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Abstract
AIM: To investigate the silencing effects of pAd-
shRNA-pleiotrophin (PTN) on PTN in pancreatic cancer 
cells, and to observe the inhibition of pAd-shRNA-PTN 
on neurite outgrowth from dorsal root ganglion (DRG) 
neurons in vitro . 

METHODS: PAd-shRNA-PTN was used to infect pan-
creatic cancer BxPC-3 cells; assays were conducted for 
knockdown of the PTN gene on the 0th, 1st, 3rd, 5th, 
7th and 9th d after infection using immunocytochem-
istry, real-time quantitative polymerase chain reaction 
(PCR), and Western blotting analysis. The morpho-
logic changes of cultured DRG neurons were observed 
by mono-culture of DRG neurons and co-culture with 
BXPC-3 cells in vitro .

RESULTS: The real-time quantitative PCR showed that 
the inhibition rates of PTN mRNA expression in the 
BxPC-3 cells were 20%, 80%, 50% and 25% on the 
1st, 3rd, 5th and 7th d after infection. Immunocyto-
chemistry and Western blotting analysis also revealed 
the same tendency. In contrast to the control, the DRG 
neurons co-cultured with the infected BxPC-3 cells 
shrunk; the number and length of neurites were sig-
nificantly decreased.

CONCLUSION: Efficient and specific knockdown of 
PTN in pancreatic cancer cells and the reduction in 
PTN expression resulted in the inhibition of neurite out-
growth from DRG neurons.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Pancreatic cancer is one of  the most aggressive and in-
tractable human malignant tumors[1,2]. Perineural invasion 
extending into the pancreatic nerve plexus is a histopatho-
logic characteristic of  pancreatic cancer. However, the 
mechanisms contributing to the invasion of  intrapancreat-
ic nerves and spread of  cancer cells along extrapancreatic 
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nerves in the course of  pancreatic cancer are still poorly 
understood. A family of  proteins consisting of  neuro-
trophic factors is of  interest due to recent experimental 
data that showed their involvement in the neural invasion 
of  pancreatic cancer[3,4].

Pleiotrophin (PTN) is a type of  neurotrophic factor 
and is also known as a neurite growth-promoting fac-
tor. Human, mouse and rat PTN proteins are identical, 
and they share a 45% amino acid similarity with midkine-
another member of  this family[5,6]. PTN could promote 
neurite outgrowth in primary cultures of  cortical neu-
rons[7] and neuronal survival[8]. PTN is mainly expressed 
during early embryogenesis. In human adult tissues, PTN 
is markedly down-regulated and present only at minimal 
levels in very few tissues. It is not expressed in normal 
pancreatic tissues, but highly expressed in pancreatic can-
cer cells[9]. Kinnunen et al found a high expression level 
of  PTN in 78% of  the tumor samples from pancreatic 
cancer patients[10]. PTN and N-syndecan act as a receptor-
ligand pair in neurite outgrowth. Anti-N-syndecan anti-
bodies added to the culture media had an inhibitory effect 
on PTN-induced neurite outgrowth[11]. Therefore, PTN 
may play an important role in the neural invasion of  pan-
creatic cancer.

RNA interference (RNAi) is a process during which 
double-stranded RNA induces the homology-dependent 
degradation of  cognate mRNA[12]. In some organisms, 
the introduction of  double-stranded RNA has been 
proven to be a powerful tool for suppressing gene expres-
sion through a process known as RNAi[13]. However, in 
most mammalian cells, it provokes a strong cytotoxic re-
sponse[14]. This nonspecific effect could be circumvented 
using synthetic small interfering RNA (siRNA), which 
could mediate strong and specific suppression of  gene ex-
pression[15]. Transfection of  chemically synthesized siRNA 
is routinely used for gene silencing[16]. To circumvent the 
high cost of  synthetic siRNA and establish stable gene 
knock-down cell lines by siRNA, several adenovirus vec-
tor systems, such as the BLOCK-iT™ Adenoviral RNAi 
Expression System, have been designed to produce siRNA 
intracellularly. The BLOCK-iT™ Adenoviral RNAi Ex-
pression System combines Invitrogen’s BLOCK-iT™ 
RNAi and ViraPower™ Adenoviral technologies to facili-
tate the creation of  a replication-incompetent adenovirus 
that delivers a synthesized short hairpin RNA (shRNA) of  
interest to dividing or non-dividing mammalian cells for 
RNAi analysis. These RNAi expression vectors are highly 
efficient for in vitro and in vivo gene transfer into a variety 
of  mammalian cells and tissues and have been used in 
functional and gene therapy studies[17,18].

