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Abstract
Background

RNPC1, was reported to act as a tumor suppressor by binding and regulating the expression of the target
genes in various cancers. However, the role of RNPC1 on the gastric cancer and the underly mechanisms
were still unclear.

Methods

Gastric cancer cells were stably transfected with lentivirus. Proliferation, migration, invasion, cell cycle in
vitro as well as tumorigenesis in vivo were performed to assess the role of RNPC1. Quantitative real-time
PCR, western blot and immunohistochemistry were used to detect the relation between RNPC1 and
Aurora kinase B (AURKB). RNA immunoprecipitation(RIP), RNA electrophoretic mobility shift assay
(REMSA), dual-luciferase reporter assay were employed to identify the direct binding sites of RNPC1 with
AURKB mRNA. CCK-8 assay conducted to con�rm the function of AURKB in RNPC1-induced growth
promotion.

Results

High RNPC1 expression was found in gastric cancer tissues and cell lines, associated with high TNM
stage. RNPC1 overexpression could signi�cantly promote the proliferation, migration, invasion of gastric
cancer cells. Knockdown of RNPC1 could impede gastric cancer tumorigenesis in nude mice. AURKB
expression was positively related with RNPC1. RNPC1 binded to the 3'-untranslated region (3'-UTR) of
AURKB directly and enhanced AURKB mRNA stability. AURKB could reversed the proliferation induced by
RNPC1 in gastric cancer cells. RNPC1 resulted in mitotic defects, aneuploidy and chromosomal instability
in gastric cancer cells, as AURKB did.

Conclusion

RNPC1 acted as an oncogene in gastric cancer by in�uencing cell mitosis by regulating AURKB mRNA
stability, which may provide a potential biomarker and therapeutic target for gastric cancer.

Introduction
Gastric cancer is the �fth most common cancer and the third leading cause of cancer-related death
worldwide [1, 2]. Although, surgery and following chemotherapy has been widely used for the treatment of
gastric cancer;the prognosis of gastric cancer is still not ideal [3]. Thus, an improved and detailed
understanding of the mechanisms underlying gastric cancer pathogenesis is urgently needed.

The RNA-binding proteins (RBPs) acted as master regulators of RBA biogenesis and metabolism. They
were involved in many biological progress by regulating variou relative genes[4, 5]. The RNA-binding motif
protein 38 (RBM38), also known as RNPC1 is located on chromosome 20q13.31. It belongs to the RNA
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recognition motif (RRM) family of RBPs, containing a putative RNA recognition motif, which shares a
sequence similarity with the ones in Hu antigen R (HuR) and Musashi [6, 7]. RNPC1 is capable of
regulating cell proliferation, cell cycle arrest and cell myogenic differentiation by affecting its target
mRNAs stability [8, 9]. 

Altered expression of RNPC1 was found in various cancers. RNPC1 was originally recognized as an
oncogene, and frequently found to be within the sites, which was ampli�ed in breast cancer [10, 11],
prostate cancer [9, 12], ovarian cancer[13], colorectal cancer [14, 15], chronic lymphocytic
leukemia[16],and dog lymphomas [17]. Recently, RNPC1 was reported to act actually as tumor suppressor
in breast cancer[18, 19], colorectal cancer[20], acute myeloid leukemia[21] , non-small cell lung cancer[22],
renal cell carcinoma[23], hepatocellular carcinoma[24] and T-cell malignancies[25] by in vitro or in vivo
investigation. Meanwhile, RNPC1 also reported to have oncogenic potential in certain cancer. In dog
lymphomas, RNPC1 played a oncogenic role in tumorigenesis by repressing p53 translation[17]. RNPC1
inhibits the expression of tumor suppressor miR-34a, function as on oncogene during hypoxia in non-
small cell lung cancer(NSCLC).[26] In addition, Xiaowan Yu indicated that RNPC1 is not a tumor
suppressor in advanced liver cancer[27]. These was consistent with the bioinformatics analysis results
which indicated that the function of RNPC1 in various cancers may be multidimensional, RNPC1 was not
just a tumor suppressor or promoter[28].Till now, the biologic functions of RNPC1 and related mechanism
in human gastric cancer remain obscure.

Our previous study found that Aurora kinase B (AURKB) mRNA might be bound by RNPC1 directly by
using RNA-immunoprecipitation and sequencing (RIP-Seq) [29]. AURKB, was one member of the Aurora
kinase family, played a central role in mitotic processes[30, 31],[32]. Any errors in mitotic signaling
pathways can result in uncontrolled proliferation, which is regarded as one of the cardinal characteristics
of tumors [33-35]. AURKB play a importance role in tumor, abnormal expression of AURKB is closely
related with tumorigenesis in human cells. It was reported that AURKB was highly expressed in some
human tumors including non-small cell lung cancer, breast cancer, colorectal cancer, hepatocellular
carcinoma, astrocytic tumor, germ cell tumor, thyroid cancer ,gastric cancer and leukemia[36-40].
Meanwhile overexpression of AURKB is associated with poor prognosis.[32, 41]. Recently, it had reported
that AURKB could promote gastric tumorigenesis[42].

