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Abstract

Angiogenesis has a pivotal role in the growth and metastasis of pancreatic Key Words

neuroendocrine tumors (PNETSs). Apatinib inhibits angiogenesis as a highly selective > pancreatic neuroendocrine
tumors

KDR inhibitor and has been used to treat advanced gastric cancer and malignancies in
clinical settings. However, the efficacy of apatinib in PNETs remains unclear. The aim of
this study was to compare the antitumor efficacy of apatinib with that of the standard
PNET drug sunitinib in our subcutaneous and liver metastasis models of insulinoma and
non-functional PNET. Our results revealed that apatinib had a generally comparable

angiogenesis
KDR
apatinib

v v vy

liver metastasis

or even superior antitumor effect to that of sunitinib on primary PNET, and it inhibited
angiogenesis without directly causing tumor cell cytotoxicity. Apatinib inhibited the tumor
in a dose-dependent manner, and the high dose was well tolerated in mice. We also found
that the apatinib efficacy in liver metastasis models was cell-type (disease) selective.
Although apatinib efficiently inhibited INR1G9-represented non-functional PNET liver
metastasis, it led to the emergence of a hypoxic area in the INS-1-represented insulinoma
and promoted liver metastasis. Our study demonstrated that apatinib has promise for

clinical applications in certain malignant PNETs, and the application of anti-angiogenesis
drugs to benign insulinomas may require careful consideration.
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Introduction

Pancreatic neuroendocrine tumors (PNETs) are a group of
rare neoplasms originating from pancreatic endocrine cells
(1) that account for 1.3-10.0% of all pancreatic tumors,
with an incidence rising to 3.65/100,000 people per year.
Sixty-five percent of patients develop distant metastases
when diagnosed and have an unfavorable prognosis
(2, 3). Currently, the medical treatments of PNETs are
limited. Therefore, new drug evaluation is urgently
needed. In recent years, several potential therapeutic
targets have been proposed, and clinical trials that may
bring new treatment options are ongoing (4).

Angiogenesis is indispensable in both tumor growth
and metastasis (5). The vascular endothelial growth
factor (VEGF) signaling pathway has a critical role in
angiogenesis, which indirectly mediates the underlying
pathology and subsequent effects on cell proliferation,
migration, permeability and survival of the wvascular
endothelium (6, 7). As a crucial receptor for VEGE
KDR (VEGFR2) stimulates extracellular signal-regulated
kinase phosphorylation and proliferation via a protein
kinase C-dependent pathway involving activation of
PLC-c (8). PNETs are highly vascularized neoplasms
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due to overexpression of VEGF (9), particularly in liver
metastasis (10). For this reason, sunitinib, a multi-targeted
tyrosine kinase receptor inhibitor of VEGFR1-3, platelet-
derived growth factor receptor, mast/stem cell growth
factor receptor Kkit, proto-oncogene tyrosine-protein
kinase receptor Ret, colony-stimulating factor-1 receptor
and Fms-like tyrosine kinase 3 (11), has been proven to
be clinically effective in the treatment of PNETs (12).
However, serious side effects, which may be caused by the
non-specificity of multiple targets (13, 14), may occur in
some patients.

In contrast to sunitinib, apatinib is a highly selective
inhibitor of KDR tyrosine kinase, with a binding affinity
five times that of sunitinib (15). As an antagonist against
the ATP site of KDR (16), apatinib blocked the downstream
pathway to interrupt angiogenesis in many tumors (10).
Apatinib is the first drug in the world that has been
approved for patients with advanced gastric carcinoma
who do not have further chemotherapy options (6). The
drug has also shown promising therapeutic effects against
non-triple-negative metastatic breast cancer, advanced
non-small-cell lung gynecological
hepatocellular carcinoma, thyroid cancer and sarcomas in
clinical trials (17, 18, 19, 20, 21, 22, 23, 24). However, it is
unknown if apatinib is equally effective in PNETSs.

