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L’ AVI-PDXTM, un modèle de cancer innovant 
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Sites des tumeurs 

primaires

Sites 

métastatiques

La conservation des signaux 

entre espèces permet aux 

cellules humaines de lire le 
microenvironnement aviaire

Les tissus et les organes 

sont déjà préfigurés et 

accessibles dans l’embryon

Les cellules cancéreuses 

exploitent les signaux tissus-

spécifiques de l’embryon pour 
proliférer et métastaser

Comment ça marche ?

 Rapide: 48h de prise tumorale

 Reproductible: analyse statistique

 Ethique

 Tissus ciblés et homologues

 Adapté aux échantillons humains 

(faible quantité, congélation 

possible) 

Delloye-Bourgeois et al., Cancer Cell, 2017
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An innovative Patient-Derived Xenograft model of Pancreatic Ductal Adenocarcinoma 

for drug and biomarker discovery

PDAC represents about 90% of pancreatic cancers. It is an extremely aggressive exocrine cancer 

which develops mainly in the pancreatic head and which is characterized by a very fast progression 

and a premature appearance of metastases. It is important to better understand this pathology in 

order to better treat it. Unfortunately, current preclinical models show strong limitations to accurately 

and efficiently recapitulate PDAC histological heterogeneity and patient specificities. Our present 

objectives are to characterize the cellular and molecular properties of this new model, on the one 

hand. One the other hand, we sought to determine if our model could be used to test current or 

future therapies in preclinical studies. To do so, we set up avian models for PDAC, using cell lines 

first (AVI-cellDXTM). The model was then extended to patient PDAC samples (AVI-PDXTM), harvested 

from fresh surgical resections immediately after surgery, prior to tissue fixation, at the anatomical 

and pathological department in charge of the cases. 


Interestingly, tumor intake in both AVI-cellDXTM and AVI-PDXTM models was extremely rapid (48 

hours) and reproducible with more than 95% success rate. Tumor architecture, relationships with 

endogenous tissues such as nerves, and typical marker expressions were consistent with PDAC 

initial samples. Our PDAC AVI-PDXTM thus opens exciting possibilities ranging from the evaluation of 

novel drug efficacy to the discovery of predictive biomarkers and the setup of assays for 

personalized medicine. 

ABSTRACT BACKGROUND

DESIGN OF PDAC AVI-PDXTM MODEL CHARACTERIZATION OF PDAC AVI-CELLDXTM & AVI-PDXTM MODELS

Our study reports a novel  PDX model for PDAC that bypasses many of the 

disadvantages of current models. By combining fast and high rate of 

ingrowth, it  opens novel perspectives for preclinical research and 

fundamental investigations of PDAC disease.

CONCLUSION
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• AVI-PDXTM : A new PDX model based on 

the avian embryo

Tissues and organs 

are already prefigured 

in the embryo

Due to high degree of 

inter-specy 

conservation, human 

cells can read signals 

from the avian 

microenvironment

AVI-PDX

First developed for Neuroblastoma

Delloye-Bourgeois C et al. (2017) Microenvironment-driven shift of a cohesion/scattering balance within 

tumors induces a switch towards metastasis in Neuroblastoma, Cancer Cell, 32(4):427-443.e8 

• Advantages on existing PDX models

Fast 
Tumoral masses in 48 hours


Metastasis in 2 to 7 days


Statistical analysis 
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high flexibility 
2013 86/609/EEC rule, 
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AVI-PDXTM : Adaptation to patient samples

• This in vivo model for PDAC 

tumorigenesis mimics 

relationships with nerve cells

• Proliferation and apoptosis rates in CAPAN-1 xenografts

• The grafted cells retain the undifferentiated status of the initial patient samples 

• AVI-PDXTM reproduces the anti-tumor effect of Gemcitabine, a reference drug in PDAC treatment

