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Abstract. Pancreatic ductal adenocarcinoma (PDAC) is the 
most common type of pancreatic cancer and is the seventh 
leading cause of global cancer deaths. In recent years, targeted 
therapy has been used for pancreatic cancer; however, the drugs 
available for use in targeted therapy for pancreatic cancer are 
still very limited. Hence, identification of novel targeted mole‑
cules for PDAC is required. Rhophilin 2 (RHPN2) was proven 
to be a driver gene in glioblastoma. However, the function 
of RHPN2 in PDAC remains unknown. In the present study, 
the function of RHPN2 was investigated. The RHPN2 levels 
were overexpressed by pcDNA3.1‑RHPN2 and downregulated 
by si‑RHPN2.Cell proliferation was assessed using the MTT 
assay and apoptosis was assessed using flow cytometry. The 
results revealed that high RHPN2 levels in PDAC tissue were 
correlated with a low overall survival rate of patients with 
PDAC. Inhibition of RHPN2 reduced SW1990 and PANC1 
proliferation and increased the rate of apoptosis. Network 
analysis demonstrated that centrosomal protein 78 expression 
was negatively correlated with RHPN2 expression. In conclu‑
sion, the present study demonstrated that RHPN2 may promote 
PDAC making it a potential candidate for targeted therapy.

Introduction

Pancreatic cancer is the seventh leading cause of global cancer 
deaths in industrialized countries (1) and the third most common 
in the USA (2). Chinese people increasingly live in urban 
areas; when combined with other factors, such as aging and 
environmental pollution, this has shifted the disease spectrum 
in China from infectious to non‑infectious diseases and the 
health burden of cancer is increasing (3). In 2010, 34,509 men 

and 23,226 women died from pancreatic cancer in China, with 
the number of deaths exceeding that in the United States (4,5). 
Pancreatic ductal adenocarcinoma (PDAC) is a type of exocrine 
pancreatic cancer and is the most common type of pancreatic 
cancer with 95% of all pancreatic cancer cases being PDAC (6).

Existing therapies for PDAC leave much to be desired. 
Surgery is the most commonly used treatment for pancreatic 
cancer; even so, only ~20% of patients with pancreatic cancer 
are candidates for surgery as most pancreatic cancers are first 
diagnosed after the disease has metastasized (7). In recent 
years, targeted therapy has been employed in pancreatic 
cancer; for instance, erlotinib is approved by the Food and 
Drug Administration authority for patients with advanced 
pancreatic cancer in combination with gemcitabine (8), 
and larotrectinib (Vitrakvi®) is approved as a treatment for 
pancreatic cancer that is metastatic or cannot be removed with 
surgery (9). However, targeted therapy options for pancreatic 
cancer remain very limited. Hence, the identification of novel 
target molecules for PDAC is vitally important.

A previous study of aggressive glioblastoma identified 
rhophilin 2 (RHPN2) as a novel driver gene of mesenchymal 
transformation (10). The aforementioned study demon‑
strated that RHPN2 gene amplification was associated with 
a dramatic decrease in the overall survival of patients with 
glioma. RHPN2 has been described as a Ras homolog family 
member A (RhoA)‑binding protein, but its biological function 
remains unclear (11,12).

The function of RHPN2 in PDAC remains unknown. 
The aim of the present study was to elucidate the function of 
RHPN2 in PDAC and identify the possible therapeutic target 
gene for PDAC therapy.

Materials and methods

Bioinformatics analysis. cBio Cancer Genomics Portal 
(https://cbioportal.org) was used to explore the role of RHPN2 
in cancer genomics (13,14). The frequency of alterations of 
RHPN2 and patients' survival data in pan‑cancer and pancre‑
atic cancer were exported from the cBio Cancer Genomics 
Portal. Gene Expression Omnibus (GEO) dataset values were 
downloaded from the GDS4336/8035980 datasets (45 pairs of 
PDAC tumor and adjacent normal tissue, Homo sapiens) (15). 
The protein network of RHPN2 was analyzed using Cytoscape 
software version 3.8.0 (16).

