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1  | INTRODUC TION

Pancreatic cancer (PC) is a continuously high lethal disease that is 
diagnosed at a distant stage typically with a 5-year survival rate 
which is very low, respectively.1 Despite there are some significant 
advances in the understanding of the pathological characteristics of 
PC, the mortality rate of this cancer has hardly changed, which indi-
cates there are no substantial improvements in clinical treatment.2 
The in-depth study of the mechanism of PC invasion and migration 

provided important theoretical significance and clinical application 
value for improving the therapeutic effect of PC.3,4

In many published studies, it has become apparent that the tu-
mour microenvironment plays a pivotal role during pancreatic ma-
lignant progression.5-7 One of the hallmarks of PC is abundant and 
dense cellular matrix consisting of stromal cells and extracellular 
matrix (ECM).8 Pancreatic stellate cells (PSCs) are responsible for 
the extensive desmoplastic reaction which sometimes accounts for 
50%-80% of tumour volume.9 Because of this characteristic, general 
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Abstract
Pancreatic cancer (PC) is a continuously high lethal disease, and the tumour micro-
environment plays a pivotal role during PC progression. Herein, we focus on that 
the Nerve growth factor (NGF)/Tropomyosin-related kinase A (TrkA), in pancreatic 
stellate cells-pancreatic cancer cells (PSCs-PC cells) co-culture system, influences PC 
proliferation and invasion. The model of PC cells and PSCs was directly co-cultured 
in a no-touch manner, using the Transwell as the co-culture system. NGF and TrkA 
expression was measured in cultured system by real-time PCR, immunofluorescence, 
Western blotting analysis or ELISA. Small interfering RNA transfection was used to 
regulate the expression of TrkA in PC cells. The promotion of cancer invasion was 
investigated using Matrigel Transwell assay. In our study, NGF/TrkA is overexpressed 
in PSCs-PC cells co-culture system and promotes the invasion and proliferation of 
PC cells. And the epithelial-mesenchymal transition-related genes are influenced by 
si-TrkA. What's more, NGF/TrkA regulates the PC cell proliferation and invasion via 
activation of PI3K/AKT/GSK signalling. The present study demonstrated NGF/TrkA 
promoted the PC cell proliferation and invasion in the co-culture system by the acti-
vation of the PI3K/AKT/GSK signal cascade, providing a potential therapeutic target 
for PC patients.
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treatments for PC are less effective and easier resisted. PSCs are lip-
id-storing cells existing in normal pancreatic tissue before activated 
by cytokines and other factors. PSCs can be activated by a variety 
of factors, including pro-inflammatory factors, oxidative stress and 
factors in tumour microenvironment. Activated PSCs can be trans-
formed into myofibroblast-like cells which produce collagenous 
stroma.10 Also, some evidence shows that PSCs interact with PC 
cells through various active factors which promote tumour growth 
and progression.5 The interaction between PC cells and PSCs plays 
their roles through various active factors.5,11

Nerve growth factor (NGF) is a member of the neurotrophin fam-
ily. Numerous studies reveal that the high level of NGF in PC is closely 
correlated with tumour proliferation, tumour cell apoptosis and peri-
neural invasion, especially.12,13 Tropomyosin-related kinase A (TrkA) 
is the high-affinity receptor for NGF, in contrast with the low-affinity 
p75 neurotrophin receptor (p75NTR).14 Phosphoinositide 3-kinase 
(PI3K)/protein kinase B(AKT) signalling pathway, which is the down-
stream of NGF/TrkA, promotes cancer survival and proliferation.15,16

Herein, we focus on that the high level of NGF in pancreatic 
stellate cells-PC cells (PSCs-PC cells) co-culture system influences 
PC proliferation and epithelial-mesenchymal transition (EMT). We 
built an indirect PSCs-PC cells co-culture system in vitro and used 
the model to explore the NGF/TrkA works in this system. The data 
showed that NGF/TrkA promotes PC proliferation and EMT by 
PI3K/Akt/GSK signal pathway.

2  | MATERIAL S AND METHODS

2.1 | Cell culture and reagents

The human PC cell lines AsPc-1 and Panc-1 were obtained from the 
American Type Culture Collection and cultured in DMEM supple-
mented with 10% foetal bovine serum (FBS) and 1% antibiotics/an-
timycotics in a humidified 5% CO2 atmosphere at 37°C. Antibodies 
against MMP-9, vimentin, E-cadherin, NGF, TrkA, p-AKT, AKT, GSK 
and p-GSK were purchased from Abcam. Recombinant NGF was ob-
tained from R&D Systems.

