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Background
• KRAS is a member of the small GTPase family of 

enzymes that regulate key processes in the cell by 
cycling between an “ON” state (bound to GTP) and an 
“OFF” state (bound to GDP)1 

• Alterations in KRAS occur in ~20% of cancers2,3

• Although 2 KRAS inhibitors have been approved for 
patients with KRAS G12C-mutated disease, resistance 
commonly develops, supporting the need for combination 
approaches

• Moreover, no approved agents target other KRAS 
mutants 

• We developed an oral tool PROTAC pan-KRAS degrader 
that induces ubiquitination and subsequent proteasomal 
degradation of KRAS

• The PROTAC pan-KRAS degrader had potent activity 
toward a broad set of KRAS alterations, degrading KRAS 
G12C/D/V/R/S, G13D, Q61H, and WT-amplified KRAS, 
while sparing HRAS and NRAS4,5

• Mutant KRAS is an established intrinsic driver of an 
immunosuppressive TME, which can be alleviated by 
KRAS inhibition, suggesting potential synergy with ICI6  

Objective
• To compare the effects of PROTAC-mediated KRAS 

degradation vs pan-RAS (ON) inhibition (± an anti-PD-1 
antibody) on the TME and associated antitumor activity in 
the CT26 KRAS G12D murine colorectal cancer model
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Figure 2: Antitumor activity and changes in immune cell populations in TME with PROTAC pan-KRAS degrader vs pan-RAS (ON) inhibitor                 
± anti-PD-1 antibody
(A) Change in tumor volume

(B) Changes in immune cell populations in TME

CT26 tumors were implanted subcutaneously in BALB/c female mice and (A) a pair-wise efficacy study and (B) TIL analysis were initiated when the tumor size reached a mean volume of ~50 mm3. The PROTAC pan-KRAS degrader (30 mg/kg BID) and pan-RAS (ON) inhibitor (25 mg/kg QD) were 
administered PO alone or with anti–PD-1 antibody (10 mg/kg BIW) or IgG control by IP injection. Tumors for the TIL analysis were obtained after 7 days of dosing, whereas the efficacy analysis was extended to 28 days. For TIL analysis, tumors were mechanically and enzymatically dissociated to 
generate single-cell suspensions. Cells were filtered, counted, and stained with fluorophore-conjugated antibodies against the indicated surface and intracellular markers. Data were acquired on a flow cytometer (BD FACSymphony A3) and analyzed using FlowJo software. P-values were determined by a 
two-way ANOVA (ns is not significant, *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001). 

• The PROTAC pan-KRAS degrader led to enhanced combinatorial efficacy with an anti-PD-1 antibody compared with a pan-RAS 
(ON) inhibitor (Figure 2A); complete responders were protected against tumor rechallenge, indicating immune memory (data not 
shown) 

• The PROTAC pan-KRAS degrader induced broader and more significant immune cellular changes in the TME than the pan-RAS 
(ON) inhibitor, including greater increases in helper and cytotoxic T-cell populations, a deeper reduction in the myeloid cell 
populations, and significant increases in proinflammatory dendritic cells (Figure 2B), as well as an overall increase in CD45+ 
cells, decreases in neutrophils and the regulatory T cell to effector T-cell ratio, significant increases in M1 macrophages, and 
significant decreases in M2 macrophages (data not shown)

Figure 4: Differential pathway enrichment in TME with PROTAC pan-KRAS 
degrader vs pan-RAS (ON) inhibitor 
(A) Negative enrichment with PROTAC pan-
KRAS degrader and pan-RAS (ON) inhibitor 

(B) Positive enrichment with PROTAC         
pan-KRAS degrader only

GOBP database was used for full and unbiased functional assessment. Multiple enrichment approaches were used in combination to select positively and negatively 
enriched gene sets/pathways associated with PROTAC pan-KRAS degrader or pan-RAS (ON) inhibitor treatment.