In this study, we sought to explore the potential role and underlying mechanism of RNPC1 in gastric
cancer progression. We found that RNPC1 was high expressed in gastric cancer tissues, compared to
normal gastric tissue. The biological experiment evidenced that RNPC1 could promote gastric cancer
cells proliferation, growth, migration, and invasion in vitro, and tumorigenesis in vivo. Moreover, we
revealed that RNPC1 expression was positively related with AURKB, and RNPC1 could directly bind to the
3'-UTR of AURKB. Totally, we demonstrated that this oncogenic activity of RNPC1 in gastric cancer may
be conducted by regulating AURKB mRNA stability.

Materials And Methods
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Bioinformatics analysis

The RNA-sep data and a and corresponding clinicopathologic pro�les of gastric cancer tissues samples
and normal controls samples were obtained from The Cancer Genome Atlas (TCGA) database
(http://gepia.cancer-pku.cn/index.html), and applied for analyzing the expression of RNPC1 in 408
gastric cancer tissues and 211 normal tissues.

Cell culture and transfection

The human gastric normal epithelial mucosa cell line (GES-1) and gastric cancer cell lines (MGC-823,
MGC-803, SGC-7901) was provided by Prof. Daming Gao from the Shanghai Institute of Biochemistry
and Cell biology, the Chinese Academy of Sciences. The MGC-823, MGC-803, SGC-7901were cultured in
RPMI 1640 medium (Gibco, USA) supplemented with 10% fetal bovine serum (FBS, Gibco, USA), 1%
penicillin–streptomycin (Gibco, USA) solution in an incubator with humidi�ed 5% CO2 at 37°C; while the
GES-1 was cultured in DMEM medium (Gibco, USA); .

The gastric cancer cell lines were transfected with RNPC1 knockdown lentivirus (termed as shRNPC1-
1,shRNPC1-2) a scrambled control (termed as SCR), RNPC1 overexpress lentivirus termed as RNPC1) or a
negative control (termed as NC); which performed as described previously[43]. The cells were seeded into
6-wells plates and infected with the lentivirus, when the cells were at 30% con�uence, 5 μg/ml polybrene
was added into the 6-wells plates to enhance the infection e�ciency. Then puromycin (3 μg/ml) was
used to select the stable transfected gastric cancer cells. Western blotanalysis and quantitative real-time
polymerase chain reaction (qRT-PCR) were applied to determine the e�ciency of transfection.

The AURKB was knockdown with small interfering RNAs (siRNA) (genpharma, China) in gastric cancer
cell lines.The siRNA sequences was shown in Supplementary Table 2. The cells were transfected with
about 10 nm siRNA or controls with lipofectamine 2000 transfection reagent (Invitrogen, USA) for 24h
according to the manufacturer's instruction.

Western blot

Western blot analysis was performed as described previously[43].The primary antibodies used were
RNPC1 (Santa Cruz, USA, sc365898), aurora b(abcam, USA, ab45145), cyclin A2(abcam, USA, ab181591),
cyclin D1(abcam, USA, ab205718) , cyclin E1(abcam, USA, ab71535). the secondary antibodies were
purchased from cell signaling technology. The intensity of the bands was determined using densitometric
analysis. β-actin antibody (Abcam,USA) was used to as control for normalization.

RNA extraction, reverse transcription and qRT-PCR

Total RNA was extracted from cells using Trizol reagent (Invitrogen, USA) and cDNA was synthesized
using Primescript RT Reagent (TaKaRa, China) following manufacturer's instructions. The qRT-PCR was
performed on StepOne Plus Real-Time PCR system (Applied Biosystems, USA). β-actin was ampli�ed as

http://gepia.cancer-pku.cn/index.html
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an internal standard. Each sample was replicated three times and the data analyzed using the 2-ΔΔCT

method.The detail PCR primers used were shown in Supplementary table 2.

CCK-8 assay

The 5000 gastric cancer transfected cells were seeded into 96-well plates. Cell proliferation was
documented at 0, 24, 48, 72 and 96 h after seeding. When measured the cell proliferation, the medium in
each well was replaced with 100 μl fresh medium containing 10% CCK-8, and the cells were incubated for
1 h. The absorbance was measured by microplate reader (Biotek-Eon, Biotech, USA) at 450 nm.

Colony formation assay

The transfected gastric cancer cells (1000 cells/well) were seeded into six-well plates and incubated in
1640 medium with 10% FBS. After about 2 weeks, colonies were �xed with methanol for 10 min, and then
stained with 0.1% crystal violet (Beyotime, China). The colonies were imaged and counted.

