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LncRNA BCYRN1 promotes cell migration and invasion of non-small cell lung 
cancer via the miR-30b-3p/ROCK1 axis 
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Long non-coding RNA brain cytoplasmic RNA 1 (LncRNA BCYRN1) has been proved to participate in the cancer 
cell metastasis process, including non-small cell lung cancer (NSCLC). However, the underlying molecular mechanisms 
involved in the BCYRN1-mediated function remain largely unknown. The qRT-PCR analysis was carried out to examine 
the relative expressions of BCYRN1, microRNA-30b-3p (miR-30b-3p), and Rho-associated coiled-coil protein kinase 1 
(ROCK1). ROCK1 protein level was detected via western blot assay. The migrative and invasive abilities of H520 and A549 
cells were evaluated via Transwell assay. The relationships between BCYRN1 and miR-30b-3p or ROCK1 and miR-30b-3p 
were examined by luciferase reporter assay. The expression levels of BCYRN1 and ROCK1 were upregulated in NSCLC 
tissues and cells, while miR-30b-3p was downregulated. Higher BCYRN1 expression indicated lymph node metastasis 
and advanced tumor-node-metastasis (TNM) stage of NSCLC patients. Loss of BCYRN1 suppressed cell migration and 
invasion. More importantly, miR-30b-3p possessed the binding sites with BCYRN1. Besides, BCYRN1 negatively regulated 
the expression level of miR-30b-3p. Meanwhile, ROCK1 was proven to be directly targeted by miR-30b-3p. In addition, 
the silencing of miR-30b-3p also weakened the effect of BCYRN1 knockdown on cell migration and invasion. In vivo, 
BCYRN1 silencing reduced the growth of A549 cells. LncRNA BCYRN1 was involved in the metastasis of NSCLC through 
modulating the miR-30b-3p/ROCK1 axis. 
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Non-small cell lung cancer (NSCLC) is the leading cause 
of cancer-related death worldwide [1, 2]. Although many 
researchers have made a remarkable effort in treating NSCLC 
patients, the overall 5-year survival rate of this disease 
remained low. Therefore, a deep understanding of molec-
ular mechanisms, which contribute to NSCLC progression 
could provide more effective diagnostic markers for NSCLC 
patients.

Long non-coding RNAs (lncRNAs) are discovered to 
function in cancer carcinogenesis and progression [3–6], 
as well as human disease, including abdominal aortic 
aneurysms [7], glioblastoma [8], breast cancer, and NSCLC 
[9–11]. LncRNA GIAT4RA has been shown to play a critical 
role as a ubiquitination regulator and tumor suppressor 
in NSCLC [12]. LncRNA 00312 was reported to inhibit 
NSCLC cell proliferation and promote apoptosis [13]. He et 
al. [14] revealed that FEZF1-AS1 is upregulated in NSCLC 

tissues, implying lymph node metastasis, poor differentia-
tion grade, and advanced tumor-node-metastasis (TNM) 
stage. They further disclosed that depletion of FEZF1-AS1 
suppresses cell proliferation, invasion, and epithelial-mesen-
chymal transition (EMT) process in NSCLC. In addition, the 
lncRNA-microRNA-mRNA interaction is widely linked with 
the modulation of cancers [15]. In another study, it reported 
that MALAT1 is evidently upregulated in human NSCLC 
cell lines including A549, H23, H522, H1299, and H460. 
Moreover, knockdown of MALAT1 induces the inhibi-
tion of cell proliferation, colony formation, and apoptosis 
via regulating the miR-124/STAT3 axis [16]. The previous 
study also indicated that the CCAT1/miR-130a-3p/SOX4 
axis is required for the cisplatin resistance of NSCLC cells 
[17]. Recently, BCYRN1 has been found to promote NSCLC 
cell proliferation and metastasis [18]. Although studies 
have explored the roles of BCYRN1, the molecular mecha-
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nisms of BCYRN1 have not been elaborated. Researchers 
have revealed that downregulated miR-30b expression can 
inhibit cell proliferation in NSCLC [19]. Furthermore, it is 
well documented that ROCK1 is widely highly expressed 
in NSCLC, which is associated with lymph node metastasis 
[20]. However, the direct evidence of the involvement of 
miR-30b-3p and ROCK1 in the regulation of BCYRN1 in 
NSCLC metastasis is still lacking.

