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LncRNA RHPN1-AS1 promotes cholangiocarcinoma
progression and predicts poor clinical outcome
through miR-345-5p/YAP1 axis
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Abstract

Background
LncRNAs have proven to be involved in the initiation and progression of cholangiocarcinoma (CCA),
although the mechanism by which this occurs remains unknown.

Methods
The current study reveals that RHPN1-AS1 was overexpressed in CCA patient samples, which predicted
poor outcome of CCA patients. RHPN1-AS1 increased in vitro pancreatic carcinoma cell proliferation as
well as promoted xenograft growth in vivo. Mechanistically, DANCR upregulated expression of YAP1 by
competitively binding to miR-345-5p. Importantly, RHPN1-AS1 level was positively correlated with YAP1
expression level in CCA tissues. Moreover, YAP1 overexpression could predicted a poor outcome of CCA
patients.

Results
Taken together, our results suggested that RHPN1-AS1 might be a remarkable biomarker to evaluate
prognosis in CCA.

Conclusion
The RHPN1-AS1/YAP1 axis may provide new strategies for CCA clinical practice.

Background
Cholangiocarcinoma (CCA) is a devastating biliary malignancy with an abysmal overall 5-year survival
rate at stages III and IV of less than 10%, [1]. CCA is one of the most di�cult intra-abdominal cancers,
occurring via the malignant transformation of the epithelium lining of the biliary tree, called
cholangiocytes, that derive from the bile ductules [2, 3]. Histologically, CCAs can be classi�ed into
intrahepatic cholangiocarcinoma (iCCA), distal cholangiocarcinoma (dCCA) and perihilar
cholangiocarcinoma (pCCA) subtypes [4]. Despite the advancements and progress in the treatment
strategies, including neoadjuvant chemotherapy and radical surgery, the clinical outcome remains poor
[2]. In addition, the important role of non-coding RNA dysregulation in the development of CCA has also
received increasing attention.

Long non-coding RNAs (LncRNAs), more than 200 nucleotides in length are key regulators in a wide range
of biological activities and cancer progression [5]. Recent studies have found that lncRNAs are showing
abnormal abundances in samples of different types of tumors, which are emerging as promising
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therapeutic targets in modulating in tumor proliferation, cell migration, metastasis, and apoptosis [6, 7].
Although multiple lncRNA networks have been shown to participate in the metastasis, proliferation, and
apoptosis is of CCA cells. However, possible lncRNA networks in CCA and their related mechanisms are
still unclear.

RHPN1-AS1 has a length of 2030 bp transcript located in human chromosome 8q24.3, which is an
antisense lncRNA originated from the promoter region of RHPN1 [8]. Nevertheless, the mechanistic role of
RHPN1-AS1 in CCA has not yet been elucidated. In this study, we con�rmed the upregulation of RHPN1-
AS1 in CCA and explored the hypothesis that RHPN1-AS1 participates in CCA progression as a candidate
epigenetic diagnostic biomarker.

Materials And Methods
Tissue sample

Frozen fresh para�n-embedded CCA and para-cancerous tissues of 34 CCA patients were collected
during January 2013 to October 2015 at the Second Hospital of Hebei Medical University. This research
has been carried out in accordance with the World Medical Association Declaration of Helsinki. Informed
written consent was obtained from each subject. This study was approval by the medical ethics
committee of the Second Hospital of Hebei Medical University.

Cell culture and transfection

CCA cell lines, including RBE, TFK-1, HCCC9810, QBC939, HUCCT1 and normal human bile duct cell line
(HiBEC), as well as HEK293T cells were all purchased from ATCC (Rockville, Maryland, USA). The cells
were cultured in RPMI-1640 (Gibco, Carlsbad, CA, USA) supplemented with 10% fetal bovine serum.