EdU assays

The proliferation of RNPC1 overexpressed and knockdown gartric cancer cell lines were evaluated with
the BeyoClick™ EdU cell proliferation kit with Alexa Fluor 555 (#C0075S, Beyotime, Shanghai, China)
according to the manufacturer’s protocol. The cells were seeded into six-well plates and incubated
overnight with 5% CO2 at 37℃.Then 1ml EdU (20 μM) was added to the culture medium then incubated
for 2 hours.The cells were �xed with 4% paraformaldehyde for 15 minutes, the washed with PBS
containing 3% BSA for 3 times.The PBS with 0.3% Triton X-100 PBS used
to permeabilize the nuclear membrane for 15 minutes at room temperature. Finally, cells were stained
using a BeyoClick™ EdU cell proliferation kit with Alexa Fluor 488(#C0071S, Beyotime, Shanghai, China)
according to the manufacturer’s protocol.

Wound healing assay

The transfected gastric cancer cells were cultured in 6-well plates until 100% con�uence. The cell layer
was scratched using a 200-μl pipette tip and the loose cells were washed away with phosphate-buffered
saline (PBS, pH 7.4), and the old media was replaced with the fresh media. Images of wound healing
were taken after 24 h. The distance of the wound was measured in 6 random selected microscopic �elds
(100×) for each condition and time point (0, 24 h).

Transwell assays

The transwell assays were performed with transwell chamber (Millipore, NY, USA). For cell invasion
assays, BD MatrigelTM basement membrane matrix was added to the upper chamber for one night at
37°C. In transwell assays with or without Matrigel, 5×104 cells cells were re-suspended in serum-free
medium and added into top compartment, and medium containing 10% FBS was added to the bottom
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compartment. After 24 h, the methanol and crystal violet were used for �xation and stained of cells. The
number of migrating and invading cells was counted under 200× magni�cation(Olympus,Japan).

Cell cycle analysis

Cells were collected, and �xed in ethanol at -20°C for overnight. Then cells stained with propidium iodide
(PI) by the cycletest plus DNA reagent kit (BD Biosciences, USA) at room temperature for 30 min and then
measured by �ow cytometry (Guava, BD Biosciences, USA).The ratios of cells in the G1, S, G2 phases
were analyzed.

Tumorigenesis in nude mice

Female BALB/C nude mice (4-6 weeks old, 18-22g) were obtained from Model Animal Research Center of
Nanjing University (Nanjing, China). All mice were feeding in the animal facility. The animal studies were
performed in accordance with the institutional ethics guidelines for animal experiments, which was
approved by the animal management committee of Nanjing Medical University.The mice were randomly
allocated into two groups and injected with SGC-7901-shRNPC1 cells and SGC-7901-SCR cells (1 × 107

cells), respectively. The tumor volume (V) was monitored by measuring the width (W) and length (L) with
a caliper every 2 days and the tumor volume was calculated using the formula V=(W2×L)/2. The mice
were sacri�ced after 3 weeks and checked for �nal tumor weight.

Actinomycin D assay

The stably transfected gastric cancer cell lines were treated with 5 µg/ml actinomyclin D (Act D) for 0, 1,
2, 4, 6, 8 h. Total RNAs were harvested, and then subjected to qRT-PCR analysis. The relative
quanti�cation of AURKB transcript was calculated by the 2−ΔΔCt method and normalized based on β-
actin. Then the relative half-life of AURKB was calculated.

RNA immunoprecipitation (RIP)

The transfected gastric cancer cell lines were lysed with RNA immunoprecipitation lysis buffer (Millipore,
USA) and then incubated with 5 µg of rabbit polyclonal anti-RNPC1 (Santa Cruz Biotechnology, USA) or
nonimmunized rabbit IgG at 4°C overnight. The RNA-protein immunocomplexes were brought down by
protein A/G magnetic beads, followed by RNA puri�cation. After that, the puri�ed RNA was subjected to
RT-PCR and qRT-PCR. The primers to detect human AURKB, IgG and human antigen R (HuR) mRNA
expressions were the same as those described previously[43].

RNA electrophoretic mobility shift assay (REMSA)

The recombinant RNPC1 proteins were expressed and puri�ed as previously describe41,42. To generate
REMSA probes, regions in AURKB mRNA 3′-UTR was ampli�ed by PCR with primers including T7 (5′-
TAATACGACTCACTATAGGG-3′). The primers for AURKB probes were showed in Supplementary table 2.
Biolabelled RNA probes were made from in vitro transcription with a MEGA shortscript Kit (Ambion,
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Waltham, MA, USA) in the presence of biotin-16-UTP (Roche) according to the manufacturer′s
instruction.The REMSA was performed as previously with some modi�cation(27,40) with the LightShift
Chemiluminescent RNA EMSA Kit (Thermo, Waltham, MA, USA).

Dual-Luciferase reporter assay

The RNPC1 overexpress (RNPC1) and the control (NC) gastric cancer cells were cultured in the 24 well
plates. Then cells were cotransfected with 5 ng plasmids that containing AURKB 3′-UTR, AURKB-mutant
3′-UTR or empty vector with Lipofectamine3000 (Invitrogen, USA). We mutated all U residues to G in the
AURKB-mutant 3′-UTR . Twenty-four hours after transfection, luciferase activity was measured with the
dual luciferase kit according to manufacturer’s procedure (Promega, USA). The fold change in relative
luciferase activity is a ratio of the luciferase activity induced by RNPC1 divided by that induced by NC.
The sequence of the AURKB 3′-UTR was same as the REMSA.

