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ABSTRACT

MORF4-related gene-binding protein (MRGBP), which is also known as 
chromosome 20 open reading frame 20 (C20orf20), is commonly highly expressed in 
several types of malignant tumors and tumor progression. However, the expression 
pattern and underlying mechanism of MRGBP in pancreatic ductal adenocarcinoma 
(PDAC) remain unknown. In the study, we found that MRGBP was frequently 
upregulated in PDAC tissues and cell lines. In addition, the upregulation of MRGBP was 
positively associated with TNM stage, T classification, and poor prognosis. Knockdown 
of MRGBP in the PDAC cell lines ASPC-1 and Mia PaCa-2 by transiently transfected 
with small interfering RNA (siRNA) drastically attenuated the proliferation, migration, 
and invasion of those cells, whereas ectopic MRGBP overexpression in BxPC-3 cells 
produced exactly the opposite effect. Furthermore, we also found that overexpression 
of MRGBP remarkably led to cell morphological changes and induced an increased 
expression of mesenchymal marker Vimentin, whereas a decreased expression of 
epithelial marker E-cadherin. Taken together, this study indicates that MRGBP acts 
as a tumor oncogene in PDAC and is a promising target of carcinogenesis.

INTRODUCTION

Pancreatic cancer (PC), which is the seventh most 
common cause of cancer-related deaths worldwide [1], 
is expected to become the second cause of cancer-related 
deaths by 2030 [2]. In contrast to the steady increase in 
survival for most cancers, advance has been slow for 
pancreatic cancer, for which the 5-year relative survival 
is currently 7% [3]. Pancreatic ductal adenocarcinoma 
(PDAC) constitutes 90% of pancreatic cancer. Surgical 
resection remains the only potentially curative treatment. 
However at the time of diagnose, most patients present with 
metastasis to the regional lymph nodes and distant organs 
[4]. The molecular mechanism of PDAC is extraordinarily 
perplexed and heterogeneous that is accompanied by 

various genetic abnormal expressions. Even though 
various gene signatures and signaling pathways have been 
discovered in recent years, the PDAC pathogenesis has not 
completely clarified until now. Facing to the fast-growing 
morbidity and the high mortality, identification of potential 
therapeutic targets and diagnostic biomarkers for PDAC is 
urgently needed.

MORF4-related gene-binding protein (MRGBP), 
which is also known as chromosome 20 open reading 
frame 20 (C20orf20), is identified as a protein capable of 
binding directly to MRG15 and MRGX proteins that are 
two indispensable components of tat-interacting protein 
60 (TIP60) histone acetyltransferase (HAT) complex 
and histone deacetylases (HDACs) complexes [5]. The 
abnormally expressed TIP60/HAT complex and/or 
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HDACs complexes have been shown to be associated with 
cell differentiation, proliferation, migration and invasion 
in diverse human cancers [6–8].

It has been demonstrated that MRGBP was 
upregulated in multiple types of cancer such as colorectal 
cancer, cervical cancer, prostate cancer, and cutaneous 
squamous cell carcinoma, and has been proved to increase 
replication, induce apoptosis, reduce growth and promote 
invasiveness [9–12]. Expression of MRGBP has been 
shown to play an important role in regulating stability 
and/or synthesis of MRG15 and MRGX [13]. These 
discoveries implied that MRGBP may have biological 
roles as diagnostic biomarker and anticancer target for 
aforementioned cancers. However, little is known about 
the expression pattern, clinicopathologic significance and 
functional role of MRGBP in PDAC.

In current study, we showed, for the first time, 
the experssion of MRGBP is upregulated in PDAC. 
Furthermore, we discovered that upregulated expression 
of MRGBP was associated with poor prognosis in patients 
with PDAC. What’s more, we also found knockdown of 
MRGBP suppressed the proliferation, migration and 
invasion in PDAC cells. In addition, we also demonstrated 
that overexpression of MRGBP promotes poliferation and 
induces EMT in PDAC cells. Taken together, our findings 
suggest that MRGBP can serve as a novel biomarker 
for PDAC and the development of diagnostic and/or 
therapeutic approaches.