The aim of this study was to compare the antitumor
efficacy of apatinib with that of the standard PNET drug
sunitinib in our subcutaneous and liver metastasis models
using two typical types of PNET cells: insulinoma cells,
represented by INS-1 (a type of functional PNET), and
INR1G9 cells, which are non-functional PNET cells. We
found that the PNET inhibition effect of apatinib was
generally comparable or even superior to that of sunitinib.

cancer, cancer,

Materials and methods
Substance

The agents used in the present study were apatinib
(HengRui Medicine Co. LTD, Jiangsu, China), sunitinib
(G1430008, Aladdin, Shanghai, China), antibodies
against PECAM1 (CD31) (ab182981, Abcam plo),
Hypoxyprobe™-1 Plus Kit (Hypoxyprobe, Inc, USA),
Glucagon (sc-13091, Santa Cruz Biotechnology, Inc),
Insulin (12018, Sigma-Aldrich), Pcskl (ab5543, Abcam
plc), Pcsk2 (ab3533, Abcam plc); Alex Fluor 555 donkey
anti-mouse antibody and Alex Fluor 488 donkey anti-
rabbit antibody (Invitrogen; Thermo Fisher Scientific,
Inc.). All the antibodies were tested previously to ensure
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the validation for cross-species. CCK-8 kit (Dojindo
Laboratories, Kumamoto, Japan) was used in our study.

Cell culture and reagents

The golden hamster INR1G9 and rat insulinoma INS-1
cells were kindly provided by Dr Haiyan Wang from
Division of Clinical Biochemistry, Geneva University
Medical Center, Switzerland. INR1G9 were grown in
RPMI-1640 medium (Gibco; Thermo Fisher Scientific,
Inc.) containing 11.2mM glucose and supplemented
with 5% fetal bovine serum (FBS; Biological Industries
Israel BeitHaemek, Kibbutz-BeitHaemek, Israel), 10°U/L
penicillin and 100mg/L streptomycin at 37°C with
5% CO,. INS-1 cells were cultured in RPMI-1640 medium
containing 11.2mM glucose and supplemented with
10% FBS, 50uM 2-mercap-toethanol, 10°U/L penicillin
and 100mg/L streptomycin at 37°C with 5% CO,. All
the experiments were conducted in the exponential
phase of cell.

Establishment of EGFP-labeled INR1G9 cells

The lentiviral vector we used was derived from
pcDH-EF1-MCS-T2A-puro (SBI). The T2A sequence was
replaced with IRES sequence amplified from pIRES2
(Contech) to avoid any addition of extra amino acids
to the gene coding sequence inserted in the multiple
cloning site (MCS), and the resulted vector was termed as
pcDH-EF1-MCS-IRES-puro. For EGFP labeling, EGFP gene
was amplified from pEGFP-C1 (Contech) and cloned
into the MCS of pcDH-EF1-MCS-IRES-puro to generate
pcDH-EF1-EGFP-IRES-puro.

For lentivirus generation, 293T cells were seeded 24 h
before transfection, which would reach 80% confluence
in 10cm dishes on the day of transfection. Transfection
was performed using X-toremifene HP (Roche). Briefly,
10pg expression vector, 4.5ug pLP1, 3.5ug pLP2 and
2.5ng pVSVG were added into 1mL opti-MEM (Gibco).
Then, 60uL of transfection regent was added into the
mixture and was mixed well. Twenty minutes later,
the transfection mixture was added into the culture
medium of 293T cells. Then, 12-18h later, the medium
was changed into fresh medium. The supernatant was
collected 48 h post transfection, passed through a 0.45 pm
filter (Millipore), and then applied to INR1G9 cells with
8ug/mL polybrene (Sigma). The infected cells were
selected with 2pug/mL puromycin 72 h later; or at this time
point, green fluorescence was monitored under inverted
fluorescent microscope (BX51, Olympus).
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PNET mouse models

Six to eight-week-old female nude mice (Charles River;
Beijing, China) weighted 21.0+0.82g were used in this
experiment. Mice were maintained under SPF conditions
and were provided with food and tap water ad libitum. Mice
were acclimatized to standardized laboratory conditions
for at least a week prior to experimentation (24+2°C;
50+£10% relative humidity; 12h light-darkness cycles).
All animal studies were carried out in strict accordance
with the Principles of Laboratory Animal Care and was
approved by the Animal Studies Committee of the China-
Japan Friendship Hospital (Beijing, China).

