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lncRNA RP11-147L13.8 suppresses metastasis
and chemo-resistance by modulating
the phosphorylation of c-Jun protein in GBC
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Long non-coding RNAs (lncRNAs) have been identified as crit-
ical contributors in tumor progression for many types of can-
cer. However, their functions in gallbladder cancer (GBC)
have not been systematically clarified. In this study, the clinical
significance, biological function, and underlying mechanism of
lncRNA RP11-147L13.8 in GBC were investigated. The quanti-
tative real-time PCR result indicated that lncRNA RP11-
147L13.8 was found to be recurrently downregulated in GBC
tumor samples. Kaplan-Meier analysis revealed that decreased
lncRNA RP11-147L13.8 expression level was associated with
poor survival of GBC patients (p = 0.025). Then, both
in vitro and in vivo experiments elucidated that the overexpres-
sion of lncRNA RP11-147L13.8 suppressed the migration and
invasion abilities of GBC cells and promoted the sensitivity
to gemcitabine of GBC cells. Furthermore, we found that
lncRNA RP11-147L13.8 physically interacted with c-Jun pro-
tein and decreased the phosphorylation on serine-73 (c-Jun-
Ser73), which might cause the enhancement of the migration,
invasion, and sensitivity to gemcitabine of GBC tumor cells.
In conclusion, our study identified lncRNA RP11-147L13.8 as
a promising prognostic indicator for patients with GBC,
providing insights into the molecular pathogenesis of GBC.
lncRNA RP11-147L13.8 is a potential therapeutic combination
for gemcitabine in GBC treatment.

INTRODUCTION
Gallbladder cancer (GBC), the most common biliary tract malig-
nancy, is also the fifth most common digestive tract malignancy
worldwide, with approximately 2.5 in 100,000 persons affected.1,2

The prognosis of advanced GBC is poor, with a survival time of less
than 1 year, regardless of adjuvant therapy of standard chemo-
therapy.3 Currently, surgical resection remains the only curative
treatment for GBC patients, with a 5-year survival rate of 90% for
T1-stage patients.4 However, due to the lack of specific symptoms
and signs, the majority of GBC patients were diagnosed at an
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advanced stage and not appropriate for resection. Herein, the prog-
nosis of gallbladder cancer is dismal. The emergence of adjuvant ther-
apy based on chemotherapy provided a chance to prolong the survival
of patients with gallbladder cancer.5 Unfortunately, it has been re-
ported that GBC is not sensitive to chemotherapeutic drugs.6 Hence,
it is urgent to reveal the underlying molecular mechanisms associated
with GBC chemo-resistance and figure out the way to solve it.

With the wide application of next-generation sequencing, more and
more long non-coding RNAs (lncRNAs) have been identified.
lncRNAs are defined as transcripts composed of more than 200 bp
in length with no or weak protein-coding abilities, which was previ-
ously recognized as transcriptional “noise” initially.7 In recent years,
many functions of lncRNAs have been reported in regulating various
biological processes, such as cell differentiation, apoptosis, and im-
mune escape.8 Besides, lncRNAs could exert their biological function
by preventing RNA and protein from binding to intended targets,
acting as host genes formicroRNAs, and serving asmolecular scaffolds
to guide proteins to their direct chromosomal targets.9–11 Recently,
accumulating evidence indicated that lncRNAs contribute a lot to
the initiation and progression of the tumor, including hepatocellular
carcinoma, colorectal carcinoma, and cholangiocarcinoma.12–14 As
for GBC, increasing attention has been attracted by the biological
://creativecommons.org/licenses/by-nc-nd/4.0/).
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role of lncRNA in cancer progression. For instance, a lncRNA PVT1
has been reported in the tumor progression of GBC through regulating
themiR-143/hexokinase 2 (HK2) axis inGBC.15 Another lncRNAH19
was also reported that could influence the progression of GBC through
regulating FOXM1 expression by competitively binding endogenous
miR-342-3p.16Moreover, lncRNAGBCDRlnc1 could regulate the auto-
phagy process to promote the chemo-resistance of the gallbladder.17

Oncogene c-Jun is located in the 1p32.1 region of the human chromo-
some, and its encoded protein was identified as FOS binding protein
P39, which was composed of 334 amino acids.18 c-Jun protein has two
major separate protein domains that could be phosphorylated. One is
located at the C-terminal, which is very close in proximity to the DNA
binding domain. These sites are Thr214, Ser226, and Ser 232, which
are often phosphorylated by glycogen synthase kinase 3 (GSK3) and
casein kinase (CK2II) phosphorylases. When these sites are dephos-
phorylated, c-Jun protein will be released from the inhibitory effect
of cell resting-state factor to promote the cell growth. Another phos-
phorylation domain has a high affinity in the ser63, ser73, c-Jun NH2-
terminal kinases (JNKs), and delta domains in the transactivated
domain. The phosphorylation of ser63 and ser73 would rapidly
induce the transcriptional activation function.19 The function of the
c-Jun DNA binding and dimerization domain is to bind DNA and
form a basic leucine zipper domain with the FOS family or other
jun family proteins. This homologous or dimerization binding consti-
tutes an important transcription factor activating protein 1 (AP-1),
which plays a role in transcriptional activation. Specifically, several
studies have shown that phosphorylation of ser63 and ser73 sites of
c-jun can affect cell growth, differentiation, apoptosis, and other bio-
logical functions through the JNK signaling pathway and promote the
occurrence and development of human malignant tumors.20,21