2.2 | Real-time PCR

Total RNA was extracted using TRIzol (Invitrogen), and cDNA was 
synthesized using a PrimeScript RT Reagent Kit (TaKaRa). The real-
time experiments were conducted on an iQ5 Multicolor Real-Time 
PCR Detection System (Bio-Rad) using a SYBR Green Real-time PCR 
Master Mix (TaKaRa). The primers are shown in Table 1.

2.3 | Western blotting analysis

Cells were lysed using a lysis buffer (50 mM Tris [pH 7.5], 150 mM NaCl, 
1% NP 40, 0.5% sodium deoxycholate, 1 mM EDTA and 0.1% SDS) 

containing a protease inhibitor cocktail (Sigma-Aldrich), and protein 
concentrations were measured with the DC Protein Assay (Bio-Rad 
Laboratories, Inc). After separation on 7.5% SDS-polyacrylamide gels, 
proteins were transferred to nitrocellulose membranes (Amersham 
Bioscience), which were then incubated with primary antibodies at 
4°C overnight. After being washed 3 times with TBST, the membranes 
were incubated with horseradish peroxidase–conjugated secondary 
antibodies for 1 hour. Immunoreactive bands were visualized using an 
enhanced chemiluminescence kit (Millipore). Quantitative analysis was 
performed using Image-Pro Plus 6.0 software (Media Cybernetics, Inc). 
The relative protein expression levels were normalized to GAPDH.

2.4 | MTT assay

Cell proliferation rate was measured by MTT assays. The cells were 
seeded in 96-well plates at a density of 1 × 104 cells per well and 
incubated overnight in medium containing 10% FBS. The DMSO 
concentration was adjusted to 0.4%. The cells incubated in serum-
free medium were used as the control group. Following incubation 
for 12, 24 and 48 hours at 37°C, 20 μL of MTT solution (5 mg/mL 
in PBS) was added to each well, and the cells were incubated for an 
additional 4 hours at 37°C. Subsequently, 100 μL DMSO was added 
to each well at 37°C. The optical density (OD) value was determined 
using a spectrophotometer (Bio-Rad Laboratories Inc) at 490 nm. The 
proliferation rate was defined as OD (cell plate)/OD (blank plate).

2.5 | Co-culture system for PC cells and PSCs

The fresh pancreas tissue (from the liver transplant donors in the First 
Affiliated Hospital of Xi'an Jiaotong University) was made as 1-2 mm3, 
and the adherence of tissue and the morphology and quantity of cell 
were observed under a phase-contrast microscope. All experimen-
tal protocols were approved by the Ethical Committee of the First 
Affiliated Hospital of Xi'an Jiaotong University, Xi'an, China. The PSCs 
began to grow 3-day encompassment of the pancreas tissue and were 
isolated from pancreas. PSCs were subsequently seeded on 24-well 
plates cultured in DMEM supplemented with 10% FBS and 1% antibi-
otics/antimycotics in a humidified 5% CO2 atmosphere at 37°C.

TA B L E  1   Real-time PCR primer sequence

Genes Primer sequence

TrkA P1: 5′-GGT ACC AGC TCT CCAACA CTG AGG-3′
P2: 5′-CCA GA ACG TCC AGGTAA CTC GGT G-3′

E-cadherin P1: 5′-ACA GCC CCG CCT TAT GAT T-3′
P2: 5′-TCG GAA CCG CTT CCT TCA-3′

Vimentin P1:5′-GAGAACTTTGCCGTTGAAGC-3′
P2:5′-GCTTCCTGTAGGTGGCAATC-3′

NGF P1: 5′-AAGGCTTTGCCAAGGACG-3′
P2: 5′-GTGATGTTGCGGGTCTGC-3′

GAPDH P1: 5′-ACCACAGTCCATGCCATCAC-3′
P2: 5′-TCCACCACCCTGTTGCTGTA-3′
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We propose a model in which the PC cells and PSCs were di-
rectly co-cultured in a no-touch manner. Using the Transwell as the 
co-culture system, the upper chamber was inoculated with 1 mL of 
human PSC suspension (cell density 2 × 105/mL). PC cells suspended 
in 1.2  mL (cell density 2  ×  105/mL) for the different groups were 
inoculated into the lower plate and cultured for 24 hours at 37°C in 
a 5% incubator.