For the subcutaneous model, nude mice were
inoculated with 1x10° INR1G9 or INS-1 cells suspended
in 0.1mL FBS-free culture medium by subcutaneous
injection at the right side of the back. Tumor growth was
evaluated every other day by measuring of the tumor
diameter (mm) along the largest (a) and perpendicular
(b) axes, from which the tumor volume (V; mm?) was
calculated according to the formula: V=0.5xaxb?. When
the tumor volume reached around 100mm?3, the mice
were randomized into experimental groups. Different
doses of apatinib and sunitinib, grinded to powder and
dissolved in sterile water, were administered once daily by
oral gavage for the indicated periods. The weight of mice
was also recorded every other day.

For the liver metastasis model, the nude mice were
anesthetized with an intraperitoneal injection of 1%
pentobarbital sodium (45 mg/kg). The skin was disinfected
with 75% alcohol and an oblique incision was made on
left side to pull out the spleen. 1x10° INR1G9 or INS-1
cells in 25 pL FBS-free culture medium were injected into
the spleen using BD insulin syringe until visible splenic
capsule swelling. After injection and needle withdrawal,
dry cotton swab was used for hemostasis and cell leakage
oppression. Then, the spleen was replaced into the
abdominal cavity and the skin was sutured. After 2 weeks
of injection, apatinib and sunitinib were administered
once daily by oral gavage till the mice were killed. Four
weeks later, the mice were killed, and the spleens and
livers were removed for further analysis.

Immunohistochemical staining

A series of 5um sections were obtained from each paratfin
block. The deparaffinized sections were pretreated with
10mM sodium citrate buffer for antigen unmasking,
blocked in normal serum, incubated with primary
antibodies at 4°C overnight. Sections were incubated
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with secondary antibody at room temperature for 30 min.
Finally, diaminobenzidine tetrachloride was used for color
development, and the slides were counterstained with
hematoxylin.

Immunofluorescence staining

For immunofluorescence, after fixation with 4%
paraformaldehyde for 10min and permeabilization with
0.1% Triton-100 for 10min at room temperature, cells
were incubated with primary antibodies overnight at
4°C, and then were incubated with second antibodies
for 30min at 37°C. Nuclei were counterstained with
DAPI, and then cells were detected under a fluorescent
microscope (Olympus Corporation).

RNA extraction and real-time PCR

Total RNA was extracted by TRIzol (Invitrogen) from
cells and tumor tissues according to the manufacturer’s
instructions. The cDNA was synthesized from 2pg total
RNA using reverse transcription kits (TianGen Bio, Inc,
Beijing, China). Real-time PCR was performed on an ABI
7500 Real-Time PCR Systems (Applied Biosystems). The
PCR conditions were as follows: 50°C incubation for
2min, 95°C initial denaturation for 10min, and then
95°C for 155, 60°C for 30s and 72°C for 30s for 40 cycles.
Fluorescence data were collected in the extension step
(72°C for 30s). All reactions were run in triplicates. The
housekeeping gene Actb for rat cells or Gapdh for hamster
cells served as an internal control. The primer sequences
are shown in Supplementary Table 1 (see section on
supplementary data given at the end of this article).