Establishment of Xenograft model in nude mice

Animal research has been approved by the Second Hospital of Hebei Medical University Animal Care and
Use Committee (IACUC). To establish a xenograft tumor model, 5 mice were divided into each group. 200
μl of 1 × 106 cells were injected subcutaneously into the axilla of female Balb / C nude mice. After six
weeks, the mice were sacri�ced by CO2 asphyxiation and the subcutaneous tumor weight was measured.

qRT-PCR method

Total RNA was extracted with triazole reagent (Invitrogen, Carlsbad, CA, USA). CDNA was generated using
PrimeScriptRT kit (Thermo Scienti�c, Glen Brunie, MA, USA). qRT-PCR was performed using the TB Green
real-time PCR kit (RR420A, Takara) according to the manufacturer's procedures. GAPDH serves as an
internal reference for cytoplasmic gene expression. This expression is calculated by the 2-ΔCt method.

Cell proliferation assays
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QBC939 and HUCCT1 cells were seeded at a density of 1 × 105 cells/well into 96-well Plates (Corning,
New York, USA). Cell proliferation was analyzed using the cell counting kit-8 (CCK-8, Guangzhou, China)
according to the manufacturer's instructions.

Tumor sphere assay

QBC939 and HUCCT1 cells were plated into 24-well plates (Corning, New York, USA) as a single-cell
suspension and contained 2% B27 (Life Technology), 20ng / mL epidermal growth factor (Life
Technology) and 20ng / mL bFGF was added into Dulbecco's modi�ed Eagle's medium / F-12.

Western Blot

Proteins were extracted as previously described. Equal amounts of protein are was subjected to
electrophoresis and subsequently transferred to a polyvinylidene �uoride membrane (Schwabacher Merck
Micropore, Germany). Antibodies to CDK8, MST1, YAP1and TEAD1, p-YAP came from cell signaling
technology. The antibody to β-actin was from Sigma. HRP-conjugated secondary antibodies are from
Thermo.

Luciferase assay

PMir-RHPN1-AS1-WT or PMir-RHPN1-AS1-Mut were co-transfected into HEK293T cells by pmirGLO-Report
luciferase vector. Transfection of miR-345-5p-mimics were performed using Lipofectamine 3000
according to the manufacturer’s instructions. After transfection for 48 hrs, the Renilla and Fire�y
luciferase activities could be determined through the Dual-Luciferase Reporter Assay System according to
the manufacturer’s protocol.

In situ hybridization (ISH)

In situ hybridization was applied to examine the expression of RHPN1-AS1 as well as miR-345-5p on
tissue sections according to the manufacturer’s procedures (BOSTER, Hubei, China) as previously
described [9].

Immunochemistry (IHC) assay

The tumor sections were dried and dewaxed and were washed with 3% hydrogen peroxide (Sigma)
diluted in methanol, and then incubated and heated in sodium phosphate buffer (pH 6.0). Samples were
incubated with LATS1 (1:200, CST, Danvers, USA) primary antibodies overnight at 4 ° C, and then
performed using a non-biotin horseradish peroxidase detection system according to the manufacturer's
instructions.

Statistical Analysis

The data are presented as mean ± SD, and we calculated the comparison by Student’s t test and x2 test
for comparison of the differences between groups. The Kaplan-Meier method was applied to plot the
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survival curves. Statistical analysis was performed using GraphPad Prism 5.0 (GraphPad Software,
LaJolla, CA, USA). P <0.05 was recognized as having statistically signi�cant difference.

Results
RHPN1-AS1 as a lncRNA was upregulated in CCA

First, RHPN1-AS1 levels were measured among 34 paired CCA specimen and matching non-cancer tissue
samples. Compared with non-tumor tissues, RHPN1-AS1 levels in primary CCA tissues were signi�cantly
enhanced (Fig.1A). Consistently, compared to that in normal HiBEC cells, the expression of RHPN1-AS1 in
TFK-1, RBE, QBC939, HCCC9810 and HUCCT1 cell lines were signi�cantly higher (Fig.1B). Analysis shows
that RHPN1-AS1 consists of an exon (Ensemble: ENSG0000254389), located in the cytoplasm and
nucleus (Fig.1C).