In this study, we sought to investigate the function of 
BCYRN1 in regulating cell migration and invasion and 
address the role of the BCYRN1/miR-30b-3p/ROCK1 axis in 
NSCLC.

Patients and methods

Clinical samples. 42 paired NSCLC tissues have been 
obtained from the Shanghai Public Health Clinic Center. 
Meanwhile, the informed consent was signed by all patients. 
The experiments were approved by the Ethics Committee 
of Shanghai Public Health Clinic Center. Besides, the clini-
copathological features of NSCLC patients are displayed in 
Table1.

Cell culture and transfection. NSCLC cell lines A549, 
NCI-H1650, NCI-H1299, H520 and human lung epithe-
lial cell lines HBE, 16HBE, BEAS-2B were obtained from 
the American Type Culture Collection (Manassas, VA, 
USA). Cells were maintained in Dulbecco’s modified Eagle’s 
medium (Sigma, St. Louis, MO, USA) with additional 10% 
fetal bovine serum (FBS; Invitrogen; Carlsbad, CA, USA) 
and 1% penicillin/streptomycin (Sigma) solution, in a 
humidified atmosphere containing 5% CO2 at 37 °C. Small 
interfering RNA for BCYRN1 (si-BCYRN1) or its negative 

control (si-NC), miR-30b-3p inhibitor (anti-miR-30b-3p) or 
its negative inhibitor (anti-miR-NC) were introduced into 
H520 or A549 cells.

Transient RNA interference. Small interfering RNA 
(si-RNA) sequences for targeting ROCK1 and BCYRN1 were 
as follows: ROCK1������������������������������ (����������������������������Homo-3354) 5’-GCAGAUGAAACAG-
GAAAUATTUAUUUCCUGUUUCAUCUGCTT-3’; si-BC
YRN1  5‘-CUCCAGAAAAAGGAAAAAAAAAA-3‘ (Gene 
Pharma, Shanghai, China). H520 and A549 cells were plated 
in a six-well plate. On day 2, when cells reach 40–60% density, 
we transiently cotransfected with 100 pmol of si-ROCK1 or 
si-NC sequences using 5 μl Jet PRIME (Polyplus, IIIkirch, 
France). Four hours later, we replaced the supernatant with a 
fresh medium to culture the cells for an additional 48–72 h.

RNA extraction, cDNA synthesis, and qRT-PCR assay. 
Total RNA from cells or tissues was extracted using Trizol 
reagent (Sigma). TaqMan® MicroRNA Reverse Transcrip-
tion kit (Biosystems, Forster City, CA, USA) was used to 
synthesize complementary DNA (cDNA). All primers were 
listed as follows: BCYRN1-F 5’-CTGGGCAATATAGC-
GAGAC-3’,   BCYRN1-R  5’-TGCTTTGAGGGAAGT-
TACG-3’; ROCK1-F 5’-AACCATGTGACTGAGTGCCC-3’, 
ROCK1-R 5’-TCAGTGTGTTGTGCCAAAGC-3’; GAPDH-F 
5 ’-AGAAGGCTGGGGCTCAT T TG-3’ ;   GAPDH-R 
5’-AGGGGCCATCCACAGTCTTC-3’;  miR-30b-3p-F 
5’-GCGGCGGTGTAAACATCCTACAC-3’,  miR-30b-
3p-R  5’-ATCCAGTGCAGGGTCCGAGG-3’;   U6-F 
5’-CTCGCTTCGGCAGCACA-3’, U6-R 5’-AACGCTTCAC-
GAATTTGCGT-3’. The relative miR-30b-3p expression and 
BCYRN1 or ROCK1 expression (normalized to U6 and 
GAPDH separately) were analyzed by the 2−ΔΔCt method.