Cell viability assays

Cell viability assays were determined by using Cell
Counting Kit-8 (CCK-8) (WST-8, Dojindo, Kumamoto,
Japan), according to the supplier recommendations. Cells
were cultured in 96-well plates (3x 103 cells/well). After
incubation for 24 h, the cells in various wells were treated
with 0, 300, 600, 1200, 2400nM apatinib diluted in
DMSO for the indicated time points, and the cell numbers
in wells were measured as the absorbance (450nm) of
reduced WST-8. The WST-8 reagent solution (10pL) was
added to each well of a 96-well microplate containing
100puL of cells in the culture medium at various wells,
and the plate incubated for 3h at 37°C. Absorbance
was then measured at 450nm using a microplate reader
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(Thermo Electron Corporation, Inc., Waltham, MA, USA).
All tests were performed in triplicates.

Statistical analysis

Sections showing positive staining were figured in at
least six typical fields (x400) and the average percentage
of positive cells was calculated with Image-Pro Plus
software (Media Cybernetics, Silver Spring, MD, USA).
The hemorrhagic and necrotic areas were calculated by
SPSS ver.13.0 (SPSS Inc.) and were used for data analysis.
The number of liver metastases was assessed by counting
surface tumor nodules on the liver with a dissecting
microscope (25). Student’s t test was used for calculating
the significant difference between groups. *P<0.05 and
**P<0.01 were considered significant. All the data were
presented as mean+Ss.E.M.

Results
Establishment of two types of PNET models

The insulinoma and non-functional PNET models were
established with INS-1 and INR1G9 cells, respectively.
The INS-1 cell line was from an X-ray-induced rat

D Pesk2 E

Figure 1
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insulinoma, which expressed high levels of insulin
and small amounts of glucagon. The establishment of
a subcutaneous tumor model has been proven to be
accessible (26). With the symptom of hypoglycemia
(Fig. 1G), we considered it to be the insulinoma model.
The INR1G9 cell line was originally from a single clone
of hamster insulinoma. Interestingly, it expressed a
high level of glucagon but marginal insulin (Fig. 1A, B
and C) and has long been investigated as an in vitro
model of glucagon secretion (27). In our study, we
found that the protein convertases Pcskl and Pcsk2
were both expressed in INR1GY9 cells, suggesting that
it was possible for proglucagon to be dissected into
glucagon, GLP-1 and GLP-2 in this cell line (Fig. 1D,
E and F). For subcutaneous tumors, although INS-1
xenograft tumors (26) caused severe hypoglycemia,
the blood glucose level showed no significant change
in INR1G9-tumor-bearing mice (Fig. 1G). Therefore,
INR1GY9 was considered to be a non-functional PNET
model. We established a liver metastases model based
on EGFP-labeled INR1G9 cells, which showed obvious
metastases in mouse liver after 2 weeks of injection
(5/5) (Fig. 1H and I). However, few liver metastases have
been observed in INS-1 models, similar to observations
in most insulinoma patients (28).
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Establishment of PNET models. (A, B, C, D, E and F) Immunofluorescence on INR1G9 cells. (A, B and C) glucagon (green, arrows in (A)) and insulin (red,
arrows in (B)); (D, E and F), Pcsk2 (red) and Pcsk1 (green). Nuclei were counterstained with DAPI (blue). Scale bar, 20 pm. (G) The change of blood glucose
in nude mice with INR1G9 or INS-1 cells injected subcutaneously. (H and I) Liver metastasis model established by INR1G9 cells. (H) Representative picture
of liver with multiple metastases based on INR1G9. (I) Liver metastases with EGFP-labeled INR1G9 cells observed under fluorescent stereomicroscope.

The metastatic tumors were indicated by arrows.

© 2019 The authors
Published by Bioscientifica Ltd

https://ec.bioscientifica.com
https://doi.org/10.1530/EC-18-0397

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0
International License.

©0Ele


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1530/EC-18-0397
https://ec.bioscientifica.com

S Wu, J Zhou et al.