RESULTS

MRGBP is highly expressed in PDAC tissues and 
PDAC cell lines

In order to illustrate the biological expression pattern 
of MRGBP in PDAC, we observed the mRNA level of 
MRGBP in the large cohorts of PDAC patients available 
from two independent GEO datasets GSE28735 and 
GSE16515. The results showed that MRGBP expression 
was highly expressed in PDAC tissues comparing with 
paired adjacent noncancerous pancreatic tissues using 
GSE28735 (Figure 1A, n = 45, p = 4.01E-4). In addition, 
expression of MRGBP was also significantly up-regulated 
in the PDAC tissues than the normal pancreas using 
GSE16515 (Figure 1B, p = 4.29E-5). In present study, 
MRGBP expressions of 58 paired PDAC and non-
cancerous tissues were investigated by quantitative real-
time PCR (qRT-PCR). The results indicated that PDAC 
tissues exhibited significant upregulation of MRGBP 
compared with non-cancerous tissues (Figure 1C, p = 
1.42E-05). To further address the role of MRGBP in 
PDAC, the protein expression of MRGBP was detected 
in 58 paired PDAC and non-cancerous tissues using 
immunohistochemical staining. As shown in Figure 1D, 
MRGBP was expressed in nucleus. The expression of 
MRGBP protein was also pronounced elevated in the 
majority of PDAC patients (Figure 1E, 81.0%, 47/58).

In addition, MRGBP expression was examined 
by western blot in different PDAC cell lines, including 
HPNE, PANC-1, SW1990, Mia PaCa-2, AsPC-1, BxPC-
3, CFPAC1. In accord with the findings from tissues, 
significantly upregulated expression of MRGBP was 
detected in most PDAC cells, compared with HPNE cells 
(Figure 1F). These findings evidently support the notion 
that MRGBP expression was remarkably upregulated in 
PDAC on both mRNA and protein level, implying the 
importance of it in PDAC pathogenesis.

Correlation between MRGBP expression and 
several clinicopathologic characteristics in 
patients with PDAC

To determine the clinicopathological significance 
of MRGBP expression in PDAC, we performed 
immunohistochemistry (IHC) analysis to evaluate its 
expression using 58 PDAC cases that underwent curative 
surgical resection. As shown in Table 1, MRGBP expression 
in PDAC tissues was strongly associated with TNM stage 
(p = 0.042) and T classification (p = 0.028), but not with 
other parameters including age, gender, tumor location, 
tumor size lymph node metastasis, distant metastasis, 
vascular invasion and histological differentiation. These 
data supported that upregulated MRGBP could represent 
a potential new prognostic factor for PDAC and might 
contribute to tumor progression in PDAC.

High expression level of MRGBP predicts poor 
prognosis of PDAC patients

To evaluate the prognostic value of MRGBP 
in patients with PDAC, the relationship between the 
expression level of MRGBP and the overall survival 
(OS) was evaluated by the Kaplan-Meier analysis and 
log-rank test. We first determined the prognostic value 
of MRGBP at mRNA level using the independent GEO 
datasets GSE28735. Three specimens without survival 
time were excluded from study. The results showed that 
the overall survival of patients with high levels of MRGBP 
was significantly poorer than patients with low levels 
of MRGBP protein levels (median survival 13 months 
in the high-expression group vs. 21 months in the low-
expression group, p = 0.0089) (Figure 2A).

The 58 PDAC patients enrolled were divided into 
two groups equally according to the expression level 
of MRGBP. Furthermore, among the 58 cases there 
were 49 deaths, of which 27 were from high MRGBP 
expression group. To reinforce the persuasiveness of the 
above results, we evaluated the prognostic significance 
of MRGBP in the 49 fatal cases enrolled. As expected, 
we also found that higher MRGBP expression was 
significantly associated with decreased overall survival 
(Figure 2B, p = 0.0033). Overall, these data above 
strongly suggested that high expression of MRGBP hints 
poor prognosis in PDAC.
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Downregulation of MRGBP inhibits 
proliferation and causes apoptosis in PDAC cells 
in vitro and in vivo