2.6 | Immunofluorescence

NGF was localized in PSCs by immunofluorescence. The prepared 
PSCs were washed 3 times with PBS and then fixed with 100 mL 4% 
paraformaldehyde in PBS. The cells were permeabilized in blocking 
buffer (0.1% Triton X-100 or 0.1%-0.5% saponin, 10% NGS, 100 mM 
PBS, pH 7.4) for 1  hour at room temperature and then incubated 
with primary antibodies overnight at 4°C. Next day, the slides were 
incubated with secondary antibody anti-rabbit IgG FITC-conjugated 
(1:100) (Invitrogen) at RT. The cellular localization of protein was 
studied with fluorescence microscope.

2.7 | Migration experiment

The invasiveness of PC cells was assessed based on the invasion of 
cells through Matrigel-coated Transwell inserts. Briefly, the upper 
surface of a filter (pore size, 8.0  μm; Millipore) was coated with 
basement membrane Matrigel (BD Biosciences). The cells were sus-
pended in DMEM with 1% FBS. Cell suspensions (100 μL, 10 000 
cells) were then added to the upper chamber. Next, 500 μL of DMEM 
containing 20% FBS was simultaneously placed into the lower cham-
ber of the Transwell. The cells were allowed to migrate for 24 hours 
at 37°C. The non-migrated cells were removed from the upper sur-
face by scraping with a cotton swab. After incubation, the filter was 
fixed and stained with crystal violet. All cells that had migrated from 
the upper to the lower side of the filter were quantified using a light 
microscope by counting in 10 random microscope views.

2.8 | ELISA

Conditioned medium obtained from the co-culture system was col-
lected at 24 hours after the treatments, centrifuged (1200 rpm) for 
10 min and frozen at 80°C until analysed. The levels of secreted NGF 
were determined by an enzyme-linked immunosorbent assay (ELISA) 
(R&D Systems) according to the manufacturer's instructions.

2.9 | Transfection

Silencing of gene expression was achieved using siRNA technology. 
Tumour cells were transfected with TrkA siRNA. Cells were seeded into 
small dishes and transfected with 100 nmol/L SiRNA using Lipofectamine 

2000 (Invitrogen) according to the manufacturer's instructions. The cells 
were used for further experiments 6 hours after transfection. Negative 
control siRNA (Ambion Inc) was used as a negative control.

2.10 | Statistics

The analyses of the results were carried out using the spss statistical 
software package (version 16.0). The significance of the data was de-
termined using Student's t test or ANOVA analysis. A value of P < .05 
was considered to indicate a statistically significant difference. Data 
are representative of at least three independent experiments and 
are reported as means ± SD.

3  | RESULTS

3.1 | NGF is expressed in PSCs isolated from human 
pancreas

To explore the role of PSCs in the development of PC, primary 
PSCs were isolated from human pancreas (Figure 1A). These ac-
tivated PSCs were characteristic stained by Oil Red O which 
showed the state with accumulated lipid droplets (Figure 1B). And 
immunofluorescence showed that NGF was mainly localized to the 
cytoplasm of PSCs (Figure 1C,D,E). In summary, we confirmed that 
NGF was highly expressed in PSCs, which hinted its role in PC 
progression.

3.2 | PSCs promote PC cell proliferation and 
invasion in PSCs-PC cells co-culture system

To determine the effects of PSCs on PC cells, we used Transwell 
chamber with Matrigel coating to build a model which we called 
PSCs-PC cells co-culture system. PC cell lines Panc-1 or AsPc-1 
were placed in the lower chamber with or without PSCs in the upper 
chambers (Figure 2A). The results showed that the invasion ability of 
PC cells (Panc-1 and AsPc-1) was visibly increased when they co-cul-
tured with PSCs (Figure 2B, C) (P < .05). We observed and calculated 
cell proliferation rate after 12, 24 and 48 hours, and the proliferation 
rate of PC cells was significantly increased in the groups with PSCs 
co-cultured (Figure 2D,E) (P < .05). And, mannitol was a control for 
excluding influences of interstitial pressure. These results all showed 
that PSCs co-cultured with PC cells could promote invasion and pro-
liferation ability for PC cells.