Overexpression of rhophilin 2 promotes 
pancreatic ductal adenocarcinoma

WENTAO BO,  XIELIN FENG  and  XIAOLI TANG

Department of Hepatopancreatobiliary Surgery, Sichuan Cancer Hospital & Institute, Sichuan Cancer Center, School 
of Medicine, University of Electronic Science and Technology of China, Chengdu, Sichuan 610041, P.R. China

Received May 13, 2020;  Accepted October 16, 2020

DOI: 10.3892/ol.2020.12337

Correspondence to: Dr Xiaoli Tang, Department of 
Hepatopancreatobiliary Surgery, Sichuan Cancer Hospital & Institute, 
Sichuan Cancer Center, School of Medicine, University of Electronic 
Science and Technology of China, 55 People South Road Section 4, 
Chengdu, Sichuan 610041, P.R. China
E‑mail: xiaolitangsc@163.com

Key words: cellular proliferation, cell apoptosis, rhophilin 2, 
pancreatic ductal adenocarcinoma



BO et al:  THE ROLE OF RHPN2 IN PDAC2

Tissue samples. PDAC tissues and matching adjacent normal 
tissues (61 pairs) were acquired from the Sichuan Provincial 
Cancer Hospital (Chengdu, China). Patients were recruited 
from April 2013 to November 2015. The inclusion criteria were 
as follows: i) No history of any other active cancer; ii) no active 
cancer treatment; and iii) no past history of pancreatic cancer. 
The tissue sample were acquired by resection. The distance 
between the PDAC tissues and matching adjacent normal 
tissues was ~1 cm. The mean age of the patients was 65.8 years, 
age range, 44‑81 years and there were 27 males and 34 females. 
Tissue were stored at ‑80˚C before fixation. For long‑term 
preservation, tissues were embedded in paraffin. Patients were 
followed‑up for at least 5 years. The Ethics Committee of 
Sichuan University (Chengdu, China) approved the use of the 
human samples (approval no. 20191109). All specimens were 
used properly in accordance with the protocol of the Ethics 
Committee. Written informed consent was obtained from all 
the patients enrolled in the present study. The classification 
systems for stage and grade used in the present study were from 
AJCC Cancer Staging Manual 8th edition (17).

Immunohistochemistry (IHC). RHPN2 protein levels were 
assessed by IHC. Tumor tissue were immersed in 10% neutral 
buffered formalin (NBF) for fixation for at least 3 days at room 
temperature. Then the whole tissues were dehydrated in a gradi‑
ents of ethanol (incubated 50% ethanol for 10 min, 70% ethanol 
for 10 min, 80% ethanol for 10 min, 95% ethanol for 10 min, 
100% ethanol for 10 min thrice). The tissues were exchanged 
ethanol with xylene in room temperature in the following 
sequence: 2:1 ethanol:xylene for 10‑15 min, 1:1 ethanol:xylene 
for 10‑15 min, 1:2 ethanol:xylene for 10‑15 min, 100% xylene for 
10‑15 min thrice. Then xylene was exchanged with paraffin in 
58˚C in the following sequence: 2:1 xylene:paraffin for 30 min, 
1:1 xylene: paraffin for 30 min, 1:2 xylene:paraffin for 30 min, 
100% paraffin for 2 h and 100% paraffin overnight, and then 
embedded in a fresh new paraffin. Next, 4‑µm thick paraffin 
sections were cut. After deparaffinization and hydration (the 
reverse sequence of paraffinization and dehydration), the slides 
were microwaved for antigen retrieval. The slides were blocked 
in BSA blocking buffer (cat. no. 37520; Thermo Fisher Scientific 
Inc.) at room temperature for 1 h. The slides were then incubated 
at 4˚C overnight with anti‑RHPN2 (1:1,000; cat. no. PA5‑62469; 
Thermo Fisher Scientific Inc.). After washing three times with 
phosphate‑buffered saline (PBS), the slides were incubated 
with goat anti‑rabbit poly‑horseradish peroxidase‑conjugated 
secondary antibody (1:500; cat. no. 32260; Thermo Fisher 
Scientific Inc.) at room temperature for 2 h. The slides were then 
developed using diaminobenzidine (DAB) staining (18). The 
hematoxylin staining was performed using the H&E stain kit (cat 
no. ab245880; Abcam). The slide were incubated in hematoxylin, 
Mayer's (Lillie's Modification) for 5 min at 4˚C. Then slides were 
rinsed with two changes of distilled water to remove excess stain. 
Subsequently, the slides were incubated with bluing reagent 
from the H&E stain kit for 10 sec. These slides were observed 
by light microscope Leica DM3000 (Leica Microsystems Ltd.) 
(magnification, x200). Images were assessed using the Aperio 
ImageScope software version 12.4.0.5043 (Leica Microsystems).