We systematically observed 

the presence of cells tightly 

connected to nerve paths

Most tumor cells acquired a 

stereotyped, non-anarchical 

organization, forming 

structures that closely 

resemble pancreatic acini 

• Histology, immunohistochemistry, and immunofluorescence on cryosections and in whole mount embryos• Cell lines and PDAC PDX survive and settle in the chick embryonic tissues

AVI-Cell-DXTM : A fast and highly reproductible model of PDAC

Untreated embryo Embryo treated with 
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89%  of the grafted cells 
express the cell proliferation 
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2%  of the grafted cells 
express the apoptosis 

marker Casp3

  Low apoptotic rate   

  Maintenance of cell proliferation properties 
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   Significant decrease (p<0.0045) in the 

mean tumor volume between the untreated 

group (1.908 μm3/cm3) and the treated 

group (0.803 μm3/cm3) 
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AVI-PDXTM : A reliable model for preclinical studies 

  Undifferentiated status & characteristics of the initial patient samples conserved  
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Cell line 

identification
Site of graft

Number of graft 

embryos

Survival rate of embryos 

48h postgraft (%)

Tumor intake 

rate (%)

CAPAN#1 Bone 10 70,00 % 100,00 %

CAPAN-1 

Hoechst

Nerves

Patient PDAC cells 

Hoechst
Patient PDAC cells 

Hoechst

HH0 HH14 (56h) HH20 (3 days) HH25 (4 days)

Graft Treatment

24h post-treatment  

analysis

Embryonic development
HH46 (21 days)

PDAC cell 

establishment in bone 

metastasis site

PDAC cell 

establishment in liver 

metastasis site

Patient PDAC cells Patient PDAC cells Patient PDAC cells Patient PDAC cells

Targeting site of liver 

metastases

Patient fresh 


tumor sample

Cellular 

disassociation 

Targeting site of bone 

metastases

Tumor intake analysis

CAPAN-1  
Cell line

Incubation

48h, 37°C

Middle renewal

Tumor intake analysis

Culture 

middle

Targeting site of bone 

metastases

CAPAN-1 

Nerves

48h



Caractérisation Du Modèle de PDAC AVI-CellDXTM

AVI-CellDXTM: un modèle rapide et hautement reproductible de PDAC
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➠ Les cellules de PDAC 
sont étroitement 

associées aux fibres 
nerveuses 

➠ En 48h, les cellules de PDAC 
s’organisent de façon 
stéréotypée et non 

anarchiques, formant des 
structures similaires aux acini 

pancréatiques
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AVI-PDXTM : Adaptation to patient samples

• This in vivo model for PDAC 

tumorigenesis mimics 

relationships with nerve cells

• Proliferation and apoptosis rates in CAPAN-1 xenografts

• The grafted cells retain the undifferentiated status of the initial patient samples 

• AVI-PDXTM reproduces the anti-tumor effect of Gemcitabine, a reference drug in PDAC treatment

We systematically observed 

the presence of cells tightly 

connected to nerve paths

Most tumor cells acquired a 

stereotyped, non-anarchical 

organization, forming 

structures that closely 

resemble pancreatic acini 

• Histology, immunohistochemistry, and immunofluorescence on cryosections and in whole mount embryos• Cell lines and PDAC PDX survive and settle in the chick embryonic tissues

AVI-Cell-DXTM : A fast and highly reproductible model of PDAC

Untreated embryo Embryo treated with 

Gemcitabine

89%  of the grafted cells 
express the cell proliferation 

marker Ki67 

2%  of the grafted cells 
express the apoptosis 

marker Casp3

  Low apoptotic rate   

  Maintenance of cell proliferation properties 
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   Significant decrease (p<0.0045) in the 
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Objective: Adapt AVI-PDXTM system to PDAC
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AVI-PDXTM : A reliable model for preclinical studies 

  Undifferentiated status & characteristics of the initial patient samples conserved  
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1st step: Set up with cell line: AVI-CellDXTM