Recent studies have found the aberrant expression of c-Jun exists in
gallbladder carcinoma, whichmay be closely related to the occurrence
and development of gallbladder carcinoma. Additionally, many
studies have found that c-Jun, a key gene of the JNK signaling
pathway, plays a key role in regulating chemotherapy resistance in
human malignant tumors. For instance, Roszak et al.22 found that
c-Jun was upregulated in leukemia cells HL-60 and promoted arsenic
trioxide drug resistance by regulating the JNK signaling pathway.
However, it remains unclear how the c-jun influences chemo-resis-
tance in GBC, which deserves further exploration.

In our study, we characterized the transcriptional landscape of
lncRNAs in paired GBC tissues and drug-resistant GBC cell lines
and identified hundreds of lncRNAs that showed dysregulation in
GBC tumor samples. We found and further validated that the long in-
tergenic non-coding RNA, lncRNA RP11-147L13.8, was recurrently
downregulated in GBC tumor tissue and drug-resistant cell lines.
Moreover, its low expression predicted poor outcomes for GBC pa-
tients. Functional assays in GBC cell lines revealed that lncRNA
RP11-147L13.8 could substantially suppress the migration and inva-
sion of GBC tumor cells both in vitro and in vivo. Besides, our study
suggested that the overexpression of lncRNA RP11-147L13.8 could
enhance gemcitabine sensitivity on GBC cells. In terms of the under-
lying mechanism, our further analysis revealed that lncRNA RP11-
147L13.8 physically interacted with c-Jun protein by binding delta
bZIP domain to inhibit the phosphorylation of c-jun-Ser73 in GBC
cell lines. Our study shed light on the molecular mechanisms under-
lying the progression of GBC and provided insights into the therapeu-
tic strategy for GBC patients.

RESULTS
Transcriptional landscape and dysregulation of lncRNAs in GBC

The expression profiles of four paired GBC samples were extracted
to investigate the comprehensive dysregulation and potential biolog-
ical roles of lncRNAs in the carcinogenesis processes of GBC. Our
analysis detected 1,012 lncRNAs and 1,254 mRNAs that showed
different expression levels in the microarray data (Figure 1A).
Then, the further Gene Ontology (GO) analysis indicated that these
different expressed lncRNAs and mRNAs might be involved in five
biological processes, including transmembrane transport, cell-cell
signaling, Jun-mitogen-activated protein kinase (MAPK) signaling
pathway, transmembrane receptor protein tyrosine kinase signaling
pathway, and cation transport (Figure 1B). Furthermore, to investi-
gate the potential biological role of lncRNA in the drug resistance in
GBC, the expression profiles of normal GBC-SD and drug-resistant
GBC-SD cell lines were obtained and analyzed, which turned out
that 1,092 lncRNAs showed different expression level (Figure 1C).
We found out that 211 lncRNAs were both differentially expressed
in GBC tumor tissue and drug-resistant GBC cell lines (Figures 1D
and 1E). Besides, the top ten upregulated and downregulated differ-
ently expressed lncRNAs (Figures S1A and S1B) were validated in
24 pairs of GBC and adjacent normal tissues, which turned out
that only RP11-147L13.8 WAS significantly downregulated in tu-
mor tissues (Figure S1C). Finally, the expression level of
this lncRNA was lower in drug-resistant tumors and drug-resistant
GBC-SD cell lines (Figure 1F). Therefore, we hypothesized that
lncRNA RP11-147L13.8 might be related to the tumor formation
and chemo-resistance in GBC, and further investigation was
conducted.

RP11-147L13.8 is recurrently downregulated and associated

with poor overall survival outcomes in GBC patients

To investigate the clinical significance of RP11-147L13.8, qPCR was
used to evaluate the expression of this lncRNA in 96 paired GBC pa-
tients, which turned out that this lncRNAwas significantly downregu-
lated in GBC tumor tissues, as compared with the adjacent no-tumor
tissues (p < 0.0001; Figure 2A). Detail clinicopathological parameters
have been listed in Table 1. Further analyses indicated that the expres-
sion level of RP11-147L13.8 was significantly lower in patients with
venous invasion as compared with patients without venous invasion
(p = 0.0115; Figure 2B). In the meantime, the expression level of this
lncRNA was significantly lower in patients with advanced tumor,
lymph node, metastasis (TNM) stage (Figure 2C). Then, the median
expression level was selected as the cutoff value for this lncRNA.
Accordingly, patients were divided into high and low groups. Survival
analysis indicated that patients in the low group were associated with
poor 5-year overall survival (p = 0.025; Figure 2D). Besides, high
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Figure 1. The expression level of long non-coding RNA RP11-147L13.8 was downregulated in tumor tissue and chemo-resistant cell lines in gallbladder