Transwell assay. Cell migration and invasion assays were 
carried out in a 24-well Transwell plate (Corning, NY, USA). 
The upper wells of the Transwell inserts were filled with a 
cell suspension (1×105/ml) and 15% FBS (500 μl) was added 
into the lower chamber. For invasion assay, Matrigel (Sigma) 
coated the upper chamber for 2 h before we perform the 
Transwell assay. After overnight incubation, all migratory 
and invasive cells on the bottom of chambers were fixed 
with methanol and stained with crystal violet (Sigma). The 
numbers of migrated cells were counted in 3 random views 
under a microscope (40× magnification; BX51; Olympus 
Corporation, Tokyo, Japan).

Western blot assay. After transfection, cells were 
harvested and lysed, separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis, and then transferred to 
polyvinylidene difluoride membranes (Millipore, Billerica, 
MA, USA). The membranes were blocked with 5% skim 
milk overnight, then blotted with primary antibodies (anti-
ROCK1, ab97592, Abcam; anti-F-actin, ab205, Abcam; anti-
GAPDH, ab128915, Abcam) at 4 °C for overnight and then 
incubated with horseradish peroxidase-conjugated (HRP) 
secondary antibody (ab205718, Abcam) for 1 h. The chemi-
luminescence kit (Beyotime, Shanghai, China) was selected 
for signal detection.

Table 1. Correlation between lncRNA BCYRN1 expression and clinico-
pathological features in NSCLC patients.

Parameters
BCYRN1 expression

p-value
High (n=22) Low (n=20)

Age 0.976
<60 years 10 9
≥60 years 12 11

Gender 0.217
Female 9 12
Male 13 8

Differentiation 0.951
Well 4 3 
Moderate 10 9
Poor 8 8

Lymph node metastasis 0.008
Yes 20 11
No 2 9

TNM stage 0.001
I–II 4 14
III 18 6
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Luciferase reporter assay. The 3’-UTR of BCYRN1 was 
cloned into the downstream region of the firefly luciferase 
located in the pMIR-GLO™ Luciferase vector (Thermo Fisher 
Scientific) to construct the wild-type (wt) or mutant (mut) of 
BCYRN1. Similarly, the wild-type 3’-UTR region of ROCK1 
carrying a putative miR-30b-3p binding site was introduced 
into the psi-CHECK2 vector. And we also synthesized the 
ROCK1-mutant plasmid. H520 and A549 cells cultured 
in 24-well plates were co-transfected with BCYRN1-wt, 
BCYRN1-mut, ROCK1-wt, or ROCK1-mut plasmids along 
with miR-30b-3p mimic or NC. Luciferase activities were 
analyzed 48 h after transfection using a Dual-Luciferase 
Reporter Assay System (Promega, Madison, WI, USA).

Xenograft tumor model. For the in vivo tumorigenesis 
experiments, BALB/c nude mice (females, 6–8 weeks old, 
n=3/group) were purchased from the Shanghai Animal 
Experiment Center (Shanghai, China) and randomly divided 
into two groups. All animal experiments were approved by 
the animal ethics committee of the Shanghai Public Health 
Clinic Center. The shRNA lentiviral vectors for BCYRN1 
(sh-BCYRN1) and its negative control (sh-NC) were 
obtained from GenePharma (Shanghai, China). 2×106 A549 
cells stably transfected with sh-BCYRN1 or sh-NC were 
injected subcutaneously into the right side of nude mice to 
construct a nude-mouse transplantation model. Tumor size 
was recorded every seven days and volume was calculated 
according to the formula = 0.5 × length × width2. After 28 
days, nude mice were euthanized and tumors were weighed 
immediately after removal. The expression of BCYRN1 and 
miR-30b-3p was analyzed by qRT-PCR.

Immunohistochemistry (IHC). Surgically resected 
tumor tissue was sectioned (6 μm) and immunostained. 
Sections were dewaxed in xylene, then hydrated in gradient 
alcohol, and finally washed three times with PBS. Tissue 
sections were incubated with anti-ROCK1 (1:100, ab97592, 
Abcam, Cambridge, UK) for 60 min at room temperature. 
Biotinylated goat anti-rabbit serum IgG (A7016, Beyotime 

Institute of Biotechnology) was used as a secondary antibody. 
Antigen/antibody complexes were visualized with diamino-
benzidine (DAB; Dako, Carpinteria, CA, USA) and re-stained 
with hematoxylin. The images were analyzed using the IMS 
imaging processing system.

