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Supplementary Text 

1. Homozygous KRAS mutant cells are more resistant to sotorasib than heterozygous 

cells. 

Fold change in the cell growth after 72 h of drug treatment was calculated using a live cell 

imaging system. The percentage change in growth compared to untreated cells was used 

to determine the growth curves and IC50 value of sotorasib for all three cell lines (fig. 

S1A). For the spheroid growth assays, we also measured the red intensity with the 

passage of time as an additional readout of spheroid viability and observed a ~80% drop 

in red intensity with 0.3µM of sotorasib (fig. S1B, green bar graph). Further, we observed 

>8-fold increase in caspase activity over time at all concentrations of sotorasib for the 

H358 cell line (fig. S1C, green line graph). Similarly, for H23 cells, the red fluorescence 

intensity decreased by 40% for 0.3µM and further decreased by 74% at a concentration 

of 10µM sotorasib (fig. S1B, blue bar graph). The caspase activity increased by >5-fold 

for all the concentrations of sotorasib by 72 h (fig. S1C, blue line graph). Next, we 

measured the red intensity of SW1573 cells treated with sotorasib. We observed no 

change at 0.3 µM of sotorasib but, at higher doses the spheroid intensity dropped in a 

dose dependent manner, reaching a decrease of 70% at 10 µM (fig. S1B, red bar graph). 

Interestingly, the SW1573 spheroids did not show >2-fold increase in caspase activity 

despite the significant drop in the spheroid area and red intensity, suggesting that 

sotorasib suppresses SW1573 spheroid growth but could not induce cell death (fig. S1C, 

red line graph). Together, both the 2D and 3D data suggest that homozygous KRAS 

mutant SW1573 cells are least responsive compared to the heterozygous H358 and H23 

cells.   

2. Homozygous KRAS mutant cells are more resistant to ARS1620 than heterozygous 

cells.  

We also tested the efficacy of the covalent inhibitor ARS1620 on these three cell lines. 

H358 cell growth was 40% inhibited by 1.2 µM of ARS1620 and further increasing the 

dose to 2.5, 5, or 10 µM induced 50% inhibition (fig. S2A, green line graph).  Similarly, 

for the H23 cells, cell growth was inhibited by 30% at 2.5 µM concentration and inhibition 

was increased to 50% or 80% at higher concentrations of 5 µM or 10 µM, respectively 

(fig. S2A, blue line graph). Further, for the SW1573 cell line, ARS1620 could inhibit 20% 

of cell growth at a maximum concentration of 10 µM (fig. S2A, red line graph). The IC50 

for H358 was calculated to be 0.5 µM, H23 to be 7.6 µM and for SW1573 it was greater 

than 10 µM (fig. S2B). ARS1620 inhibition assay on cell line-derived spheroids was also 

performed on these cell lines (fig. S2C). ARS1620 inhibited the spheroid area of H358 

and H23 cell line derived spheroids by 70% at 10 µM concentration, whereas 

approximately 25% reduction was observed for of spheroid area of SW1573 cell line 

derived spheroids (fig. S2D). Similarly, the analysis of mean red intensity showed a 

minimum concentration of 5μM of ARS1620 could reduce H358 spheroids red intensity 

by 80%, H23 spheroids by 50%, and the SW1573 spheroids by 40% (fig. S2E). Finally, 

in the live cell caspase-3/7 assay for the spheroids, a 19-fold increase in activity was 



   

 

observed for the H358 cell line derived spheroids within 24 h of 2.5 µM ARS1620 

treatment, whereas there was only a 5-fold increase for the H23 and no change for 

SW1573 cell line derived spheroids (fig. S2F). Thus, the data concludes that the H358 

cell line is highly sensitive to ARS1620 followed by H23, and the SW1573 cell line is the 

least sensitive to these covalent inhibitors. The sensitivity pattern of the cell lines remains 

similar to that of the sotorasib treatment.  

3. Sotorasib or ARS1620 treatment disrupts the ITGB4/PXN axis and activates AKT 

signaling.  

Immunoblotting analysis post-sotorasib or ARS1620 treatment was repeated with the 

IC50 concentration of the respective drugs for the specific cell lines used. The KRAS is 

known to interact with PI3K and AKT which are required for PI3K-AKT- mTOR signaling 

(fig. S3A).  Immunoblotting experiments showed a decrease in the expression of 

phospho-S473 AKT, phospho-RB, ITGB4, and PXN and a simultaneous increase in the 

expression of cleaved PARP, H2AX, and p27 for the sensitive lines (H358 and H23), 

(fig. S3B). Interestingly, the ERK phosphorylation did not show any major changes and 

AKT got hyper phosphorylated in the SW1573 Cell line. The data is indicative that in the 

resistant line, there is an activation of alternative pathways to compensate for KRAS 

inhibition. A similar experiment post-ARS1620 treatment showed a significant reduction 

in the expression of ITGB4 but no changes in the expression of PXN and FAK. Again, for 

the sensitive line H358, there was a reduction in the expression of phospho-AKT, ERK, 

Rb, and an increase in the levels of cleaved PARP and H2AX expression. The H23 cells, 

which were sensitive to sotorasib, could tolerate ARS1620 treatment and did not show 

any significant change. Likewise, the SW1573 cells remain unaffected (fig. S3C). Thus, 

the data suggest a possible role of ITGB4 expression and AKT phosphorylation in 

developing tolerance to KRAS inhibitors.  