cancer

(A) The heatmap presented the expression level of the expression profiles of lncRNAs and mRNAs between 4 pairs of GBC tissue and normal tissue. (B) The differentially

expressed genes (DEGs) enriched biological process includes transmembrane transport, cell-cell signaling, Jun-MAPK signaling pathway, transmembrane receptor protein

tyrosine kinase signaling pathway, and cation transport. (C) The DEGs between GBC-SD and drug-resistant GBC-SD cells are shown. (D) 1,223 genes were differently

expressed between GBC tumor tissues and normal tissues, although 1,303 genes were differentially expressed between normal GBC cell lines and drug-resistant GBC cell

lines. Besides, 211 overlap geneswere found between two gene sets. (E) The top 20 different expressed lncRNAs betweenGBC-SD and drug-resistant GBC-SD cell lines are

shown. (F) The expression level of RP11-147L13.8 was significantly downregulated in drug-resistant tumor tissues and drug-resistant GBC-SD cell lines.
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Figure 2. The clinical and prognostic significances of RP11-147L13.8 in GBC patients

(A) RP11-147L13.8 is downregulated in tumor tissue compared with the adjacent non-tumor tissue (n = 96). Data represent median ± 95% confidence interval (CI). Wilcoxon

signed rank test. *p < 0.05; **p < 0.001; ***p < 0.0001. (B) RP11-147L13.8 is downregulated in tumor tissue with venous invasion compared with the adjacent non-tumor

tissue. Data represent median ± 95% confidence interval (CI). Wilcoxon signed-rank test. *p < 0.05; **p < 0.001; ***p < 0.0001. (C) The expression level of RP11-147L13.8 is

lower in GBC patients with advanced TNM stage. Data represent median ± 95% confidence interval (CI). Wilcoxon signed-rank test. *p < 0.05; **p < 0.001; ***p < 0.0001.

(D) Patients with low expression of RP11-147L13.8 were associated with poorer overall survival (log rank test; p = 0.025).
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expression level of this lncRNA positively correlated with small tumor
size, lower venous invasion rate, and early TNM stage in GBC patients
(Table 2). Therefore, these results indicated that RP11-147L13.8 was a
potential prognostic biomarker for GBC patients and might be
involved in the formation and metastasis of GBC.

The detailed information of this lncRNA was presented in Figures S2
and S3. The lncRNA RP11-147L13.8 was predicted to possess no pro-
tein-coding potential by the LNCipedia database (Figure S2).23 Mean-
while, Coding-Potential Assessment Tool (CPAT) online software24

could not predict the protein-coding potentiality of this lncRNA (Fig-
ure S2). The expression profile of this lncRNA across pan-human
cancer and pan-human tissues was presented in Figure S3A. The 50

and 30 rapid amplification of complementary DNA ends (RACE) as-
says revealed the full length of RP11-147L13.8 dominant isoform is
about 2,919 bp (Figure S3B). The expression levels of RP11-
147L13.8 were different across different GBC cell lines, wherein
GBC-SD cells expressed the highest RP11-147L13.8 and NOZ
expressed the lowest (Figure S3C). Besides, RP11-147L13.8 was ex-
pressed in both cytoplasm and nucleus (cytoplasm: 35%; nucleus:
65%; Figure S3D).
RP11-147L13.8 suppresses migration and invasion abilities of

GBC cells in vitro and in vivo

To investigate the biological function of RP11-147L13.8, a stable
knockdown and overexpression cell line was constructed; the
altered change in the expression level of this lncRNA was presented
in Figure S3E. Next, functional assays were further performed to
determine the biological effects of RP11-147L13.8 on GBC cell
lines. The knockdown of RP11-147L13.8 significantly promoted
the migration and invasion abilities of GBC-SD cell lines, although
the overexpression of RP11-147L13.8 significantly suppressed the
migratory and invasive abilities of GBC-SD cell lines (Figures 3A
and 3B). Similar results were observed in NOZ cell lines (Figures
3C and 3D). These results suggested that RP11-147L13.8 could
suppress the migratory and invasive abilities of GBC tumor cells
in vitro.

In vivo experiment was further carried out to demonstrate the effects
of RP11-147L13.8 on cell migration andmetastasis. No significant dif-
ferences were observed in the tumor volume and tumor weight.
The metastatic nodules in both liver and lung were significantly
increased in the RP11-147L13.8 knockdown group. Furthermore,
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Table 1. The baseline information of the 96 GBC patients enrolled in this

study

Characteristics Patient number

Age, years

%60 years 50

>60 years 46

Gender

Male 56

Female 40

Diabetes mellitus

No 53

Yes 43

CA19-9a (U/mL)

%37 47

>37 43

Tumor size (cm)

%2.5 56

>2.5 40

Lymph node metastasis

No 54

Yes 42

Grade

Well-differentiated 21

Moderately differentiated 46

Poorly differentiated 29

TNM stage

I 43

II 42

III+IV 11

aCA19-9 data are from 90 patients (data missing for 6 patients).

