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INTRODUCTION
 KRAS G12C (OFF) inhibitors, such as sotorasib, are 

approved targeted therapies for KRAS-mutant non-
small cell lung cancer (NSCLC). However, resistance 
eventually develops in nearly all patients. 
PanRAS(ON) inhibitors have emerged to avoid 
sotorasib resistance mechanisms, like the 
amplification of the KRAS(ON) conformation, the 
appearance of KRAS mutations other than G12C, and 
reactivation of other RAS isoforms. 

 Other resistance mechanisms, including alterations in 
receptors tyrosine kinases (RTKs) and the induction of 
autophagy, can also by triggered by KRAS inhibitors. 
To study these mechanisms, we examined RTKs (e.g.
MET) and autophagy induction (indicated by increased 
LC3-II conversion and SQSTM1/p62 degradation) as 
possible mechanisms of resistance to PanRAS(ON) 
inhibitors. We also examined whether these resistance 
mechanisms could be reversed with a MET inhibitor, 
ensartinib, or omeprazole (V-ATPase-Autophagy 
inhibitor), respectably. 

 Study Goal: To elucidate the efficacy of a novel Pan
RAS (ON) inhibitor (RMC-6236 and GFH-276) in 
NSCLC cell lines and identify potential resistance 
pathways. To investigate drug combinations with V-
ATPase inhibitors (omeprazole) or a MET inhibitor 
(ensartinib) to increase the effect of Pan RAS (ON) 
inhibitors and assess their potential benefits in 
overcoming identified resistance mechanisms in
NSCLC. 
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CONCLUSIONS
• Omeprazole pretreatment increased the antitumor effect of both Pan RAS (ON) inhibitors in a synergistic and additive way. 
• Ensartinib cotreatment with both Pan RAS (ON) inhibitors increased the effect compared to drug monotherapy in a synergistic way.
• Pan RAS(ON) inhibitors were not able to maintain RTKs inactivated upon HGF stimulation, allowing possible early resistance responses through the activation of: EGFR, MET, MRAS, STAT3, AKT.  Similar early resistance responses described with 

sotorasib. Omeprazole or ensartinib treatment in combination with both Pan RAS (ON) inhibitors reduced some of these protein responses. 
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Figure 1: Cell Viability effects in KRAS-mutant cell lines treated with ensartinib plus one of the pan RAS(ON) inhibitors (A and B), or with omperazole pre-treatment plus one of the 
PanRAS(ON) (C and D). Each graph represents one cell treated with one of the four drug combinations: (Ome + RMC-6236/Ome + GFH-276) or (Ensa + RMC-6236/ Ensa + GFH-276). Next to 
each graph, the synergies of each drug combination are represented in a heatmap, calculated using the Loewe and Bliss models. Values   greater than 10 (represented by more intense red)
indicate synergism, while values below -10 (represented by more intense green) indicate antagonism. Values   between -10 and 10 (represented with weak green or red) indicate additivism.
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Figure 4: Protein expression and activation effect, analyzed by Western blot, in KRAS-mutant cell lines following omeprazole pre-
treatment and combination with one of the PanRAS(ON) inhibitors. All cell lines and treatment groups were analyzed at the same time 
points. Briefly, cells were seeded and left for one day to attach. All cells were then placed under starvation conditions (0,5 % FBS 
supplemented medium) and left for 24h. Maintaining starvation conditions, omeprazole groups were treated and after 24h PanRAS(ON) 
inhibitors were applied in monotherapy or in combination depending on the treatment group.  After 24h all groups except for the control, 
were treated with HGF for 15 minutes. Cells were then collected and analyzed. 
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Figure 3: Protein expression and activation effect, analyzed by Western blot, in KRAS-mutant cell lines following omeprazole pre-
treatment and combination with one of the PanRAS(ON) inhibitors. All cell lines and treatment groups were analyzed at the same time 
points. Briefly, cells were seeded and left for one day to attach. All cells were then placed under starvation conditions (0,5 % FBS 
supplemented medium) and left for 24h. Maintaining starvation conditions, each group was treated with ensartinib alone or in combination 
with one of the PanRAS(ON) inhibitors. After 24h,all groups except the control were treated with HGF for 15 minutes. Cells were then 
collected and analyzed. 
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Figure 2 : Resistence Model for 
Covalent KRAS G12C inhibitors  
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IC 50 Monotherapy Drugs doses (nM)

EnsartinibOmeprazoleGFH276RMC-6236Sotorasib KRAS mutation Cell Lines

1754IC 50 not reached, 
maximum dose: 75000

0.670.37≃32G12CH358

2009
IC 50 not reached, 

maximum dose: 750005.858.47> 5000G12CH358R

2120IC 50 not reached, 
maximum dose: 75000

5.9314.29> 500G12CH23

1500
IC 50 not reached, 

maximum dose: 75000
6.277.08> 100000G12SA549 

Table 1: Sensitivity of NSCLC KRAS 
mutated cell lines to sotorasib, RMC-
6236, GFH-276, omeprazole and 
ensartinib. Table showing the viability 
IC50 (half-maximal inhibitory 
concentration) values of four KRAS-
mutant NSCLC cell lines with different 
sensitivities to sotorasib, treated with 
the corresponding drugs. H358R 
represents a H358 parental cell line 
with generated sotorasib resistance. 
Cell line viability following treatment 
with RMC-6236, GFH-276 and 
ensartinib was tested after 72h, while 
omeprazole-treated cell lines were 
tested after 96h. For omeprazole, the 
IC50 was not reached in any of the 
tested cell lines, the maximum 
omeprazole dose used was 75000 nM.
Viability was tested using the Cell titer 
GLO viability assay at equal culture 
times for all cell lines and drugs.


