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Need of mouse models of human cancer  

• Cancer : complex diseases.  

 Challenge : improve diagnosis and treatments.  
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In vitro studies / in vivo studies 
 

Cell lines, Xenografts, PDX, organoids 



Need of mouse models of human cancer  

• Use of certain mouse strains :  

spontaneous cancer or increased sensitivity to 
“environmental“ exposure (radiation, chemicals, viruses…) 

Useful for: 

  
- identification of oncogenes and tumor suppressor 

genes, mapping of modifier genes… 
 

- assessment of carcinogenic or chemopreventive effects 
of compounds.  

 
- Limitations :  

 - restricted subset of tumor types and grades 

 - incomplete penetrance 

 - Variable latency   



Need of mouse models of human cancer  

Development of new technologies  

 to provide mouse models that :  

 

- accurately reflect the common forms of human cancer 

- allow systematic investigation of tumor genetics and 

gene-environment interactions 

Genetically engineered mouse models 
 (GEMMs) 



Hormone-dependent cancers 

Excludes :  

• basal and squamous cell skin 

cancers  

• in situ carcinoma except urinary 

bladder.  

 Siegel et al., 2017 



Hormone-dependent cancers 

Excludes :  

• basal and squamous cell skin 

cancers  

• in situ carcinoma except urinary 

bladder.  

 Siegel et al., 2017  high socio-economical impact.  



Breast cancer 

Global gene expression analyses have classified breast cancer  

   into at least five biologically distinct intrinsic subtypes : 

• luminal A, 

• luminal B,  

• human epidermal growth factor receptor 2 (HER2)- enriched,  

• basal-like 

• normal-like.  



Breast cancer 

Global gene expression analyses have classified breast cancer  

   into at least five biologically distinct intrinsic subtypes : 

• luminal A, 

• luminal B,  

• human epidermal growth factor receptor 2 (HER2)- enriched,  

• basal-like 

• normal-like.  

 

Luminal A and B subtypes : estrogen receptor α (ERα) positive 

 ~ 70% of breast cancers 

 Estrogen-dependent growth   Tamoxifen treatment/resistance  

  major clinical interest. 



Hormone-dependent cancers 

Genetically modified mouse models (GEMMs) of breast cancer 
(overexpression of Myc, ErbB2/Neu, polyoma middle T antigen (PyMT), SV 40 T antigen, wnt-1, 

TGF-α, c-myc, ras...) 

          

  mammary carcinomas 

  - ER  negative and hormone independent  

 

  do not mimic luminal subtypes. 

Estimated deaths 



Hormono-dependent cancers 

Genetically modified mouse models (GEMMs) (overexpression of Myc, ErbB2/Neu, 

polyoma middle T antigen (PyMT), SV 40 T antigen, wnt-1, TGF-α, c-myc, ras...) 

          

  mammary carcinomas 

  - prevalently ERα negative and hormone independent  

 

  do not mimic luminal subtypes. 

MMTV-Ki-Ras(G12V) transgenic mice :  

- develop mammary adenocarcinoma with a short tumor latency,  

- high tumor incidence 

 

 Limitations :  

- tumor formation in various tissues (e.g. salivary and harderian glands),  

- poor characterization of mammary carcinomas. 

Ras : the most frequently mutated dominant acting oncogene in human cancer 

Omer et al., 2000 



Mouse model of estrogen receptor a (ERα)-positive 

 mammary adenocarcinoma  

Collaboration with Pr. Ando, University of Calabria 
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Mouse model of estrogen receptor a (ERα)-positive 

 mammary adenocarcinoma  

MG-Ki-Ras(G12V) mice develop mammary tumors  

that recapitulate then most common human breast cancer subtype :  

ductal ER-positive invasive adenocarcinoma. 

+ 

< 14% 

+ 

+ 

- 

- 

- 

- 



Prostate cancer 

Invasion Local progression Initiation Latency 

Normal  
epithelium 

Prostatic Intraepithelial 
Neoplasia (PIN) 

Adenocarcinoma Metastasis 

Estimated deaths 



Prostate cancer 

Invasion Local progression Initiation Latency 

70 75 50 

Normal  
epithelium 

Prostatic Intraepithelial 
Neoplasia (PIN) 

Adenocarcinoma Metastasis 

 Prostate cancer development takes decades  

age 

Diagnosis : - Serum PSA (prostate specific antigen) 

        - rectal digital examination 

       - histological analysis of biopsies  
Over diagnosis / over treatment 



Prostate cancer 

Invasion Initiation Latency 

70 75 50 

Normal  

epithelium 

Prostatic Intraepithelial 

Neoplasia (PIN) 
Adenocarcinoma Metastasis 

age 

Treatments: 

Local progression 

Castration resistant 

 adenocarcinoma 

Prostatectomie 

Radiotherapy 

Resistance 

Hormono-therapy 

(anti-androgens) 

