology by regulating oncogene or tumor suppressor 
expression at the post‑transcriptional and translational levels, 
such as recruiting a regulatory protein complex or inhibiting 
the binding of a transcriptional regulatory proteins, such as 
transcription factors (10). Therefore, LINC01638 may affect 
ROCK2 mRNA degradation and possibly also ROCK2 
translation, which in turn regulates the ROCK2 protein level. 
The upregulated expression of LINC01638 and ROCK2 in 
patients with DR suggest that LINC01638 may promote 
postoperative DR of bladder cancer by promoting the 

Figure 5. Overexpression of LINC01638 leads to ROCK2 upregulation in bladder cancer cells. Overexpression of LINC01638 and ROCK2 and reverse 
transcription‑quantitative PCR experiments were performed to investigate the interaction between LINC01638 and ROCK2 in bladder cancer. Overexpression 
of LINC01638 led to ROCK2 upregulation in cells of bladder cancer cell lines HT‑1197 and HT‑1376 at both (A) mRNA and (B) protein levels. (C) ROCK2 
overexpression failed to significantly affect the expression of LINC01638. *P<0.05. LINC01638, long intergenic non‑protein coding RNA 1638; ROCK2, 
Rho‑associated, coiled‑coil containing protein kinase 2; C, control; NC, negative control.

Figure 6. Knockdown of ROCK2 in bladder cancer cell lines HT‑1197 and 
HT‑1376 following siRNA transfection. *P<0.05. ROCK2, Rho‑associated, 
coiled‑coil containing protein kinase 2; C, control; NC, negative control; 
siRNA, small interfering RNA.
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expression of ROCK2. However, further in vivo experiments, 
such as animal models, are required in order to confirm this 
conclusion.

The low diagnosis rate of bladder cancer in the early 
stages limits the used of surgical resection, which is 
currently the only radical treatment for solid bladder 
tumors (15). Despite the efforts made to develop of novel 
diagnostic approaches, such as biomarkers (16) and imaging 
techniques (17), the rate of early bladder cancer diagnosis 
remains low. In the present study, it was demonstrated that 
high levels of circulating LINC01638 and ROCK2 in the 
plasma may be used to effectively distinguish patients with 
early stage bladder cancer from healthy controls, indicating 
the potential of LINC01638 and ROCK2 for use in the early 

diagnosis of bladder cancer. However, these two factors should 
be combined with other markers in order to increase the diag-
nostic specificity.

The present study only included two cancer cell lines. 
Future studies should include additional cancer cell lines in 
order to perform in‑depth analysis of the correlation between 
LINC01638 expression and cancer cell behavior.

It is worth noting that LINC01638 is a novel lncRNA, 
with its functions currently only established in breast 
cancer  (11,18). In breast cancer, LINC01638 inhibits 
speckle‑type POZ protein‑mediated c‑Myc degradation to 
activate metadherin‑Twist1 signaling (11). Similar interac-
tions may exist in bladder cancer, and future studies will 
explore this.

Figure 7. Overexpression of LINC01638 promotes bladder cancer cell migration and invasion through ROCK2. Transwell migration and invasion assays were 
performed to investigate the effects of LINC01638 and ROCK2 in bladder cancer cell migration and invasion. Overexpression of LINC01638 and ROCK2 
mediated the promoted (A) migration and (B) invasion of cells of bladder cancer cell lines HT‑1197 and HT‑1376, whereas ROCK2 siRNA silencing attenu-
ated the enhancing effects of LINC01638 on cancer cell migration and invasion. *P<0.05. NC and empty vector were used as controls for overexpression. 
LINC01638, long intergenic non‑protein coding RNA 1638; ROCK2, Rho‑associated, coiled‑coil containing protein kinase 2; siRNA, small interfering RNA; 
C, control; NC, negative control.
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In conclusion, LINC01638 and ROCK2 have potential 
oncogenic roles in bladder cancer. LINC01638 lncRNA may 
be associated with postoperative DR of bladder cancer by 
upregulating ROCK2.
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