2nd step: Adaptation with patient samples: AVI-PDXTM
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An innovative Patient-Derived Xenograft model of Pancreatic Ductal Adenocarcinoma 

for drug and biomarker discovery

PDAC represents about 90% of pancreatic cancers. It is an extremely aggressive exocrine cancer 

which develops mainly in the pancreatic head and which is characterized by a very fast progression 

and a premature appearance of metastases. It is important to better understand this pathology in 

order to better treat it. Unfortunately, current preclinical models show strong limitations to accurately 

and efficiently recapitulate PDAC histological heterogeneity and patient specificities. Our present 

objectives are to characterize the cellular and molecular properties of this new model, on the one 

hand. One the other hand, we sought to determine if our model could be used to test current or 

future therapies in preclinical studies. To do so, we set up avian models for PDAC, using cell lines 

first (AVI-cellDXTM). The model was then extended to patient PDAC samples (AVI-PDXTM), harvested 

from fresh surgical resections immediately after surgery, prior to tissue fixation, at the anatomical 

and pathological department in charge of the cases. 


Interestingly, tumor intake in both AVI-cellDXTM and AVI-PDXTM models was extremely rapid (48 

hours) and reproducible with more than 95% success rate. Tumor architecture, relationships with 

endogenous tissues such as nerves, and typical marker expressions were consistent with PDAC 

initial samples. Our PDAC AVI-PDXTM thus opens exciting possibilities ranging from the evaluation of 

novel drug efficacy to the discovery of predictive biomarkers and the setup of assays for 

personalized medicine. 

ABSTRACT BACKGROUND

DESIGN OF PDAC AVI-PDXTM MODEL CHARACTERIZATION OF PDAC AVI-CELLDXTM & AVI-PDXTM MODELS

Our study reports a novel  PDX model for PDAC that bypasses many of the 

disadvantages of current models. By combining fast and high rate of 

ingrowth, it  opens novel perspectives for preclinical research and 

fundamental investigations of PDAC disease.

CONCLUSION
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First developed for Neuroblastoma

Delloye-Bourgeois C et al. (2017) Microenvironment-driven shift of a cohesion/scattering balance within 

tumors induces a switch towards metastasis in Neuroblastoma, Cancer Cell, 32(4):427-443.e8 

• Advantages on existing PDX models
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AVI-PDXTM : Adaptation to patient samples

• This in vivo model for PDAC 

tumorigenesis mimics 

relationships with nerve cells

• Proliferation and apoptosis rates in CAPAN-1 xenografts

• The grafted cells retain the undifferentiated status of the initial patient samples 

• AVI-PDXTM reproduces the anti-tumor effect of Gemcitabine, a reference drug in PDAC treatment

We systematically observed 

the presence of cells tightly 

connected to nerve paths

Most tumor cells acquired a 

stereotyped, non-anarchical 

organization, forming 

structures that closely 

resemble pancreatic acini 

• Histology, immunohistochemistry, and immunofluorescence on cryosections and in whole mount embryos• Cell lines and PDAC PDX survive and settle in the chick embryonic tissues

AVI-Cell-DXTM : A fast and highly reproductible model of PDAC

Untreated embryo Embryo treated with 

Gemcitabine

89%  of the grafted cells 
express the cell proliferation 

marker Ki67 

2%  of the grafted cells 
express the apoptosis 

marker Casp3

  Low apoptotic rate   

  Maintenance of cell proliferation properties 
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mean tumor volume between the untreated 

group (1.908 μm3/cm3) and the treated 
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An innovative Patient-Derived Xenograft model of Pancreatic Ductal Adenocarcinoma 

for drug and biomarker discovery

PDAC represents about 90% of pancreatic cancers. It is an extremely aggressive exocrine cancer 

which develops mainly in the pancreatic head and which is characterized by a very fast progression 

and a premature appearance of metastases. It is important to better understand this pathology in 

order to better treat it. Unfortunately, current preclinical models show strong limitations to accurately 

and efficiently recapitulate PDAC histological heterogeneity and patient specificities. Our present 

objectives are to characterize the cellular and molecular properties of this new model, on the one 

hand. One the other hand, we sought to determine if our model could be used to test current or 

future therapies in preclinical studies. To do so, we set up avian models for PDAC, using cell lines 

first (AVI-cellDXTM). The model was then extended to patient PDAC samples (AVI-PDXTM), harvested 

from fresh surgical resections immediately after surgery, prior to tissue fixation, at the anatomical 

and pathological department in charge of the cases. 