4 Endocrine
W CONNECTIONS

Apatinib has no cytotoxicity on INR1G9 and INS-1
cells in vitro

It has been previously reported that apatinib has no
cytotoxicity on several tumor cell lines, including lung,
colon and gastric tumor cells in vitro, which hardly express
KDR (29, 30), whereas it does inhibit cell proliferation of
tumor cells that express KDR (31, 32). To examine the
expression of Vegfa and Kdr in INR1G9 or INS-1 cells,
we performed real-time RT-PCR. The results showed that
INR1IGY did not express Kdr but overexpressed Vegfa
compared with BHK cells (Fig. 2A). Similar results were
observed in INS-1 cells (Fig. 2C). Consistently, cytotoxicity
experiments on INR1G9 and INS-1 cells showed that
apatinib had no toxic effect on cell proliferation at a wide
range of concentrations from 300nM to 2400nM in vitro
(Fig. 2B and D).

Apatinib shows antitumor efficacy in subcutaneous
PNET models

The antitumor potential of apatinib was first evaluated
in INR1G9 and INS-1 subcutaneous xenograft models.
For both INS-1 and INR1GY9 models, once-daily oral
administration of apatinib at high (150mg/kg) or low
(50mg/kg) doses were tested. Although the low dose of
apatinib (50mg/kg) modestly inhibited the growth of
tumors, there was no significant difference compared with
inhibition in the control group, whereas treatment with a
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high dose of apatinib (150mg/kg) significantly inhibited
tumor growth, with the inhibitory effect comparable
to that of sunitinib (40mg/kg) administration alone
(Figs 3A and 4A). There was no notable decrease in mice
weight receiving different doses of apatinib or sunitinib
treatments, which suggested that the high dose of apatinib
was well tolerated (Supplementary Fig. 1). In addition,
there were significant differences in tumor morphology
between the different groups. Compared with the control
group in which the tumors were big and had a bloody
appearance, the high-dose-treated tumors in the apatinib
and sunitinib treatment groups looked smaller and pale
(Figs 3C and 4B). Furthermore, the treatment of apatinib
in the INS-1 model significantly increased the mice
survival rate (Fig. 4D).

Apatinib suppresses tumor angiogenesis in vivo

Because apatinib has been shown to target KDR specifically,
we investigated the blood vessel formation in INR1G9
and INS-1 tumors. The density of blood vessels in tumors
was calculated according to Pecam1 staining (Figs 5C and
6A). Although the low dose of apatinib modestly reduced
the vessel density compared with that of the control
group (P<0.05), treatment with a high dose of apatinib
significantly inhibited angiogenesis (P<0.01), similar to
the sunitinib administration group (P<0.01) (Figs 5D
and 6C). For INS-1 tumors, we have demonstrated that

Figure 2
Apatinib showed no cytotoxicity on PNET cells.
(A) The mRNA expression levels of Vegfa and Kdr
in INR1G9 and BHK cells. (B) CCK-8 assay
performed on INR1G9 cells treated with different
doses of apatinib as indicated. (C) The mRNA
expression levels of Vegfa and Kdr in INS-1 and
AR42 cells. (D) CCK-8 assay performed on INS-1
R cells treated with different doses of apatinib as
* indicated.
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a special type of hemorrhagic-like region presents as
blood-filled caverns with a smooth boundary and unlined
by endothelial cells. This pseudo-hemorrhagic region
formation is a result of blood vessel dilation followed by
endothelial cell detachment (26). In the present study,
we found that inhibition of angiogenesis in INS-1 tumors
significantly reduced the areas of pseudo-hemorrhagic
regions (Fig. 6A and B).

