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cancer metastasis
Jutang Lia,b, Wei Dongc,b, Qixia Jiangd, Fenglian Zhange, and Hui Dongb,c

aHongqiao International Research Institution, Tong Ren Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai, China; bKey Laboratory 
of Signaling Regulation and Targeting Therapy of Liver Cancer, the Second Military Medical University, Shanghai, China; cDepartment of Pathology, 
Eastern Hepatobiliary Surgery Hospital, Shanghai, China; dDepartment of Cardiology, Tong Ren Hospital, Shanghai Jiao Tong University of Medicine, 
Shanghai, China; eDepartment of Hematology, Tong Ren Hospital, Shanghai Jiao Tong University of Medicine, Shanghai, China

ABSTRACT
In China, gastric cancer (GC) ranks first in the incidence of all malignant tumors. With high recurrence and 
distant metastasis, GC has caused considerable mortalities. LncRNA long intergenic non-protein-coding 
RNA 668 (LINC00668) has been reported to be upregulated in GC cells and predict poor prognosis of GC 
patients. However, the mechanism of LINC00668 has not been fully investigated in GC. This study aimed to 
investigate the role of LINC00668 in GC. We found that LINC00668 level was upregulated in GC tissue and 
cells and predicted poor prognosis. Functionally, LINC00668 knockdown suppressed GC cell migration 
and invasion. Additionally, LINC00668 knockdown inhibited epithelial to mesenchymal transition (EMT) 
process. PKN2 exerts similar effects with LINC00668 in GC cells. LINC00668 knockdown suppressed tumor 
growth and metastasis in vivo. Mechanistically, HuR was predicted to bind with LINC00668 and protein 
kinase N2 (PKN2). RNA pull-down assays validated the binding between HuR and LINC00668 (or PKN2). 
Moreover, either silencing of LINC00668 or HuR could decrease PKN2 mRNA stability or reduce PKN2 
mRNA and protein levels. Furthermore, PKN2 expression was positively correlated with LINC00668 
expression and HuR expression in GC tissues, and HuR expression was positively associated with 
LINC00668 expression in GC tissues. Finally, rescue assays confirmed that the suppressive effect of 
LINC00668 silencing on cell migration, invasion, and EMT process was reversed by PKN2 overexpression 
or HuR upregulation. In conclusion, LINC00668 cooperated with HuR-dependent upregulation of PKN2 to 
facilitate gastric cancer metastasis, which may provide a potential novel insight for GC treatment.
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Introduction

Gastric cancer (GC), a common malignant tumor, ranks third in 
all cancer-related deaths.1,2 In 2018, about 1,000,000 newly diag
nosed GC cases and 780,000 mortalities were predicted 
worldwide.3 It has been noted that the incidence rate of GC is 
prominently increased in Eastern Asia.3 Known factors including 
Helicobacter pylori (Hp) infection, smoking, and genetic influence 
are closely related to the initiation or progression of GC.4 

However, the pathogenesis of GC remains unknown. 
Consequently, identifying potential molecular mechanism of GC 
development is essential to improve the situation of GC patients.

Long non-coding RNA (lncRNA), a category of noncoding 
transcripts, comprise more than 200 nucleotides and ack pro
tein-coding capacity .5,6 Emerging evidence has revealed that 
lncRNAs are implicated in multiple cellular processes including 
cell proliferation, cell apoptosis, cell migration, and invasion in 
tumors.6,7 For example, lncRNA GOLGA2P10 protects tumor 
cells from apoptosis induced by ER stress via regulating Bcl-2 
family members.8 LncRNA EPIC1 promotes cell proliferation 
and migration during the progression of glioma.9 

Mechanistically, lncRNAs are capable of regulating gene expres
sion by many ways including chromatin modification, transcrip
tional regulation, and post-transcriptional modulation.10 In 

detail, certain lncRNAs serve as scaffolds or molecular signals 
in the nucleus.11,12 Additionally, some lncRNAs interact with 
specific RNA binding proteins (RBPs) to enhance mRNA stabi
lity in the cytoplasm.13,14 Recently, long intergenic non-protein 
coding RNA 668 (LINC00668) has been reported to regulate 
several tumors including breast cancer, lung adenocarcinoma, 
and glioma.15–17 Moreover, LINC00668 is upregulated in GC 
cells and predicts poor prognosis of GC patients.18 However, the 
mechanism of LINC00668 in GC remains to be further explored.