Chimio-therapy 

(docetaxel) 

Side effects  

- Incontinance 

- impotance 

Resistance Limited efficacy 

 Need to improve diagnosis and treatments 



TRAMP mice 
(transgenic adenocarcinoma mouse model) 

Transgene : 

-426 - +28 bp 

 rat probasin promoter  

rPB SV40 T antigen 

(Greenberg et al., 1995) 

Use :  
- pre-clinical testing of chemoprevention strategies 

- Identify pathways involved in prostate cancer initiation and progression 



TRAMP mice 
(transgenic adenocarcinoma mouse model) 

Transgene : 

-426 - +28 bp 

 rat probasin promoter  

rPB SV40 T antigen 

(Greenberg et al., 1995) 

Limitations :  

- Prostate tumour formation driven by viral proteins that are not involved 

in the generation of human prostate cancers 

- Develop neuroendocrine carcinoma that rarely occur in human prostate 

cancer 

- T antigen is expressed in the prostate at the first week(s) of life 

- The activity of rPB promoter is regulated by androgens at adulthood 

  effects observed in hormone ablation experiments might result 

 from decreased transgene expression.   

Use :  
- pre-clinical testing of chemoprevention strategies 

- Identify pathways involved in prostate cancer initiation and progression 



Prostate cancer 

PTEN (phosphatase and tensin homolog deleted on chromosome 10) :  

 Negative regulator of PI3K/AKT pathway 

 frequently deleted in various advanced human cancers 

 PTEN mutations in 10 – 15 % of prostate tumors and in 60 % of advanced cancers  
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Prostate cancer 

PTEN (phosphatase and tensin homolog deleted on chromosome 10) :  

 Negative regulator of PI3K/AKT pathway 

 frequently deleted in various advanced human cancers 

 PTEN mutations in 10 – 15 % of prostate tumors and in 60 % of advanced cancers  

Consequences of PTEN deficiency in prostate cells ? 

 
- No DNA-damage response 
- No hyper-proliferation phase 
- No replicative stress ! 

Mouse model : PB-Cre/PTENL2/L2  

PTEN-loss induced cell senescence (PICS) represents a new type of premature senescence    that suppress prostate tumorigenesis 

Oncogene induced-senescence 

 Prostatic tumors 

≠ 

Relevant model? (gene ablation before puberty !) 



Site-directed cell-specific temporally-controlled  

targeted somatic mutagenesis in the mouse.  

Cre 
X 

ERT2 LBD Transgenic expression of the chimeric 

 Cre-ERT2 recombinase  

Inducer: 
Tam 

Metzger et al., PNAS, 1995 



Site-directed cell-specific temporally-controlled  

targeted somatic mutagenesis in the mouse.  

Cre 
X 

ERT2 LBD Transgenic expression of the chimeric 

 Cre-ERT2 recombinase  

Inducer: 
Tam 

Puberty (8 weeks) 
Tamoxifen administration 

Lox P 

CreERT2 PSA 

Metzger et al., PNAS, 1995 

Ratnacaram et al., PNAS 2008 



PTENpe-/- PSA-CreERT2/PTENL2/L2 

Generation of PTENpe-/- mice  
(in which PTEN is selectively ablated in prostatic epithelial cells at adulthood; 

Tam-treated PSA-CreERT2/PTENL2/L2 mice) 

Normal prostate 
Prostatic Intraepithelial 

Neoplasia (PIN) 
(2 - 9 months) 

Local invasive 

Adenocarcinoma 
(15 - 20 months) 

micro-invasive 

cancinoma 
(9 - 15 months) 

PTENpe-/- mice 

Mouse model of prostate cancer development 

Site-directed cell-specific temporally-controlled  

targeted somatic mutagenesis in the mouse.  

Lox P 
PTEN 

CreERT2 PSA 

Puberty (8 weeks) 
Tamoxifen administration 

Ratnacaram et al., PNAS 2008 



Prostate cancer 

Characterisation of PTENpe-/- mice  

Normal prostate 
Prostatic Intraepithelial 

Neoplasia (PIN) 
(2 - 9 months) 

Local invasive 

Adenocarcinoma 
(15 - 20 months) 

micro-invasive 

cancinoma 
(9 - 15 months) 

PTENpe-/- mice 



Prostate cancer 

Characterisation of PTENpe-/- mice  

Normal prostate 
Prostatic Intraepithelial 

Neoplasia (PIN) 
(2 - 9 months) 

Local invasive 

Adenocarcinoma 

(15 - 20 months) 

micro-invasive 

cancinoma 

(9 - 15 months) 

PTENpe-/- mice 

Senescence-associated b-galactosidase staining 

Proliferation  senescence 

- pHP1g positive prostatic epithelial cells 

- Senescence-associated secretory phenotype  

  (SASP; IL-1a, IL-1b, M-CSF, TNFa…) 