Considering the close correlation between MRGBP 
expression and the poor prognosis, the biological 
process potentially modulated by MRGBP should be 
investigated. To determine the biological effect of 
MRGBP in proliferation of PDAC, MRGBP expression 
was inhibited by siRNAs in ASPC-1 and Mia PaCa-2, 
which exhibit a higher expression of MRGBP. Stable 

expression of two siRNA targeting MRGBP resulted in 
remarkable decrease in MRGBP expression of ASPC-1 
and Mia PaCa-2 cells (Figure 3A). As expected, CCK-8 
assays showed that MRGBP knockdown inhibited cell 
proliferation in ASPC-1 and Mia PaCa-2 cells (Figure 
3B). Similar results were observed in plate colony 
formation assay. MRGBP knockdown significantly 
inhibited colony formation of ASPC-1 and Mia PaCa-
2 cells compared with the si-Ctrl group (Figure 3C). 
Meanwhile, cell apoptosis assay was employed to 
investigate the biological function of MRGBP in 

Figure 1: The expression of MRGBP is increased in pancreatic ductal adenocarcinoma (PDAC). (A) MRGBP expression 
level in PDAC tissues (T) and adjacent noncancerous tissues (N) in dataset GSE28735. The paired t-test was used. (B) MRGBP expression 
level in PDAC tissues and normal pancreas in dataset GSE16515. The paired t-test was used. (C) The mRNA expression level of MRGBP in 
58 paired tissues of PDAC and adjacent tissue were analyzed by real-time PCR. The paired t-test was used. (D) Representative photographs 
of staining of MRGBP protein in a pair of PDAC and adjacent tissues. (E) The expression of MRGBP was upregulated in 81.0% of PDAC 
patients examined by immunohistochemical staining. (F) The protein levels of MRGBP were assessed in 6 PDAC cell lines as well as a 
normal cell line (HPNE) by Western blotting analysis.
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Table 1: Correlations between MRGBP expression and the clinicopathologic features in patients with PDAC

Characteristics Total
58

Expression of MRGBP
P value

High (n=29) Low(n=29)

Age, years

 ≤65 27 12 15 0.430

 >65 31 17 14

Gender

 Male 33 18 15 0.633

 Female 25 11 14

Tumor location

 Head 42 23 19 0.240

 Body/tail 16 6 10

TNM (AJCC)

 I 11 2 9 0.042

 II 38 20 18

 III 6 4 2

 IV 3 3 0

Tumor size, d/cm

 ≤3.5 26 11 15 0.291

 >3.5 32 18 14

T classification

 T1-2 13 3 10 0.028

 T3-4 45 26 19

Lymph node metastasis

 - 37 16 21 0.172

 + 21 13 8

Distant metastasis

 - 55 26 29 0.236

 + 3 3 0

Vascular invasion

 - 51 24 27 0.420

 + 7 5 2

Histological grade

 Well 6 2 4 0.666

 Moderate/poor 52 27 25

CA19-9(ng/mL)

 ≤150 29 13 16 0.431

 >150 29 16 13
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apoptosis of PDAC by flow cytometric analysis. As 
shown in Figure 3E, silencing of MRGBP significantly 
increased the numbers of apoptotic cells in ASPC-1 and 
Mia PaCa-2 cells (Figure 3D). Additionally, to explore 
MRGBP-mediated effects in vivo, xenograft tumor 
assay was performed using transfected Mia PaCa-2 
cells. Indeed, tumor volumes obtained from si-1 and si-2 
groups were significantly smaller than that from control 
group (Figure 3E, 3F). This experiment suggests that si-
MRGBP significantly inhibits xenogratf tumor growth in 
nude mice. Taken together, these results clearly indicated 
that downregulation of MRGBP inhibits the proliferation 
and tumorigenicity of PDAC cell.