Protein kinase N2 (PKN2), also known as PAK2 or PRK2, 
a member of the atypical protein kinase C subfamily, which is 
known for modulating cell migration.19 Additionally, PKN2 
has been reported to regulate multiple tumors. For instance, 
PKN2 hinders M2 phenotype polarization of tumor-associated 
macrophages by targeting the DUSP6-Erk1/2 signaling.20 

Moreover, PKN2 was identified to be upregulated in triple- 
negative breast cancer and promote cell proliferation.21 

However, the role of PKN2 in GC is still unclear.
In the current exploration, we attempted to investigate the 

biological function and molecular mechanism of LINC00668 
in GC cells. This discovery possibly provides a potential novel 
insight for GC treatment.
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Results

Upregulated LINC00668 facilitated GC cell migration, 
invasion, and epithelial to mesenchymal transition (EMT) 
process and predicted unfavorable prognosis in GC 
patients

According to GEPIA (http://gepia.cancer-pku.cn/), the level of 
LINC00668 in stomach adenocarcinoma (STAD) tissues 
(n = 408) was significantly higher than that in normal tissues 
(n = 211) (Figure 1(a)). Similarly, the result of RT-qPCR 
analysis showed that LINC0668 level was upregulated in GC 
tissues compared with adjacent normal tissues (Figure 1(b)). 
Data from the Kaplan–Meier Plotter website (kmplot.com/ 
analysis/) showed that GC patients with upregulated 
LINC00668 level had shorter overall survival time in 5 years 
(Figure 1(c)). We then assessed the expression status of 
LINC00668 in GC cells and normal gastric epithelial cells and 
found higher level of LINC00668 in GC cells than in normal 
gastric epithelial cells (Figure 1(d)). Considering that tumor 
cell migration and invasion are strongly associated with tumor 
progression, we evaluated the effect of LINC00668 on cell 
migration and invasion. First, LINC0068 level was knocked 
down by transfection with sh-lncRNA#1/2 in HGC-27 and 
SNU-1 cells (Figure 1(e)). Then we demonstrated using 
a wound healing assay that cell migration ability was inhibited 
by LINC00668 knockdown (Figure 1(f-g)). In addition, trans- 
well assay showed that the migration or invasion of HGC-27 
and SNU-1 cells was suppressed by LINC00668 knockdown 
(Figure 1(h-i)). It has been revealed that EMT process may 
induce tumor cell migration and invasion.22,23 Therefore, we 
evaluated EMT-related protein levels including E-cadherin, 
N-cadherin, and vimentin by western blot. The results depicted 
that knockdown of LINC00668 triggered a significant increase 
of E-cadherin and a significant decrease of N-cadherin and 
vimentin (Figure 1(j, k)).

Upregulated PKN2 promoted GC cell migration, invasion, 
and EMT process and indicated poor prognosis in GC 
patients

PKN2, an oncogene, has been demonstrated to promote the 
growth of several tumor types.20,21 Additionally, PKN2 pro
motes tumor metastasis in oral squamous cell carcinoma 
progression.24 Findings in Figure 1 suggested that 
LINC00668- mediated proliferation and migration in GC 
cells. We thus speculated that PKN2 may be involved in the 
LINC00668-mediated proliferation and migration in gastric 
cancer progression. According to the Kaplan–Meier Plotter 
website (kmplot.com/analysis/), high level of PKN2 predicted 
poor prognosis of GC patients (Figure 2(a)). Additionally, the 
result of RT-qPCR indicated that PKN2 mRNA level was 
higher in GC tissues compared to in adjacent normal tissues 
and higher in GC cells compared to in normal gastric epithelial 
cells (Figure 2(b-c)). To assess the effect of PKN2 on cell 
migration, invasion and EMT process, we knocked down 
PKN2 level in HGC-27 and SNU-1 cells by transfection with 
sh-PKN2#1/2 (Figure 2(d-e)). Furthermore, the wound healing 
and trans-well assays demonstrated that cell migration and 
invasion were suppressed by PKN2 silencing in HGC-27 and 

SNU-1 cells (Figure 2(f-i)). Moreover, western blot analysis 
indicated that PKN2 silencing induced the increase of 
E-cadherin level and the reduction of N-cadherin and vimentin 
levels (Figure 2(j-k)).