IC50 determination

The cells were seeded in 96-well platewith5000 cells/well, and incubated for 24h. Then the cells were
treated with increasing concertrations of AURKB inhibitors AZD1152-HQPA or hesperadin(MedChem
Express,shanghai, china ) for 48h.The cell viability was determined with CCK-8 assay and the
concentration that induced 50% growth inhibition (IC50) were calculated.

IHC staining

Eighty-�ve gastric cancer tissues and 26 tumor-adjacent normal tissues were obtained from gastric
cancer patients who underwent resection surgery at the Cancer Hospital of Shantou University Medical
College, Shantou, Guangdong,China. This study was approved by the Ethics Committee Cancer Hospital
of the Cancer Hospital of Shantou University Medical College. The specimens were assessed by
immunohistochemistry (IHC) and the diagnosis was veri�ed by histopathological examination. IHC
staining was performed according to the procedure described previously[43].The same tissue samples
were stained with the monoclonal antibodies against RNPC1 ( Santa Cruz) and aurora b(abcam, USA).
The images were observed under 100 × magni�cations under a microscope(Olympus, japan).

Immuno�uorescence

The immuno�uorescence were performed with immunol �uorence staining kit (Beyotime, China)
according to the manufacturer's protocol. The cells were plated in the laser copolymerized petri dish, and
�xed with immunol staining �x solution. After being permeabilized with 0.1 % triton X-100 and blocked
with immunol staining blocking buffer, the cells were incubated with primary antibody (anti-α-tubulin
antibodies 1:1000, Sigma-Aldrich, USA; anti-γ-tubulin 1:50, abcam, USA) at 4°C overnight. Following
incubated with rabbit goat anti-rabbit IgG-FITC or mouse goat anti-mouse IgG-FITC (Cell Signaling
Technology, 1:600) in the dark for 1 h and counterstained with 46-diamidino-2-phenylindole (DAPI) for 10
min. Fluorescent images were captured by a confocal laser microscope (Olympus, Japan).
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Statistical analysis

Statistical analysis was performed with SPSS 20 software and GraphPad Prism 6. The differences
between two independent groups were analyzed using Student’s t test. A P-value< 0.05 was considered to
represent a statistically signi�cant difference.

Results
RNPC1 was elevated in gastric cancer tissues and cells

The expression of RNPC1 was investigated in both gastric cancer tissues and normal stomach tissues
based on the RNA-sep data obtained from TCGA database. The results showed that RNPC1 was
obviously up-regulated in gastric cancer tissues (n = 408) compared with the normal stomach samples(n
= 211, Fig. 1A). Then the expression of RNPC1 in normal stomach and gastric cancer cell lines were
quati�ed by western blot and qRT-PCR analysis. It showed that the protein and mRNA expression of
RNPC1 were upregulated in gastric cancer cell lines (MGC-823, SGC-7901, MGC-803) compared with that
in normal stomach(GES-1) cell line(Fig. 1B, C).

Moreover, the IHC analysis indicated that RNPC1 showed a low expression in most of the 26 tumor-
adjacent normal tissues (n=19, 73.07%, p = 0.034), while 43(58.59%) of the 85 gastric cancer tissues
showed a high RNPC1 expression(Table 1).The result was consistent with the Bioinformatics analysis
above(Fig 1A), they all indicated that RNPC1 was upregulated in gastric cancer tissues. RNPC1
expression was positively associated with TNM stage (p = 0.046). There was no signi�cant correlation
between RNPC1 expression and gender, pathological grade, age, lymph node metastasis.

RNPC1 promoted the proliferation of gastric cancer cells in vitro

The western blot and qRT-PCR (Fig. 2A,B) results showed that the stably transfected RNPC1 knockdown
and overexpress gastric cancer cell lines (MGC-803,SGC-7901) were estabilished. Then, the effect of
RNPC1 on the viability of gastric cancer cells were evaluated by CCK-8 kit. The results showed that the
viability of gastric cancer cells MGC-803 and SGC-7901 were signi�cantly inhibited while knockdwon
RNPC1 (Fig. 2C). While, the overexpress RNPC1 signi�cantly increased the viability of gastric cancer cells
(Fig. 2D). Meanwhile, the RNPC1 was overexpressed in GES-1 cell (Supplementary Figure 1A,B). It showed
that RNPC1 also signi�cantly increased the viability of GES-1 cell (Supplementary Figure 1C).

RNPC1 knockdown reduced colony formation ability of MGC-803 and SGC-7901 (Fig. 2E),while RNPC1
overexpress enhanced (Fig. 2F). Further, EdU assay performed to detect the role of RNPC1 on the
proliferation in MGC-803 and SGC-7901. The results showed that RNPC1 siginifantly increased the
percentage of EdU positive cells in MGC-803 and SGC-7901 cells(Fig.2G,H).

The cell cycle analysis indicated that RNPC1 knockdown could increase the percentage of cells in G1
phase in gastric cancer cells (Fig.3A,B). On the contrary, the cells distributed in G1 phase were decreased
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in the RNPC1 overexpression gastric cancer cells (Fig. 3C,D). All results indicated that RNPC1 improved
the proliferation ability of gastric cancer cells by promoting G1/S transition.