Cell culture. Pancreatic cancer cell lines PANC1 (cat. 
no. CRL‑1469™) and SW1990 (cat. no. CRL‑2172™) were 

purchased from ATCC. PANC1 cells were cultured in DMEM 
medium (cat. no. 11965092; Thermo Fisher Scientific Inc.) with 
10% fetal bovine serum (cat. no. 12483020; Thermo Fisher 
Scientific Inc.). SW1990 cells were cultured in Leibovitz's 
L‑15 Medium (cat. no. 11415056; Thermo Fisher Scientific 
Inc.) with 10% fetal bovine serum (cat. no. 12483020; Thermo 
Fisher Scientific Inc.). Cells and medium were cultured at 37˚C 
with 5% CO2. The exponentially growing cells were used for 
subsequent experiments.

Detection of RHPN2 and CEP78 by reverse‑transcription 
quantitative (RT‑q)PCR. Total RNA from tumor tissues and 
PANC1 and SW1990 cells was extracted with TRIzol reagent 
(Invitrogen; Thermo Fisher Scientific Inc.) following the manu‑
facturer's instructions. Glyceraldehyde‑3‑phosphate 
dehydrogenase (GAPDH) was used as an internal control. 
cDNA synthesis were performed by QuantiTect Reverse 
Transcription Kit (cat. no. 205311; Qiagen GmbH). Reactions 
were incubated at 42˚C for 50 min followed by heat inactivation 
for 5 min at 80˚C for reverse transcription. The gene expression 
levels were assessed via qPCR using the 2‑ΔΔCq method (19). 
The PCR amplification was performed using SYBR™‑Green 
PCR Master Mix (cat. no. 4334973; Thermo Fisher Scientific, 
Inc.). The primers used were as follows: RHPN2, forward, 
5'‑AAGGGCTGTAAT CCCCTTGC‑3' and reverse, 
5'‑CCGCACCTTTGAGTTTG TGG‑3'; centrosomal 
p r o t e i n  78  (C E P 78),  f o r wa r d ,  5 ' ‑T G G C AG  
GGAGCAGATCACA‑3' and reverse, 5'‑AAGCCAGCCATA 
CAGTCAAGA‑3'; and GAPDH, forward, 5'‑CTGACTTCAA 
CAGCGACACC‑3' and reverse, 5'‑TAGCCAAATTCGTTGTC 
ATACC‑3'. Thermocycling conditions consisted of 50˚C for 
2 min and 95˚C for 10 min, followed by 40 cycles of 95˚C for 
15 sec and 60˚C for 60 sec. RHPN2 mRNA expression levels in 
the control were arbitrarily defined as 100%. The relative 
RHPN2 levels [log2 (Tumor/Normal)] were calculated.

Transfection. Small interfering (si) RNA‑RHPN2 and 
pcDNA3.1‑RHPN2 transfection were performed. siRNA‑RHPN2 
and pcDNA3.1‑RHPN2 were designed and constructed by 
Shanghai Shengong Biology Engineering Technology Service., 
Ltd. Scrambled siRNA (si‑NC) and pcDNA3.1 were used 
as controls. The sequences used were as follows: RHPN2, 
5'‑AAGCTGCGGAGCATTGAGGTG‑3' and scrambled 
siRNA, 5'‑GGTGCCGAATTGAGGTGACGA‑3'. Cells were 
seeded into 24‑well plates at a density of 5x104 cells/well over‑
night. Transfection was performed using Lipofectamine® 2000 
(cat. no. 11668027; Thermo Fisher Scientific, Inc.) according 
to the manufacturer's instructions. SiRHPN2 (0.6 µg) or 
pcDNA3.1‑RHPN2 (1 µg) were used separately. Si‑NC (0.6 μg) 
or empty plasmid (1 µg) were used as control. The cells were 
transfected at 37˚C in a CO2 incubator for 24 h. RHPN2 mRNA 
expression levels of the si‑NC transfection group and those of 
the pcDNA3.1 transfection group were arbitrarily defined as 
100%. Cell proliferation analysis was performed at 0, 24, 48 
and 72 h following transfection, and cell apoptosis analysis was 
performed 24 h following transfection. The untransfected cells 
were also used as blank controls.

