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Objectives: GPR55 expression involves varieties of molecular pathways and is associated with
carcinogenesis. Here human pancreatic neuroendocrine tumor cell lines and 79 human pancreatic
neuroendocrine tumor tissues were used to investigate the roles of GPR55 in pancreatic
neuroendocrine tumor. Methods: The impact of GPR55 on proliferation was determined by MTT assay.
Transwell migration and matrigel invasion assays were performed to evaluate the effects of GPR55 on
migration and invasion. Caspase 3/7 activities were measured to examine the impact of GPR55 on
doxorubicin-induced apoptosis. Western blot and immunohistochemical studies were used to examine
protein expression in human pancreatic neuroendocrine tumor cells and human pancreatic
neuroendocrine tumor tissue, respectively. Results: GPR55 involved growth, migration and invasion
and was associated with doxorubicin sensitivity. GPR55 decreased doxorubicin-induced apoptosis by
regulating BAX and Bcl-2 expression. Pancreatic neuroendocrine tumor tissues showed higher
expression of GPR55 than normal pancreatic tissue and the GPR55 level was associated with a higher
stage. Conclusions: GPR55 gene displayed essential functions in pancreatic neuroendocrine tumor and
might be used as genetic marker to predict doxorubicin treatment response and prognosis in human

pancreatic neuroendocrine tumor.
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INTRODUCTION

Pancreatic neuroendocrine tumors (PNETS) derive from
neuroendocrine human cells in pancreas and account for
approximately 7% of all pancreatic malignancies. In the
past years, the incidence of PNETSs is increased due to
the advanced diagnostic technigues (Vagefi et al., 2007)..

The majority of PNETs are slow growing but can
progress to metastatic disease with a poor prognosis.
PNETSs are classified as functioning and non-functioning
tumors. Patients with functioning PNETs often have
clinical syndromes due to the secretion of active peptides
such as insulin, gastrin vasoactive intestinal peptide etc.
Patients  with  non-functioning PNETs may be
asymptomatic, which caused late diagnosis and poor

outcome (Cheslyn-Curtis et al., 1993; Eriksson and
Oberg 2000). The rapeutic standardization and optimal
management in PNETs are very difficult due to high
heterogeneity. A better understanding the pathogenesis
of PNETs will provide critical insight into its management
and therapeutic strategies.

The orphan G protein-coupled receptor 55 (GPR55), a
putative lysophosphatidylinositol receptor, plays a role in
calcium release and ERK-MAP kinase phosphorylation
(Nevalainen and Irving 2010; AlSuleimani and Hiley
2015). Studies have demonstrated that GPR55 activation
is associated with proliferation in variety of human
cancers (Falasca and Ferro 2016; Andradas et al., 2011;
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Pifieiro et al., 2011; Hu et al., 2011). Hasenoehrl et al.
found that GRP55 promotes growth of colorectal cancer
cells and acts as oncogene (Hasenoehrl et al., 2018).
Ferro et al. showed that proliferation of pancreatic ductal
adenocarcinoma can be decreased by inhibition of
GRP55 level both in vitro and in vivo (Ferro et al., 2018).
Andradas et al. reported that high expression of GPR55
is associated with metastasis in triple negative breast
cancer (Andradas et al., 2016).

However, the function of GPR55 in the development of
PNETSs is unknown. Here, we examined the function of
GPR55 in proliferation of PNETs cells and expression
level in PNET human tissue.

MATERIALS AND METHODS
Cell lines

BON-1 and QGP-1 cells were cultured in growth medium
(DMEM/F12, 10% fetal bovine serum and 1%
penicillin/streptomycin).

Transfection

To make GPR55 stable expression cell lines, lentiviral-
GPR55 particles were obtained from G&P Biosciences.
BON-1-GPR55 and QGP-1 stable cells were made by
incubating BON-1 and QGP-1 cells with virus-containing
solutions. The stable cells were selected by ampicillin
following the manufacturing protocol.

To make GPR55 low-expression cell lines, GPR55-
specific SIRNA was purchased from Santa Cruz and was
transfected into BON-1 and QGP-1 cells
using Lipofectamine RNAIMAX (Invitrogen). After 48 hour
transfection, GPR55 expression was tested by western
blot.

Cell proliferation assay

The impact of GPR55 on BON-1 and QGP-1 cells
proliferation was examined using MTT assay. Briefly,
transfected BON-1 and QGP-1 cells were grown in
routine growth medium. After 24-hour culture, doxorubicin
(0, 1, 2 and 4 uM) were added to the growth medium and
continue to culture the transfected cells. On different
time points, MTT solution was added to the BON-1 and
QGP-1 cells and continue to growth for 4 hours. The cell
proliferation was determined by the OD value of each
well.