Table 2. Correlations between the RP11-147l13.8 expression level and

clinicopathological characteristics in GBC patients

Characteristics

RP11-147l13.8

Low (n = 48) High (n = 48) p value

Age, years

%60 27 23
0.414

>60 21 25

Gender

Female 29 27
0.679

Male 19 21

Diabetes mellitus

No 25 28
0.538

Yes 23 20

CA 19-9 (U/mL)

%37 26 21
0.841

>37 19 24

Tumor size (cm)

%2.5 21 35
0.004

>2.5 27 13

Venous invasion

No 28 40
p < 0.001

Yes 20 8

Grade

Well-differentiated 7 14

0.224Moderately differentiated 25 21

Poorly differentiated 16 13

TNM stage

I+II 39 46
0.025

III+IV 9 2

Pearson chi-square test and Fisher’s exact test. CA 19-9, carbohydrate antigen 19-9;
TNM, tumor, lymph node, metastasis.
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the hematoxylin and eosin (H&E) staining results showed a dramatic
increase of metastatic foci derived from cells of the RP11-147L13.8
knockdown group in liver and lung tissue sites (Figures S4E and
S4F). Thus, these observations demonstrated that RP11-147L13.8
might suppress the tumor metastasis both in vitro and in vivo.

RP11-147L13.8 enhances drug sensitivity of gemcitabine in GBC

tumor cell lines

To further explore the functional role of RP11-147L13.8 in the drug
resistance of GBC, we investigated its effects on the treatment with
gemcitabine, which is usually used in chemotherapy for GBC pa-
tients. The knockdown of RP11-147L13.8 dramatically increased
the IC50 in gemcitabine-treated GBC-SD cells (short hairpin RNA
for RP11-147L13.8 (shNC) versus shlnc(mix):5.7 mg/mL versus
23.07 mg/mL; Figure 3E). Moreover, the overexpression of RP11-
147L13.8 significantly reduces the IC50 in gemcitabine-treated
NOZ cell lines (shNC versus shlnc(mix):4.46 mg/mL versus
12.61 mg/mL; Figure 3F).
128 Molecular Therapy: Oncolytics Vol. 23 December 2021
RP11-147L13.8 interacts with c-Jun and suppresses the c-Jun-

ser73 phosphorylation via inhibiting the JNK in GBC cells

For a better understanding of how RP11-147L13.8 performs its ac-
tivities in gallbladder carcinogenesis and tumor progression, RNA
pull-down assays were conducted to identify RP11-147L13.8-
related proteins in GBC cells. The mass spectrometry analyses
following RP11-147L13.8 pull-down experiments revealed specific
protein bands that bind with the RP11-147L13.8 (Figure 4A).
Based on the filtrations of high-confidence scores (no less than
100 in mass spectrometric assays) and absence in corresponding
anti-sense groups, nine proteins that might interact with RP11-
147L13.8 were obtained (Table S3). The RP11-147L13.8-c-
Jun interaction was further verified by RNA immunoprecipitation
(RIP) assays, wherein RP11-147L13.8 was significantly enriched
in c-Jun antibody, but not immunoglobulin G (IgG) control (Fig-
ure 4B). Our western blot results confirmed that c-Jun protein
was specifically associated with sense, but not anti-sense,
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RP11-147L13.8 (Figure 4C). Besides, the western blot result indi-
cated that the overexpression of RP11-147l13.8 could suppress
the ser73 phosphorylation of the c-Jun protein, although the
knockdown of RP11-147l13.8 could promote the ser73 phosphor-
ylation of the c-Jun protein in both GBC-SD and NOZ cell lines
(Figures 4D and 4E).

To further investigate how the lncRNA RP11-147L13.8 influences
the ser73 phosphorylation of the c-Jun protein, a co-immunopre-
cipitation (coIP) experiment was performed in the RP11-147L13.8
knockdown and RP11-147L13.8 overexpression GBC cell lines. The
coIP results indicated that the overexpression of RP11-147L13.8
could competitively inhibit the interaction between the JNK and
c-Jun protein in both GBC-SD and NOZ, which results in the
ser73 dephosphorylation of c-Jun protein (Figure 4F). In contrast,
the knockdown of the RP11-147L13.8 could promote the ser73
phosphorylation of c-Jun protein in two GBC cell lines (Figure 4G).
Besides, the expression levels of c-Jun-ser73 in 24 GBC tissues
were evaluated through immunohistochemistry (IHC) (Fig-
ure S5A). Then, Kaplan-Meier analysis indicated that patients
with higher expression of c-Jun-ser73 phosphorylation were asso-
ciated with poorer overall survival (Figure S5B). Meanwhile, our
data indicated that the expression level of RP11-147L13.8 was
negatively correlated with the expression level of c-Jun-ser73
(R = �0.63; p = 0.002; Figure S5C). Taken together, all these
data indicated that RP11-147L13.8 could suppress the c-Jun-
ser73 phosphorylation.