In this study, we investigated the silencing effects of  
pAd-shRNA-PTN on the PTN gene in the pancreatic 
cancer cell line BxPC-3, and observed the inhibition of  
neurite outgrowth from dorsal root ganglion (DRG) 
neurons in vitro. Our results demonstrated efficient and 
specific knockdown of  PTN in the BxPC-3 pancreatic 
carcinoma cell line, and suggested that PTN is an attrac-
tive new target for the study of  neural invasion in pan-
creatic cancer gene therapy.

MATERIALS AND METHODS
Cell lines, medium and reagents
The BLOCK-iT ™ Adenoviral RNAi Kits (pAd/BLOCK-
iT™-DEST GatewayR Vector Kit; GatewayR LR Clonase™  

Enzyme Mix; 293A Cell Line; and BLOCK-iT™ U6 
RNAi Entry Vector Kit) and Lipofectamine™ 2000 were 
purchased from Invitrogen Corp. (Carlsbad, California, 
USA). Monoclonal mouse antihuman PTN, anti-glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH) anti-
bodies, and the secondary antibody (peroxidase-coupled 
goat anti-mouse IgG) were purchased from Santa Cruz 
Biotechnology (Santa Cruz, California, USA). The human 
pancreatic cancer cell line BxPC-3 was purchased from 
the American Type Culture Collection. The BxPC-3 cells 
were maintained in Dulbecco’s modified Eagle’s medium 
(DMEM) obtained from Life Technologies (Carlsbad, 
California, USA). Fetal calf  serum (FCS) and Ham’s F12 
medium were purchased from Gibco BRL (Carlsbad, Cali-
fornia, USA).

Construction of recombinant adenovirus pAd-shRNA-
PTN
The construction procedure for recombinant adenovi-
rus pAd-shRNA-PTN has been described previously[19]. 
Briefly, according to data on the human pleiotrophin 
mRNA (GenBank accession no. NM002825), four pairs 
of  complementary single-stranded oligonucleotides (ss 
oligos) were designed and synthesized using the Invit-
rogen’s RNAi Designer online. Then, the ss oligos were 
annealed to create double-stranded oligonucleotides (ds 
oligos). The four ds oligos were cloned into the pENTR/
U6 vector to produce four shuttle plasmid pENTR/U6-
shRNAs that were transduced into the BxPC-3 cells by 
Lipofectamine™ 2000 after sequencing, to identify and 
select the shuttle plasmids showing optimal silencing ef-
fect. Oligo-3 was proven to have an optimal silencing 
effect. The sense and antisense strands of  oligo-3 were 
5′-CACCGCCAGAAGACTGTCACCATCTCGAAA-
GATGGTGACAGTCTTCTGGC-3′ and 5′-AAAAGC-
CAGAAGACTGTCACCATCTTTCGAGATGGTGA-
CAGTCTTCTGGC-3′. Then, the attL and attR (LR) 
recombination reaction was performed. Recombinant 
adenovirus pAd-shRNA-PTN was produced and ampli-
fied in HEK 293A cells; the viral titers were determined 
by TCID50 assays[20]. The construction of  pAd-shRNA-
PTN was confirmed via electron microscopic observation.