Programmed cell death

Caspase 3/7 activities were measured to determine the
impact of GPR55 on doxorubicin-induced programmed
cell death. Briefly, BON-1 and QGP-1 cells were cultured
with doxorubicin in the 96-well plates overnight. The OD
value was measured to determine the caspase 3/7
activities after Caspase-Glo reagent (Promega, USA)
was added into each well.

Transwell assay

The migration and invasion of BON-1 and QGP-1 cells
were examined by transwell assays. Briefly, BON-1 and
QGP-1 cells were seeded in upper chamber filled with
growth medium without serum. The lower chambers were
filed with growth medium with serum. After 48-hour
culture, the membranes with invaded BON-1 and QGP-
1 cells were stained. The invaded BON-1 and QGP-
1 cells were counted under microscope.

Western blotting

Western blot assay was performed to examine the impact
of GPR55 on protein expression on BON-1 and QGP-
1 cells. Briefly, BON-1 and QGP-1 cells were mixed with
RIPA buffer on ice. Sodium dodecyl sulfate
polyacrylamide gel electrophoresis was carried out to
separate different molecular weight proteins. Then all
proteins were transferred to polyvinylidene difluoride
(PVDF) membrane. Primary antibodies were incubated
with the PVDF membrane overnight. After washing with
cold PBS, the PVDF membrane was incubated with
secondary antibodies for 1 hour at room temperature.
The protein expression levels were analyzed.

GPR55 levels on human pancreatic neuroendocrine
tumor

Pancreatic neuroendocrine tumor tissues from 79
patients from 2015 to 2020 were obtained from People’s
Hospital of Huangpi District. The study protocols were
approved by the People’s Hospital of Huangpi District
ethical committee. Research consents were signed by all
patients in this study. RNA was extracted from formalin-
fixed paraffin-embedded (FFPE) pancreatic
neuroendocrine tumor tissues.

Immunohistochemical analysis

FFPE pancreatic neuroendocrine tumor tissues were
used to examine protein  expression  using
immunohistochemical staining assay.

Statistical analysis

ANOVA and student’s t test were used to analyze the
statistical difference.

RESULTS
GPR55 protein

neuroendocrine
doxorubicin

promoted growth of pancreatic
tumor cells with or without

Altered expression of GPR55 in BON-1 cells and QGP-1
cells was confirmed by western blot (Figure 1 A-D).
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Figure 1. GPR55 expression level in BON-1 and QGP-1 cells after transfection

Overexpression of GPR55 increased growth of BON-1
cells (Figure 2A) and QGP-1 cells (Figure 2E) in absence
of doxorubicin in a dose-dependent manner.
Overexpression of GPR55 enhanced survival rate in
BON-1 cells (Figure 2B-D) and QGP-1 cells (Fig. 2F-H)
treated with doxorubicin. However, low-expression of
GPR55 decreased growth of BON-1 cells (Figure 3A) and
QGP-1 cells (Figure 3E) in absence of doxorubicin. Low-
expression of GPR55 decreased survival rate in BON-1
cells (Figure 3B-D) and QGP-1 cells (Figure 3F-H)
treated with doxorubicin.

GPR55 protein  inhibited doxorubicin-induced
apoptosis in pancreatic neuroendocrine tumor cells

Decreased caspase 3/7 activities were found in BON-1
cells (Figure 4A) and QGP-1 cells (Figure 4B) after
overexpression of GPR55. Furthermore, GPR55

decreased BAX expression, but increased Bcl-2
expression in BON-1 cells (Figure 4 C-D) and QGP-1
cells (Figure 4 E-F).

GPR55 protein altered migration and invasion in
pancreatic neuroendocrine tumor cells

High-level GPR55 increased migration and invasion in
BON-1 cells (Figure 5 A-B) and QGP-1 cells (Figure 5 E-
F). Low-level GPR55 decreased migration and invasion
in BON-1 cells (Figure 5 C-D) and QGP-1 cells (Figure 5
G-H).