Upregulation of MRGBP promotes PDAC cell 
proliferation in vitro

To further verify the positive role of MRGBP 
in PDAC cell proliferation, MRGBP was also stably 
upregulated by lentivirus-mediated packed pLV-MRGBP 
vector in BxPC-3 cell line. The overexpressed MRGBP in 
cells were affirmed by Western blot (Figure 4A). Naturally, 
the same methods were used to evaluate the effect of 
MRGBP overexpression on PDAC cell proliferation. As 
expected, MRGBP-overexpressing BxPC-3 cells displayed 
a significantly higher cell growth rate than the empty-
vector cells (Figure 4B). In addition, cell proliferation was 
also measured by using the plate colony formation assay. 
Similarly, compared to the empty-vector cells, BxPC-
3 cells with overexpressed MRGBP showed markedly 
increased colony formation (Figure 4C, 4D). Collectively, 
these results demonstrated that overexpression of MRGBP 
promotes PDAC cell proliferation.

MRGBP modulates cell migration and invasion 
of PDAC cells in vitro

The role of MRGBP in PDAC cell proliferation 
is in agreement with the previous reports in colorectal 
cancer and cutaneous squamous cell carcinoma [9, 12]. 
Furthermore, our research suggested that increased 
MRGBP expression in PDAC tissues was strongly 
associated with high TNM stage and poor prognosis, 
but not with lymph node metastasis, distant metastasis, 
vascular invasion. Therefore, transwell assays were 
employed to evaluate whether MRGBP has impact on 
cell migration and invasion. The results showed that 
knockdown of MRGBP significantly suppressed the 
migration and invasion of ASPC-1 and Mia PaCa-2 cells 
(Figure 5A, 5B). Whereas, upregulation of MRGBP had 
the opposite effect on BxPC-3 cells (Figure 5C, 5D). 
Collectively, the expression of MRGBP contributes to the 
migration and invasion of PDAC.

Overexpression of MRGBP induces EMT in 
PDAC cells

The epithelial-to-mesenchymal transition (EMT), 
which is characterized by the down-regulation of 
E-cadherin and overexpression of Vimentin, is a critical 
biological process in tumor invasion, metastasis and 
chemo-resistance. To investigate the effect of MRGBP on 
EMT, BxPC-3 cells overexpressing human MRGBP were 
generated via lentivirus transduction. Phenotypically, 
compared to the empty vector, MRGBP overexpression 
led to morphological changes in BxPC-3 cells such as 
spindle-like cell shape and loss of cell-to-cell adhesion 

Figure 2: Overexpression of MRGBP is correlated with poor prognosis of pancreatic ductal adenocarcinoma (PDAC). 
(A) The correlation between MRGBP expression and patient survival was conducted in dataset GSE28735. (B) Overall survival analysis of 
PDAC patients with different MRGBP expression in 49 enrolled fatal PDAC cases.
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Figure 3: Knockdown of MRGBP inhibits proliferation and causes apoptosis in PDAC cells in vitro and in vivo. (A) 
Knockdown of MRGBP in ASPC-1 and Mia PaCa-2 cell lines by siRNAs was confirmed by Western blotting. (B) Effect of MRGBP 
knockdown on the proliferation on ASPC-1 and Mia PaCa-2 cells was determined by CCK-8 assay. (C) Effect of MRGBP knockdown 
on colony numbers was determined by colony formation assay in ASPC-1 and Mia PaCa-2 cells. (D) Effects of MRGBP knockdown on 
ASPC-1 and Mia PaCa-2 cells apoptosis were determined by flow cytometry. (E) Tumors were dissected, measured and exhibited in each 
group. (F) Representative data showed that downregulation of MRGBP significantly inhibited tumor growth. *, **, *** represents P < 0.05, 
P < 0.01, P < 0.001 respectively.
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(Figure 6A). In addition, EMT markers were detected 
by Western blot and Immunofluorescence staining. From 
the results of the above two experiments, we observed 
that MRGBP overexpression in BxPC-3 cells induced an 
increased expression of mesenchymal marker Vimentin, 
whereas a decreased expression of epithelial marker 
E-cadherin (Figure 6B, 6C). Taken together, these data 
revealed that upregulated expression of MRGBP induces 
EMT in PDAC cells.

DISCUSSION

Pancreatic ductal adenocarcinoma (PDAC) is a 
highly lethal disease which is difficult to diagnose at 
early stage. Although many potential diagnostic and 
therapeutic biomarkers have been identified in pancreatic 
cancer, additional novel molecular targets are still urgently 
required.