Apatinib does not affect intra-tumoral hemorrhage
and necrosis in the INR-1G9 model

The main reason for necrosis in malignant tumors is
the rapid growth of tumor cells without sufficient blood

50 mg/kg; Apa 150, apatinib 150 mg/kg; Su 40,
sunitinib 40 mg/kg.

supply. In contrast to INS-1 tumors, INR1G9 tumors
contain large amounts of diffusive hemorrhagic regions.
The necrotic areas surrounded the hemorrhagic regions
along the blood vessels, which suggested that intra-
tumoral hemorrhage from the blood vessels interrupted
the normal blood supply to the surrounding tumor cells.
H&E staining showed that a large area of hemorrhage
and necrosis was present in the middle of the untreated
tumors, which was absent in the treated groups (Fig. SA),
probably due to the smaller size of the drug-treated
tumors. In the treated groups, hemorrhagic and necrotic
regions were present along the vessels throughout the
tumors, and no differences in the rates of hemorrhage
and necrosis were observed between the groups (Fig. 5B),
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Figure 5

Apatinib inhibits PNETs in
mouse models
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Apatinib reduced vessel density in INR1G9 subcutaneous tumors, but the hemorrhagic and necrotic areas showed no significant changes in tumors.

(A) H&E staining of tumors. Scale bar, 200 pm. The full panorama of tumor in each group is at the right corner on each picture. Scale bar, 500 pm.

(B) Quantitative analysis of the relative hemorrhagic regions (a) and necrotic regions (b) in (A). (C) Immunohistochemistry of Pecam1 in tumors, scale bar,
200 pm. (D) Quantitative analysis of positive rate of Pecam1 in tumors. Scale bar, 200 pm. Apa 50, apatinib 50 mg/kg; Apa 150, apatinib 150 mg/kg; Su 40,

sunitinib 40 mg/kg.

which indicated that although apatinib and sunitinib
treatments inhibited angiogenesis, they did not affect the
process of hemorrhage.

Apatinib shows superior antitumor efficacy in an
INR1G9 liver metastasis model compared
with sunitinib

The antitumor efficacy of apatinib was further assessed
in the liver metastasis model. The tumor metastases in
the apatinib (150mg/kg)-treated group were significantly
decreased (P<0.05 vs control). The inhibitory effect was

even better than that in the sunitinib-treated group
according to the area of liver metastases (Fig. 7A and
B). The vessel density in the metastatic tumors showed
similar results (Fig. 7C).

Anti-angiogenic treatments do not induce hypoxia in
INR1G9 tumors but elicit hypoxic areas in
INS-1 tumors

It has been reported that hypoxic regions caused by anti-
angiogenesis in primary tumors may induce metastasis
(33). In the INR1G9 models, there were no significant
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differences in the hypoxic areas in the control and
apatinib- or sunitinib-treated groups (Fig. 8A and B). In the
INS-1 model, the hypoxic area was markedly induced by
treatment with apatinib or sunitinib. Next, we examined
whether the induced tumor hypoxia could cause liver
metastasis. Although metastasis was hardly detected in
the control group, it was detected in some of the apatinib-
and sunitinib-treated mice (Fig. 8E and F). These results
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Figure 8

Apatinib inhibits PNETs in
mouse models

indicated that anti-angiogenesis treatment may function
differently in tumor metastasis in different models.

Discussion

In this study, we generated insulinoma and non-functional
PNET preclinical models based on INR1G9 and INS-1 cells
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(C) Immunohistochemistry staining of Hypoxyprobe in INS-1 tumors. Scale bar, 200 pm. (D) Quantitative analysis of tumor hypoxic areas of INS-1 liver
metastases model. (E) Representative picture of livers in INS-1 liver metastasis model. Scale bar, 500 mm. (F) Number of liver metastases in each liver of
INS-1 tumor model (n = 8). Apa 50, apatinib 50 mg/kg; Apa 150, apatinib 150 mg/kg; Su 40, sunitinib 40 mg/kg.
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and compared the antitumor efficacy of apatinib with that
of sunitinib in these models. Currently, PNET preclinical
models are scarce. The widely used mouse models include
RIP-Tag2 mice (34) and MEN1 mutant mice (35), which are
genetically engineered models and are time consuming for
drug evaluation. Xenograft models based on human PNET
cell lines include only BON-1 and QGP-1 cells. However,
the mutations identified in RAS and TP53 in both cell
lines suggested that they may not represent the majority
of clinical PNETs (36). Therefore, the subcutaneous and
liver metastasis models of insulinoma and non-functional
PNETs presented in this study are valuable for drug
evaluation.