GPR55 protein expression on human pancreatic
neuroendocrine tumor tissues

Higher level of GPR55 was detected in pancreatic
neuroendocrine tumor than normal pancreatic tissue.
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Figure 2. GPR55 increased growth of BON-1 and QGP-1 cells with or without doxorubicin treatment.
(A-D) The growth of BON-1 cells with or without doxorubicin treatment after overexpression GPR55; (E-H) The growth
of QGP-1 cells with or without doxorubicin treatment after overexpression GPR55.
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Figure 3. Knockdown GPR55 decreased growth of BON-1 and QGP-1 cells with or without doxorubicin
treatment.
(A-D) The growth of BON-1 cells with or without doxorubicin treatment after knockdown GPR55; (E-H) The
growth of QGP-1 cells with or without doxorubicin treatment after knockdown GPR55.
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Figure 4. GPR55 decreased doxorubicin-induced apoptosis in pancreatic neuroendocrine tumor cells.
(A) Caspase 3/7 activity in BON-1 cell with overexpressed GPR55; (B) Caspase 3/7 activity in QGP-1 cell with
overexpressed GPR55; (C-F) Bcl-2 and BAX expression in BON-1 and QGP-1 cells.
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Figure 6. GPR55 expression in human pancreatic neuroendocrine tumor tissue

(A) GPR55 expression levels in different stage of pancreatic neuroendocrine tumor tissue and normal pancreatic tissue. (B)
Immunohistochemical studies in pancreatic neuroendocrine tumor tissues.

GPR55 expression correlates with pathologic stage of expression (Figure 6B).
pancreatic neuroendocrine tumor (Figure 6A). Ki-67

immunostain demonstrated a higher proliferation index in DISCUSSION
pancreatic neuroendocrine tumor with high GPR55
expression. Meanwhile, pancreatic neuroendocrine tumor Studies have shown evidence that GPR55 expression is

with high GPR55 expression showed higher DAXX associated with tumorigenesis in a variety of cancers in



different organs, such as and pancreas (Ferro et al.,
2018), breast (Ford et al., 2010), ovary and prostate
(Pifieiro et al.,, 2011). GPR55 is expressed in central
nervous system and peripheral tissues by binding to
Gal2/13 and Gq proteins (Ross 2009). Ferro et al. found
GPR55 improved growth of pancreatic ductal
adenocarcinoma and was regulated by p53 signaling
pathway (Ferro et al., 2018). Hasenoehrl et al., reported
that GPR55 promoted proliferation of colorectal cancer
cells and showed an opposing role to the cannabinoid
receptor 1 (CB1) Hasenoehrl et al., 2018. Andradas et
al., showed that GPR55 increased cancer cell
proliferation by activating extracellular signal-regulated
kinase cascade Andradas et al.,, 2011. Interestingly,
overexpression of GPR55 increased chemoresistance in
pancreatic ductal adenocarcinoma cells (Singh et al.,
2016). Our study showed overexpression of GPR55
increased proliferation of pancreatic neuroendocrine
tumor cells, but low expression of GPR55 decreased
proliferation of xxx cells. These results and prior studies

indicate GPR55 expression is associated with
tumorigenesis in pancreatic neuroendocrine
tumor. Meanwhile, our study suggested GPR55

expression was closely related with the doxorubicin-
induced apoptosis in pancreatic neuroendocrine tumor
cells. These results indicated GPR55 might regulate
chemotherapy resistance through apoptosis pathway.

It is very common for pancreatic neuroendocrine tumor
to spread to other part of the body such as liver and
lymph nodes (Trikalinos et al., 2020). Patients with
metastatic pancreatic neuroendocrine tumor cancer have
higher stage and often have poor outcome. Epithelial-to-
mesenchymal transition (EMT)is a critical biological
process of metastasis in cancer cells (Ribatti et al.,
2020). Studies have demonstrated that GPR55 involve
cancer metastasis and regulate a single step or multiple
steps of EMT by targeting different signaling pathways
(Paul et al., 2014; Kargl et al., 2016; Zhou et al., 2018). In
our study, aberrant expression of GPR55 impacted
migration and invasion in pancreatic neuroendocrine
tumor cells. These results indicated GPR55 played a role
in EMT in pancreatic neuroendocrine tumor cells. DAXX
is a transcriptional repressor and mutation of DAXX is
associated with higher grade and more aggressive
behavior in pancreatic neuroendocrine tumor (Chan et
al., 2018). We further examined impact of aberrant
expression of GPR55 on protein expression in multiple
signaling pathways. We found that overexpression of
GPR55 enhanced DAXX expression in pancreatic
neuroendocrine tumor tissues.

In summary, our study demonstrated GPR55 mediated
proliferation and chemotherapy sensitivity in pancreatic
neuroendocrine tumor. However, pancreatic
neuroendocrine tumor is a heterogeneous disease and
many factors contribute to chemotherapy resistance in
pancreatic neuroendocrine tumor. Further studies are
required to explore how GPR55 interacts with other

Int. J. Biol. Biol. Sci. 009

proteins in regulation pancreatic neuroendocrine tumor
development and progression.
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