In this study, we observed that MRGBP expression 
was commonly upregulated in PDAC tissues comparing 
with adjacent noncancerous pancreatic tissues and normal 
pancreas, and was strongly associated with survival in 
pancreatic cancer from two independent GEO datasets. 

The current study provides insights into the oncogenic 
role of MRGBP in PDAC through both in vitro and in 
vivo experiments. Our results strongly suggested that 
MRGBP promote PDAC progression, which is similar 
to the previous studies in other types of cancer, such as 
prostate cancer, colorectal cancer, cervical cancer and 
squamous cell carcinoma [9–12]. Our observation also 
showed that knockdown of MRGBP can reduce tumor 
growth and induced apoptosis in PDAC cells in vitro, 
which may play an important role in proliferation of 
cancer cells. Meanwhile, elevated expression of MRGBP 
was an indicator for the poor prognosis and induces EMT 
in PDAC cells.

So far, little has been known about the expression 
pattern and cellular functions of MRGBP in pancreatic 
cancer. Previous reports have shown that expression 
of MRGBP was upregulated in colorectal carcinoma 
and might be associated with the transformation from 
adenoma to carcinoma in colorectal carcinogenesis [9, 
14]. Scholars suggested that MRGBP has an important 
function in proliferation of cancer cells through the 
regulation of bromodomain containing 8 (BRD8) [9]. In 
their study, 41 genes were downregulated by MRGBP 

Figure 4: Overexpression of MRGBP promotes PDAC cell proliferation. (A) Overexpression of MRGBP in BxPC-3 cell line 
was confirmed by Western blotting. (B) Effect of MRGBP overexpression on the proliferation on BxPC-3 cells was determined by CCK-8 
assay. (C) Effect of MRGBP overexpression on colony numbers was determined by colony formation assay in BxPC-3 cells.
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siRNA, some of which were responsible for DNA 
replication, such as CDT1, MCM2, MCM5, and MCM7 
[14]. CDT1 and MCM proteins have been shown to 
be essential for DNA replication. It has been reported 

that CDT1 function as an oncogene in several types 
of human cancers [15–17]. Elizabeth et al supported 
overexpression of CDT1 could override the negative 
control of geminin, which is a negative regulator of DNA 

Figure 5: MRGBP modulates cell migration and invasion of PDAC cells in vitro. (A) Migration capability was evaluated by 
transwell assay in ASPC-1 (left) and Mia PaCa-2 (right) cells after the cells were transfected with MRGBP siRNA. (B) Invasion capability 
was assessed by transwell assay with matrigel in ASPC-1 (left) and Mia PaCa-2 cells (right) after the cells were transfected with MRGBP 
siRNA. (C) Migration capability was evaluated by transwell assay in BxPC-3vector and BxPC-3MRGBP cells. (D) Invasion capability was 
assessed by transwell assay with matrigel in BxPC-3vector and BxPC-3MRGBP cells.
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replication by targeting CDT1 [14]. Meanwhile, Tatsumi 
et al have demonstrated that the overexpression of CDT1 
induced re-replication and/or chromosomal damage, 
leading to chromosomal instability, which might be a 
new mechanism of carcinogenesis [17, 18]. Additionally, 
MCM family functions as a modulator on promoting 
the process of DNA replication and is also identified 
to be potential biomarkers of numerous malignancies, 
including pancreatic cancer [19, 20]. Furthermore, it 
has been shown that some members of MCMs were 
abnormally upregulated in diverse cancers, and higher 
MCMs expression could enhance the proliferation of 
malignant cells and predict poor prognosis [21, 22]. So 
it is logical to draw that MRGBP dysregulation may 
take part in induction of carcinogenesis via regulating 
the expression of CDT1 and MCMs.