Procedure for infecting the BxPC-3 cells
The BxPC-3 cells were placed at a concentration of  1 × 
106 cells per well into a 6-well plate, and 2 mL of  normal 
DMEM along with 10% FCS was added into each well. 
On the day of  infection (Day 0), 5 μL adenoviral stock (1 
× 1010 pfu/mL) was added into a 2 mL fresh culture me-
dium with 2% FCS (at a multiplicity of  infection (MOI), 
i.e. an MOI of  50). Then, we removed the previous cul-
ture medium from the cells, mixed the medium contain-
ing virus gently, added it to each cell, and incubated it at 
37℃ overnight. The following day (Day 1), we removed 
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the medium containing virus and replaced it with fresh 
DMEM containing 2% FCS. The cells were harvested 
on the 0th, 1st, 3rd, 5th, 7th, and 9th d after infection 
and assayed for knockdown of  the PTN gene by immu-
nocytochemistry, real-time quantitative polymerase chain 
reaction (PCR), and Western blotting analysis. In this 
study, we regarded the cells harvested on the 0th d after 
infection as the control.

Immunocytochemistry 
Immunostaining of  the human pancreatic cancer cell line 
BxPC-3 was performed on the 0th (control), 3rd, and 5th 
d after infection. The BxPC-3 cells were grown on glass 
slides and fixed with acetone; endogenous peroxidase was 
blocked by incubation with 0.3% H2O2 in methanol. The 
sections were washed and incubated overnight with a 1:20 
dilution of  anti-PTN antibody at 4℃. After subsequent 
wash in phosphate buffered saline (PBS), the secondary 
antibody was added and incubated for 1 h at room tem-
perature. After another wash in PBS, the peroxidase activ-
ity was localized by staining with diaminobenzidine as the 
substrate. Then, the sections were rinsed in water, dried, 
and covered.

Total RNA isolation and real-time quantitative PCR
On the 0th, 1st, 3rd, 5th, 7th, and 9th d after infection, 
the medium was removed from each well. Total RNA 
from each plate of  BxPC-3 cells was extracted (RNeasy 
Mini Kit, Qiagen). The extracted RNA was quantified by 
measuring the absorbance at 260 nm. The purity of  the 
RNA was verified by calculating the ratio between the 
absorbance values at 260 and 280 nm. This ratio ranged 
between 1.83 and 2.00, demonstrating the high quality of  
the RNA. Reverse transcription reactions were performed 
at 50℃ for 30 min. The reaction mixtures were heated 
to 95℃ for 15 min to activate HotStarTaq (Qiagen). The 
forward and reverse primers of  PTN were 5′-TCCTAG-
TATTTTTTTCCTCAG-3′ and 5′-CTTGTTTTCTGC-
CAATAG-3′, respectively; the forward and reverse prim-
ers of  GAPDH were 5′-TCATCCCTGCCTCTACTG-3′ 
and 5′-TGCTTCACCACCTTCTTG-3′, respectively. PCR 
amplification was performed in a total volume of  20 μL: 
4.4 μL PCR master mix (TaKaRa Ex Taq R-PCR Version, 
TaKaRa), 10 pmol of  each primer, 2 mmol MgCl2, 2 μL 
(1:15 000 dilution) SYBr Green Ⅰ (SYBr Green Ⅰ Nucleic 
Acid Gel Stain, Takara), and distilled water. PCR was 
performed using the ABI PRISM 7700 Sequence Detec-
tion System under the following conditions: 95℃ for 30 s 
and 35 cycles at 95℃ for 0 s for instrument setting to 0 s, 
57℃ for 5 s, and 72℃ for 10 s. Cycle threshold (CT) val-
ues were obtained from the BIO-RAD iQ5 2.0 Standard 
Edition Optical System Software (BIO, RAD, USA). Data 
were analyzed using the ΔΔCT method and GAPDH 
served as an internal control. 

Western blotting analysis
The cells were harvested on the 0th, 1st, 3rd, 5th, 7th, and 
9th d after infection, washed once with cold PBS (pH 7.0), 
and lysed in a lysis buffer (150 mmol/L NaCl, 50 mmol/L 

Tris-HCl (pH 7.4), 2 mmol/L EDTA, and 1% NP-40) 
containing protease inhibitors (Boehringer Mannheim, 
Germany). The analysis was performed on all the lysates 
with equal amounts of  protein (20 μg per lane), quantified 
by colorimetric detection based on the bicinchoninic acid 
(BCA) test. The samples were heated at 95℃ for 5 min and 
loaded on a 12% sodium dodecyl sulfate (SDS)-polyacryl-
amide gel. Following electrophoresis, the separated pro-
tein fractions were transferred onto a methanol-activated 
polyvinylidene fluoride (PVDF) membrane and incubated 
with anti-PTN and anti-GAPDH antibodies, followed by 
incubation with the corresponding secondary antibodies. 
The bands were visualized using the enhanced chemilumi-
nescence system.