• Numerous overlapping biological processes were negatively enriched by 
both the PROTAC pan-KRAS degrader alone and a pan-RAS (ON) 
inhibitor (Figure 4A) 

• The PROTAC pan-KRAS degrader uniquely showed positive enrichment 
for multiple pathways supporting immune activation (Figure 4B)
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Figure 6: Human T-cell effector cytokine 
production with PROTAC pan-KRAS degrader 
vs pan-RAS (ON) inhibitor
(A) IL-2

(B) IFN-γ

(C) TNF-α

Human pan T cells isolated from PBMCs were stimulated overnight with plate-bound anti-CD3 and 
anti-CD28 antibodies. After removing stimulation, the cells were treated with a serial dilution of 
compounds or DMSO control for 24 h and subsequently restimulated with plate-bound CD3/CD28 for 
an additional 24 h. Cytokine levels in culture supernatants were quantified using a Multiplex U-Plex 
Assay (Meso Scale Discovery). Data are expressed as percentage relative to the DMSO control and 
represent mean ± SD from 2 independent PBMC donors. P-values were determined by a two-way 
ANOVA. *Adjusted P<0.05; **Adjusted P<0.01; ***Adjusted P<0.001; ****Adjusted P<0.0001.

• The PROTAC pan-KRAS degrader had 
minimal effects on T-cell effector cytokine 
production, whereas the pan-RAS (ON) 
inhibitor reduced cytokine secretion in a 
dose-dependent manner, indicating 
reduced T-cell activation

Conclusions
• In the KRAS G12D CT26 syngeneic model, the oral PROTAC pan-KRAS degrader showed potent target 

degradation, antiproliferative activity, apoptosis activation, and sustained MAPK pathway suppression
• The PROTAC pan-KRAS degrader had enhanced combinatorial activity with an anti-PD-1 antibody relative 

to pan-RAS (ON) inhibition, accompanied by broader and deeper immune remodeling with a shift toward a 
more immune-active TME and proinflammatory response

• The PROTAC pan-KRAS degrader, alone or combined with an anti-PD-1 antibody, induced robust 
suppression of RAS-related pathways and transcription of immune-suppressive genes

• Gene set enrichment analysis demonstrated that PROTAC pan-KRAS degrader treatment resulted in 
selective activation of immune-related pathways that was not observed with pan-RAS (ON) inhibitor 
treatment as well as a significant increase in the ICI response signature

• In contrast with pan-RAS (ON) inhibition, the PROTAC pan-KRAS degrader had no negative effect on          
T-cell activation, further supporting combination with ICI

• These data suggest that KRAS degradation with the oral PROTAC pan-KRAS degrader drives sustained 
pathway inhibition and coordinated TME changes that enhance responsiveness to ICI

Figure 1: In vitro activity and in vivo degradation and pathway suppression with PROTAC pan-KRAS degrader vs pan-RAS (ON) inhibitor
(A) KRAS degradation (B) Cell viability and caspase activity (C) Study in CT26 syngeneic mice

(D) Levels of KRAS and MAPK pathway markers in CT26 syngeneic model 

(A) CT26 cells were treated for 24 h with a serial dilution of PROTAC pan-KRAS degrader; and cell lysates were analyzed by gel electrophoresis followed by immunoblotting of KRAS and vinculin. KRAS protein levels were normalized to vinculin and expressed relative to the vehicle-treated control; 
triplicates are shown. (B) CT26 spheroids were treated with serial dilutions of compounds and imaged for 5 days; spheroid size was captured by brightfield and caspase activity by green fluorescence using an Incucyte S3 imaging system. (C) CT26 tumors were implanted subcutaneously in BALB/c 
female mice and either PROTAC pan-KRAS degrader (30 mg/kg BID) or pan-RAS (ON) inhibitor (25 mg/kg QD) was dosed PO for 3 days, and (D) tumor lysates were analyzed by gel electrophoresis followed by immunoblotting. P-values were determined by one-way ANOVA (ns is not significant; 
**P<0.01; ***P<0.001; ****P<0.0001). Figure 1D was previously presented.5

• The PROTAC pan-KRAS degrader led to potent reduction of KRAS protein levels (Figure 1A), showed similar antiproliferative 
effects and caspase activity vs pan-RAS inhibition and stronger activity vs KRAS G12D inhibition in vitro (Figure 1B), and led to 
more durable MAPK pathway inhibition compared with a pan-RAS (ON) inhibitor in vivo (Figure 1C-D)
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Figure 3: RAS pathway activity and TME-suppressive cytokine and chemokine expression with PROTAC pan-KRAS degrader vs pan-RAS (ON) 
inhibitor ± anti-PD-1 antibody