Cell cycle cyclins change with cell cycle’s progression and thus pattern of cyclins could re�ect the speci�c
cell-cycle stage. The protein expression of cell cycle phase-speci�c cyclins, including cyclin A2, cyclin
D1,cyclin E1 in RNPC1 overexpress and knockdown gastric cancer cells were investigated.We observed
that RNPC1 could up-regulate the expression levels of cyclin D1,cyclin E1; while knockdown RNPC1 down-
regulated (Fig.3E). In addition, there was no obviously change of cyclin A2 observe in RNPC1
overexpression and knockdown gastric cancer cells. The results suggested that RNPC1 postively
mediated cyclin D1, cyclin E1, promoting G1/S transition.

RNPC1 promote the migration and invasion of gastric cancer cells

The wound healing assay showed that RNPC1 knockdown could decrease the migrated distance of
gastric cancer cells MGC-803 and SGC-7901(Supplementary Figure 2A); while RNPC1 overexpress
increased the migrated distance compared with the NC and the empty vector(WT) group (Supplementary
Figure 2B). Meanwhile, the transwell assay showed that RNPC1 knockdown decreased the ability of
migration and invasion in gastric cancer cells MGC-803 and SGC-7901 signi�cantly (Supplementary
Figure 2C). RNPC1 overexpression resulted in a signi�cant increase in the migratory and invasive
capabilities of gastric cancer cells (Supplementary Figure 2D). All these �ndings indicated that RNPC1
could improve the migratory and invasive ability of gastric cancer cells MGC-803 and SGC-7901.

RNPC1 promoted gastric cancer tumorigenesis in nude mice in vivo

The SGC-7901-shRNPC1 and SGC-7901-SCR cells were injected into the nude mice. The tumor volumes
were measured every two days, and the tumors derived from cells after injection for three weeks(Fig. 4A).
The mice injected with SGC-7901-shRNPC1 gastric cancer cell formed smaller tumor both in volume and
weight, compared to the SGC-7901-SCR cells (Fig. 4B, C). These data indicated that RNPC1 knockdown
could inhibit tumorigenesis in vivo.

RNPC1 was positively related with AURKB in gastric cancer cells and tissues

The protein and mRNA levels of AURKB in RNPC1 overexpression and knockdown gastric cancer cells
were measured.There was a positive correlation between AURKB and RNPC1(Fig 5A,5B). Moreover, the
expression of AURKB was also positively related with RNPC1 in the GES-1, MGC-803, SGC-7901 cell lines
(Fig 5C). Furthermore, the IHC analysis also indicated that the expression of AURKB was obviously higher
in RNPC1 positive gastric cancer tissues, while RNPC1 negative gastric cancer tissues showed lower
expression of AURKB(p = 0.021, Table 1). The representative images of AURKB and RNPC1 expression
were showed in Figure 5D. All these data indicated that RNPC1 could positively affect AURKB expression
in gastric cancer cells and tissues.

AURKB promoted the proliferation of gastric cancer cells in vitro
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The oncogene role of AURKB in gastric cancer cells was con�rmed in this article which was consistent
with the results recently reported by Min Nie et al[42]. The ICH result showed that AURKB was up-
regulated in most gastric cancer tissues (51/85, 60%, Supplementary Table 1) ,while down-regulated in
most tumor-adjacent normal tissues (22/26, 84.62%). The AURKB expression was positively associated
with TNM stage (p = 0.038) and lymph node metastasis (p=0.021). Moreover, the AURKB was knockdown
in gastric cancer cell(Supplementary Figure 3A,B); it decreased the viability (Supplementary Figure 3C,D)
and migration ability (Supplementary Figure 3E) of gastric cancer cells.In total,AURKB play an oncogene
role in gastric cancer cell.

RNPC1 could bind to AURKB transcript directly and enhance its mRNA stability

The Act D assay showed that RNPC1 knockdown could signi�cantly decrease the half-life of AURKB
mRNA while RNPC1 overexpress increased. In MGC-803 cell the half-life of AURKB mRNA decreased from
2.91 h to 1.95 h after knockdown RNPC1, while in SGC-7901 the half-life decreased from 3.27 h to
1.93h(Fig. 6A). After overexpression of RNPC1,the half-life of AURKB mRNA was 3.77 h to 5.56 h in MGC-
803 cell, and 2.34 h to >8.0 h in SGC-7901,respectively (Fig.6B). Together, these data demonstrated that
RNPC1 could enhance the stability of AURKB mRNA.

RIP assay was used to investigate whether RNPC1 physically associated with AURKB mRNA. Then the RT-
PCR and qRT-PCR results showed that AURKB transcript was present in RNPC1, but not in the control IgG
immunocomplexes(Fig.6C). HuR transcripts were positive controls as they had previously been
deciphered to form immunocomplexes with RNPC1[8,38]. As a negative control, RNPC1 was unable to
bind to β-actin mRNA. It indicated that RNPC1 could bind to AURKB mRNA directly.