Statistical analysis. The experiment was repeated three 
times. All data in this study were shown as mean ± standard 
deviation (SD). The Student’s t-test or one-way analysis of 
variance (ANOVA) analyses were evaluated by SPSS 20.0 
version (SPSS, Chicago, IL, USA). A p-value <0.05 was 
considered to be statistically significant.

Results

BCYRN1 is upregulated in NSCLC tissues and cells, 
and this upregulation is linked to the poor prognosis 
of NSCLC patients. We obtained 42 paired tissues from 
NSCLC patients and examined the BCYRN1 expression via 
qRT-PCR assay first. And data showed upregulated BCYRN1 
expression in NSCLC tissues when compared to the adjacent 
normal lung tissues (Figure 1A). Further analysis of clini-
copathological features demonstrated that the high expres-
sion level of BCYRN1 in NSCLC tissues contributed to the 
advanced TNM stage and lymph node metastasis (Table 1). 
Subsequently, we further examined the expression of 
BCYRN1 in NSCLC cells. Data showed that the BCYRN1 
level was higher in NCI-H1650, NCI-H1299, A549, and 
H520 cells than that of 16HBE, HBE, and BEAS-2B cells 
(Figure 1B). Those data indicated that BCYRN1 may 
contribute to NSCLC development.

Knockdown of BCYRN1 inhibits the malignant progres-
sion of NSCLC cells. Then, a loss-of-function experiment 
was performed to evaluate the effect of BCYRN1 knock-
down on metastasis of NSCLC. The transfection efficiency 
revealed that the introduction of si-BCYRN1 obviously 
decreased BCYRN1 expression in both H520 and A549 cells 
(Figures 2A, 2B). Moreover, si-RNA-mediated downregu-

Figure 1. The expression of BCYRN1 in NSCLC tissues and cells. A) The expression of BCYRN1 in NSCLC tissues and matched adjacent normal tis-
sues. B) The level of BCYRN1 in NSCLC adenocarcinoma cell lines NCI-H1650, NCI-H1299, and A549, squamous lung carcinoma cell line H520, and 
human lung epithelial cell lines HBE, 16HBE, and BEAS-2B. The experiment was repeated three times. *p<0.05
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miR-30b-3p using DIANA tools (Figure 3A). Meanwhile, 
luciferase activity was also examined in cells co-transfected 
with BCYRN1-mut or BCYRN1-wt and miR-30b-3p mimic 
or NC. An evident decrease of luciferase activity was detected 
in cells co-transfected with BCYRN1-wt plasmid and 
miR-30b-3p mimic. However, there was no obvious change 
in the BCYRN1-mutant group (Figure 3B). After that, we 
found decreased miR-30b-3p expression in NSCLC tissues 

lation of BCYRN1 markedly inhibited the migrative and 
invasive ability of NSCLC cells (Figures 2C, 2D). Therefore, 
we thought that a high level of BCYRN1 in NSCLC may 
contribute to the metastasis of NSCLC.

BCYRN1 negatively regulates the expression of 
miR-30b-3p. LncRNAs usually could act as competitive 
endogenous RNAs (ceRNAs) of miRNAs. In our study, we 
further found that BCYRN1 contained binding sites with 

Figure 2. The effect of BCYRN1 knockdown on migration and invasion of NSCLC. A, B) H520 and A549 cells were transfected with si-BCYRN1 and 
si-NC, respectively. C, D) Transwell assay was performed to evaluate cell migration and invasion. The experiment was repeated three times. *p<0.05

Figure 3. BCYRN1 interacts with miR-30b-3p. A) The binding sites between miR-30b-3p and BCYRN1. B) Luciferase reporter assay was carried out to 
determine the relationship between miR-30b-3p and BCYRN1. The experiment was repeated three times. *p<0.05