Parisotto et al., J. Exp. Med. 2018 



Prostate cancer 

Characterisation of PTENpe-/- mice  

PCNA : proliferation marker 

gH2AX foci colocalize with PCNA foci.  

 gH2AX foci  localized at the site of DNA replication 

- Nuclear foci of RPA32 (coats stretches of ssDNA during replicative stress)  

         ATR (Ataxia telangiectasia and Rad3 related) and 53BP1 

 PTENpe-/- prostatic epithelial cells  Replication stress, DNA damage response  

            Senescence  

Parisotto et al., J. Exp. Med. 2018 



Prostate cancer 

Characterisation of PTENpe-/- mice  

PCNA : proliferation marker 

gH2AX foci colocalize with PCNA foci.  

 gH2AX foci  localized at the site of DNA replication 

- Nuclear foci of RPA32 (coats stretches of ssDNA during replicative stress)  

         ATR (Ataxia telangiectasia and Rad3 related) and 53BP1 

 PTENpe-/- prostatic epithelial cells  Replication stress, DNA damage response  

            Senescence  
PTEN-loss induced cell senescence (PICS):  similar to oncogene-induced senescence ! 

Approaches for cancer prevention and therapy based on PICS induction :  

 high risk [replication stress  accumulation of mutations (e.g. p53)] 
Parisotto et al., J. Exp. Med. 2018 



Prostate cancer 

Characterisation of cell populations in senescent PINs of  PTENpe-/- mice 

  

 Single cell sequencing 

Prostate  

dissection & 

dissociation 

FACS-sort 

single/ 

living cells 

(viability ≈ 90%) 

High-throughput 

sequencing with 

Illumina HiSeq 

10,000 cells 



Prostate cancer 

Characterisation of cell populations in mouse  prostate 

Basal 
(Krt5+) 

LSCmed 
(Krt4+) 

T-lymphocytes 
(CD3+) 

Macrophages 
(F4/80+) 

Myeloids 
(Itgam/Flt3+) 

Endothelial cells 
(Vcam1/Nos3/CD34+) 

Stromal cells 
(Cxcl14/Vim/Acta2+) 

Luminal 
(Krt8+) 

Wild type 



Prostate cancer 

Characterisation of cell populations in senescent PINs of  PTENpe-/- mice 

Wild type 

Pten(i)pe-/-  

[3 months AGI] 

Basal 
(Krt5+) 

LSCmed 
(Krt4+) 

T-lymphocytes 
(CD3+) 

MDSCs 
(Cxcr2/ 
Itgam/ 
Ly6g+) 

Myeloids 
(Itgam/Flt3+) 

Endothelial cells 
(Vcam1/Nos3/CD34+) Stromal cells 

CAFs 
(Cxcl14/Vim/Acta2+) 

Luminal 
(Krt8+) 

Macrophages 
(F4/80+) 



Prostate cancer 

Characterisation of cell populations in senescent PINs of  PTENpe-/- mice 

Pten(i)pe-/- [3 months AGI] Pten(i)pe-/- [6 months AGI] 

Basal 
(Krt5+) 

LSCmed 
(Krt4+) 

Luminal 
(Krt8+) 

Basal 
(Krt5+) 

LSCmed 
(Krt4+) 

Luminal 
(Krt8+) 

Basal 
(Krt5+) 

LSCmed 
(Krt4+) 

Luminal 
(Krt8+) 

Basal 
(Krt5+) 

LSCmed 
(Krt4+) 

Luminal 
(Krt8+) 



Prostate cancer 

Characterisation of cell populations in senescent PINs of  PTENpe-/- mice 

 Cellular transitions in the epithelial compartment 

Pten(i)pe-/- [3 months AGI] Pten(i)pe-/- [6 months AGI] 

Pten(i)pe-/- [9 months AGI] Pten(i)pe-/- [15 months AGI] 

Basal 
(Krt5+) 

LSCmed 
(Krt4+) 

Luminal 
(Krt8+) 

Basal 
(Krt5+) 

LSCmed 
(Krt4+) 

Luminal 
(Krt8+) 

Basal 
(Krt5+) 

LSCmed 
(Krt4+) 

Luminal 
(Krt8+) 

Basal 
(Krt5+) 

LSCmed 
(Krt4+) 

Luminal 
(Krt8+) 



Prostate cancer 

Characterisation of cell populations in senescent PINs of  PTENpe-/- mice 

Basal 
(Krt5+) 

LSCmed 
(Krt4+) 

Basal 
(Krt5+) 

LSCmed 
(Krt4+) 

Pten(i)pe-/- [3 months AGI] Pten(i)pe-/- [6 months AGI] 