3.3 | Expressions of NGF and TrkA are increased in 
PSCs-PC cells co-culture system

To assess the expression levels of NGF and TrkA, the RT-PCR, 
ELISA and Western blot analysis were conducted to compare the 
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mRNA and protein expression (Figure  3). We found that NGF ex-
pression level was increased in PSCs when co-cultured with PC cells 
(Panc-1 and AsPc-1) than in PSCs when cultured alone for 24 hours 
(Figure 3A,B) (P < .05). And similarly, the TrkA expression level is sig-
nificantly increased in PC cells co-cultured with PSCs than in PC cells 
when cultured alone (Figure  3C,D) (P  <  .05). Next, we performed 
ELISA to test whether the expression level of NGF shows the similar 
result in medium. When PC cells co-cultured with PSCs, the NGF 
level in medium increased obviously compared with any single cul-
tivation (Figure 3E) (P < .05). Taken together, these findings indicate 
that PSCs may produce more NGF binding TrkA on PC cell mem-
brane in PSCs-PC cells co-culture system.

3.4 | NGF/TrkA axis plays a role in proliferation and 
invasion of PC cells in co-culture system

To further investigate the role of NGF/TrkA axis in the interac-
tion between PSCs and PC cells, the synthetic NGF and K252a 
(inhibitor of TrkA) were used in the co-culture system (Figure 4). 
The results demonstrated that the invasion ability in co-culture 
system was enhanced by NGF (100 ng/mL) compared with control 
(P <  .05), and the K252a treatment significantly inhibited PC cell 
invasion (Figure  4A-C) (P  <  .05). The proliferation rate of Panc-1 
and AsPc-1 cells in the co-culture system with extra NGF was 
significantly increased compared with the control system. Also, 

K252a inhibited the proliferation rate of Panc-1 and AsPc-1 cells in 
PSCs-PC cells co-culture system (Figure 4D,E). These effects sug-
gest that NGF/TrkA axis plays an important role in PC cell growth 
in co-culture system.

3.5 | The expression levels of the invasion-related 
genes are influenced by si-TrkA in co-culture system

To determine the effects of NGF/TrkA signalling on cell invasion, 
Panc-1 cells transfected with TrkA siRNA (si-TrkA) were indirectly 
co-cultured with PSCs (Figure 5). The TrkA expression had a obvi-
ously reduced trend in Panc-1 cells which were transfected with Si-
TrkA in the level of mRNA and protein (Figure 5A,B) (P <  .05). The 
Western blot results showed that the expression levels of MMP-9, 
vimentin and E-cadherin were changed by si-TrkA (Figure 5C). It has 
shown that PSCs induce PC cell migration which is associated with 
EMT. What's more, the co-culture system with NGF (100  ng/mL) 
showed the low level of E-cadherin and high level of vimentin and 
MMP-9 compared with the control group. The expression level of 
E-cadherin was increased in co-culture system with si-TrkA or K252a 
(Figure 5D), and Si-TrkA and K252a decreased the expression lev-
els of vimentin and MMP-9 obviously (Figure 5E,F) (P < .05). These 
data indicate that the activation of NGF/TrkA signalling enhanced 
the invasive ability of PC cells through influence of the expression of 
MMP-9, vimentin and E-cadherin.

F I G U R E  1   NGF is highly expressed in PSCs isolated from human pancreas. (A) Primary PSCs were isolated from human pancreas, and the 
adherence of tissue and the morphology and quantity of cell were observed under a phase-contrast microscope (black arrow: PSCs in high 
magnification [×200]). (B) These PSCs are stained by Oil Red O which showed the state with accumulated lipid droplets (blue arrow: lipid 
droplets stained by Oil Red O in high magnification [×200]). (C, D, E) Staining of NGF using immunofluorescence technique (×200). NGF is 
mainly localized to the cytoplasm of PSCs by red fluorescence (C), DAPI for nuclei (D) and the merged images (E)
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3.6 | NGF/TrkA signalling regulates EMT of PC cells 
via PI3K/AKT/GSK

To further determine the mechanism of NGF/TrkA for the pro-
liferation and invasion of PC, we evaluated PI3K signalling and 
its downstream targets, AKT and GSK, treated with si-TrkA and 
LY294002 (an inhibitor of PI3K) (Figure 6). The results showed that 
the invasion capacity of Panc-1 cells was decreased with si-TrkA or 
LY294002 treatment, especially in the group of both combination 
(Figure  6A,B) (P  <  .05). Western blot assays showed that expres-
sions of p-AKT and p-GSK decreased visibly in Panc-1 cells treated 
with LY294002 and si-TrkA (Figure  6C). Similarly, the prolifera-
tion of Panc-1 cells was decreased with si-TrkA and/or LY294002 
treatment (Figure 6D) (P <  .05). These data demonstrate that the 

abrogation of NGF/TrkA signalling could inhibit tumour growth and 
invasion by PI3K/AKT/GSK.