LNCRNA BCYRN1 PROMOTES NSCLC VIA THE MIR-30B-3P/ROCK1 AXIS 587

and cells (Figures 4A, 4B). More interestingly, a negative 
correlation between miR-30b-3p and BCYRN1 was observed 
in NSCLC tissues (Figure 4C). Importantly, overexpression 
of BCYRN1 notably repressed the level of miR-30b-3p in 
H520 and A549 cells (Figure 4D). Whereas, the BCYRN1 
ablation enhanced miR-30b-3p expression (Figure 4E). The 

above results indicated that miR-30b-3p may be involved in 
the effect of BCYRN1 on metastasis of NSCLC.

miR-30b-3p inhibits the malignant progression of 
NSCLC through ROCK1. miRNAs could modulate gene 
expression. The public database showed that miR-30b-3p can 
potentially target ROCK1 (Figure 5A). Meanwhile, the lucif-

Figure 4. The expression of miR-30b-3p is negatively correlated with BCYRN1. A) The level of miR-30b-3p in NSCLC tissues and matched adjacent 
normal tissues. B) The level of miR-30b-3p in NCI-H1650, NCI-H1299, A549, H520, and BEAS-2B cells. C) The correlation between miR-30b-3p and 
BCYRN1 in NSCLC tissues. D) The expression of miR-30b-3p in cells introduced with pcDNA3.0 vector or BCYRN1 overexpression plasmid. E) The 
expression of miR-30b-3p in cells transfected with si-NC or si-BCYRN1. The experiment was repeated three times. *p<0.05

Figure 5. ROCK1 is a target of miR-30b-3p. A) The binding sites between miR-30b-3p and ROCK1. B) The luciferase reporter assay was carried out to 
determine the relationship between miR-30b-3p and ROCK1. The experiment was repeated three times. *p<0.05
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erase reporter assay also verified the relationship between 
them (Figure 5B). Similar to that of BCYRN1, the abundance 
of ROCK1 was also increased in NSCLC tissues and cells 
(Figures 6A, 6B). Correlation assay showed that ROCK1 
expression was negatively correlated with that of miR-30b-3p 
(Figure 6C). As expected, the protein level of ROCK1 was 
inhibited in miR-30b-3p overexpression-mediated cells 
(Figure 6D), while it was promoted in cells introduced with 
miR-30b-3p inhibitor (Figure 6E), implying that ROCK1 can 
be directly targeted by miR-30b-3p in NSCLC.

LncRNA BCYRN1 participates in the metastasis of 
NSCLC through the miR-30b-3p/ROCK1 axis. Finally, we 
carried out the rescue-of-function experiment to further 
verify the role of the BCYRN1/miR-30b-3p/ROCK1 axis in 
NSCLC. The results of western blot revealed that silencing 
of BCYRN1 curbed the protein expression of ROCK1, 
which was undermined by the anti-miR-30b-3p transfec-
tion (Figures  7A, 7B). Cancer metastasis involves aberrant 
expression of a range of cytoskeletal proteins, ultimately 
leading to actin reorganization and migration of cancer cells. 

To determine whether F-actin, a downstream effector protein 
of ROCK1, plays a role in BCYRNA1-mediated NSCLC cell 
migration and apoptosis, this study also focused on the 
ROCK1/F-actin axis. Western blotting showed that knock-
down of BCYRN1 enhanced the ROCK1 expression, followed 
by a decrease in F-actin expression. This result suggested that 
low expression of BCYRN1 maintained F-actin homeostasis, 
and this effect was reversed by anti-miR-30b-3p (Figures 7C, 
7D). These observations indicated that BCYRN1 might 
regulate NSCLC cell migration through the ROCK1/F-
actin pathway. Transwell assay further disclosed that the 
absence of miR-30b-3p also receded the BCYRN1 depletion-
mediated impairment on cell migration (Figure 7E). Besides, 
cell invasion was impeded in the si-BCYRN1 group, while 
the introduction of anti-miR-30b-3p rescued this inhibi-
tion effect (Figure 7F). In conclusion, our data implicated 
that BCYRN1 downregulation hampered cell metastasis via 
modulating the miR-30b-3p/ROCK1 axis.