REMSA was performed to detect the direct binding site of RNPC1 in AURKB mRNA with the bio-UTP-
labelled probe. As the length of the 3’-UTR of the AURKB mRNA was just 139bp, we just created one probe
including the whole sequence of the AURKB 3’-UTR. The RNPC1 protein was able to form RNA-protein
complexes with the probe we selected. It indicated that RNPC1 could bind to AREs region of AURKB
mRNA 3'-UTR(Fig 6D).

The dual-luciferase assay was used to functionally con�rm that the 3'-UTR were required for RNPC1
binding to the AURKB.The luciferase plasmids with regions including AURKB 3'-UTR, mutated AURKB 3'-
UTR or empty vector (Pezx-FR02) were constructed. The luciferase activity for the reporter carrying
AURKB 3'-UTR was increased by RNPC1, compared with the control (empty vector) (Fig.6E). While, there
were no obvious difference in the mutated AURKB 3'-UTR group and control group. These data suggested
that RNPC1 could bind to the 3'-UTR of AURKB mRNA.

AURKB interference reversed the proliferation induced by RNPC1 in gastric cancer cells.

To explore the role of AURKB in the RNPC1 regulating cell proliferation, the RNPC1 overexpression and the
control gastric cancer cells were treated with the AURKB inhibitor(AZD1152-HQPA and hesperadin) for 48
hours and determined by CCK-8 assay. Firstly, the concentration of AZD1152-HQPA and hesperadin that
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induced 50% growth inhibition(IC50%) of gastric cancer cells were explored(Fig. 7A,B).Then the The
gastric cancer SGC-7901 cells were treated with 13 μM AZD1152-HQPA and 295 nM hesperadin, while the
MGC-803 cells treated with 35 μM AZD1152-HQPA and 425 nM hesperidin, respectively. CCK-8 assay
showed the proliferation promoting effect of RNPC1 was decreased when the gastric cancer cells treated
with AURKB inhibitors (Fig. 7C,D).

Moreover, the gastric cancer cells(MGC-803 and SGC-7901) were transfected with AURKB siRNA (AURKB-
S1, AURKB-S2)to further explore if RNPC1 drives cell proliferation through an AURKB-dependent
mechanism. The relative OD value were measured at 48h after the RNPC1 overexpress gastric cancer
cells tranfected with or without siRNA by CCK-8 assay. The results showed that the proliferation of
RNPC1 overexpression was reduced(Fig 7E,F). So we indicated that AURKB totally reversed the
proliferation induced by RNPC1 in gastric cancer cells.

AURKB and RNPC1 were involved in the abnormal mitosis in gastric cancer cells

Moreover, the polyploidy induced by RNPC1 and AURKB was further investigated by laser confocal
microscope. The cells were stained with anti-α-tubulin, anti-γ-tubulin and DAPI for microtubules and
chromosome, respectively.Compared with control cells, cells treat with the AURKB siRNA were leading to
less formation of polyploidy. In the control group, cells produced more multipolar spindle or centrosome,
and the cells centrosome became fuzzy accompanied by the increasing of centrosome volume or the
formation of multinucleated cells (Fig. 8). The same phenomena also found in the RNPC1 knockdown
gastric cancer cells. And the cell cycle analysis also showed that there was an accumulation of cells at
G2/S phase in the gastric cancer cells compared with the RNPC1 knockdown gastric cancer cells (Fig.
3A,B).

Discussion
The RNA binding protein RNPC1 played pivotal roles in regulating cell proliferation, cell cycle arrest, and
cell myogenic differentiation[8, 44]. It was also involved in many tumors progress. In the present study, we
determined the biological effects of RNPC1 in gastric cancer and explored the potential underlying
mechanism. It showed that RNPC1 could promote the proliferation, invasion, migration, tumorigenesis of
gastric cancer in vitro and vivo, indicating that RNPC1 might play as an oncogene in gastric cancer. In
addition, RNPC1 could increase the growth of normal stomach GES-1 cells. It was consistent with the
result of bioinformatics analysis with TCGA database and the phenomenon that RNPC1 was ampli�ed in
gastric cancer. Reviewing the literature, RNPC1 mainly acted as tumor suppresser in various human
cancers by in vitro or in vivo investigation[9-16]. However, some controversial results existed, RNPC1
might be overexpressed in some cancers just like dog lymphomia [17], NSCLC under hypoxic stress in
vitro[26], and in early liver cancer [27]. All these suggested that the function of RNPC1 in cancer may be
multidimensional [28].