However, there may be other possible mechanisms 
to illustrate the same problem. Expression of MRGBP 
has been shown to play an important role in regulating 
stability and/or synthesis of MRG15 and MRGX protein, 
which are two stable components of both TIP60/HAT 
complex and HDACs complexes [5, 13]. It has been 
reported that TIP60/HAT complex not only controls 
chromatin structure and regulates transcription through 
its HAT activity, but also functions as a signaling 
platform, including replication, DNA repair, cell cycle 
progression, stem cell maintenance and differentiation, 

and cell migration and invasion [23–25]. Importantly, 
TIP60 has been implicated as a tumor suppressor 
in diverse cancers by controlling p53-dependent 
transcriptional activity [6, 26–28]. Conversely, the 
overexpression of HDACs were already been confirmed 
in a wide variety of tumor tissues, which correlate with 
tumor occurrence and advance, as well as aggressive 
biological behaviors [7, 8, 29–32]. Stojanovic et al. 
demonstrated that HDAC1 and HDAC2 contribute to 
maintain the expression of p53 mutants and weaken 
its tumour-suppressive functions [7]. In addition, the 
expression of many oncogenes are regulated by HDACs 
and significantly reduced by HDAC inhibitor (HDACi), 
such as oncogenic JNK, KRAS, CIP2A, MKK7, Raf1, 
ERBB2, MITF, MYC, MYCN and EGFR [29–37]. 
These possible mechanisms seem to be contradictory 
and need to be further investigated.

In conclusion, this study demonstrates for the 
first time that accumulation of MRGBP contributes to 
proliferation and metastasis of PDAC. Further wide-
ranging exploration of the precise role of MRGBP in 
promoting the proliferation and metastasis will be 
needed to uncover in detail. Furthermore, MRGBP is 
a potential diagnostic and prognostic biomarker for 
PDAC, and may be a novel therapeutic target for PDAC 
patients.

Figure 6: Overexpression of MRGBP induces EMT in PDAC cells. (A) The pictographs show morphology of BxPC-3 cells 
with vector alone control and with MRGBP overexpression. (B) Western blotting analysis for expression of EMT related markers in BxPC-
3 cells with vector alone control and MRGBP overexpression. (C) Immunofluorescence was used to detect the fluorescence intensity of 
E-cadherin and Vimentin in BxPC-3vector and BxPC-3MRGBP cells.
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MATERIALS AND METHODS

Clinical materials

The matched clinical tissue samples of primary 
PDAC and adjacent normal pancreatic ductal epithelial 
from the same patient were collected from 58 
patients (33 were male and 25 were female) of PDAC 
undergoing surgical resection at the Zhongnan Hospital 
of Wuhan University, Renmin hospital of Wuhan 
University or Cancer Hospital of Hubei Province from 
January 2010 to November 2013. Adjacent normal 
pancreatic ductal epithelial specimens were obtained 
from sites 5–10cm apart from the primary tumors. 
None of the patients had received chemotherapy 
or radiotherapy before tumor resection. Informed 
consent was obtained from all patients, and the study 
was approved by the Ethics Committee of Zhongnan 
Hospital of Wuhan University.

Cell culture and reagents

Human PDAC cell lines (PANC-1, SW1990, 
Mia PaCa-2, AsPC-1, BxPC-3, CFPAC1) and human 
normal pancreatic ductal epithelial (HPNE) cells were 
purchased from the Type Culture Collection of the 
Chinese Academy of Sciences (Shanghai, China). All of 
the cell lines were routinely maintained in Dulbecco’s 
modified Eagle medium (DMEM; Gibco, Carlsbad, 
CA) containing 10% fetal bovine serum (FBS), 100 mg/
ml penicillin, and 100 mg/ml streptomycin at 37°C/5% 
CO2. Antibodies to MRGBP, E-cadherin, Vimentin, and 
β-actin were purchased from Santa Cruz Biotechnology 
(Dallas, TX). Anti-rabbit horseradish peroxidase (HRP)-
labeled secondary antibody was obtained from Promega 
Biotechnology (Dallas, TX). Cell Counting Kit-8 (CCK-8) 
was purchased from DoJinDo (Japan).

Immunohistochemical staining

The expression of MRGBP in pancreatic tumors 
was evaluated by immunohistochemical staining (IHC) 
using anti-MRGBP polyclonal antibody. The 58 cases 
of human PDAC tissues in the evaluation cohort were 
used for IHC. Formalin-fixed, paraffin-embedded tissue 
sections (5 μm) were first stained with hematoxylin and 
eosin (HE) for histological examination. Subsequently, 
antigen retrieval was performed by microwaving and 
citrate buffer (pH 6.0). Endogenous peroxidase activity 
was blocked by incubation with 3% H2O2 for 15 minutes at 
room temperature. After washing with phosphate-buffered 
saline (PBS), the sections were overnight incubated with 
primary antibody at 4°C. Then, sections were incubated 
for 20 minutes at room temperature with HRP-conjugated 
anti-rabbit IgG. Finally, the sections were lightly 
counterstained with hematoxylin.