LINC00668 promoted GC growth and lung metastasis 
in vivo

To further explore the role of LINC00668 in vivo, tumor 
xenograft assays were designed and carried out. As shown in 
Figure 3(a-c), the knockdown of LINC00668 significantly 
repressed tumor size, tumor volume, and tumor weight. 
Additionally, LINC00668 knockdown significantly reduced 
the lung metastatic nodules (Figure 3(d)). Moreover, based 
on the result of western blot, LINC00668 knockdown induced 
a significant increase of E-cadherin level and a significant 
decrease of PKN2, N-cadherin, and vimentin levels in xeno
graft tumors of nude mice (Figure 3(e-f)). RT-qPCR analysis 
indicated that both LINC00668 and PKN2 levels were down
regulated in sh-LINC00668#1 group (Figure 3(g-h)).

LINC00668 and PKN2 bound with HuR

Since both LINC00668 and PKN2 levels were upregulated in 
GC cells and both LINC00668 and PKN2 promoted prolifera
tion and migration in GC cells, we intended to explore the 
pattern by which LINC00668 regulated PKN2 expression in 
GC cells. Emerging studies proposed that lncRNA could 
recruit RBPs to stabilize mRNA, thereby upregulating target 
protein levels.25,26 We hypothesized that LINC00668 exerted 
regulation on PKN2 expression in such a manner. Through 
starBase, 42 RBPs were predicted to harbor binding motifs on 
LINC00668 and 21 RBPs were predicted to possess binding 
motifs on PKN2. The overlapped 13 RBPs shown by Venn 
diagram were chosen for further exploration (Figure 4(a)). 
The RIP assay demonstrated that LINC00668 was significantly 
enriched in HuR-conjugated beads compared to in normal IgG 
in HGC-27 and SNU-1 cells (Supplementary Fig. 1A, B; Figure 
4(b)), suggesting the interaction of LINC00668 and HuR pro
tein. Moreover, we proposed RNA–Protein Interaction 
Prediction (RPISeq) (http://pridb.gdcb.iastate.edu/RPISeq/#), 
a family of classifiers for predicting RNA–protein interactions 
using only sequence information. Two variants of RPISeq were 
shown: RPISeq-SVM, which uses a support vector machine 
(SVM) classifier, and RPISeq-RF, which uses a Random 
Forest classifier. The scores of SVM and RF classifiers both 
more than 0.5 indicated the high binding potential of mole
cules. Data from RPISeq website suggested that all the score of 
RF classifier and SVM classifier are no less than 0.7 (Figure 4 
(c)), implying the high binding potential between HuR and 
LINC00668 (or PKN2 3ʹUTR). Additionally, the motifs of HuR 
on LINC00668 and PKN2 3ʹUTR are shown in Figure 4(d). 
RNA pull-down assays depicted that HuR was enriched in Bio- 
LINC00668 sense group or Bio-PKN2 sense group (Figure 4 
(e)), indicating the binding between LINC00662 and HuR 
protein as well as binding between PKN2 and HuR protein. 
Furthermore, RIP assay indicated that the interaction of “HuR- 
PKN2” was suppressed under PKN2 downregulation or 
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Figure 1. Upregulated LINC00668 facilitated GC cell migration, invasion, EMT process, and predicted unfavorable prognosis in GC patients. (A) Data from GEPIA showed 
the level of LINC00668 in STAD tissues (n = 408) and normal tissues (n = 211). (B) RT-qPCR analysis was used to detect LINC00668 level in GC and non-tumor tissues (n 
= 43). (C) Data from Kaplan–Meier Plotter showed the OS of GC patients. HR: 0.38 (0.15–0.98), log-rank p = .037). (D) RT-qPCR analysis was used to detect LINC00668 
level in GC and normal cells. (E) The knockdown efficacy of sh-LINC00668#1/2 in HGC-27 and SNU-1 cells. (F, G) Wound healing assay was conducted to measure GC cell 
migration. (H, I) Trans-well assays were adopted to evaluate the effect of LINC00668 on GC cell migration and invasion. (J, K) Western blot analysis was implemented to 
examine E-cadherin, N-cadherin, and vimentin protein levels in HGC-27 and SNU-1 cells. *p < .05, **p < .01.
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Figure 2. Upregulated PKN2 drove cell migration, invasion, EMT process, and indicated poor prognosis in GC patients. (A) High level of PKN2 predicted poor prognosis of 
GC patients. HR: 0.57 (0.39–0.84), log-rank p = .0039). (B) RT-qPCR analysis was used to detect PKN2 level in GC and normal tissues. (C) RT-qPCR measured PKN2 
expression in GC and control cells. (D, E) The knockdown efficacy of sh-PKN2#1/2 in GC cells was assessed by RT-qPCR and western blot. (F, G) GC cell migration was 
evaluated by wound healing assay. (H, I) GC cell migration and invasion was assessed with trans-well assays. (J, K) The measurement of E-cadherin, N-cadherin, and 
vimentin protein levels in GC cells in response of PKN2 inhibition. *p < .05, **p < .01.
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LINC00668 silencing (Figure 4(f-g)), which further identified 
the interaction of HuR and PKN2.