Monoculture of DRG neurons and their coculture with 
BxPC-3 cells
DRG neurons were dissociated from a 16-d rat fetus. An 
average of  approximately 300 DRG neurons were plated 
on the poly-l-lysine (200 μg/mL)-coated glass cover 
slips (13 mm in diameter) placed in a 6-well plate and 
maintained overnight at 37℃ in a humidified incuba-
tor gassed with 5% CO2 in air. Following this overnight 
setting period, co-cultures of  the DRG neurons and 
BxPC-3 cells were prepared. BxPC-3 cells plated at a 
concentration of  1 × 105 cells per well in a 6-well plate 
and 2 mL of  DMEM/F12 medium with 10% FCS were 
added into each well. On the day of  infection (Day 0), 
50 μL adenoviral stock and 2 mL fresh DMEM/F12 me-
dium containing 2% FCS (at an MOI of  50) were added 
to the infected groups and 2 mL fresh DMEM/F12 me-
dium containing 2% FCS but without adenoviral stock 
was added to the control (uninfected) group. The previ-
ous culture medium was removed from the cells, and 
the fresh medium was added to each cell. The plate was 
swirled gently to disperse the medium. After incubating 
at 37℃ for 6 h, the glass cover slips with 300 DRG neu-
rons were plated on it. The two cell types were cocul-
tured for 7 d in the DMEM/F12 medium containing 2% 
FCS and maintained at 37℃ in a humidified incubator 
with 5% CO2 in air.

Statistical analysis
The images obtained from the Western blotting were 
scanned and analyzed using the Quantity One software. 
The ratios of  PTN to GAPDH were calculated. The 
statistical significance between the control and infected 
groups was calculated using one-way ANOVA test. P < 
0.05 was considered to indicate statistical significance.

RESULTS
Transmission electron microscopy
Two days after infection, we were able to find character-
istic morphological changes. There were lots of  scattered 
virus capsids in the nucleus, next to the nuclear mem-
brane cytoplasm with few virus capsids (Figure 1A). At 
highest magnifications (× 60 000), the capsids showed no 
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connection to each other. Virus capsids were 50-70 nm 
with an almost round appearance (Figure 1B).

PTN expression in pancreatic cancer cells
Using immunocytochemistry, we found a strong staining 
pattern for PTN in the cytoplasm of  normal BxPC-3 cells 
(control, Figure 2A). The silencing rate was determined in 
comparison with the control alone. The expression rate 
of  the PTN protein on the membrane was decreased by 
30% (3 d, Figure 2B) and 70% (5 d, Figure 2C).

Down-regulation of PTN mRNA expression in the 
pancreatic cancer cell line BxPC-3
The efficacy of  pAd-shRNA-PTN with regard to knock-
down of  PTN mRNA was confirmed through real-time 
quantitative PCR analysis. The melting temperature range 
of  PTN was 86.5-87.5℃, and the melting temperature 
range of  GAPDH was 89.5-90.5℃. No nonspecific am-
plification was observed. High expression levels of  PTN 
mRNA were observed in the control. The inhibition rates 
of  PTN mRNA expression in the BxPC-3 cells were 20%, 
80%, 50%, and 25% on the 1st, 3rd, 5th and 7th d after in-
fection. The PTN mRNA level was decreased on the 1st d, 
and down-regulation of  PTN mRNA expression was most 
obvious on the 3rd post-infection day. On the 5th d, the 
PTN mRNA level increased gradually, and the PTN mRNA 
expression approximately returned to the level of  normal 
BxPC-3 cells on the 9th post-infection day (Figure 3).