RHPN1-AS1 promoted proliferation of CCA cell lines

Next, gain- and loss-of function studies were implemented to determine the functional role of RHPN1-AS1
in CCA cells, Firstly, we silenced the expression of RHPN1-AS1 by transfection with sh-1# or sh-2#
shRNAs in HUCCT1 and QBC939 cell lines (Fig.2A). MTS assay showed that the proliferation of CCA cells
was decreased after RHPN1-AS1 knockdown (Fig.2B). Secondly, colony formation assay demonstrated
that RHPN1-AS1 knockdown greatly decreased colony formation ability of CCA cells (Fig.2C). Moreover,
RHPN1-AS1 overexpression remarkedly enhanced cell proliferative rates as well as colony formation
capacity in TFK-1 cells (Fig.2D). Furthermore, the tumor sphere numbers and diameters of CCA cells were
greatly decreased after RHPN1-AS1 knockdown, whereas remarkably increased after RHPN1-AS1
overexpression, showing that RHPN1-AS1 inhibited tumor sphere formation of CCA cells (Fig.2E-F). These
data together indicated that RHPN1-AS1 had driven the proliferation of CCA cells.

RHPN1-AS1 enables CCA cells proliferation via activating YAP1

To elucidate the regulatory role of RHPN1-AS1, we determined the downstream key protein expression
levels. As shown in Fig.3A, RHPN1-AS1 knockdown negatively regulated the protein level of YAP1 without
showing any in�uence on the protein levels of YAP1 upstream kinases CDK8 and MST1. The mRNA level
of YAP1 was greatly lower in RHPN1-AS1 knockdown group compared with the control group (Fig.3B).
Immuno�uorescence staining result showed that YAP1 expression and nuclear translocation were greatly
repressed after RHPN1-AS1 knockdown (Fig.3C). Conversely, ectopic overexpression of RHPN1-AS1
positively regulated YAP1 expression at both protein and mRNA levels (Fig.3D), but negatively regulated
YAP1 serine 127 phosphorylation. Furthermore, Immuno�uorescence staining revealed that the YAP1
protein level as well as the nuclear translocation of RHPN1-AS1 were signi�cantly enhanced after RHPN1-
AS1 overexpression (Fig.3E). Consistently, PCR results showed the YAP1 mRNA expression level was also
higher in the primary CCA tissues (Fig.3F). Moreover, we found that YAP1 overexpression can reverse the
impacts of RHPN1-AS1 knockdown on CCA cell proliferation and tumor sphere formation (Fig.3G-H).
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However, YAP1 knockdown showed the opposite effects (Fig.3I-J). Those data suggested that RHPN1-
AS1 had a role in CCA cells through activating YAP1 activity.

RHPN1-AS1 promoted YAP1 expression via sponging miR-345-5p

To detect whether RHPN1-AS1 can function as a miRNA sponge to upregulate the YAP1 expression level,
the bioinformatic analysis LncBase Predicted v.2 was implemented and miR-345-5p was predicted to
target RHPN1-AS1 (Fig.4A). Subsequently, RIP assay proved that miR-345-5p was associated with
RHPN1-AS1 via targeting binding of 3’-UTR (Fig.4B). RIP assays also uncovered that miR-345-5p could
endogenously bind to YAP1 3'-UTR speci�cally (Fig.4C). Furthermore, we found that the luciferase activity
of HEK-293T cell in RHPN1-AS1 WT group was signi�cantly lower after transfected with miR-345-5p
mimics (Fig.4D). To evaluate whether YAP1 can be a direct target of miR-345-5p, reporters containing
WT/Mut YAP1 3'-UTR mRNA were co-transfected with miR-345-5p mimics into HEK-293T cells. Our data
showed that the reporter activity was deceased in pMir-YAP1-WT group co-transfected with miR-345-5p
mimics (Fig.4E), suggesting that YAP1 3'-UTR mRNA was inhibited by miR-345-5p. Western bolt showed
that miR-345-5p mimics strongly decreased the protein levels of YAP1 in QBC939 and HUCCT1 cells,
whereas miR-345-5p inhibitor presented the opposite effect (Fig.4F-G).

YAP1/TEAD1 complex feedback transactivates RHPN1-AS1

Next, we wondered if YAP1/TEAD1 could reversely in�uence the level of RHPN1-AS1 expression. As
expected, YAP1 knockdown downregulated RHPN1-AS1 levels but was upregulated after YAP1
overexpression in HUCCT1 and QBC939 cells (Fig.5A), suggesting that YAP1 could have positive
regulatory impact on RHPN1-AS1 transcription. Subsequently, TEAD1 knockdown reduced YAP1
enrichment in the promoter region of RHPN1-AS1 (Fig.5B). Moreover, TEAD1 knockdown abolished the
upregulation of RHPN1-AS1 expression by YAP1 overexpression (Fig.5C-D). These data revealed that
YAP1/TEAD1 complex feedback transactivates RHPN1-AS1 in CCA cells.