Cell proliferation assay. Cellular growth was analyzed by the 
3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide 
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(MTT)‑based colorimetric assay (9‑13). Briefly, cells were 
placed into 96‑well plates at a density of 5x105/well. MTT 
reagent was added to the medium at a final concentration of 
0.1 mg/ml. After the formation of insoluble formazan, 100 µl 
of dimethyl sulfoxide was added to each well to solubilize the 
formazan. The optical density was measured on a microplate 
reader equipped with a 570 nm filter.

Cell apoptosis analysis. Transfected PANC1 cells and SW1990 
cells were suspended at 5x105/ml in Annexin V‑fluorescein 
isothiocyanate (FITC) (Abcam) in Annexin binding buffer 
for flow cytometry (cat. no. V13246; Thermo Fisher Scientific 
Inc.). The suspension was incubated for 15 min at room 
temperature followed by the addition of 0.5 µl propidium iodide 
(PI; Abcam) to each sample. Samples were analyzed using a 
FACSCalibur instrument (BD Biosciences) using a 488 nm 
excitation line (argon ion laser or solid‑state laser) and emission 
was detected at 530 nm (for FITC) and 575‑610 nm (for PI). 
The data were analyzed using the BD FACSuite™ version 1.01 
(BD Biosciences). Early stage apoptosis was assessed.

Statistical analyses. All the experiments were repeated 
three times. Data are presented as mean ± standard devia‑

tion (SD). Survival data were analyzed using the log‑rank test. 
Kaplan‑Meier analysis was used for generation of the survival 
curves. Paired two‑tailed Student's t‑tests were used to analyze 
the mean values of paired groups (tumor and normal tissue from 
the same patient). Unpaired two‑tailed Student's t‑tests were used 
to analyze the mean values of the two PDAC cell lines. One‑way 
ANOVA was used followed by the post hoc Tukey's test was 
used for multiple comparisons. All calculations were performed 
using SPSS software (version 16.0; SPSS Inc.). P<0.05 was 
considered to indicate a statistically significant difference.

Results

Bioinformatics analysis of RHPN2 in pan‑cancer and patients 
with pancreatic cancer. Investigation of the frequency of alterations 
of RHPN2 in pan‑cancer analysis revealed that the predominant 
alteration was amplification (Fig. 1A). Pan‑cancer patients were 
divided into two groups, RHPN2‑altered and RHPN2‑unaltered, 
and the patients' survival according to their RHPN2 alteration 
status was tested. The results revealed that patients with pan‑cancer 
in the RHPN2‑altered group had a lower overall survival rate 
compared with the RHPN2‑unaltered group (Fig. 1B). Next, 
the survival rate of patients with pancreatic cancer was tested 

Figure 1. RHPN2 expression and patient survival associated with RHPN2 expression in pan‑cancer and in PDAC. (A) Alteration of RHPN2 in pan‑cancer. 
(B) Kaplan‑Meir curves and log‑rank test of the overall survival of pan‑cancer patients according to RHPN2 alteration. (C) Kaplan‑Meier curves and log‑rank 
test of the overall survival of patients with PDAC according to RHPN2 alteration. (D) Gene Expression Omnibus (GEO) dataset (GDS4336/8035980) analysis 
for the RHPN2 expression in 45 pairs of tumor tissues and adjacent normal tissues from patients with PDAC, RHPN2 expression was compared using the 
paired t‑test. *P<0.05. RHPN2, rhophilin 2; PDAC, pancreatic ductal adenocarcinoma; TCGA, The Cancer Genome Atlas.
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according to whether RHPN2 was altered or not (Fig. 1C), and it 
was demonstrated that the difference between the RHPN2‑altered 
and RHPN2‑unaltered groups was not significant; which was 
may be due to the limited number of patients. Finally, the GEO 
dataset for RHPN2 expression in 45 pairs of tumor tissues and 
adjacent normal tissues (GDS4336/8035980) was assessed and it 
was demonstrated that tumor tissues showed higher RHPN2 levels 
compared with adjacent normal tissues (Fig. 1D).

