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Supplementary Table S1. Currently available disease models of pNETs: cell lines, patient-derived 5 
xenograft (PDX), animal models (GEMMs), spheroids and organoids. 6 

 Models Features Used For 
Outcome and 

Translation 
References 

Cell Lines BON-1 

Derived from 

metastatic lymph 

node of human 

pancreatic 

serotonin 

producing NET.  

P53, TSC2 and 

NRAS mutations 

with aberrant 

activation of 

mTOR/Akt 

pathway 

Test tacrolimus and 

somatostatin- 

analogue (SSA) 

treatment  

Antisecretory 

treatment for NETs. 

As monotherapy or 

in combination 

with 

antiproliferative 

therapy of 

neuroendocrine 

tumours currently 

in high-quality 

phase III trials 

 [1,3,4] 

 

 QPG-1 

Cells derived 

from human 

primary 

pancreatic NET. 

P53, ATRX and 

SMAD4 

mutations 

Test tacrolimus and 

somatostatin- 

analogue treatment 

Antisecretory 

treatment for NETs. 

As monotherapy or 

in combination 

with 

antiproliferative 

management of 

neuroendocrine 

tumours currently 

in high-quality 

phase III trials 

 [2,3,4] 

 

 

BON-1 and 

QPG-1 

orthotopic 

mouse model 

BON-1 and QPG1 

injected in 

recipient mice 

pancreas 

Study the effects of 

cyclin-dependent 

kinase inhibition on 

tumour progression 

ZK304709-treated 

cells showed 

increased 

propensity for 

apoptosis and 

reduction in 

angiogenesis  

 [5] 

 

RSUME 

knockdown 

BON-1 cells 

RSUME 

knockdown 

BON-1 cells, 

Study tumour 

progression after 

RSUME 

pNETs with 

downregulation of 

RSUME grew faster 

 [6] 
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implanted in 

nude mice 

downregulation—a 

stabilising factor of 

PTEN 

with increased liver 

metastases 

compared to those 

with normal 

RSUME expression 

 CM 

Cells derived 

from ascitic fluid 

of a human 

patient with 

primary 

pancreatic NET  

Investigate whether 

insulinoma CM cells 

retain β-cell 

function. CM cells 

have a functional 

glucose-signalling 

pathway and insulin 

mRNA expression 

similar to normal β-

cells  

The use of gefitinib 

(EGFR-TK 

inhibitor) treatment 

resulted in growth 

inhibition, 

apoptosis and cell-

cycle arrest in CM 

cells 

 [7,8] 

 

 NT-3 

Cells derived 

from metastatic 

lymph node of 

human 

pancreatic 

serotonin 

producing NET 

Develop a well-

differentiated and 

high SSTR-

expressing tumour 

model  

Octreotide, 

everolimus and 

streptozocin 

showed better 

response in NT-3 

cells than in low 

SSTR-expressing 

QGP-1 cells 

 [9] 

 

Primary pNET 

cells in bovine 

ECM 

Human primary 

pancreatic NET 

cells derived 

from 15 patients 

in a bovine 

extracellular 

matrix culture 

Test the effects of 

everolimus and 

somatostatin 

analogues  

No benefit in 

everolimus and 

SSA combined 

treatment. Caspase-

dependent 

apoptosis induced 

by SSA is reduced 

when administered 

in combination 

with everolimus 

[10,11] 

 

Primary pNET 

cells in bovine 

ECM 

Human primary 

pancreatic NET 

cells derived 

from 16 patients 

(18 primary 

pNets and 2 

metastases) 

cultured in 

bovine 

Search for possible 

surrogate markers of 

response to 

everolimus  

In vitro 

responsiveness to 

everolimus relates 

to in vivo efficacy 

in patients. pNET 

primary cultures 

could be used as a 

model to predict 

everolimus efficacy  

 [12] 
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extracellular 

matrix culture 

 

 
PDXs: 

 

Primary pNET 

cells 

58 pancreatic, 1 

gallbladder, 38 

small bowel and 

3 rectal tumours.  