RP11-147L13.8 interacts with c-Jun via binding with the basic

region leucine zipper (bZIP) Jun domain of the JUN protein

Further investigation was carried out to determine the biological roles
of the specific RP11-147L13.8 fragment that binds the c-Jun protein; a
series of deletionswas constructed tomap the truncatedRP11-147L13.8
fragments with c-Jun protein. The results of deletionmapping analyses
showed that the 2,215- to 2,919-nt fragment of RP11-147L13.8 was
required for its interaction with the c-Jun protein (Figures 5A and
5B). Moreover, our RIP assays revealed that the bZIP domain of c-
Jun was responsible for the binding with RP11-147L13.8 (Figure 5C).
Specifically, the interaction between c-Jun and RP11-147L13.8 was
significantly abolishedunder thedeletionof thebZIP_Jundomain (Fig-
ure 5D). In summary, all these data further demonstrated that RP11-
147L13.8 interacts with c-Jun via binding with the bZIP domain of
Figure 3. The overexpression of lncRNA RP11-147L13.8 suppressed the migrat

(A) Theoverexpressionof lncRNARP11-147L13.8 suppressed themigrationability inGBC

invasion ability in GBC-SD cell lines. Magnification, 200�. Data representmean ± SEM (th

(B) The downregulation of lncRNA RP11-147L13.8 promotes the migration ability in GBC

invasion ability in GBC-SD cell lines. Magnification, 200�. Data representmean ± SEM (th

(C) The overexpression of lncRNA RP11-147L13.8 suppresses the migration ability in N

migration ability in NOZ cell lines.Magnification, 200�. Data representmean ± SEM (three

The overexpression of lncRNARP11-147L13.8 suppresses the invasion ability in NOZ cel

ability in NOZ cell lines. Magnification, 200�. Data represent mean ± SEM (three biologi

downregulation of lncRNARP11-147L13.8 promotes the drug-resistant ability in GBC-SD

test. *p < 0.05; **p < 0.001; ***p < 0.0001. (F) The overexpression of lncRNARP11-147L13

(three biological replicates). Paired Student’s t test. *p < 0.05; **p < 0.001; ***p < 0.0001
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the c-Jun protein, which might explain the biological function of this
lncRNA.

The rescue assay confirmed that lncRNA RP11-147L13.8

performs its biological function by suppressing the c-Jun-ser73

phosphorylation in GBC cell lines

To further validate that RP11-147L13.8 performs its biological func-
tion through suppressing the c-Jun-ser73 phosphorylation, a rescue
assay was performed. To reverse the c-Jun-ser73 phosphorylation, a
point mutation experiment was carried out, which changed the Ser
at 73 sites into Ala (Figure 6A). After transfection, the western
blot result validated the efficiency of point mutation, which indi-
cated that the point mutation could significantly inhibit the c-Jun-
Ser 73 phosphorylation in both GBC-SD and NOZ cell lines (Fig-
ure 6B). Then, transwell assay indicated that the knockdown of
this lncRNA could promote the migration (Figure 6C) and invasive
(Figure 6D) ability of the GBC-SD cell line, although after the point
mutation, the overexpression of this lncRNA could suppress the
migration (Figure 6C) and invasive (Figure 6D) ability of GBC-
SD. Meanwhile, similar results were observed in the NOZ cell line
(Figures 6E and 6F). In terms of the influence on the drug-resistant
ability of GBC cell lines, Cell Counting Kit-8 (CCK-8) assay indi-
cated that the knockdown of this lncRNA could increase the IC50

value for gemcitabine in both GBC-SD (Figure 6G) and NOZ (Fig-
ure 6H) cell lines, indicating that knockdown of this lncRNA could
promote the resistant ability to gemcitabine in both GBC-SD and
NOZ cell lines. After the point mutation, the IC50 value for gemci-
tabine significantly decreased in both GBC-SD (Figure 6G) and
NOZ (Figure 6H) cell lines, indicating that point mutation could
reverse the biological effect of this lncRNA on the gemcitabine-resis-
tant ability of GBC cell lines.

Taken together, all these results confirmed that lncRNA RP11-
147L13.8 performs its biological function by suppressing the c-Jun-
ser73 phosphorylation in GBC cell lines.

DISCUSSION
Recently, many findings suggest that lncRNAs play an important role
in the initiation and progression of GBC. Here, we investigated the
clinical significance and biological role of a novel lncRNA RP11-
147L13.8 in GBC. In terms of the clinical significance, the lower
expression of this lncRNA was associated with a higher lymph
ion and invasion ability and enhanced the drug sensitivity in GBC cell lines

-SDcell lines, although theoverexpressionof lncRNARP11-147L13.8suppressed the

ree biological replicates). Paired Student’s t test. *p < 0.05; **p < 0.001; ***p < 0.0001.