Interestingly, tumor intake in both AVI-cellDXTM and AVI-PDXTM models was extremely rapid (48 

hours) and reproducible with more than 95% success rate. Tumor architecture, relationships with 

endogenous tissues such as nerves, and typical marker expressions were consistent with PDAC 

initial samples. Our PDAC AVI-PDXTM thus opens exciting possibilities ranging from the evaluation of 

novel drug efficacy to the discovery of predictive biomarkers and the setup of assays for 

personalized medicine. 

ABSTRACT BACKGROUND

DESIGN OF PDAC AVI-PDXTM MODEL CHARACTERIZATION OF PDAC AVI-CELLDXTM & AVI-PDXTM MODELS

Our study reports a novel  PDX model for PDAC that bypasses many of the 

disadvantages of current models. By combining fast and high rate of 

ingrowth, it  opens novel perspectives for preclinical research and 

fundamental investigations of PDAC disease.

CONCLUSION
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AVI-PDXTM : Adaptation to patient samples

• This in vivo model for PDAC 

tumorigenesis mimics 

relationships with nerve cells

• Proliferation and apoptosis rates in CAPAN-1 xenografts

• The grafted cells retain the undifferentiated status of the initial patient samples 

• AVI-PDXTM reproduces the anti-tumor effect of Gemcitabine, a reference drug in PDAC treatment

We systematically observed 

the presence of cells tightly 

connected to nerve paths

Most tumor cells acquired a 

stereotyped, non-anarchical 

organization, forming 

structures that closely 

resemble pancreatic acini 

• Histology, immunohistochemistry, and immunofluorescence on cryosections and in whole mount embryos• Cell lines and PDAC PDX survive and settle in the chick embryonic tissues

AVI-Cell-DXTM : A fast and highly reproductible model of PDAC

Untreated embryo Embryo treated with 
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An innovative Patient-Derived Xenograft model of Pancreatic Ductal Adenocarcinoma 

for drug and biomarker discovery

PDAC represents about 90% of pancreatic cancers. It is an extremely aggressive exocrine cancer 

which develops mainly in the pancreatic head and which is characterized by a very fast progression 

and a premature appearance of metastases. It is important to better understand this pathology in 

order to better treat it. Unfortunately, current preclinical models show strong limitations to accurately 

and efficiently recapitulate PDAC histological heterogeneity and patient specificities. Our present 

objectives are to characterize the cellular and molecular properties of this new model, on the one 

hand. One the other hand, we sought to determine if our model could be used to test current or 

future therapies in preclinical studies. To do so, we set up avian models for PDAC, using cell lines 

first (AVI-cellDXTM). The model was then extended to patient PDAC samples (AVI-PDXTM), harvested 

from fresh surgical resections immediately after surgery, prior to tissue fixation, at the anatomical 

and pathological department in charge of the cases. 


Interestingly, tumor intake in both AVI-cellDXTM and AVI-PDXTM models was extremely rapid (48 

hours) and reproducible with more than 95% success rate. Tumor architecture, relationships with 

endogenous tissues such as nerves, and typical marker expressions were consistent with PDAC 

initial samples. Our PDAC AVI-PDXTM thus opens exciting possibilities ranging from the evaluation of 

novel drug efficacy to the discovery of predictive biomarkers and the setup of assays for 

personalized medicine. 

ABSTRACT BACKGROUND

DESIGN OF PDAC AVI-PDXTM MODEL CHARACTERIZATION OF PDAC AVI-CELLDXTM & AVI-PDXTM MODELS

Our study reports a novel  PDX model for PDAC that bypasses many of the 

disadvantages of current models. By combining fast and high rate of 

ingrowth, it  opens novel perspectives for preclinical research and 

fundamental investigations of PDAC disease.