The underlying mechanisms of RNPC1 in the process of tumors may be due to its stabilizing effect on
mRNA of oncogenes or tumor suppressors. For example, RNPC1 can regulate biological processes by



Page 12/27

binding and stabilizing the mRNA of p21[45], p73[46], Hu antigen-R (HuR)[45, 47] and macrophage
inhibitory cytokine-1 (MIC-1)[48], Zonula occludens-1 (ZO-1)[49], PTEN[25, 29] (phosphatase and tensin
homolog gene on chromosome 10), estrogen receptor (ER)[43], and progesterone receptor (PR)[50] or by
binding to the mRNAs of p63[51-54], c-myc[55], murine double minute-2 (MDM2)[56],and p53[25] and
mediating the decrease in the mRNA levels. In our previous study, we de�ned thatAURKB was the targeted
gene of RNPC1 by RIP-Seq [29]. We further found that the expression of RNPC1 was positively related
with AURKB in gastric cancer by IHC, western blot and qRT-PCR. Moreover, RNPC1 could enhance AURKB
mRNA stability by extending its half-life in gastric cancer cells. The RIP ,REMSA, luciferase activity assay
found that RNPC1 could bind to the 3′-UTR of AURKB mRNA directly. All these results con�rmed that
RNPC1 could regulate the AURKB expression in gastric cancer by binding to the 3′-UTR of AURKB mRNA
directly and enhance its stability.

AURKB plays a central role in correcting kinetochore attachment errors. The AURKB was reported to
overexpress in gastric cancer tisusses, and prometes gastric cancer progression. In the present study, we
also con�rmed that AURKB function as an oncogene in gastric cancer cells. We found that knockdown
AURKB or using the AURKB inhibitors could decrease the growth of gastric cancer cells induced by
RNPC1. It seemed that the cells proliferation promoting activity of RNPC1 in gastric cancer cells was due
to the regulation of AURKB. DNA aneuploidy, which is characterized by cells containing an abnormal
number of chromosomes, is closely associated with carcinogenesis and malignant progression, and acts
as a hallmark of cancer[57-59]. Several studies found that overexpression of AURKB might contribute to
DNA aneuploidy in gastric cancers by promoting chromosomal instability[35, 60]. In the present study, we
also found that RNPC1 resulted in mitotic defects, aneuploidy and chromosomal instability in gastric
cancer cells, as AURKB did.These results further support that RNPC1 play a oncogene role in gastric
cancer mainly by regulating AURKB.

In conclusion,we indicated that RNPC1 signi�cantly increased in gastric cancer tissues, and promoted
gastric cancer cells proliferation, migration, invasion and tumorigenesis in vitro and vivo.We evidenced
that RNPC1 played as an oncogene in gastric cancer by in�uencing cell mitosis by regulating AURKB
mRNA stability.We believe that RNPC1 may be a promising therapeutic target for human gastric cancer.
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Table 1: The association of RNPC1 expression and clinicopathological characteristics of gastric cancer.
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Clinicopathological

 characteristics

 No. of cases

 

RNPC1 expression P

Low(%) High(%)

gender        

Male 44 23(52.27) 21(47.73)  

Female 41 19(46.34) 22(53.66) 0.666

Pathological grade        

I 6 4(66.67) 2(33.33)  

II 49 28(57.14) 21(42.86)  

III 30 10(33.33) 20(66.67) 0.083

Age        

<=60 41 18(43.90) 23(56.10)  

>60 44 24(54.55) 20(45.45) 0.388

TNM stage        

I+ II 51 30(58.82) 21(41.18)  

+ 34 12(35.30) 22(64.70) 0.046

Lymph node metastasis        

- 27 17(62.96) 10(37.04)  

+ 58 25(43.10) 33(56.90) 0.106

Cancer type        

Gastric cancer tissues 85 42(49.41) 43(50.59)  

tumor-adjacent normal tissues 26 19(73.07) 7(26.92) 0.034

AURKB expression        

Low 34 22(64.71) 12(35.29)  

High 51 20(39.22) 31(60.78) 0.021

Figures
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Figure 1

RNPC1 was elevated in gastric cancer tissues and cells. (A) According to the TCGA database, RNPC1 was
signi�cantly upregulated in gastric cancer tissues compared with normal tissues. (B,C) The mRNA and
protein expression levels of RNPC1 were detected by qRT-PCR and western blot analysis in human normal
stomach cells line and gastric cancer cell lines.
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Figure 2

RNPC1 promoted the proliferation of gastric cancer cells in vitro. (A, B) Western blot and qRT-PCR were
used to verify the e�ciency of RNPC1 knockdown and overexpression in gastric cancer cell line(MGC-803
and SGC-7901). (C, D)The proliferation of gastric cancer cells were measured with CCK-8 assays. Cell
proliferation was inhibited in RNPC1 knockdown (shRNPC1-1, shRNPC1-2) compared with the control
(SCR) in gastric cancer cell lines MGC-803 and SGC-7901. Whereas, RNPC1 overexpression (RNPC1)
promoted the cell proliferation compared with the control (NC) cells. (E, F) Colony formation assays
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showed that RNPC1 knockdown inhibited the colony formation ability of MGC-803 and SGC-7901, while
RNPC1 overexpression increased. Representative photographs (left) and quanti�cation (right) were
shown.(G,H) The percentages of EdU positive cells of MGC-803 and SGC-7901 were examined by EdU
assay. Date represented the mean ± SD from three independent experiments (*P<0.05, **P<0.01).