LINC00668 cooperated with HuR to stabilize PKN2

We then investigated HuR expression status in GC. Data from 
GEPIA showed that HuR was upregulated in STAD tissues 
(n = 408) compared with normal tissues (n = 211), and 
upregulated HuR predicted poor prognosis of GC patients 
(Figure 5(a-b)). Western blot analysis indicated the higher 
protein levels of HuR in GC tissues compared to in adjacent 
non-tumor tissues. Additionally, HuR accounts for higher 
nuclear portion than cytoplasmic portion in GC tissues 
(Figure 5(c)). Similarly, RT-qPCR verified that HuR was 
upregulated in GC cells (Figure 5(d)). Then, we knocked 
down HuR level by transfecting sh-HuR into HGC-27 and 
SNU-1 cells. RT-qPCR and western blot results showed that 
mRNA and protein levels of HuR were reduced under trans
fection with sh-HuR. (Figure 5(e)). Subsequently, we assessed 
the effect of LINC00668 and HuR on PKN2. As shown in 

Figure 5(f-g), either knockdown of LINC00668 or HuR sig
nificantly reduced PKN2 mRNA and protein levels. Moreover, 
RT-qPCR and western blot results depicted that LINC00668 
depletion had no influence on HuR mRNA and protein levels 
(Figure 5(h)), indicating the binding of “LINC00668-HuR”. It 
has been demonstrated that EGFR is a target of HuR and HuR 
mediates mRNA stability of EGFR.27 We found that 
LINC00668 knockdown or HuR silencing reduced EGFR 
mRNA half-life in GC cells (Figure 5(i-j)). The results served 
as the positive control for mRNA stability mediated by HuR 
in GC cells. Additionally, downregulation of HuR or 
LINC00668 significantly decreased PKN2 mRNA half-life 
(Figure 5(k-l)). Based on GEPIA database, there is a positive 
correlation between PKN2 and HuR expression in stomach 
adenocarcinoma tissues (Supplementary Fig. 1C). 
Furthermore, Pearson correlation analysis illustrated that 
PKN2 expression was positively correlated with HuR expres
sion and LINC00668 expression in GC tissues. There was 
a positive correlation between HuR expression and 
LINC00668 expression in GC tissues (Figure 5(m)).

Figure 3. LINC00668 promoted GC growth and metastasis in vivo. (A–C) The tumor size, tumor volume, and tumor weight are shown. n = 5. (D) The lung metastatic 
nodules were demonstrated. (E, F) E-cadherin, N-cadherin, and vimentin protein levels in xenograft tumors of mice were detected by western blot analysis. n = 5. (G, H) 
The levels of LINC00668 and PKN2 in xenograft tumor tissues were determined by RT-qPCR. *p < .05, **p < .01.
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Figure 4. LINC00668 and PKN2 bound with HuR. (A) The Venn diagram showed the overlapped putative RBPs of LINC00668 and PKN2. (B) RIP assay was utilized to 
evaluate the relative enrichment of LINC00668 in magnetic beads conjugated with predicted RBPs, IgG, or Input in GC cells. The gel data is shown in Supplementary 
Figure 1a-b. (C) The scores of RF classifier and SVM classifier were predicted by RPISeq website. The binding score more than 0.5 was considered to possess the high 

316 J. LI ET AL.



LINC00668-facilitated GC malignancy by upregulation of 
PKN2 at HuR-dependent way

To confirm whether LINC00668 promoted GC malignancy by 
interacting with HuR and targeting PKN2, rescue assays were 
conducted in HGC-27 cells. First, mRNA and protein levels of 
PKN2 in HGC-27 cells were overexpressed by transfection with 
pcDNA3.1/PKN2,and mRNA and protein levels of HuR in 
HGC-27 cells were elevated under transfection with 
pcDNA3.1/HuR (Figure 6(a-c)). Moreover, RT-qPCR and wes
tern blot results suggested that HuR overexpression rescued the 
decreased mRNA and protein levels of PKN2 under LINC00668 
silencing in HGC-27 cells (Figure 6(d)). Additionally, PKN2 
overexpression or HuR upregulation reversed the decreased 
cell migration and invasion under LINC00668 knockdown 
(Figure 6(e-f)). Furthermore, the increase of E-cadherin level 
and the decrease of N-cadherin and vimentin levels under 
LINC00668 knockdown were reversed by PKN2 overexpression 
or HuR upregulation (Figure 6(g)).