CONCLUSION
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Tissues and organs 

are already prefigured 

in the embryo

Due to high degree of 

inter-specy 

conservation, human 

cells can read signals 

from the avian 

microenvironment

AVI-PDX

First developed for Neuroblastoma

Delloye-Bourgeois C et al. (2017) Microenvironment-driven shift of a cohesion/scattering balance within 

tumors induces a switch towards metastasis in Neuroblastoma, Cancer Cell, 32(4):427-443.e8 

• Advantages on existing PDX models

Fast 
Tumoral masses in 48 hours


Metastasis in 2 to 7 days


Statistical analysis 
One patient/series of standard 

replicas


Reproductible 
100% tumor intake 


from patient samples


Easy ethic procedure,  

high flexibility 
2013 86/609/EEC rule, 


no need for protocol approval


Orthotopic tumors 
Tumorogenesis targetes in 

tissues homolog to those of the 

patients


Easy sample engineering 
Reduces viological sample 


Biobanking


Monitoring in 3D imaging 
3D confocal microscopy, 


single cell level in whole body

Slow 
Tumoral in several weeks to 

months


Qualitative analysis 
One patient/a few mice


Versatile 
High variable tumor intake 
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procedure, low  
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Protocol approval by 


Ethic committee


Heterotopic tumors 
Irrelevant tissue environment 

(subcutaneous sote)


Complex sample 

engineering 
Substantial amount of fresh 
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Manual in 3D imaging 
No direct visualization of 
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Grafting of patient 
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AVI-PDXTM : Adaptation to patient samples

• This in vivo model for PDAC 

tumorigenesis mimics 

relationships with nerve cells

• Proliferation and apoptosis rates in CAPAN-1 xenografts

• The grafted cells retain the undifferentiated status of the initial patient samples 

• AVI-PDXTM reproduces the anti-tumor effect of Gemcitabine, a reference drug in PDAC treatment

We systematically observed 

the presence of cells tightly 

connected to nerve paths

Most tumor cells acquired a 

stereotyped, non-anarchical 

organization, forming 

structures that closely 

resemble pancreatic acini 

• Histology, immunohistochemistry, and immunofluorescence on cryosections and in whole mount embryos• Cell lines and PDAC PDX survive and settle in the chick embryonic tissues

AVI-Cell-DXTM : A fast and highly reproductible model of PDAC

Untreated embryo Embryo treated with 

Gemcitabine

89%  of the grafted cells 
express the cell proliferation 

marker Ki67 

2%  of the grafted cells 
express the apoptosis 

marker Casp3

  Low apoptotic rate   

  Maintenance of cell proliferation properties 
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nerve
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   Significant decrease (p<0.0045) in the 

mean tumor volume between the untreated 

group (1.908 μm3/cm3) and the treated 

group (0.803 μm3/cm3) 
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Objective: Adapt AVI-PDXTM system to PDAC
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AVI-PDXTM : A reliable model for preclinical studies 

  Undifferentiated status & characteristics of the initial patient samples conserved  
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OF-PDAC-005 Bone 32 71,88 % 100,00 %
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Bone 27 81,48 % 100,00 %

Liver 7 57,14 % 75,00 %

OF-PDAC-009
Bone 53 47,17 % 100,00 %

Liver 8 87,50 % 100,00 %

1st step: Set up with cell line: AVI-CellDXTM

2nd step: Adaptation with patient samples: AVI-PDXTM
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An innovative Patient-Derived Xenograft model of Pancreatic Ductal Adenocarcinoma 

for drug and biomarker discovery

PDAC represents about 90% of pancreatic cancers. It is an extremely aggressive exocrine cancer 

which develops mainly in the pancreatic head and which is characterized by a very fast progression 

and a premature appearance of metastases. It is important to better understand this pathology in 

order to better treat it. Unfortunately, current preclinical models show strong limitations to accurately 

and efficiently recapitulate PDAC histological heterogeneity and patient specificities. Our present 

objectives are to characterize the cellular and molecular properties of this new model, on the one 

hand. One the other hand, we sought to determine if our model could be used to test current or 

future therapies in preclinical studies. To do so, we set up avian models for PDAC, using cell lines 

first (AVI-cellDXTM). The model was then extended to patient PDAC samples (AVI-PDXTM), harvested 

from fresh surgical resections immediately after surgery, prior to tissue fixation, at the anatomical 

and pathological department in charge of the cases. 