Develop a NET 

xenograft model  

7 were successfully 

engrafted (3 

pancreatic, 3 of 

intestinal and 1 of 

gallbladder origin) 

of which only 1 

was propagated for 

8 passages 

(gallbladder origin) 

 [13] 

 PDX-pNET Cells derived 

from a metastatic 

insulin 

producing NET 

Test the effects of 

sapanisertib in 

everolimus resistant 

tumours 

Sapanisertib 

treatment induced 

tumour volume 

reduction in 

everolimus 

resistant tumours  

 [14] 

 

Animal 

Models 
(GEMMs) 

 

RIP-Tag2  

 

RIP-Tag5 

GEMM SV40 

large T-antigen 

directed 

oncogenic 

transcription of 

the rat insulin 

gene-2 promoter 

(RIP) 

To develop 

insulinoma model 

and study the host 

immune response to 

the tumour 

Tag expression 

induces β-cells 

hyperplasia and 

tumour 

progression. The 

lymphocytic 

infiltration was 

observed in islets 

overexpressing L-

selectin and α4β7  

 [15,16] 

 

 RIP-Tag2 AB6F1 

RIP-Tag2 

GEMMs are 

derived from 

hybridization of 

AB6FT genetic 

background and 

RIP-Tag2 mice. 

These models 

develop 

nonfunctioning 

pNETs  

Develop 

nonfunctioning RIP-

Tag2 tumour models 

and study the role of 

Insm1 gene in pNET 

differentiation 

RT2 AB6F1 mice 

developed 

nonfunctioning 

tumours that were 

larger with higher 

metastatic capacity 

than those 

observed in RT2 B6 

mice  

 [17] 



Cancers 2020, 12 S4 of S9 

 

 

 RIP-myrAKT  

GEMM 

overexpressing 

the active form of 

AKT1 under the 

rat insulin 

promoter 

Develop an 

insulinoma model 

and study the 

AKT1/mTOR 

pathway 

RIP-myrAKT mice 

developed β cell 

hyperplasia and 

tumours. The 

oncogenic 

transformation 

correlated with 

PTEN 

downregulation  

 [18] 

 

pIns-c-

MycERTAM/RIP-

Bcl-xL-RIP 

GEMM with 

transgenic 

stimulation of c-

Myc and Bcl-xL 

under control of 

an insulin 

promoter 

Study the combined 

effect of Myc and 

Bcl-xL stimulation on 

tumourigenesis 

Activation of c-Myc 

generates 

proliferation of B-

cells but is 

controlled by 

apoptosis. Co-

suppression of c-

myc and bcl-x 

provokes 

progression into 

angiogenic and 

invasive tumours. 

Deactivation of c-

myc induces 

vascular 

degeneration and 

apoptosis 

[19] 

 GLU2-Tag 

Glucagon-

promoted simian 

virus T-antigen 

oncogene 

harboring GEMM 

Provide a model for 

human insulinoma 

The mice 

developed 

differentiated 

tumours and 

showed high levels 

of circulating 

glucagon  

 [20,21] 

 

 
Men-1L/L/RIP2-

CreER 

Crossbred 

GEMMs with 

mice carrying 

tamoxifen-

inducible Cre 

recombinase 

under the control 

of the rat insulin 

promoter  

Generate a 

temporally 

controlled 

conditional tumour 

model using 

tamoxifen in the 

mice diet  

GEMMS treated 

with tamoxifen 

showed increased 

B-cell proliferation 

compared to 

control mice. This 

model enables the 

study of early 

events leading to B-

 [22] 
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cell NET 

development  

 

Men-

1LoxP/LoxP-

RIPCre+ 

MEN-1 

inactivation 

using Cre-Lox 

method 

Develop an 

insulinoma model 

Cell hyperplasia 

was observed in 

the endocrine 

pancreas and 

pituitary gland, yet 

only pNETs were 

observed 

 [23] 

 

Men-1flox/flox 

Ptenflox/flox RIP-

Cre (MPR) 

 

Men-1flox/flox 

Ptenflox/flox MIP-

Cre (MPM) 

GEMMs with 

inactivation of 

both MEN-1 and 

PTEN 

Evaluate the 

combination of two 

genes inactivation in 

tumourigenesis  

Both models 

developed well-

differentiated 

tumours faster than 

models with single 

deletion of MEN-1 

or PTEN. MPR 

developed 

pituitary NETs as 

well. Treatment 

with rapamycin 

delayed the growth 

of tumours in both 

models  

 [24] 