Discussion

The progression of GC is extremely complicated, and tumor 
metastasis plays an essential role during GC progression.28 

Additionally, EMT process is strongly associated with tumor 
metastasis.29 Several markers like E-cadherin, N-cadherin, and 
vimentin were widely used to evaluate EMT process.30 

Previously, a multitude of lncRNAs including XIST, 
HNRNPKP2, and UCA1 have been proven to regulate tumor 
metastasis in GC progression.31–33 Recently, LINC00668 has 
been revealed to promote proliferation in GC cells and predict 
poor prognosis of GC patients.18 Similarly, in our study, we 
found that LINC00668 level was upregulated in GC tissues and 
predicted poor prognosis of GC patients. Moreover, 
LINC00668 expression was significantly upregulated in GC 
cells. Additionally, LINC00668 can modulate the tumor metas
tasis of breast cancer and non-small-cell lung cancer via EMT 
signaling.34,35 In GC, LINC00668 has been confirmed to be an 
oncogene by promoting proliferation in vitro and in vivo.18 In 
our exploration, knockdown of LINC00668 inhibited cell 
migration, invasion, and EMT process. Furthermore, knock
down of LINC00668 significantly suppressed tumor growth 
and tumor metastasis in xenograft tumors of mice.

PKN2, a member of the atypical protein kinase C subfamily, 
is also reported to regulate tumor cell proliferation and migra
tion and tumor metastasis. PKN2 leads to increased colony 
formation, invasion, and migration in both smoke-exposed 
cells and head and neck cancer cell lines.36 The expression of 
PKN2 in colon cancer cells suppresses tumor-associated M2 
macrophage polarization and tumor growth.20 In our study, 
PKN2 upregulation has been identified in GC tissues and cells, 
which indicated unfavorable prognosis of GC patients. 
Additionally, knockdown of PKN2 attenuated cell migration, 
invasion, and EMT process.

In recent years, growing research proposed that lncRNAs 
cooperated with RBPs to maintain mRNA stability.37 Moreover, 
HuR is widely reported as RBPs recruited by lncRNAs to stabilize 
target molecules. For instance, long intergenic noncoding RNA 
UFC1 cooperates with HuR (ELAVL1) to stabilize the β-catenin 
mRNA and increase protein levels of β-catenin in hepatocellular 
carcinoma cells.38 Moreover, LINC00707 interacts with HuR to 
enhance VAV3/F11R mRNAs stability in GC cells.39 In the pre
sent research, HuR was verified to bind with LINC0068 and 
targeted 3ʹUTR of PKN2. LINC00668 depletion or PKN2 knock
down reduced binding ability of “HuR-PKN2”. According to 
previous research, HuR, a member of Drosophila embryonic lethal 
abnormal vision (ELAV) family, is a key regulator of cell growth 
and differentiation.40,41 Yet, the dysregulation of HuR can induce 
tumor occurrence.39,41 In our study, HuR was upregulated in GC 
tissues and predicted poor prognosis of GC patients. Either 
LINC00668 silencing or HuR downregulation reduced PKN2 
mRNA and protein levels. LINC00668 and HuR could not 
mutually exerted regulation on gene expression. Furthermore, 
either knockdown of LINC00668 or HuR decrease PKN2 
mRNA stability. These findings suggested that LINC00668 coop
erated with HuR to stabilize PKN2. Additionally, PKN2 expres
sion was positively correlated with LINC00668 expression and 
HuR expression in GC tissues, and HuR expression was positively 
correlated with LINC00668 expression in GC tissues. In addition, 
HuR overexpression rescued the decreased mRNA and protein 
levels of PKN2 under LINC00668 silencing in HGC-27 cells. 
Rescue assays further confirmed that the suppressive effect of 
LINC00668 downregulation on cell migration, invasion, and 
EMT process was reversed by PKN2 overexpression or HuR 
upregulation. LINC00668 recruits HuR protein to promote 
mRNA stability of PKN2, further reducing E-cadherin and 
increasing N-cadherin and vimentin. These findings indicated 
that LINC00668 promoted GC malignancy via upregulation of 
PKN2 at a HuR-dependent way.