Western blotting analysis of the down-regulation of PTN 
protein expression in the pancreatic cancer cell line 
BxPC-3
Western blotting analysis of  the anti-PTN-specific anti-
bodies revealed that PTN protein expression in BxPC-3 
cells infected with pAd-shRNA-PTN was markedly sup-
pressed on days 3-7 compared with the control (0 d). The 
inhibition rates of  PTN protein expression were 47.5%, 
80.5% and 20%, respectively, on the 3rd, 5th and 7th d  
following pAd-shRNA-PTN infection. The maximal 
knockdown level was observed on the 5th post-infection 
day. The PTN protein levels began to rise on the 7th post-
infection day (Figure 4).

Co-cultures of DRG neurons and BxPC-3 cells 
Healthy DRG neurons began to adhere and extend their 
processes within 3 h of  plating. Within 24 h, the neurons 
were mainly adherent. On the 1st d, the DRG neurons of  
the monoculture were mostly adherent, and were round or 
elliptical in shape and approximately 25 μm in diameter. De-
cades of  them gathered together, and no neurite outgrowth 
was observed from DRG neurons; glial and Schwann cells 
were also not observed (Figure 5A). During cultivation, 
morphological changes in the DRG neurons were not 
obvious. On the 7th d, the number of  neurons decreased, 
and very few neurons extended neurites  (Figure 5B);  
these neurites were significantly shorter than those extend-
ing from the neurons co-cultured with normal BxPC-3 cells 
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Figure 1  Morphological changes of recombinant adenovirus pAd-shRNA-pleiotrophin in HEK 293A cells. Scale bars: 600 nm (A) and 200 nm (B).

Figure 2  Pleiotrophin immunostaining of BxPC-3 human pancreatic cancer cells (× 400).
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(Figure 5D). On the 7th d after co-culture with BxPC-3 
cells, the control (co-cultured with normal BxPC-3 cells) 
DRG neurons were larger in size and irregular in shape. 
Robust neurite outgrowth was observed, with extensive 
outgrowth forming reticulate links and neural networks 
(Figure 5C). In contrast to the control, the DRG neurons 
co-cultured with the infected BxPC-3 cells shrunk; the 
number of  neurons that extended neurites was significantly 
decreased, as was the length of  the neurites. No neural net-
works were formed (Figure 5D).

DISCUSSION
Pancreatic cancer is characterized by perineural invasion[21], 

early lymph node metastasis, and poor prognosis[22,23]. Peri-
neural invasion is an important cause of  local recurrence, 
but little is known about its mechanism. The perineural 
invasion originates from not only the extrapancreatic 
nerve but also the intrapancreatic nerve in pancreatic car-
cinoma[24]. It is likely that as a neurite growth-promoting 
factor, PTN acts synergistically to promote the develop-
ment of  perineural invasion in pancreatic cancer. Weber 
et al[9] showed that PTN is expressed in gastrointestinal 
and, particularly, in pancreatic cancer cells. Using immu-
nocytochemistry, 10 different human pancreatic cancer 
cell lines were analyzed for PTN expression. Six cell lines 
were positively stained for PTN: A816-4, BxPC-3, Panc-
Tu1, SW850, Panc89, and Colo357[9]. In this study, we also 
found that PTN was clearly expressed in BxPC-3 cells.

In cancer gene therapy, the success of  a strategy de-
pends on its cancer specificity and efficient delivery into 
mammalian cells. In this study, the RNAi technique and 
recombinant adenovirus were used to achieve this. The 
availability of  a high virus titer and infection of  a broad 
spectrum of  cell types makes adenovirus the vector of  
choice for siRNA delivery. For example, oncogenic K-ras 
and other genes could be specifically and stably inacti-
vated in human pancreatic cancer cells using a viral RNA 
interference (RNAi) vector, leading to loss of  tumorige-
nicity[25]. The construction of  recombinant adenovirus 
was confirmed via electron microscopic observation. The 
pAd/BLOCK-iT™ adenoviral construct is replication-