 Gcgr-/- 

Gcgr with 

deletion of p53 

and Rb in renin-

expressing 

pancreas cells 

Develop a highly 

penetrant and 

metastatic 

glucagonoma model  

The use of 

fluorescent 

reporters allows 

the study of 

metastasis and 

identification of 

potential molecular 

targets  

 [25]  

 
Gcg gfp/gfp  

(GCGKO) 

Gfp knock-in 

GEMM 

Develop a 

glucagonon 

producing tumour 

model and study 

metastases in pNETS 

The pNETS in 

GCGKO mice 

developed from α-

cells and 

disseminated in 

lungs and liver 

[26] 

 Δ-Prkar1a 
PRKAR1A 

Knockout GEMM 

Study the role of 

PKA pathway in 

pNET 

tumourigenesis 

Mice developed 

tumours endocrine 

or mixed 

carcinomas with 

100% penetrance. 

Stromal and lymph 

 [27] 
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node invasion were 

observed.  

 

RT2 Hpa-Tg  

 

 

 

 

 

RT2 Hpse-/-  

RT2 mouse 

model 

constitutively 

expresses 

heparinase and  

RT2 heparinase 

knockout model 

 

Study the role of 

heparinase in 

tumour 

microenvironment 

with the observation 

of overexpressing 

and knockout mouse 

models  

RT2 Hpa-tg mice 

overexpressing 

heparinase 

developed tumours 

with increased 

peritumoural 

lymph-

angiogenesis 

 

Heparinase 

deletion in RT2 

Hpse-/- provoked 

increased 

angiogenesis and 

pericyte coverage  

[28] 

3D 

Cultures— 
Spheroids 

 

 

BON1 and 

QPG-1 serum 

deprived  

 

BON1 and QPG1 

3D models  

 

Study the effects of 

serum deprivation 

on BON1 and QPG1 

spheroids and in 

comparison with 2D 

monolayer culture 

 

In BON1 spheroids, 

total cell number, 

serotonin and 

chromogranin A 

secretion increased 

in parallel. 

 

QPG1 showed the 

most evident 

changes in mRNA 

expression of 

somatostatin and 

D2R receptors. 

 

Both BON1 and 

QPG1 spheroids 

showed enhanced 

cell survival under 

serum deprivation 

compared to 2D 

models 

  

[29] 
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 BON-1 96-well 

hanging drop 

plates (HD 

plates) 

 

BON-1 24-well 

plates with a 

cell-repellent 

surface 

 

BON-1 

ultralow-

attachment 96-

well plates 

(ULA plates)  

Three different 

methods to 

obtain 3D culture 

models of BON-1 

cells developing 

tumours under 

more realistic 

conditions 

compared to 2D 

cultures 

Identification of 

ideal 3D culture 

methods for the 

purpose of drug 

screening (sunitinib) 

ULA plates method 

proven as ideal 

approach in terms 

of reproducibility 

enabling single 

spheroid culture in 

each well to 

perform viability or 

cytotoxic tests  

 [30] 

 

 βTC3 murine 

pancreatic β-cell 

line  

Cells derived 

from a PDGF-DD 

knockout mouse 

model  

Study tumour 

growth in the 

absence of and 

following 

stimulation of 

PDGF-DD  

βTC3 cells 

stimulated by 

PDGF-DD 

developed higher 

number of tumour 

spheroids 

compared to 

untreated cells  

 [31] 

3D 

Cultures—

Organoids 

Screening 

platform with 

islet-like 

tumouroids 

originating from 

primary cells of 

pNET patients 

Tumouroids 

maintained the 

neuroendocrine 

phenotype of 

primary tumour 

and remained 

viable for at least 

2 weeks with 86% 

of success rate 

Tumouroids 

comparing effects of 

sunitinib, 

everolimus and 

temozolomide 

treatment 

Utility of pNET 

organoids in drug 

screening 

confirmed as a 

personalised 

treatment approach 

testing, 

demonstrating 

variable responses, 

including between 

samples from the 

same patient 

 

 

 [32] 
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