In conclusion, we verified the upregulation of LINC00668, 
HuR, and PKN2 in GC tissues and cells and confirmed that 
high level of LINC00668, HuR or PKN2 predicted poor prog
nosis of GC patients. Zhang et al have previously identified 
that LINC00668 is associated with PRC2 and epigenetically 
regulates cyclin-dependent protein kinase inhibitors, while 
our study first revealed that LINC00668 recruits HuR protein 
to promote the mRNA stability of PKN2. Zhang et al have 
previously found that LINC00668 promotes cell proliferation 
and cell cycle of SGC-7901 and BGC-823 cells, while our 
study revealed that LINC00668 facilitates migration, invasion, 
EMT process of HGC-27 and SNU-1 cells. Moreover, we 
innovatively revealed that LINC00668 promotes lung metas
tasis. LINC00668 cooperates with HuR to facilitate gastric 
cancer metastasis by upregulation of PKN2. Our research 
possibly provides a potential novel molecular insight for GC 
pathogenesis. However, the pathology of GC is complicated 
and other mechanism of LINC00668 remains to be explored 
in future.

binding potential. (D) The binding motifs of HuR on LINC00668 and PKN2 3ʹUTR were shown. (E) RNA pull-down assays were used to evaluate the binding between HuR 
and LINC00668 (or PKN2) in GC cells. (F, G) RIP assay measured the relative enrichment of PKN2 in magnetic beads conjugated with anti-IgG or anti-HuR in GC cells under 
PKN2 knockdown or LINC00668 silencing. *p < .05, **p < .01.
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Figure 5. LINC00668 cooperated with HuR to stabilize PKN2. (A, B) Data from GEPIA and Kaplan–Meier Plotter website showed that HuR was upregulated in STAD tissues 
and upregulated HuR indicated poor prognosis of GC patients. HR: 0.6 (0.39–0.9), log-rank p = .014). (C) Western blot analysis was used to detect HuR protein level in GC 
and normal tissues. n = 5. (C) RT-qPCR analysis measured HuR expression in GC and control cells. (E) The knockdown efficacy of sh-HuR in GC cells was evaluated by RT- 
qPCR and western blot. (F, G) The mRNA and protein levels of PKN2 in GC cells were tested by RT-qPCR and western blot under HuR or LINC00668 knockdown. (H) The 
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mRNA and protein levels of HuR in GC cells were measured by RT-qPCR and western blot under LINC00668 silencing. (I, J) RNA stability assay assessed degradation rate 
of EGFR (an identified target of HuR in previous report) mRNA level in GC cells under LINC00668 or HuR silencing. (K, L) RNA stability assay measured degradation rate of 
PKN2 mRNA level in GC cells under LINC00668 or HuR depletion. (M) Pearson correlation analysis showed the expression association between expression levels among 
LINC00668, HuR and PKN2. *p < .05. ns: not significant.

Figure 6. LINC00668 facilitated GC malignancy by upregulation of PKN2 at HuR-dependent way. (A–C) The overexpression efficacy of PKN2 or HuR in HGC-27 cells 
was determined by RT-qPCR and western blot analysis. (D) RT-qPCR and western blot analysis assessed PKN2 expression in HGC-27 cells under indicated transfection. (E) 
GC cell migration was tested by wound healing assay in different groups. (F) GC cell migration and invasion were tested by trans-well assays under indicated 
transfection. (G) The E-cadherin, N-cadherin, and vimentin protein levels in GC cells under indicated transfection were measured by western blot analysis. *p < .05, 
**p < .01.
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Materials and methods

Tissue samples and cell lines

Totally 43 paired GC and adjacent normal tissues were obtained 
from 60 patients at Eastern Hepatobiliary Surgery Hospital 
(Shanghai, China). All patients have signed written informed 
consent, and the Ethics Committee of Eastern Hepatobiliary 
Surgery Hospital (Shanghai, China) has approved this research. 
The resected tissues were preserved at −80°C.

Human normal gastric epithelium cells (GES-1) and GC 
cells including HGC-27, SNU-1, and AGS were bought from 
the Chinese Academy of Sciences (Shanghai, China). Cells 
were incubated in the Dulbecco’s Modified Eagle Medium 
(DMEM; Gibco, USA) containing 10% fetal bovine serum 
(FBS; Gibco), 100 mg/ml streptomycin, and 100 U/ml penicil
lin (Invitrogen, USA) in a humid atmosphere at 37°C with 5% 
CO2.