-SD cell lines, although the downregulation of lncRNA RP11-147L13.8 promotes the

ree biological replicates). Paired Student’s t test. *p < 0.05; **p < 0.001; ***p < 0.0001.

OZ cell lines, although the downregulation of lncRNA RP11-147L13.8 promotes the

biological replicates). Paired Student’s t test. *p < 0.05; **p < 0.001; ***p < 0.0001. (D)

l lines, although the downregulation of lncRNARP11-147L13.8 promotes the invasion

cal replicates). Paired Student’s t test. *p < 0.05; **p < 0.001; ***p < 0.0001. (E) The

cell lines. Data representmean± SEM (three biological replicates). Paired Student’s t

.8 suppressed the drug-resistant ability inNOZcell lines. Data representmean±SEM

.
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node metastasis rate and predicted poorer overall survival rates in pa-
tients with GBC. As for the biological role, RP11-147L13.8 showed
strong tumor suppressor activity through suppressing GBC tumor
migration and invasion in vitro, suggesting that this lncRNA might
inhibit the metastasis of GBC. In terms of mechanism, this lncRNA
might suppress the c-Jun-ser73 phosphorylation via binding with
the delta bZIP domain of c-Jun in GBC to induce its suppressing
function.

Currently, numerous studies indicated that lncRNAs could serve as
prognostic biomarkers for GBC patients.25,26 Consistent with previ-
ous studies, in our study, we observed that the higher expression level
of this lncRNA was positively associated with earlier TNM stage and
better overall survival, indicating that this lncRNA might be a poten-
tial prognostic biomarker in GBC.

Recently, emerging evidence indicated that lncRNAs play an impor-
tant role in regulating the progression of GBC. For instance, lncRNA
GBCDRlnc1 might induce chemo-resistance of GBC cells through
activating autophagy. Additionally, lncRNA HGBC stabilized by
Human antigen R (HuR) promotes GBC progression by regulating
the miR-502-3p/SET/protein kinase B (AKT) axis.27 Consistent
with these studies, we found that the overexpression of the novel
lncRNA RP11-147L13.8 played an important role in suppressing
the tumor invasion, metastasis, and chemo-resistance in GBC.
Several sets of evidence supported our conclusion. At first, this
lncRNA was significantly downregulated in GBC tissue, GBC pa-
tients with venous invasion, and drug-resistant GBC-SD cells, sug-
gesting that RP11-147L13.8 might be involved in the biological
process of GBC. Next, the in vitro and in vivo experiments indicated
that the downregulation of RP11-147L13.8 was significantly pro-
moted, although the overexpression of RP11-147L13.8 significantly
inhibited migration and invasion abilities of GBC cell lines. In terms
of the chemo-resistant ability, we found out that patients with a high
expression level of this lncRNA were sensitive to chemotherapy. All
these results demonstrated that the aberrant expression of this
lncRNA could regulate the progression, metastasis, and chemo-
resistance of chemotherapy.

The lncRNA could exert its biological function through binding with
specific protein or transcription factors. For instance, the interaction
of FAL1 with BMI1, an essential subunit of PRC1, regulates its pro-
tein stability. Another lncRNA, lnc-dendritic cells (lnc-DCs) binds
to the transcription factor signal transducer and activator of tran-
Figure 4. RP11-147L13.8interacts with c-Jun and suppresses the c-Jun-ser73

(A) RP11-147L13.8 pull-down assay analyzed by SDS-PAGE. (B) The RP11-147L13.8

RP11-147L13.8 was significantly enriched in c-Jun antibody, but not IgG control. (C) The

with sense, but not anti-sense, RP11-147L13.8 in both GBC-SD and NOZ cell lines are

phosphorylation of the c-Jun protein, although the knockdown of RP11-147l13.8 could

cell lines. Data represent mean ± SEM (three biological replicates). (F) The co-immunop

competitively inhibit the interaction between the JNK and c-Jun protein, which results in t

The co-immunoprecipitation experiment indicated that the knockdown ofRP11-147L13

the ser73 phosphorylation of c-Jun protein in both GBC-SD and NOZ cell lines.
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scription (STAT3) in the cytoplasm and prevents its dephosphoryla-
tion by SH2-containing protein tyrosine phos-phatase-1 (SHP1),
thereby activating STAT3 and thus dendritic cell differentiation. In
our study, to figure out the underlying mechanism of the biological
function of RP11-147L13.8, pull-down assay, RIP, and coIP experi-
ments were performed, which indicated that this lncRNA might
exert its function via interacting with the bZip domain of the
c-Jun protein, which resulted in the suppression of c-Jun-ser73
phosphorylation of c-Jun protein through competitively inhibiting
the interaction between the JNK and c-Jun protein. The phosphor-
ylation of c-Jun on Ser73 could also promote tumorigenesis in breast
cancer.28 These results might explain the biological role of this
lncRNA. However, further investigation was needed to explain
how the c-Jun protein regulates the biological features of GBC.