Western blot analysis

Whole cell lysates were prepared in buffer 
containing 150 mM NaCl, 50 mM Tris (pH 8.0), 1% 
NP-40, 0.5% sodium deoxycholate, 50 mM NaF, 0.1% 
SDS, 1 mM Na3VO4. The protein concentration of the 
supernatant was measured by the BCA protein assay 
(Pierce Biotechnology). Proteins were resolved by 
10% SDS-PAGE and transferred onto nitrocellulose 
membrane (Millipore, Billerica, MA). The membranes 
were incubated with primary antibodies and species- 
specific HRP-labeled secondary antibody. The bands were 
detected using the chemiluminescence kit phototope-HRP 
kit (Pierce).

RNA isolation and real-time quantitative PCR 
analysis

Total RNA was isolated from cell lines and tissues 
using TRIzol (Invitrogen), following the manufacturer’s 
instructions. cDNA was synthesized using a high capacity 
cDNA reverse transcription kit (Applied Biosystems). 
For the quantification of gene amplification, Real-time 
quantitative PCR (qRT-PCR) was performed using SYBR 
Green PCR Master Mix (TaKaRa, Ohtsu, Japan) on an 
Applied Biosystems 7900HT real-time PCR system. 
MRGBP primers (5′-ATTCTTCCATTCCCGAATCC-3′ 
and 5′-CCCAAACTCCCTGAAGATGA-3′) [9] were 
used for qRT-PCR. GAPDH was used as for MRGBP 
normalization.

Transient transfection and lentiviral constructs

Transfection of vectors, or small interfering 
RNA (siRNA) into PDAC cells was performed with 
Lipofectamine 2000 reagent (Invitrogen, Carlsbad, CA) 
following the manufacturer’s instructions. Transfected 
cells were incubated for 48h, followed by cell harvesting 
and analysis. The siRNAs against the human MRGBP 
gene were designed and purchased commercially from 
Genepharma Co., Ltd, Shanghai, China. The sequences 
targeting MRGBP are as follows; si-MRGBP-1 forward: 
5′-CCAGCAAAGACAAAGAGAATT-3′; si-MRGBP-1 
reverse: 5′-UUCUCUUUGUCUUUGCUGGTT-3′; 
si-MRGBP-2 forward: 5′-GCAAAGACAAAGAG 
AAGAATT-3′; si-MRGBP-2 reverse: 5′-UUCU 
UCUCUUUGUCUUUGCTT-3′; control siRNA forward: 
5′-UUCUCCGAACGUGUCACGUTT-3′; control siRNA 
reverse: 5′-ACGUGACACGUUCGGAGAATT-3′; qRT-
PCR or Western blot analysis was employed to evaluate 
transfection efficiency. For establishment of stable 
MRGBP-overexpressing cells, lentiviral vector encoding 
human MRGBP cDNA was constructed by Inovogen, 
Beijing, China and designated as pLV-MRGBP. The empty 
vector was used as negative control, designated as pLV-
vector.
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Cell proliferation assay

Cells from each group were seeded in 96-well 
plates containing 100 ul medium and 10% FBS. 10 ul 
Cell Counting Kit-8 (CCK-8) (Dojindo, Tokyo, Japan) 
reagent was added at 24 h after seeding and cultured at 
37°C and 5% for 1 h. The data of optical density (OD) 
value was measured by a multifunctional microplate 
reader (Bio-Rad) at 450nm. The growth curve was 
drawn with time as abscissa, and the absorbance value 
as ordinate.