Cell transfection

The short hairpin RNAs (shRNAs) including sh-LINC00668#1 
/2 (targeting LINC00668), sh-HuR, and sh-PKN2#1/2 with 
their negative controls were used to knock down gene levels. 
The full length of PKN2 was cloned into pcDNA3.1 vector to 
overexpress PKN2, and empty pcDNA3.1 was used as control. 
The full length of HuR was cloned into pcDNA3.1 vector to 
overexpress HuR, and empty pcDNA3.1 was regarded as con
trol. All vectors were transfected into HGC-27 and SNU-1 cells 
through Lipofectamine 3000 (Invitrogen) for 48 h under man
ufacturer’s instructions. Vectors used above were obtained 
from GenePharma (Shanghai, China). Non-transfected HGC- 
27 cells were taken as mock group.

Reverse-transcription quantitative polymerase chain 
reaction (RT-qPCR)

Total RNA was extracted from patient tissues, cells, or xeno
graft tumor tissues using TRIzol reagent (Invitrogen) and then 
reverse-transcribed into complementary DNA with a Reverse 
Transcription Kit (Takara, Dalian, China). SYBR Premix Ex 
Taq (Takara) was applied for RT-qPCR analysis on an Applied 
Biosystems 7500 Real-Time PCR System. Relative expression 
of LINC00668, HuR, and PKN2 was calculated by the 2−ΔΔCT 

method with glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) as internal control. The primers would be provided 
under requirements.

Protein samples from cytoplasm and nucleus

The GC tissue suspensions were prepared by Trypsin-EDTA 
(Gibco, Beijing, China) treatment. The proteins were extracted 
from cytoplasm and nucleus of GC tissues using a kit from 
Pierce (Rockford, IL) according to the manufacturer’s 
protocols.

Western blot

Protein samples were extracted from cells or xenograft tumor 
tissues using Radio Immunoprecipitation Assay lysis buffer 

(Beyotime, Beijing, China). The extracted protein samples 
were detected using a Bicinchoninic Acid kit and isolated on 
10% sodium dodecyl sulfate polyacrylamide gel electrophor
esis. Then, samples were moved onto polyvinylidene fluoride 
membrane and blocked with 5% nonfat milk for 1 h at room 
temperature. Next, samples were incubated with primary anti
bodies including E-cadherin (ab1416; 1:50; Abcam, Shanghai, 
China), PKN2 (ab138514; 1:1000), N-cadherin (ab18203; 
1:5000), HuR (ab200342; 1:1000), vimentin (ab92547; 1:1000), 
Lamin B1 (ab16048; 1:1000), and GAPDH (ab128915; 
1:10,000). GAPDH was cytoplasmic loading control marker 
and Lamin B1 was nuclear loading control marker. 
Subsequently, horseradish peroxidase-conjugated goat anti- 
rabbit secondary antibodies were added to incubate for 2 h at 
darkness. Finally, protein levels were evaluated by 
a chemiluminescence detection system (Thermo Fisher 
Scientific, USA). Antibodies used above were obtained from 
Abcam (Cambridge, USA).

Trans-well assays

Migration and invasion status of GC cells transfected with 
vectors was assessed by trans-well assays using trans-well 
chambers (pore size of 8 μm; Corning). For cell migration, 
200 μL of cell suspension containing 1 × 105 cells was added 
into the top chamber with serum-free DMEM, and complete 
DMEM with 10% FBS was added into the bottom chamber. 
Forty-eight hours after incubation, the migrating cells in the 
bottom chamber were fixed with 4% paraformaldehyde 
(Beyotime, Shanghai) and stained with 0.1% crystal violet. 
Finally, five views in each well were randomly selected, photo
graphed, and counted. For cell invasion, GC cells were oper
ated similarly in the top chamber pre-coated with Matrigel (BD 
Biosciences, USA).

Wound healing assay

Transfected GC cells (3 × 104 cells/well) were seeded in 24-well 
plates with lineation overnight at 37°C, scratched, and then 
washed with phosphate-buffered saline for three times. Then, 
cells were cultured at 37°C for 24 h. The relative wound width 
was detected, photographed at 0  and 24 h using microscopy 
(Leica Germany), and analyzed by ImageJ software (National 
Institutes of Health, USA).

