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Goals for Our ccRCC Model

• Ability to target multiple genes and to rapidly test multiple combinations
• Target ccRCC tumor suppressors

• Immunocompetent, pure background mice
• Model immunotherapy response and resistance
• Generate syngeneic cell lines

• Disease induction in single kidney limits morbidity and allows animal-matched 
controls

• Induce alterations in adult tissues



Inducible Cas9 Mouse

pCAG Cas9 2A GFP pAloxP loxPSTOP

Cre



CRISPR/Cas9-based ccRCC Model Using AAV
2. Select method of kidney-specific Cre delivery for Cas9 induction1. Selection of ccRCC-specific tumor suppressor genes

3. Inject AAV into the kidney of LSL-Cas9 mice 
and monitor tumor development

Ksp-Cre delivered in the AAV Transgenic Pax8-Cre



Combined Knockout of VHL, PBRM1, TSC1, and KEAP1
is Sufficient to Cause Renal Tumors

Model
# Mice 

injected
# mice with 
tumors (%)

Tumor detection  by 
MRI (range)

Mean tumor 
growth rate 

(mm/wk)

KspCre AAV, LSL-Cas9/+               24 8/24 (33%) 14 wk (14-32 wk) 0.78

Cre-less AAV
LSL-Cas9/+, Pax8Cre 23 19/23 (83%) 9 wk (9-20 wk) 0.96



Confirming VHL, PBRM1, TSC1, and KEAP1 Knockout

CAIX Stain Indicates VHL knockout
VHL PBRM1KEAP1 TSC1
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VEGFR Inhibition Arrests Tumor Growth

Vehicle Axitinib
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Preliminary Tumor Growth Data
Feb. 8, 2021

(Individual mice)
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Anti-PD1 + Anti-CTLA4

Vehicles

Anti-CTLA4+anti-PD1+PT2399

Vehicles Anti-PD1 Anti-CTLA4 PT2399 Anti-PD1 +
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Anti-PD1 +
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PT2399

Testing Activity of HIF2 Inhibition and 
Immune Checkpoint Blockade



Ongoing Work and Future Directions

• Multi-arm drug study:
• Biomarker analysis to assess drug efficacy, gene inactivation & immune cell infiltrates  

• IHC: Cyclin D, Ki67, CD31 CD3, CD8 IHC
• qPCR: HIF2 target genes

• PK analysis of tumor & serum to measure PT2399 exposure

• Testing necessity of PBRM1, KEAP1, and TSC1 knockouts

• Targeting Cas9 activation with cell type-specific Cre (i.e. targeting proximal tubule)

• Single cell RNA sequencing
• Tumor cells
• Immune infiltrate

• Syngeneic cell and tumor line development
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