High RHPN2 levels in PDAC tissues are correlated with low 
survival rate. To further study the role of RHPN2, PDAC 
tissues with matched adjacent normal tissues from 61 patients 
from the Sichuan Provincial Cancer Hospital (Chengdu, China) 
were collected. The clinical information of the 61 patients with 
PDAC are listed in Table SI. Majority of the patients had stage 
IIB PDAC (Table SI). RHPN2 protein levels were assessed 
by immunohistochemistry (IHC). Eight representative cases 

Figure 2. PDAC tissues have higher levels of RHPN2 mRNA and protein levels compared with normal tissues. (A) Representative immunohistochemistry 
images of normal and tumor samples from patients with PDAC stained with RHPN2 (magnification, x200). RHPN2 expression in the cytoplasm was denoted 
by the blue arrow. (B) Quantification of RHPN2 mRNA levels in the 61 tumor and paired normal adjacent tissues from PDAC patients. (C) Mean values 
of RHPN2 mRNA expression in the 61 tumor and paired normal adjacent tissues from PDAC patients were calculated. Data are presented as mean ± SD. 
(D) Survival curves of RHPN2‑high vs. RHPN2‑low patients with PDAC across 50 months, with analysis performed by the log‑rank test. Each experiment was 
repeated at least three times. *P<0.05. RHPN2, rhophilin 2; PDAC, pancreatic ductal adenocarcinoma.
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were presented and it was demonstrated that RHPN2 is mostly 
expressed in the cytoplasm as denoted by the arrows (Fig. 2A). 
Next, RHPN2 mRNA levels were determined by RT‑qPCR. 
The results demonstrated that RHPN2 mRNA levels were 
higher in tumor tissue compared with normal tissues (Fig. 2B), 
and the mean value of mRNA RHPN2 levels in tumor tissues 
was higher compared with that in normal tissues (Fig. 2C).In 
addition, the relationship between RHPN2 and the survival 
of patients with PDAC was assessed by dividing patients into 

RHPN2‑high vs. RHPN2‑low groups according to the median 
value of RHPN2 (3.59). Patient survival was followed across 
50 months and the RHPN2‑high group had a lower survival 
rate compared with the RHPN2‑low group (Fig. 2D).

RHPN2 inhibition reduces PDAC cell proliferation and 
increases apoptosis rate. PANC1 and SW1990 cell lines were 
used for testing the effects of RHPN2 on cultured PDAC cells. 
PANC1 and SW1990 cells were transfected with si‑RHPN2. 

Figure 3. Silencing of RHPN2 reduces PDAC cell proliferation and increases cell apoptosis rate. (A) PANC1 and SW1990 cells were transfected with si‑RHPN2 
and si‑NC; 24 h later, RHPN2 mRNA was quantified by reverse‑transcription quantitative PCR. RHPN2 mRNA levels of the si‑NC transfection group were 
arbitrarily defined as 100%. The blank group consisted of untransfected cells. (B) Cellular proliferation of PANC1 and SW1990 cells was tested by MTT 
analysis following si‑RHPN2 and si‑NC transfection. (C) Cell apoptosis rate tested by Annexin V‑FITC/PI double staining 24 h after si‑RHPN2 and si‑NC 
transfection. Data are presented as the mean ± SD. Each experiment was repeated at least three times. *P<0.05. RHPN2, rhophilin 2; PDAC, pancreatic ductal 
adenocarcinoma; NC, negative control; si‑small interfering; PI, propidium iodide; OD, optical density.
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The downregulation of RHPN2 mRNA levels was confirmed 
by RT‑qPCR in both cell lines (Fig. 3A). The proliferation 
of PANC1 and SW1990 cells was tested by the MTT assay, 
which demonstrated that inhibition of RHPN2 reduced 
PDAC cell proliferation (Fig. 3B). Cell apoptosis was assayed 
using Annexin V/propidium iodide (PI) double‑staining. 
Downregulation of RHPN2 increased the apoptosis rate 
of PANC1 and SW1990 cells compared with the negative 
control (Fig. 3C).