RHPN1-AS1 promoted CCA progression through YAP1 and correlated with poor outcome in CCA patients

Next, sh-RHPN1-AS1 and sh-Con transfected QBC939 cells were subcutaneously injected into nude mice
to see the role of RHPN1-AS1 in vivo. Fig.6A showed that RHPN1-AS1 knockdown repressed tumor
growth, however rescue assay showed that tumor growth in sh-2#+YAP1 group was greatly increased
compared to sh-2#+vector group. Moreover, RHPN1-AS1 and miR-345-5p expression levels were
examined by ISH in CCA patients. About 85% tissues were RHPN1-AS1 expression positive among all the
specimens. RHPN1-AS1 was detected in both cytoplasm and nuclear (Fig.6B). ISH showed that there was
a positive correlation between RHPN1-AS1 and YAP1 expressions (Fig.6C). Notably, both high RHPN1-
AS1 as well as YAP1 protein level predicted a poor outcome of CCA patients (Fig.6D). This result
suggested that RHPN1-AS1/YAP1 axis was highly correlated with CCA tumor growth and poor outcome
of CCA patients.

Discussion

http://carolina.imis.athena-innovation.gr/diana_tools/web/index.php?r=lncbasev2%2Findex-predicted
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The current research illustrated the key fundamental role of lncRNA-RHPN1-AS1 in proliferation and
progression of CCA. Our �ndings for the �rst time shed some deep lights on the underlying mechanism of
CCA: RHPN1-AS1 was overexpressed in CCA and promoted the growth of CCA by enhancing YAP1
activity; RHPN1-AS1 as a competitive endogenous RNA (ceRNA) up-regulated the expression of YAP1 ;
RHPN1-AS1 interacted with YAP1, blocks CDK8-mediated YAP1 inactivation, YAP1 / TEAD1 complex
transcription regulated RHPN1-AS1 expression, which formed a feedback loop among CCA.

LncRNAs play some vital roles in cancer, especially malignant transformation, invasiveness, and
epithelial-mesenchymal transition [10–12]. According to reports, some lncRNAs could regulate
tumorigenesis, including apoptosis, metastasis, proliferation as well as drug resistance [13]. Emerging
studies showed that LncRNAs are widely reported as ceRNAs to sponge miRNAs, which in turn modulate
the expression of target genes [14, 15]. LncRNA DLGAP1-AS1 regulated by JAK2 / STAT3 triggered the
invasive and metastatic cascades of liver cancer by competitively binding miR-26a and b-5p / IL-6,
thereby inducing the EMT process [16]. GAS5 inhibited the progress of colorectal cancer by promoting the
YAP activation by m6A modi�cation. HNF1A-AS1 acted as a sponge for miR-34b and induced TUFT1
expression to mediate cervical cancer cisplatin resistance [17]. RHPN1-AS1 has been shown to play
oncogenic role in various cancers [18–20].

In our study, RHPN1-AS1 shared a miR-345-5p response element with YAP1. Experiments show that YAP1
is the real target of miR-345-5p, miR-345 The functional inhibition of -5p effectively rescued the
expression of YAP1 induced by RHPN1-AS1 and reduced after RHPN1-AS1 knockout in CCA cells,
suggesting that RHPN1-AS1 acted as a ceRNA. We also veri�ed that RHPN1-AS1 knockdown increased
YAP1 phosphorylation, which was the key downstream component of the Hippo signaling pathway. YAP1
is also reported as oncogene in different tumors and could be post-transcriptionally regulated by
cytoplasmic sequestration or kinases mediated degradation. To verify the function of RHPN1-AS1 on
YAP1 protein, miR-345-5p inhibitor was used to examine its impact on YAP1 expression. The experimental
results indicated that RHPN1-AS1 could negatively regulated YAP1 phosphorylation in CCA cells.
Furthermore, we identi�ed RHPN1-AS1 targeted bind to YAP1 protein, which inhibited the phosphorylation
activated by CDK8. This indicated that RHPN1-AS1 regulated YAP1 signaling either by enhancing
expression or modulating function in CCA. Finally, mechanistic study showed that the suppressive effect
of RHPN1-AS1 knockdown on YAP1 expression was partially restored with miR-345-5p inhibition (Fig. 7).