PNETs are highly wvascularized tumors, and anti-
angiogenesis therapy has been applied to PNETSs. Sunitinib,
one of the angiogenesis-targeted drugs, is the clinical
recommendation for PNETs therapy as a multi-target
tyrosine kinase inhibitor, but it may cause critical side
effects due to the multi-target features (37). Apatinib is a
highly selective inhibitor of KDR, with an IC;, of 0.001 pM
vs 0.005pM for sunitinib in vitro (15). Additionally, the
maximum safe dose for apatinib in clinically approved
gastric adenocarcinoma and gastric esophageal cancer
treatment is 850mg/qd (38, 39), whereas for sunitinib, it
is only 37.5mg/qd in PNETs (13). On the basis of the high
specificity and high tolerance, we think that apatinib may
be a potent anti-PNET drug. In our study, we showed that
both sunitinib and apatinib inhibited tumor growth and
were tolerated in vivo, which demonstrated that apatinib is
a promising drug for PNET treatment, similar to sunitinib.
Since cell proliferation could not be inhibited by sunitinib
or apatinib in vitro, the mechanism of the antitumor effect
of the drugs appears to not directly target tumor cells but
rather angiogenesis.

Since VEGFA regulates not only angiogenesis but also
vessel permeability (40), we also observed the hemorrhage
regions in the treated tumors. Intra-tumoral hemorrhage is
common in PNETs. We have previously demonstrated that
the pseudo-hemorrhagic region formation in INS-1 tumors
is a result of vessel dilation followed by endothelial cell
detachment, which is not relevant to tumor malignancy
(26). In the present study, we showed that this pseudo-
hemorrhagic region formation could be inhibited by anti-
angiogenesis treatments. However, in the INR1G9 tumors,
a huge area of diffusive hemorrhage and necrosis coexisted
in the middle of tumors, and dispersive hemorrhagic and
necrotic regions were present along the blood vessels in
the periphery, which was completely different from the

Apatinib inhibits PNETSs in 8:1 17
mouse models

condition of INS-1 tumors. We considered that the high
leakage property of the blood vessels in INRIGY cells
caused hemorrhaging along the blood vessels, which led
to the interruption of blood supply and formation of
hypoxia and necrosis around these regions. However, our
results showed that there were no significant differences in
the regions of hemorrhage, necrosis or hypoxia between
the untreated group and apatinib- or sunitinib-treated
groups in the INR1G9 models. These data showed that
although apatinib and sunitinib inhibited Vegfa-mediated
angiogenesis in the INR1G9 tumors, they did not interfere
with the hemorrhage process, which might be mediated
by signal molecules other than Vegfa (41, 42).

Whether anti-angiogenic drugs can be applied to
metastatic PNETs is another issue worth considering. In
our liver metastasis models, the antitumor efficacy of
apatinib was not consistent in different cell lines. In the
INR1IGY cells, which were prone to metastasis without
any treatment, both apatinib and sunitinib inhibited the
metastasis rate, and apatinib showed an even superior
capability to that of sunitinib, suggesting that both drugs
may be promising in the treatment of metastatic PNETSs.
Interestingly, in the INS-1 model, we found that both
anti-angiogenesis treatments promoted liver metastasis,
with significantly enhanced hypoxic area formation.
Since without treatment, there was no liver metastasis
observed in the INS-1 model, this insulinoma model
might be considered to be a benign tumor model similar
to most of the small insulinomas (28). Therefore, our
results suggested that although anti-angiogenesis drugs
may inhibit metastasis in malignant non-functional
PNETs, they may elicit hypoxia and promote metastasis
in benign insulinomas. Thus, application of these anti-
angiogenesis drugs to benign insulinomas may require
careful consideration.
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