Among the treatments, gemcitabine is recommended as adjuvant
therapy for patients with advanced-stage GBC in clinical practice.29,30

However, resistance to gemcitabine is often observed and tightly asso-
ciated with dismal prognosis in GBC.6 Moreover, lncRNA has been
reported in the studies of gemcitabine resistance in GBC.17,31 In
our study, our IC50 analysis revealed that RP11-147L13.8 could
enhance the drug sensitivity of gemcitabine in GBC-SD and NOZ
cells. Besides, our results indicated that RP11-147L13.8 exerted its
impact on gemcitabine resistance through regulating the phosphory-
lation of the c-Jun protein. Previously, several studies reported that c-
Jun protein played an important role in inducing the drug resistance
of gemcitabine resistance, including breast cancer, pancreatic cancer,
and bladder cancer.32–35 All these studies further supported our find-
ings. This suggested that the combinatorial use of gemcitabine and
RP11-147L13.8 transcriptional promoters might produce better ther-
apeutic effects for advanced-stage GBC patients, which shed new in-
sights into the clinical treatment for GBC patients.

In conclusion, our study demonstrated that RP11-147L13.8 might
serve as a tumor-suppressing gene and a prognostic biomarker in
GBC, which could inhibit the migration, invasion, and chemo-resis-
tance ability of GBC cells via modulating the phosphorylation of
the c-Jun protein, thus providing a potential therapeutic target for
GBC treatment.

MATERIALS AND METHODS
Cell lines and human clinical samples

The human GBC cell line GBC-SD was purchased from the Type
Culture Collection of the Chinese Academy of Sciences (Shanghai,
phosphorylation via inhibiting the JNK in GBC cells

-c-Jun interaction was verified by RNA immunoprecipitation (RIP) assays, wherein

western blot results, which confirmed that c-Jun protein was specifically associated

shown. (D and E) The overexpression of RP11-147l13.8 could suppress the ser73

promote the ser73 phosphorylation of the c-Jun protein in both GBC-SD and NOZ

recipitation experiment indicated that the overexpression of RP11-147L13.8 could

he ser73 dephosphorylation of c-Jun protein in both GBC-SD and NOZ cell lines. (G)

.8 could enhance the interaction between the JNK and c-Jun protein, which results in



Figure 5. LncRNA RP11-147L13.8 was specifically interacted with the bZIP domain of c-Jun protein

(A) The structure of lncRNA RP11-147L13.8. (B) Immunoblotting detection of c-Jun protein in the pull-down samples is shown. The full-length sense biotinylated-RP11-

147L13.8 and truncatedbiotinylated-RP11-147L13.8 sequence (no. 1deletes 52–325bp; no.2deletes 1–462bp;no. 3deletes2,415–2,875bp; no. 4deletes 2,215–2,919bp;

no. 5 deletes�1,421–2,919 bp) were analyzed. b-actin and c-Jun serve as input control. (C) The RIP and qPCR results determined the enrichment of RP11-147L13.8 binding

with each c-Jun domain. (D) The pull-downassay andwestern blot results for different domains of c-Jun protein inNOZcell lines,which confirmed that lncRNARP11-147L13.8

specifically interacted with the bZIP domain.
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China), although the human GBC cell line NOZ was provided by
the Tumor Cytology Research Unit (Medical College, Tongji Uni-
versity, Shanghai, China). Four paired fresh GBC tissues and adja-
cent non-tumor tissues were collected for the lncRNA microarray
analysis, although 96 pairs of fresh GBC tissues and matched adja-
cent non-tumor tissues from different patients were collected for
quantitative reverse-transcriptase PCR (qRT-PCR) analysis. All
these patients received surgical resection of their primary tumors
in curative intent between 2011 and 2015 at Zhongshan Hospital.
All enrolled patients met the following criteria as previously
described:36 (1) they were all pathologically confirmed GBC pa-
tients; (2) there was no other anti-cancer treatment history before
surgical treatment; (3) there were no concurrence and history of
other malignant tumors; (4) all patients had received complete
removal of macroscopic tumors and pathological examination
had confirmed the negative resection margin; and (5) all
patients had complete clinicopathological and follow-up data.
The written informed consent was obtained from patients. Ethical
approval was obtained from the Zhongshan Hospital Research
Ethics Committee and was carried out following the Declaration
of Helsinki.
RNA sequencing

The RNA sequencing was performed as previously described.14 De-
tails were listed in the supplemental information.