Overexpression of RHPN2 promotes PDAC cell proliferation. 
Next, RHPN2 was overexpressed in PANC1 and SW1990 
cells by transfecting with RHPN2 overexpression plasmid 
(pcDNA3.1‑RHPN2). RHPN2 levels were tested 12 h later by 
RT‑qPCR and the results demonstrated that RHPN2 expres‑
sion was upregulated by plasmid transfection (Fig. 4A). The 
proliferation of PANC1 and SW1990 cells was tested by the 
MTT assay and the results demonstrated that overexpression 
of RHPN2 promoted PANC1 and SW1990 cell prolifera‑
tion (Fig. 4B).

CEP78 expression is negatively associated with RHPN2 
expression. A previous study demonstrated that RHPN2 
activated RhoA (10). In the present study, the network of 
RHPN2 was constructed and it was revealed that CEP78 was 
one of the proteins that interacted with RHPN2. The altera‑
tion frequency of CEP78 in pan‑cancer analysis was assessed 
and the findings revealed that the most frequent alteration 

of CEP78 was mutation (Fig. 5B). Subsequently, the CEP78 
mRNA levels were analyzed by RT‑qPCR, and relative CEP78 
levels [log2  Tumor/Normal)] were calculated. The present 
study demonstrated that CEP78 mRNA levels were lower in 
tumor tissues (Fig. 5C), and the mean value of CEP78 levels 
in tumor tissues was lower compared with CEP78 levels 
in normal tissues (Fig. 5D). In addition, the significance of 
CEP78 in patients with PDAC survival was assessed after 
dividing the 61 patients into CEP78‑high vs. CEP78‑low 
groups according to the median value of CEP78 (2.78). Patient 
survival was followed across 50 months, and we found that 
the CEP78‑low group had a lower survival rate compared 
with the CEP‑78 high group (Fig. 5E), which is consistent 
with a previous study that demonstrated that low expres‑
sion of CEP78 is associated with poor prognosis of patients 
with colorectal cancer (20). Next, to evaluate whether the 
expression of RHPN2 is related with that of CEP78, RHPN2 
levels were overexpressed or silenced in cultured PDAC 
cells by transfection of pcDNA3.1‑RHPN2 and si‑RHPN2, 
respectively and it was demonstrated that overexpression of 
RHPN2 decreased CEP78 levels (Fig. 5F) and silencing of 
RHPN2 increased CEP78 levels (Fig. 5G) in both PANC1 
and SW1990 cells. The aforementioned results indicate that 
CEP78 is involved in RNPN2 function.

RHPN2 is the target gene of miR‑144‑3p, miR‑141‑3p, 
miR‑96‑5p, miR‑200a and miR‑183‑5p. Bioinformatics 
analysis in the present study indicated RHPN2 is the target 

Figure 4. Overexpression of RHPN2 promotes PDAC cell proliferation. (A) PANC1 and SW1990 cells were transfected with pcDNA3.1‑RHPN2 and pcDNA3.1 
(negative control); 24 h later, RHPN2 mRNA levels were tested by reverse‑transcription quantitative PCR. RHPN2 mRNA levels of the pcDNA3.1 transfection 
group were arbitrarily defined as 100%. The untransfected cell were defined as the blank group. (B) The cellular proliferation of PANC1 and SW1990 cells 
tested by MTT analysis following pcDNA3.1‑RHPN2 and pcDNA3.1 transfection. Data are presented as mean ± SD, and each experiment was repeated at least 
three times. *P<0.05. RHPN2, rhophilin 2; PDAC, pancreatic ductal adenocarcinoma; OD, optical density; pcDNA3.1, empty vector.
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of some important microRNAs (miR) including miR‑144‑3p, 
miR‑141‑3p, miR‑96‑5p, miR‑200a and miR‑183‑5p (Fig. S1).