Downregulation of lncRNA BCYRN1 inhibits tumor 
progression in vivo. To further determine the tumori-

Figure 6. The expression of miR-30b-3p is negatively correlated with ROCK1. A) The level of ROCK1 in NSCLC tissues and matched adjacent normal 
tissues. B) The level of ROCK1 in NCI-H1650, NCI-H1299, A549, H520, and BEAS-2B cells. C) The correlation between miR-30b-3p and ROCK1 in 
NSCLC tissues. D) The expression of ROCK1 in cells introduced with miR-30b-3p mimic (miR-30b-3p) or its negative control (NC). E) The expres-
sion of ROCK1 in cells transfected with miR-30b-3p inhibitor (anti-miR-30b-3p) or its negative control (anti-NC). The experiment was repeated three 
times. *p<0.05
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Figure 7. BCYRN1 is required for the metastasis of NSCLC via the miR-30b-3p/ROCK1 axis. A, B) Western blot was used to detect the protein level of 
ROCK1 in cells co-transfected with si-BCYRN1 and anti-miR-30b-3p. C, D) Western blot was conducted to analyze the expression of F-actin, a down-
stream target protein of ROCK1, in A549 and H520 cells. E, F) Transwell assay was performed to evaluate cell migration and invasion. The experiment 
was repeated three times. *p<0.05
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genic ability of BCYRN1 in vivo, A549 cells with or without 
BCYRN1 knockdown were injected subcutaneously into 
nude mice to establish a xenograft tumor model. Tumors in 
the sh-BCYRN1 group were smaller in size and weight and 
grew more slowly compared to the sh-NC group (Figures 8A, 
8B). The expression of BCYRN1 and miR-30b-3p in each 
tumor was analyzed by qRT-PCR, and the results confirmed 
that silencing of BCYRN1 largely promoted the expression 
of miR-30b-3p (Figures 8C, 8D). IHC analysis of tissue 
specimens showed that ROCK1 expression was significantly 
repressed in tumor tissues derived from the sh-BCYRN1 
group (Figure 8E). These results implicated that inhibition 
of BCYRN1 impeded the tumorigenic ability of NSCLC cells 
in vivo.

Discussion

Long non-coding RNAs are associated with a variety of 
biological roles in cells and regulate disease progression 
through these effects, such as involvement in cell senes-
cence [21], cell apoptosis [22], and cell proliferation, as well 
as maintaining cellular genomic stability [23]. Mounting 
evidence has reported that lncRNAs are implicated in the 
process of NSCLC [24–26]. BCYRN1 has been widely proved 
to function as an oncogene in various kinds of cancers. Gu 
et al. [27] revealed that BCYRN1 is elevated in colorectal 
cancer (CRC) tumor tissues. They further demonstrated that 

the high expression of BCYRN1 is related to tumor size and 
pathological stages of CRC patients. Moreover, their results 
also provided evidence that depletion of BCYRN1 induces 
proliferation inhibition and apoptosis promotion. In 
cervical cancer, higher BCYRN1 expression also enhances 
cell proliferation and metastasis via sponging miR-138 
[28]. In gastric carcinoma, BCYRN1 is also upregulated in 
vivo, and silencing of BCYRN1 hampers cell proliferation 
and migration abilities and blocked the G1/G0 cell cycle, 
while induced apoptosis in vitro [29]. In this study, we 
disclosed that lncRNA BCYRN1 was indeed upregulated in 
NSCLC tissues and cells, which was similar to a previously 
published study [30]. Moreover, the knockdown of BCYRN1 
can suppress the ability of cell migration and invasion. The 
further analysis of the correlation between BCYRN1 expres-
sion and clinicopathological features indicated that the high 
expression of BCYRN1 was associated with lymph node 
metastasis and the high TNM stage. Those data suggested 
that BCYRN1 may be an important potential therapeutic 
target of NSCLC.