Differential expression analysis

The gene read counts of samples in four paired tumor and adja-
cent normal were used for differential expression analysis.
The DESeq2 was implicated to carry out the analysis. In the differ-
ential analysis, lncRNA genes with false discovery rate (FDR) %
0.05 (Benjamini-Hochberg corrected p value) and |log2 fold-
change| R 1 were determined as significantly differentially ex-
pressed genes. The enriched biological themes were identified by
using the Database for Annotation, Visualization, and Integrated
Discovery (DAVID).37,38

Quantitative real-time PCR assay

The TRIzol reagent (Invitrogen, Carlsbad, CA, USA) was used to
extract the total RNA of the clinical tissue and cell lines in this study.
According to the instructions of the reverse transcriptase kit (Takara
Bio, Dalian, China), the total RNAwas reverse transcribed into cDNA
in the LifePro Thermal Cycler (Hangzhou Bioer Technology,
Molecular Therapy: Oncolytics Vol. 23 December 2021 133
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Hangzhou, China). The qRT-PCR was utilized to determine relative
RNA levels, which were measured through a 7900 Real-Time PCR
System with the SDS 2.3 software sequence detection system (Applied
Biosystem, USE) using the SYBRGreen (Takara) method. b-actin was
employed as an internal control to normalize the relative RNA levels
in each sample and then the relative RNA levels were calculated by
utilizing the 2-DDCt relative quantification method.39 The primer
used for this experiment was listed in Table S1.
Northern blot assays and western blot assays

The details of northern blot assays and western blot assays were listed
in the supplemental information.
IHC and analysis

The IHC and analysis were carried out as previously described.40

Quantification criteria of IHC staining were the same as the previous
study by two independent pathologists.41
RNA interference and lentivirus construction

The details of RNA interference and lentivirus construction were
listed in the supplemental information.
In vitro cell migration and invasion assays and in vivometastasis

assays

The details of in vitro cell migration and invasion assays and in vivo
metastasis assays were listed in the supplemental information.
In vitro cellular IC50 assays

The sh-RP11-147L13.8 GBC-SD cells, pCDH RP11-147L13.8
NOZ cells, and corresponding vector cells were seeded in the flat-
bottomed plates (96 wells). Ten concentration gradients of gemcita-
bine were performed to determine the half-maximal inhibitory
concentrations that inhibit cell viability (IC50 values) in 100 mL sus-
pended cells (5,000 cells) in each plate well. After 48 h culture, the
CCK-8 assays (Dojindo, Kyushu, Japan) were employed to evaluate
the cell viability.
Figure 6. The rescue assay confirmed that lncRNARP11-147L13.8 performs its

GBC cell lines

(A) The strategy of the point mutation. The Ser at 73 sites of JUNwas changed into Ala. (B

SD and NOZ cell lines (three biological replicates). (C) After the knockdown of lncRNA, th

the migration ability of the knockdown GBC-SD has been suppressed. Magnification, 20

***p < 0.0001. (D) After the knockdown of lncRNA, the invasion ability of GBC-SD has be

GBC-SD has been suppressed. Magnification, 200�. Data represent mean ± SEM (three

of lncRNA, the migration ability of NOZ has been promoted, although after the point

Magnification, 200�. Data represent mean ± SEM (three biological replicates). *p < 0.05;

NOZ has been promoted, although after the point mutation, the invasion ability of the

mean ±SEM (three biological replicates). *p < 0.05; **p < 0.001; ***p < 0.0001. (G) After th

upregulated (shNC versus shlnc(mix): 5.672 mg/mL versus 20.66 mg/mL). After the poi

(shlnc(mix)+control versus shlnc(mix)+point mutation: 24.03 mg/mL versus 8.032 mg/mL

the knockdown of lncRNA, the IC50 value of NOZ for gemcitabine was significantly upreg

mutation, the IC50 value of GBC-SD for gemcitabine was significantly decreased (shln

represent mean ± SEM (three biological replicates). Student’s t test.
RNA pull-down assays, mass spectrometry analyses, and RIP

assays

To explore the underlying mechanism of RP11-147L13.8, RNA pull-
down assay, mass spectrometry analyses, and RIP assays were
performed. The details of the experiments were presented in the sup-
plemental information.

Immunoblotting analysis and coIP

Immunoprecipitation was carried out as described previously.42 De-
tails of the immunoblotting analysis and coIP were listed in the sup-
plemental information.

Survival analysis

Survival analysis was performed as described in a previous study.43

Statistical analysis

Data were displayed in the mean ± SEM (standard error of the mean)
or median with interquartile range form. The Student’s t test or Wil-
coxon signed-rank test was used to evaluate the differences between
the two groups. The correlation between RP11-147L13.8 RNA levels
and overall survival of GBC patients was estimated via the log rank
test. Besides, the chi-square test was carried out to assess the func-
tional impact of RP11-147L13.8 on GBC cell lines metastasis in vivo.
All statistical calculations in this study were performed in the R envi-
ronment. Unless specially stated, a two-tailed p < 0.05 is considered
statistically significant.

SUPPLEMENTAL INFORMATION
Supplemental information can be found online at https://doi.org/10.
1016/j.omto.2021.08.016.
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