Discussion

In the present study, the function of RHPN2 in PDAC was 
assessed and the findings revealed that the level of RHPN2 was 
higher in PDAC tumor tissues compared with adjacent normal 
tissue. Notably, high RHPN2 levels in PDAC tissues were associ‑
ated with a low survival rate in patients with PDAC. As the overall 
5‑year survival rate of PDAC is ~7.1% (21), identification of a 
novel gene related to the survival of PDAC patients is critically 
important. In addition, in the present study RHPN2 overexpres‑

sion promoted the growth of PDAC cells and RHPN2 inhibition 
promoted cell apoptosis. Hence, PDAC growth promoted by 
RHPN2 may increase the death rate among patients with PDAC.

To the best of our knowledge, this is the first report of the 
function of RHPN2 in PDAC. Until now, the oncogenic func‑
tion of RHPN2 has been studied only in malignant glioma; 
the aforementioned study demonstrated that RHPN2 drives 
mesenchymal transformation by triggering RhoA activation 
(10).

Notably, the data from network analysis in the present 
study demonstrated that both RHPN1 and CEP78 have a close 
relationship with RHPN2. The role of RHPN1 in cancer is still 
unknown (22); and it is hypothesized that RHPN1 may play a 

Figure 5. RHPN2 network and correlation analysis. (A) The RHPN2 network as revealed by Cytoscape software. (B) The amplification of CEP78 across 
various types of cancer. (C) CEP78 mRNAs levels in the 61 tumor samples and matching normal adjacent tissues were quantified by RT‑qPCR. (D) The mean 
value of CEP78 mRNA expression in tumor tissue and normal adjacent tissues. (E) CEP78‑high vs. CEP78‑low groups and patient survival across 50 months, 
with survival analysis performed by log‑rank test. (F) PANC1 and SW1990 cells were transfected with pcDNA3.1‑RHPN2 separately; 24 h later, CEP78 levels 
were tested by RT‑qPCR. (G) PANC1 and SW1990 cells were transfected with si‑RHPN2 separately; 24 h later, the CEP78 levels were tested by RT‑qPCR. 
Data are presented as mean ± SD, and each experiment was repeated at least three times. *P<0.05. RHPN2, rhophilin 2; PDAC, pancreatic ductal adenocarci‑
noma; pcDNA3.1, empty vector; CEP78, centrosomal protein 78; NC, negative control; si, small interfering; RT‑q, reverse‑transcription quantitative; TCGA, 
The Cancer Genome Atlas.
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role similar to RHPN2. The present study demonstrated that 
the levels of CEP78 are low in PDAC tumor tissues compared 
with normal tissue, and that higher levels of CEP78 in tumor 
tissue were associated with increased survival rate in patients 
with PDAC. The molecular interaction between RHPN2 and 
CEP78 remains unknown; it is possible that RHPN2 may 
inhibit CEP78, which could be reintroduced in PDAC cells 
resulting in G2/M phase arrest. Future studies can investigate 
the aforementioned phenomenon.

Bioinformatics analysis in the present study indicated 
RHPN2 is the target of some important microRNAs (miR) 
including miR‑144‑3p, miR‑141‑3p, miR‑96‑5p, miR‑200a and 
miR‑183‑5p. These microRNAs serve important roles in the 
molecular mechanisms of some types of cancer. For example, 
miR‑144‑3p acts as a suppressive factor in laryngeal squamous 
cell carcinoma (23), gastric cancer (24), hepatocellular carci‑
noma (25), and pancreatic cancer (26). miR‑141‑3p inhibits 
colorectal cancer, its overexpression significantly delayed 
colorectal cancer progression (27). miR‑96‑5p and miR‑200a 
also have a suppressive role in certain types of cancer, such 
as breast cancer, ovarian cancer, oral carcinoma and gastric 
adenocarcinoma (28‑34). On the other hand, miR‑183‑5p 
promotes cell proliferation, migration, and cell cycling in 
non‑small cell lung cancer (35).

A limitation of the present study was that the relation‑
ship between microRNAs and RHPN2 and the downstream 
molecular of RHPN2 was not investigated. Future studies can 
investigate this.

In conclusion, the findings of the present study demonstrated 
that RHPN2 may promote PDAC and is therefore a promising 
candidate for targeted therapy, which is vitally needed for 
patients with PDAC whose prospects for survival are dismal.
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