More importantly, lncRNAs are shown to function as 
ceRNAs of miRNAs to modulate gene expression, thus 
participating in the biological process in various diseases. 
In our report, miR-30b-3p was proved to sponge with 
BCYRN1 using a luciferase reporter assay. Furthermore, 
miR-30b-3p was significantly declined in both NSCLC 
tissues and cells. It also presented a negative correlation 

Figure 8. Knockdown of BCYRN1 inhibits tumor growth in nude mice in vivo. A) Tumor volumes were measured at the indicated time points (days 7, 
14, 21, and 28). B) 28 days after the transfected cells were injected subcutaneously, the tumor was excised and weighed immediately. C, D) qRT-PCR was 
used to detect the expression of BCYRN1 and miR-30b-3p in nude mouse xenograft tumors. (E) Immunohistochemical staining was used to identify 
the expression of ROCK1 in transplanted tumor tissues. The experiment was repeated three times. *p<0.05, **p<0.01, ***p<0.001. Scale bar 50 μm.
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between BCYRN1 and miR-30b-3p. Gu et al. [31] recently 
reported that DICER1 antisense RNA 1 is involved in the 
proliferation, invasion, and autophagy of osteosarcoma via 
the miR-30b/ATG5 axis. Furthermore, miR-30b overex-
pression suppresses cell proliferation and metastasis, via 
regulating the EMT process in gallbladder carcinoma 
[32]. In NSCLC, miR-30b is downregulated in tumors and 
associated with TNM stage, differentiation, and lymph 
node metastases. Besides, miR-30b suppresses viability, 
metastasis, and enhances apoptosis of the NSCLC cells by 
targeting the epidermal growth factor receptor [33]. There-
fore, we inferred that miR-30b-3p may participate in the 
BCYRN1-mediated function in NSCLC. Subsequently, our 
data further demonstrated that ROCK1 can be directly 
targeted by miR-30b-3p. Accumulating studies supported 
that ROCK1 is overexpressed in human malignant tumors 
[34, 35]. A high level of ROCK1 could enhance papillary 
thyroid carcinoma invasiveness [34]. Wang et al. [35] also 
unveiled that ROCK1 is notably elevated in osteosarcoma 
tumors and associated with tumor size, clinical stage, and 
distant metastasis. Meanwhile, ROCK1 could be directly 
targeted by miR-335 and participate in the osteosarcoma 
progression. And the involvement of ROCK1 in NSCLC 
also has been explored. Cui et al. [36] demonstrated that 
the miR-186/ROCK1 axis regulated NSCLC cell prolifera-
tion, migration, and invasion. Researchers also disclosed 
that miR-148b overexpression can repress cell proliferation 
and EMT via downregulating ROCK1 expression in NSCLC 
[37]. Similarly, we also found increased ROCK1 expression 
and decreased miR-30b-3p expression in NSCLC tissues 
and cells. The rescue-of-function assay further provided 
evidence that miR-30b-3p knockdown can abate the role of 
BCYRN1 in regulating the ROCK1 expression. In addition, 
si-BCYRN1-mediated metastasis repression in NSCLC cells 
was also undermined by the loss of miR-30b-3p. Collec-
tively, our data indicated that BCYRN1 may be correlated 
with cell metastasis via the miR-30b-3p/ROCK1 axis.

We have also made some extensions to the present study. 
The previous studies have found that F-actin was involved 
in cell proliferation and motility, and its homeostasis could 
be regulated by ROCK1 (ROCK1 depolymerized F-actin) 
[38]. In the present study, ROCK1 expression was found 
to hamper F-actin expression, and miR-30b-3p was an 
upstream effector of ROCK1/F-actin. Increasing miR-30b-3p 
blocked the ROCK1/F-actin pathway-mediated lung cancer 
cells invasion, migration, as well as promoting cancer cells 
apoptosis. ROCK1/F-actin signal can trigger lung cancer cell 
mitochondrial apoptosis and delayed proliferation, whether 
miR-30b-3p is implicated in ROCK1-induced mitochondrial 
damage needs further research.

There are also some limitations to our study. For instance, 
we missed to detect the additional role of miR-30b-3p or 
ROCK1, which should be investigated in the future. Besides, 
the detailed function of the BCYRN1/miR-30b-3p/ROCK1 
axis in NSCLC should be also addressed in vivo.

Taken together, our study first demonstrated that the 
BCYRN1/miR-30b-3p/ROCK1 axis was required for the 
metastasis of NSCLC, indicating that lncRNA BCYRN1 
could be regarded as a potential therapeutic target for the 
treatment of NSCLC.
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