Conclusion
lncRNA RHPN1-AS1 was aberrantly upregulated in CCA and predicted poor clinical outcome. RHPN1-AS1
improved CCA progression via modulating YAP1 signaling. RHPN1-AS1 promoted YAP1 activity through
sponging miR-345-5p as well as by binding YAP1 therefore elevating activation. This study indicated
RHPN1-AS1/YAP1 axis was a promising treatment target of CCA.

Abbreviations
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Figure 1

RHPN1-AS1 was upregulated in CCA tissues and cells. A: RHPN1-AS1 expression between CCA samples
(n=34) and control samples (n=34). B: RHPN1-AS1 expression in CCA cell lines compared to HiBEC cells
determined by qRT-PCR. C: Nuclei location of RHPN1-AS1 expression in CCA cells examined by qRT-PCR.

Figure 2

RHPN1-AS1 promoted CCA cells proliferation and colony formation. A: knockdown of RHPN1-AS1 in CCA
cells. B-C: The proliferative and colony-forming capacity were examined in HUCCT1 and QBC939 cells
after RHPN1-AS1 knockdown. D: Effect of RHPN1-AS1 overexpression on proliferation and colony-
forming capacity in CCA cells. E-F: Effect of RHPN1-AS1 on tumor sphere forming ability of CCA cells.
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Figure 3

RHPN1-AS1 overexpression enhanced CCA cell proliferation through YAP1 activation. A-B: The YAP1
mRNA and protein levels were detected by western blot and qRT-PCR after RHPN1-AS1 knockdown. C:
Expression of YAP1 after RHPN1-AS1 overexpression in QBC939 and TFK-1 cells detected by
Immuno�uorescent assay. D: The YAP1 mRNA levels were detected by qRT-PCR after RHPN1-AS1
knockdown in QBC939 and TFK-1 cells. E: Immuno�uorescent assay of YAP1 after RHPN1-AS1
overexpression in QBC939 and TFK-1 cells. F: The YAP1 mRNA levels in CCA tissues detected by qRT-
PCR. G-J: The tumor sphere formation and colony-formation capability of QBC939 and TFK-1 cells.
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Figure 4

RHPN1-AS1 upregulated YAP1 expression by sponging miR-345-5p. (A) Targeted sequence between
RHPN1-AS1 and miR-345-5p predicted by TargetScan. B: The correlation between miRNAs and RHPN1-
AS1 detect by MS2-RIP. C: The correlation between miRNAs and YAP1 mRNA 3'-UTR detect by MS2-RIP. D-
E: Luciferase activities of constructs with RHPN1-AS1-WT or YAP1-WT were reduced by miR-345-5p
mimics RHPN1-AS1. F-G: Protein levels of YAP1 were detected by western blot.
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Figure 5

YAP1/TEAD1 complex feedback transactivated RHPN1-AS1. A: The expression of YAP1 was decreased
by RHPN1-AS1 knockdown. B: RHPN1-AS1 level examined by qRT-PCR. C: TEAD1 knockdown reversed
RHPN1-AS1 level induced by YAP1 overexpression. ** p < 0.01, *** p < 0.001.
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Figure 6

RHPN1-AS1 promoted growth of xenografts in nude mice via YAP1. A: RHPN1-AS1 knockdown
suppressed tumor growth in nude mice, whereas rescued by YAP1 expression. B: Expressions of RHPN1-
AS1 and miR-345-5p in CCA tissues detected by ISH assay. C: Correlation between YAP1 and RHPN1-AS1
in CCA tissues was examined. D: Overall survival of CCA patients detected by Kaplan-Meier analysis.
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Figure 7

The hypothetical diagram illustrating relationships among RHPN1-AS1/YAP1 signalling pathway.