Plate colony formation assay

Plate colony formation assay was performed to 
evaluate anchorage-independent growth. Cells (1×103) at 
a log phase of growth were trypsinized and resuspended 
in 1.0ml of DMEM medium containing 10% FBS and 
0.33% agar (Sigma) and plated in the bottom of 6-well 
plates containing the same medium with 0.5% agar. 
Then the cells were allowed to attach for 14days at 
37°C and 5% CO2 incubator. Cells were washed 3 times 
with PBS, fixed with 4% paraformaldehyde at room 
temperature for 25 minutes, rinsed again with PBS, and 
then stained with 0.1% crystal violet for 30 minutes at 
room temperature. Finally, colonies were counted under 
a microscope.

Cell migration and invasion assays

The cell migration and invasion assays were 
measured by transwell model (Corning, NY) according 
to the manufacturer’s instructions. In total, serum-free 
DMEM media containing tumor cells was seeded into 
the upper chamber, while medium supplemented with 
10% FBS was placed in the lower chamber as a chemo-
attractant. Following incubation at 37°C for 48 h, the cells 
on the top side of the inserts were removed gently with 
a cotton swab. Subsequently, the cells that were located 
on the lower surface of membrane were fixed by 4% 
paraformaldehyde, stained with 0.1% crystal violet, and 
counted under an inverted microscope. For the transwell 
migration assay, the remaining protocol was similar to the 
cell migration assay, except that the transwell membranes 
were pre-coated with matrigel.

Cell apoptosis analysis

Annexin V-FITC/PI staining was employed to 
discover whether MRGBP regulates the apoptosis of 
PDAC cells. Cells were harvested in complete DMEM 
medium and were collected by centrifuging at 1000rpm 
for 5 min. Subsequently, cell apoptosis was assayed by 
staining with propidium iodide (PI) and Annexin V-FITC 
(BD Pharmingen, USA) following the manufacturer’s 
instructions. The apoptosis of PDAC cells was detected 
by flow cytometer.

Animal experiments

Animal studies were conducted according to the 
Chinese national guidelines for the care and use of 
laboratory animals. 6-week-old male BALB/C nude mice 
were employed and housed in pathogen-free conditions. 
A total of 3×106 Mia PaCa-2 cells (MRGBP-control, si-
MRGBP-1 and si-MRGBP-2) were suspended in 100ul 
PBS and injected subcutaneously in the right scapular 
region of mice. On day 21, animals were sacrificed and 
tumors were excised and weighted. Tumor volume was 
calculated by the following formula: V = 1/2 (width × 
length × height).

Immunofluorescent staining

For immunofluorescent staining, BxPC-3 cells 
were plated at glass coverslips. After washing with PBS 
extensively, the cell-bearing coverslips were fixed in 4% 
paraformaldehyde for 15 min at room temperature, and then 
rinsed with PBS for 3 times. Cells were permeabilized with 
0.1% Triton X-100 in PBS for 10 min, washed 3 times with 
PBS, and blocked with 5% bovine serum albumin for 1 h. 
Then the coverslips were incubated with diluted primary 
antibody against target protein (E-cadherin or Vimentin) 
at 4°C overnight. After washed 3 with PBS, the coverslips 
finally co-incubated with fluorescence-labeled goat anti-
mouse IgG at room temperature for 1h in darkness. The 
nuclei was stained with 4′, 6-diamidino-2-phenylindole 
(DAPI). Fluorescent images were captured by using a 
fluorescence microscope (Olympus, Tokyo, Japan).

Statistical analysis

Overall survival (OS) was defined as the time from 
the date of the diagnosis to the date of death from any cause 
or the last contact, i.e., the date of the last follow-up. The 
patients who were alive at the last follow-up evaluation 
were censored. Survival curves were evaluated using 
the Kaplan-Meier method and the statistical differences 
between survival curves were tested by the log-rank 
test. Chi-square test or Student’s t-test was performed to 
evaluate the correlation between gene expression and the 
clinicopathologic features. All means were calculated from 
at least three independent experiments in cellular studies, 
and results were carried out to determine the statistical 
significance using the two-tailed, unparied Student’s 
t-test. The error bars represented standard error. Statistical 
significance was set at P < 0.05. SPSS software (version 
13.0; SPSS, Inc., Chicago, IL, USA) was used for statistical 
analysis. Graphical representations were performed with 
GraphPad Prism 5 software (San Diego, CA).
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