In vivo assays

Four-week-old BALB/c nude mice (n = 10, male) were used for 
xenograft assay. All animal operations were authorized by the 
Ethics Committee of Eastern Hepatobiliary Surgery Hospital 
(Shanghai, China). Stably transfected HGC-27 cells (1 × 107 

cells/ml, 100 µl) containing lentivirus which expressed sh-NC 
or sh-LINC00668 were subcutaneously injected into the pos
terior flank of nude mice (n = 5 mice/group). Tumor growth 
was tested and recorded every 7 days. Tumor volume was 
calculated (equation V (volume) = L (longitudinal diameter) 
× W (latitudinal diameter) 2/2). Twenty-eight days after injec
tion, mice were euthanized and sacrificed. The xenograft 
tumors were resected and photographed.
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Tumor metastasis in vivo

To detect tumor metastasis in vivo, the stably transfected HGC- 
27 cells (1 × 107 cells/ml, 100 µl) were injected into 10 mice via 
tail vein. Mice were sacrificed 8 weeks after injection, and then 
the lungs of mice were resected and photographed. The meta
static nodules on lungs of mice were counted.

Bioinformatics analysis

Gene prediction was performed using starBase website (http:// 
starbase.sysu.edu.cn/). The motif represents a structural com
ponent of a protein with a specific spatial conformation and 
specific function. Through starBase database, 42 RBPs were 
predicted to harbor binding motifs on LINC00668 and 21 
RBPs were predicted to possess binding motifs on PKN2 (con
dition: strict stringency of CLIP Data). As shown in 
Supplementary file 1, LINC00668 or PKN2 3ʹUTR harbors 
the site uuuuuc (in yellow), LINC00668 or PKN2 3ʹUTR har
bors the site guug (in blue), LINC00668 or PKN2 3ʹUTR 
harbors the site agug (in green), and only PKN2 3ʹUTR harbors 
the site uaauuu (in red).

RNA immunoprecipitation assay (RIP) assay

According to the Manufacturer’s instructions, a Magna RIP 
TM RNA-Binding Protein Immunoprecipitation Kit 
(Millipore, USA) was used for RIP assays. In brief, GC cells 
were lysed in complete RIP lysis buffer, and then whole cell 
extract (100 µl) was incubated with magnetic beads conjugated 
with HuR antibody (ab200342), CSTF2T antibody (ab138486), 
FUS antibody (ab124923), IGF2BP1 antibody (ab184305), 
IGF2BP2 antibody (ab128175), LIN28B antibody (ab191881), 
U2AF2 antibody (ab37530), HNRNPA1 antibody (ab5832), 
HNRNPC antibody (ab133607), HNRNPM antibody 
(ab177957), RBFOX2 antibody (ab57154), SRSF1 antibody 
(ab254935), and TARDBP antibody (ab109535) at 4°C for 
6 h. Anti-IgG was regarded as the negative control and input 
was regarded as the positive control. All antibodies were 
obtained from Abcam (Cambridge, USA). After washing the 
beads, the complexes were treated with the Proteinase K to 
remove proteins. Finally, the purified RNA levels were mea
sured by RT-qPCR analysis. The gel figures are shown in 
Supplementary Fig. 1A-B.

RNA pull-down assays

LINC00668 sense or antisense as well as PKN2 sense or anti
sense were transcribed by using T7 RNA polymerase (Ambio 
Life, Shanghai, China), and then purified with the RNeasy Plus 
Mini Kit (Qiagen, Germany). RNase-free DNase I (Qiagen) 
was used to treat LINC00668 or PKN2. Subsequently, 
LINC00668 sense or antisense as well as PKN2 sense or anti
sense were biotin-labeled with the Biotin RNA Labeling Mix 
(Ambio Life). Afterward, a Pierce TM Magnetic RNA-Protein 
Pull-Down Kit (Pierce, Thermo, USA) was used for RNA pull- 
down assays under the manufacturer’s instructions. Finally, the 
enrichment of LINC00668 was calculated by RT-qPCR 
analysis.

RNA stability assays

HGC-27 and SNU-1 cells were treated with actinomycin 
D (1 µg/ml) after the transfection with shRNAs or negative 
control. Then, GC cells were collected at 0, 3, 6, and 9 h. 
Finally, RNA levels were measured by RT-qPCR analysis.

Statistical analysis

All the data were shown as the mean ± standard deviation. The 
SPSS 18.0 software (SPSS Inc) was applied for statistical ana
lysis. Kaplan–Meier survival plots were generated on the web
page (kmplot.com/analysis/). The hazard ratio (HR), 95% 
confidence interval (CI), and log-rank p value were automati
cally calculated and shown on the webpage. A log-rank p value 
< .05 was considered as statistically significant. Comparison 
between two groups was carried out using a two-tailed 
Student’s t-test. Comparison among multiple groups was con
ducted using one-way analysis of variance. p < .05 was regarded 
statistically significant.
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