4  | DISCUSSION

PC is one of the leading causes of cancer death among solid can-
cers.1 In fact, the high potential metastasis and rapid growth may 
be the main cause contributing to its high mortality rate.17 Recent 
years, tumour microenvironment is the research focus of cancer pro-
gression, and PSCs are involved in PC progression as the functional 
components.6,7,18-20 NGF and its receptors (P75 and TrkA) were 
always shown to be the acceleration role for the cancer develop-
ment.21 Here, the work presented identifies that NGF and the PI3K/

F I G U R E  2    PSCs promote invasion and increase the proliferation of PC cells. (A) The PC cells and PSCs were directly co-cultured in 
a no-touch manner. Pancreatic cancer cell lines Panc-1 or AsPc-1 were placed in the lower chamber with or without PSCs in the upper 
chambers. (B) The invasion ability of Panc-1 (the above listed) and AsPc-1 (the below listed) cells was visibly increased when they co-cultured 
with PSCs (the right side) compared with control group (the left side). (C) The migrated cancer cell numbers were visibly increased in the 
co-cultured with PSCs in Panc-1 and AsPc-1 cells. (D, E) The proliferation rate of PC cells is significantly increased in the groups with PSCs 
co-cultured, and the mannitol was a control for excluding influences of interstitial pressure. *P < .05 compared with control. All data from 
three independent experiments were analysed
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AKT signal pathway were involved in the mechanisms of interaction 
between PC and PSCs, promoting the proliferation and EMT in PC.

The pancreatic tumour microenvironment contains several cellu-
lar components, including the PC cells and PSCs,18,22 which support 
tumour growth and progression. To clarify the interaction between 
both of them, the co-culture system of PC cells and PSCs was used 
in this study. Based on our previous work, we propose a model in 
which the PC cells and PSCs were directly co-cultured in a no-touch 
manner.23 The advantage of this model is that the system could give 
consideration to the co-culture which signify the microenvironment 

and also make it easier to analyse the action of PC cells and PSCs 
separately.

In this study, we showed that NGF was localized in PSCs 
(Figure 1), which suggests that the NGF secretion from PSCs has 
the work condition between action of PSCs and PC cells. Indeed, 
in the present co-cultured model, the invasion ability and pro-
liferation of PC cells (Panc-1 and AsPc-1) were visibly increased 
when they co-cultured with PSCs compared with single culti-
vation (Figure  2). This finding suggests the critical function of 
PSCs on PC malignant progression in tumour microenvironment. 
Next based on this experimental system, we demonstrated an 

F I G U R E  3   Co-culture of PSCs and PC cells increased the expressions of NGF and TrkA. (A, B) The mRNA and protein expressions of NGF 
in PSCs were increased when co-cultured with PC cells (Panc-1 and AsPc-1) than single PSCs. (C, D) The mRNA and protein expressions of 
TrkA in Panc-1 and AsPc-1 cells were increased in the co-cultured system than single PC cells. (E) The NGF level in medium was increased 
highly compared with single cultivation by ELISA in co-cultured system. *P < .05 compared with control. #P < .05 between PSCs-Panc-1 co-
cultured and Panc-1 cells. &P < .05 between PSCs-AsPc-1 co-cultured and AsPc-1 cells. All data from three independent experiments were 
analysed
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anxoaction role of PSCs on expression or secretion of NGF and 
an increasing expression of its receptor TrkA in the co-culture sys-
tem (Figure 3). Therefore, both NGF and TrkA were shown to be 
highly expressed in PSCs and PC cells, indicating their critical roles 

in PC invasion ability and proliferation.24 Usually, NGF has two 
main cell membrane receptors: TrkA and p75NTR. TrkA signalling 
has been widely found in cancer cells and exhibited specificity in 
NGF binding; thus, we chose the NGF/TrkA signalling as the main 