Interestingly, tumor intake in both AVI-cellDXTM and AVI-PDXTM models was extremely rapid (48 

hours) and reproducible with more than 95% success rate. Tumor architecture, relationships with 

endogenous tissues such as nerves, and typical marker expressions were consistent with PDAC 

initial samples. Our PDAC AVI-PDXTM thus opens exciting possibilities ranging from the evaluation of 

novel drug efficacy to the discovery of predictive biomarkers and the setup of assays for 

personalized medicine. 

ABSTRACT BACKGROUND

DESIGN OF PDAC AVI-PDXTM MODEL CHARACTERIZATION OF PDAC AVI-CELLDXTM & AVI-PDXTM MODELS

Our study reports a novel  PDX model for PDAC that bypasses many of the 

disadvantages of current models. By combining fast and high rate of 

ingrowth, it  opens novel perspectives for preclinical research and 

fundamental investigations of PDAC disease.

CONCLUSION
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AVI-PDXTM : Adaptation to patient samples

• This in vivo model for PDAC 

tumorigenesis mimics 

relationships with nerve cells

• Proliferation and apoptosis rates in CAPAN-1 xenografts

• The grafted cells retain the undifferentiated status of the initial patient samples 

• AVI-PDXTM reproduces the anti-tumor effect of Gemcitabine, a reference drug in PDAC treatment

We systematically observed 

the presence of cells tightly 

connected to nerve paths

Most tumor cells acquired a 

stereotyped, non-anarchical 

organization, forming 

structures that closely 

resemble pancreatic acini 

• Histology, immunohistochemistry, and immunofluorescence on cryosections and in whole mount embryos• Cell lines and PDAC PDX survive and settle in the chick embryonic tissues

AVI-Cell-DXTM : A fast and highly reproductible model of PDAC

Untreated embryo Embryo treated with 

Gemcitabine

89%  of the grafted cells 
express the cell proliferation 

marker Ki67 

2%  of the grafted cells 
express the apoptosis 

marker Casp3

  Low apoptotic rate   

  Maintenance of cell proliferation properties 
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mean tumor volume between the untreated 

group (1.908 μm3/cm3) and the treated 

group (0.803 μm3/cm3) 
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AVI-PDXTM : A reliable model for preclinical studies 
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➠ Positivité du marquage CK19 maintenue entre la 

réplique et le prélèvement initial 

➠ Faible prolifération, mais survie et établissement des 

cellules de PDAC 

AVI-PDXTM: Adaptation du modèle aux prélèvements de patients



AVI-PDXTM : test de l’effet de la molécule de référence Gemcitabine

AVI-PDXTM: Un modèle adapté à la réalisation d’études précliniques

Développement de l’embryon aviaire

Jour 0 Jour 2 Jour 3 Jour 4
Jour 21 = 
éclosion

Greffe du 
prélèvement

Traitement 
en iv

Récolte des 
embryons, 
analyse



L’ AVI-PDXTM , modèle PDX prometteur pour le PDAC

➠ Confrontation avec les analyses anatomo-
pathologiques « humaines » en cours

➠ L’ AVI-PDX contourne de nombreuses 
limitations inhérentes aux autres modèles 
animaux de PDAC 

➠ L’ AVI-PDX est adapté à la réalisation de tests 
précliniques (thérapies candidates, combi-
thérapie)

➠ L’ AVI-PDX permet la recherche de 
biomarqueurs prédictifs

➠ L’ AVI-PDX est compatible avec la réalisation 
de tests de médecine personnalisée