incompetent and does not integrate into the host genome. 
Therefore, once transduced into mammalian cells, the 
shRNA of  interest will be expressed as long as the viral 
genome is present. In the actively dividing cells, the ad-
enovirus genome is gradually diluted as cell division oc-
curs, resulting in an overall decrease in shRNA expression 
over time, i.e. the target protein levels generally return to 
background levels within 1-2 wk following transduction. 
For reducing the dilution, we cultured BxPC-3 cells in 
DMEM/F12 medium containing 2% FCS to reduce cell 
division. Besides, we used an MOI of  50 to obtain the 
optimal degree of  target gene knockdown. In this study, 
we found that PTN gene knockdown in BxPC-3 cells 
might be detectable (20%) by real-time quantitative PCR 
on the 1st post-infection day, with maximal knockdown 
levels (80%) observed on the 3rd post-infection day. On 
the 5th d, as the adenovirus genome was diluted, the level 
of  PTN mRNA was increased gradually and the PTN 
mRNA expression returned to the level observed in con-
trol BxPC-3 cells on the 9th post-infection day. Immuno-
cytochemistry and Western blotting analysis also revealed 
the same tendency, except that the maximal knockdown 
levels of  PTN protein were observed two days later; this 
may be related to the translation process of  the protein.

In the nervous system, PTN has been shown to induce 
neurite outgrowth from dopaminergic neurons[8,26]. PTN 
and its receptor, N-syndecan, are important in promoting 
neurite outgrowth. N-syndecan expression was stronger 
in both the brain and spinal cord during the later develop-
mental period (days 14-16 of  gestation); N-syndecan iso-
lated from a 16-d-old rat fetus bound strongly to PTN[27]. 
Anti-N-syndecan antibodies bound to the surface of  the 
neurites and also perturbed neurite growth[28]. PTN was 
also involved in the peripheral nerve regeneration follow-
ing nerve injury and functional recovery following neural 
transplantation in rats[29,30]. Taken together, the available 
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Figure 3  Inhibitory effects on pleiotrophin mRNA expression in the pan-
creatic cancer cell line BxPC-3. PTN: Pleiotrophin.
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evidence suggests that PTN bound to N-syndecan can 
promote neurite outgrowth from DRG neurons. In this 
study, we selected DRG neurons for investigation because 
they may play a role in the neural invasion of  pancreatic 
cancer[31]. We dissociated DRG neurons from a 16-d-old 
rat fetus for monoculture or co-culture with BxPC-3 cells. 
The results indicated that pAd-shRNA-PTN could also 
be used to infect the BxPC-3 cells and suppress PTN gene 
expression efficiently. In contrast to the number of  con-
trol cells, the number of  DRG neurons co-cultured with 
infected BxPC-3 cells and extended neuritis significantly 
decreased. These results were in agreement with those of  
our previous studies[19].

In conclusion, the adenoviral construct pAd-shRNA-
PTN showed efficient and specific knockdown of  PTN in 
the pancreatic cancer cell line BxPC-3, and the inhibition 
of  neurite outgrowth from DRG neurons was observed 
in vitro. Therefore, the PTN gene and pAd-shRNA-PTN 
may be very important for the research on the neural inva-
sion of  pancreatic cancer. We will set up a model of  pan-
creatic cancer in situ in nude mice in the future studies. By 
injecting pAd-shRNA-PTN stock, we can investigate the 
effects of  the PTN gene and adenoviral construct pAd-
shRNA-PTN on the neural invasion of  pancreatic cancer.
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mechanism of perineural invasion in pancreatic cancer, that is to say, this study 
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Figure 5 Morphological changes in dorsal root ganglion neurons. A: Monoculture of dorsal root ganglion (DRG) neurons on the 1st d (× 400); B: Monoculture of 
DRG neurons on the 7th d (× 400); C: Co-culture of DRG neurons and infected BxPC-3 cells (× 200); D: Co-culture of DRG neurons and normal BxPC-3 cells (× 200). 
Scale bars: 25 μm (A, B) and 50 μm (C, D).
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 COMMENTS



has revealed the role of PTN gene in perineural invasion using pAd-shRNA-
PTN. The study is well designed.
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