F I G U R E  4   NGF/TrkA promoted the proliferation and invasion of PC cells in co-culture system. (A, B, C) The invasion ability of Panc-1 (the 
above listed) and AsPc-1 (the below listed) cells was visibly affected by different treatments in the co-cultured with PSCs: NGF (the middle) 
increased the invasion ability, but the K252a (the right) treatment significantly inhibited PC cell invasion compared with control (the left). (D, 
E) The proliferation rate of PC cells is significantly increased by NGF and inhibited by K252a in the co-cultured with PSCs at different times. 
*P < .05 compared with control. #P < .05 between NGF group and K252a group. All data from three independent experiments were analysed
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axis in the present study. In this study, we demonstrated that NGF 
enhanced the proliferation and invasion ability in co-culture sys-
tem, but the K252a treatment significantly inhibited both of them 
(Figure  4). Nevertheless, we believe that the activation of NGF/
TrkA signalling plays only partial role in acceleration of PSCs on 
PC cells and other signalling pathways should be explored in the 
future research.

We also show in this study that PSC treatment increased the ex-
pression of both NGF and its receptor within the co-culture system 
leading to increased invasiveness and proliferation. This finding sug-
gests that the molecular function of NGF binding TrkA offers partly 
acceleration, and the high expression and activation of TrkA make 
contributions in the course of PSCs resulting in cell growth and in-
vasiveness of PC cells. These findings provide the evidence that the 
pancreatic tumour microenvironment is a heterogeneous ecology 
and the interaction between cancer cells and stromal elements is 
complex and hard to make certain.25,26 So, the deeper mechanism of 
action should be continued in the further investigation.

The evidence has come out that induction of the EMT programme 
is required for invasion.27,28 The expression of cellular EMT marker 
changes, including MMP-9, vimentin and E-cadherin, has implications 

for the cancer invasion-metastasis process. In this study, we demon-
strated that some of EMT markers are regulated depending on the 
PC cells stimulated by si-TrkA, leading to decreased invasiveness 
(Figure 5). Indeed, TrkA signalling has been widely found in cancer 
cells, exhibiting specificity in NGF binding. And, NGF binds TrkA to 
induce phosphorylation of TrkA for activation of intracellular signal-
ling pathways (MAPK, PI3K and so on), resulting in cancer progres-
sion. Therefore, in the present study, we detected the expression 
of the PI3K/AKT/GSK signal after knockdown of TrkA (Figure  6). 
The results showed that the invasion capacity and proliferation of 
Panc-1 cells were decreased with si-TrkA or LY294002 treatment. 
And then, the expressions of p-AKT and p-GSK decreased visibly 
in Panc-1 cells treated with LY294002 and si-TrkA. Thus, we sug-
gested that activation of PI3K/AKT/GSK signal might induce EMT 
programme and cell growth in the co-culture system of PSCs and PC 
cells through NGF/TrkA. In consideration of the complexity and va-
riety of signal pathways involved in the tumour microenvironment, 
the mechanism underlying NGF/TrkA function on EMT and prolifer-
ation between PSCs and PC cells still needs further study.

However, although we detected the regulation of NGF/TrkA in 
the co-culture system of PSCs and PC cells in vitro, potentially, other 

F I G U R E  5   EMT process is mediated 
by NGF/TrkA in co-culture system. (A, B) 
The transfection efficiencies were verified 
by Western blotting and real-time PCR. 
Panc-1 cells were transfected with TrkA 
siRNA. (C) The expression levels of MMP-
9, vimentin and E-cadherin were changed 
by si-TrkA and NGF shown by Western 
blot. (D) The E-cadherin expression 
was increased by si-TrkA or K252a but 
decreased by NGF in co-culture system. 
(E, F) The expression of vimentin and 
MMP-9 was decreased by si-TrkA or 
K252a but increased obviously by NGF 
in co-culture system. *P < .05 compared 
with control. #P < .05 between NGF group 
and si-TrkA group. All data from three 
independent experiments were analysed
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factors or non-canonical pathway may be excluded in the PC process 
promoted by PSCs.11,29,30 Further studies will be needed to investi-
gate the mechanisms in animal experiments because of its simulation 
with the similar tumour microenvironment.

In conclusion, the present study showed that PC cells co-cul-
tured with PSCs can promote invasion and proliferation ability in 
PC cells. What's more, NGF/TrkA promoted the PC cell proliferation 
and invasion in the co-culture system of PSCs and PC cells through 
the activation of the PI3K/AKT/GSK signal cascade. In the balance 
function of tumour microenvironment, we propose that NGF/TrkA 
could serve as an effective and potential therapeutic target for PC 
patients.
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