CT26 tumors were implanted subcutaneously in BALB/c female mice. When tumor size reached a mean volume of ~50 mm3, the mice were dosed PO with a PROTAC pan-KRAS degrader (30 mg/kg BID) or pan-RAS (ON) inhibitor (25 mg/kg QD) alone or with anti-PD-1 antibody (10 mg/kg BIW) or IgG 
control by IP injection for 6 days. Tumors were harvested on day 7 and stored in RNA Later for downstream bulk RNA sequencing; 5 tumors were harvested per treatment condition, except PROTAC pan-KRAS degrader plus anti-PD-1 antibody, which had 4 due to a CR. Bulk RNA-seq data were 
processed using nextflow nf-core/rnaseq pipeline.7 Differential expression analysis was performed using R package DESeq2. EGFR, MAPK, and PI3K activity was inferred using common core pathway responsive genes. The transcriptional activity of MYC was inferred using its regulons. The activity 
scores were calculated using R package decoupleR and compared using R package limma. *Adjusted P<0.05; **Adjusted P<0.01; ***Adjusted P<0.001; ****Adjusted P<0.0001.

• The PROTAC pan-KRAS degrader suppressed RAS pathway and immunosuppressive genes and increased expression of 
proinflammatory cytokine genes (data not shown), comparable to a pan-RAS (ON) inhibitor
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Mechanism of action of a PROTAC pan-KRAS degradera

aGeneral PROTAC protein degrader is shown.
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Abbreviations
ANOVA=analysis of variance GOBP=Gene Ontology Biological Process Database PD-1=programmed cell death protein 1
BID=twice daily GSEA=gene set enrichment analysis pERK=phosphorylated extracellular signal-regulated kinase
BIW=twice weekly GSVA=gene set variation analysis PI3K=phosphoinositide 3-kinase
CCL=C–C motif chemokine ligand HRAS=Harvey rat sarcoma viral oncogene homolog PO=orally
CD=cluster of differentiation ICI=immune checkpoint inhibition PROTAC=PROteolysis TArgeting Chimera

Cmin=minimum plasma concentration IFN=interferon pS6 (Ser235/236)=ribosomal protein S6 phosphorylated at serine 
235 and 236

CR=complete response IgG=immunoglobulin QD=once daily
CXCL=C–X–C motif chemokine ligand IL=interleukin RAS=rat sarcoma
DC=dendritic cell IP=intraperitoneal RNA-seq=RNA sequencing
DC50=half-maximal degradation concentration KRAS=Kirsten rat sarcoma viral oncogene homolog TIL=tumor-infiltrating lymphocyte
Dmax=maximum degradation MAPK=mitogen-activated protein kinase TME=tumor microenvironment
DMSO=dimethyl sulfoxide MHC=major histocompatibility complex TNF=tumor necrosis factor
DUSP4=dual specificity phosphatase 4 NK=natural killer Treg=regulatory T cell
EGFR=epidermal growth factor receptor NRAS=neuroblastoma rat sarcoma viral oncogene homolog WT=wild-type
FOXP3=forkhead box P3 PBMC=peripheral blood mononuclear cell

Potential synergy of KRAS inhibition and ICI

Adapted from: Molina-Arcas M. et al. Exploiting the therapeutic implications of KRAS inhibition on tumor immunity. 
Cancer Cell 2024;42(3):338–357. https://doi.org/10.1016/j.ccell.2024.02.004. Licensed under CC BY 4.0.
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Figure 5: Evaluation of predictive ICI response signature using GSEA with 
PROTAC pan-KRAS degrader vs pan-RAS (ON) inhibitor ± anti-PD-1 antibody

GSEA was performed on Genetic and Chemical Perturbation signatures obtained from MSigDB. Signature scores were calculated using R package GSVA and compared 
using R package limma. *P<0.05; **P<0.01; ***P<0.001; ****P<0.0001.

• The PROTAC pan-KRAS degrader alone or combined with an anti-PD-1 
antibody significantly increased the ICI response signature, consistent 
with the unique GOBP profile and providing a potential basis for the 
improved preclinical efficacy vs a pan-RAS (ON) inhibitor

PROTAC pan-KRAS degrader 
vs pan-RAS [ON] inhibitor

Normalized enrichment 
score=2.36

False discovery rate=0
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