Figure 3
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Effect of RNPC1 on cell cycle.(A, B,C,D) Cell cycle progression was measured by �ow cytometry. An
increased percentage of cells in G1 phase occurred in RNPC1 knockdown cells while RNPC1
overexpression had opposite effects. The histogram indicated the percentage of cells in G1, S, G2 phase.
Representative photographs (left) and quanti�cation (right) were shown.(E) Cell cycle phase-speci�c
cyclins. RNPC1 knockdown down-regulated the protein expression of cyclin D1, cyclin E1 in gastric cancer
cells(MGC-803, and SGC-7901), but not in�uence the cyclin A2 expression. While RNPC1 overexpression
positively regulated the cyclin D1,cyclin E1 expression without obviously changes in cycline A2
expression.Date represented the mean ± SD from three independent experiments (*P<0.05, **P<0.01).

Figure 4

RNPC1 promoted tumorigenesis in nude mice in vivo. (A) Representative photographs of tumor formation
of xenograft in nude mice (n=5) injected with gastric cancer cell lines SGC-7901-SCR and SGC-7901-
shRNPC1 for three weeks. (B, C) Tumor volume and weight were measured at the indicated weeks after
mice were transplanted. (*P<0.05, **P<0.01).
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Figure 5

RNPC1 expression was positively correlated with AURKB in gastric cancer cells and tissues. (A, B)
Western blot and qRT-PCR were used to measure the expression of AURKB in RNPC1 knockdown and
overexpresion gastric cancer cell lines(MGC-803 and SGC-7901).The protein and mRNA expression of
AURKB was decreased in RNPC1 knockdown cells. Meanwhile, AURKB expression was obviously
increased in RNPC1 overexpression cells. (C)The relative expression of RNPC1 and AURKB in the GES-1,
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MGC-803 and SGC-7901 cell lines. (D) IHC analysis of RNPC1 and AURKB in gastric cancer tissues at
100× magnifcation. RNPC1 positive gastric cancer tissues expressed high level of AURKB; RNPC1
negative gastric cancer expressed low level of AURKB, representative photographs were shown. PI. Scale
bar indicated 50 μm. ( *P<0.05, **P<0.01).

Figure 6

RNPC1 could bind to AURKB mRNA directly and regulated its mRNA stability. (A,B) The gastric cancer cell
lines were treated with 5 µg/ml Act D for 0, 1, 2, 4, 6, 8 h. The relative quanti�cation was calculated by the
2−ΔΔCt method and normalized based on β-actin.The half-life of AURKB mRNA decreased after RNPC1
knockdown in MGC-803 and SGC-7901.While the half-life of AURKB mRNA was enhanced by RNPC1
overexpression in MGC-803 and SGC-7901. (C)RNPC1 could bind to AURKB mRNA directly. MGC-803 and
SGC-7901 cell lysates were immunoprecipiated with RNPC1 and control IgG antibodies followed by RT-
PCR and qRT-PCR, measuring the transcript levels of AURKB, HuR and β-actin within RNPC1 or IgG
immunocompleses. (D) RNPC1 bound to the AREs of AURKB mRNA 3'-UTR. REMSA was performed by
mixing bio-UTP labelled probe with RNPC1 protein. (E)Luciferase activity in MGC-803 and SGC-7901
RNPC1 overexpression (RNPC1) and control (NC) cells co-transfected with region AURKB 3′-UTR,mutation
AURKB 3′-UTR or empty luciferase reports. The relative luciferase activity of reporter carrying AURKB 3′-
UTR was increased by RNPC1 in MGC-803 and SGC-7901,The relative luciferase activity was calculated
as a ratio of luciferase activity induced by RNPC1 divided by that induced by an empty vector (mean ±
SD),(*P<0.05, **P<0.01).
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Figure 7

AURKB inhibitors and AURKB interference and reversed the proliferation induced by RNPC1 in gastric
cancer cells. (A,B) The IC50 of the AURKB inhibitors(AZD1152-HQPA and hesperadin ) was explored by
CCK-8 in gastric cancer cells (MGC-803, SGC-7901). (C,D) The proliferation of RNPC1 overexpress gastric
cancer cells was decreased by treating with AURKB inhibitors(AZD1152-HQPA and hesperadin).(E,F) The
proliferation of RNPC1 overexpress gastric cancer cells was also decreased by transfecting with
siRNA(AURKB-S1, AURKB-S2), (*P<0.05, **P<0.01), nsP 0.05).
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Figure 8

RNPC1 induced abnormal mitotic division by regulate AURKB. The immuno�uorescence staining was
used to explore the polyploidy induced by RNPC1 and AURKB. (A, B) The control cells(NC) showed more
multipolar spindle or centrosome and multinucleated cells compared with the gastric cancer cells
transfected with siAURKB.(C,D)The gastric cancer cells transfected with siRNPC1 showed less multipolar
spindle or centrosome and multinucleated cells compared with control(NC) cells. Red represented α-
tubulin staining, green represented γ-tubulin staining, blue signals represented nuclear DNA staining with
DAPI. Immunofluorescence staining at 400X, scale bar represents 50 μm.
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