Pten(i)pe-/- [9 months AGI] Pten(i)pe-/- [15 months AGI] 

MDSCs 
(Cxcr2/ 
Itgam/ 
Ly6g+) 

MDSCs 
(Cxcr2/ 
Itgam/ 
Ly6g+) 

MDSCs 
(Cxcr2/ 
Itgam/ 
Ly6g+) 

MDSCs 
(Cxcr2/ 
Itgam/ 
Ly6g+) 

Stromal cells/ 
CAFs 

(Cxcl14/Vim/Acta2+) 

Stromal cells/ 
CAFs 

(Cxcl14/Vim/Acta2+) 

Stromal cells/ 
CAFs 

(Cxcl14/Vim/Acta2+) 

Stromal cells/ 
CAFs 

(Cxcl14/Vim/Acta2+) 



Prostate cancer 

Characterisation of cell populations in senescent PINs of  PTENpe-/- mice 

Basal 
(Krt5+) 

LSCmed 
(Krt4+) 

Basal 
(Krt5+) 

LSCmed 
(Krt4+) 

Pten(i)pe-/- [3 months AGI] Pten(i)pe-/- [6 months AGI] 

Pten(i)pe-/- [9 months AGI] Pten(i)pe-/- [15 months AGI] 

MDSCs 
(Cxcr2/ 
Itgam/ 
Ly6g+) 

MDSCs 
(Cxcr2/ 
Itgam/ 
Ly6g+) 

MDSCs 
(Cxcr2/ 
Itgam/ 
Ly6g+) 

MDSCs 
(Cxcr2/ 
Itgam/ 
Ly6g+) 

Stromal cells/ 
CAFs 

(Cxcl14/Vim/Acta2+) 

Stromal cells/ 
CAFs 

(Cxcl14/Vim/Acta2+) 

Stromal cells/ 
CAFs 

(Cxcl14/Vim/Acta2+) 

Stromal cells/ 
CAFs 

(Cxcl14/Vim/Acta2+) 

 Alterations in the microenvironment during disease progression 



Invasion Local progression Initiation Latency 

70 75 50 

Prostate cancer and vitamin D 

Normal  
epithelium 

Prostatic Intraepithelial 
Neoplasia (PIN) 

Adenocarcinoma Metastasis 

age 

Preclinical 
 anti-proliferative and anti-inflammatory potency in  

- prostatic cancer cell lines  
- mouse model of prostate cancer 

Epidemiology 
 correlation between prostate cancer severity and  

- low circulating levels of Vitamin D  
- low vitamin D receptor expression 



Calcemia 

Anti-proliferative 
Anti-inflammatory 

Role of vitamin D in senescent PIN 

1,25(OH)2D3 



Gemini-72, a vitamin D analog 

Calcemia Anti-proliferative 
Anti-inflammatory 

Role of vitamin D in senescent PIN 

1,25(OH)2D3 Gemini 



1 2 3 5 7 

Tam 

PTENpe-/- 

months 6 

Gemini-72, a vitamin D analog 

Calcemia Anti-proliferative 
Anti-inflammatory 

Role of vitamin D in senescent PIN 

1,25(OH)2D3 Gemini 

3 week treatment  

(3X/week) 



Therapeutic potency of Gemini-72 for prostate cancer 

Oil Gemini-72 

PTENpe-/- 

PTENpe-/- 

Gemini-72 decreases the severity of pre-cancerous lesions 
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Gemini-72 decreases the severity of pre-cancerous lesions,  
by inducing apoptosis 

Oil Gemini-72

PTEN

DAPI
Fluorescein

Oil Gemini-72

PTEN

DAPI
Fluorescein

Oil 

Gemini-72 

Therapeutic potency of Gemini-72 for prostate cancer 

PTENpe-/- 
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Vitamin D 
signalling 

Counteracts  
prostatic epithelial cell proliferation  

after the loss of PTEN 

Induces apoptosis  
of senescent PIN cells 

Vitamin D analogs represent  
a promising preventive strategy for prostate cancer 

1 2 3 5 12 

Tam 

PTENpe-/- 

months 
6 Senescent PINs 

Therapeutic potency of Gemini-72 for prostate cancer 

 Identification of additional potent VitD analogs 



Generation and characterisation of PTEN/p53pe-/- mice 

- p53 : mutated or deleted in advanced and metastatic prostate cancer 

      (Chen et al., 2005) 

- Increased cell plasticity 

- Senescence bypass/escape 

- Metastatic tumors 

- Castration resistant 

1 cm 

prostate 

PTEN/p53pe-/-  PTENpe-/-  WT 

10 months  5 months  

Prostate cancer 



Mouse models of cancer 

- Powerful tools  

 

- to investigate tumor progression 

- to identify new markers 

- to develop new therapeutic strategies 

- Complementary to PDX, organoids … 
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