4. Isogenic KRAS resistant cell development and ITGB4 correlation.  

We treated the H358, H23, and SW1573 cells continuously with sotorasib to generate 

tolerant cell lines that could proliferate even in the IC50 concentration of sotorasib (fig. 

S3D). The immunoblotting analysis of the lysate obtained from the parental and resistant 

H23 or SW1573 cell lines showed increased expression of ITGB4, whereas the H358 cell 

line showed decreased expression of ITGB4. These H23 resistant cells upon continuous 

treatment could become resistant to up to 20µM of sotorasib. However, the same 

technique of generating highly resistant cell lines was not successful for the H358 cells 

and that correlated with the reduction in ITGB4 expression (fig. S3D).   

5. Knocking down ITGB4 and PXN inhibited cell growth in the presence of sotorasib.  

To validate the role of ITGB4 and PXN in sotorasib resistance, we knocked down ITGB4, 

PXN, or both ITGB4/PXN in the 3 cell lines using siRNA. At 24 h post-transfection, the 

cells were split into two groups. The first group was untreated while the second group 

was treated with each cell line’s specific IC50 concentration of sotorasib. Cell proliferation 

was measured in real time using IncuCyte. In the untreated condition, we observed partial 



   

 

inhibition in proliferation for all 3 cell lines upon knocking down both ITGB4 and PXN. 

However, sotorasib presence had a significant inhibitory effect on the ITGB4 knockdown 

or ITGB4/PXN double knockdown cells but not cells with PXN knockdown alone (fig. 

S3E).   

6. CFZ and sotorasib combination induce the synergistic effect. 

The inhibition matrix of CFZ and sotorasib was used to identify the drug synergy as 

mentioned in Fig. 2E. The synergy score for different concentrations of the drugs is 

represented as a 2D and 3D contour plot (fig. S4A and B). The drug combination 

experiment was repeated; however, the CFZ concentration was kept constant (9.5 nM) 

and the concentration of sotorasib increased from 1 µM to 64 µM. The combined inhibitory 

effect of CFZ (9.5nM) and sotorasib (1-8 µM) was lesser compared to CFZ alone, 

indicating an antagonistic effect of the drug combination at lower concentrations of 

sotorasib. The same concentration of CFZ together with 16 or 32 µM of sotorasib induced 

a synergistic effect (the combined drug inhibition is more than the inhibition by sotorasib 

alone and CFZ alone) (Fig. 2F, fig. S4C). The experiments were repeated in hypoxic 

conditions by culturing the cells in 5% of oxygen. Synergistic effect was observed in the 

combination of CFZ (9.5 nM) with sotorasib (16 µM), similar to normoxia.  However, in 

hypoxia, the single drug effect of CFZ was stronger than in the normoxia condition (fig. 

S4D). We then measured the effect on cell proliferation using a single dose of CFZ (10 

nM) and increasing concentrations of sotorasib (8, 16, or 32 µM), and the data confirmed 

a significant reduction of cell growth in combination compared to the single drug alone 

(fig. S4E). Like SW1573, the drug combination was also tested in the H23 cells and found 

to be effective. A reduction in the expression of ITGB4, phospho-AKT, phospho-ERK, 

CCND1, and upregulation of cleaved H2AX was observed in the immunoblots of H23 

cells treated with drug combination also (fig. S4F). Thus, these results suggest that CFZ 

can potentially be used as a small molecule for inhibiting ITGB4, AKT-mTOR signaling, 

and sensitizing sotorasib refractory tumors to sotorasib treatment.  

7. Upregulation of WNT2 genes in an isogenic sotorasib resistant cell line. 

Differential expression analysis suggests significant changes in the expression of 712 

genes and the clustering analysis clearly shows the changes in the gene expression upon 

sotorasib treatment (fig. S5A). Two strategies were used to calculate gene set 

enrichment, one strategy used Enrichr (93) to calculate the “Hallmark” genes curated from 

2020 while the other strategy used Gene Set Enrichment Analysis (GSEA, version 2.2.2; 

MsigDB, version7.0) (57). We presented the Hallmark gene set enrichment analyzed 

using Enrichr for FDR < 0.0001 in fig. S5B and C. The Hallmark gene sets enrichment 

like TNF signaling via NF-kB, KRAS signaling up, hypoxia, and inflammatory response 

were consistently downregulated for both treatments whereas the EMT associated genes 

were part of both positive and negative enrichment classes (fig. S5B and C, Excel Files 

S1-3). The differentially expressed genes overlapping the Hallmark KRAS-UP gene set 

are presented as a heatmap (fig. S5D). Furthermore, the GSEA enrichment score for 

KRAS signaling upregulation was negative for both treatments (fig. S5E), but the 



   

 

enrichment was only statistically significant for Parent Versus Control (Parent versus 

Control FDR = 0.0039, Resistant versus Control FDR = 0.62). The list of GSEA enriched 

pathways are presented in Tables S1 to 4.  

RNA sequencing analysis, suggested upregulation of CCL2, CFTR, and WNT2 by 86-

fold, 51-fold, and 47-fold, respectively, in the resistant cell line. These three genes were 

selected for further validation by qPCR using TaqMan Probes. The results confirmed 

significant upregulation of these genes upon short-term exposure to sotorasib in parental 

cells, and multifold upregulation in the isogenic resistant cells upon sotorasib treatment 

(fig. S5F). Using a SYBR Green qPCR assay, we also validated the expression of the 

other genes (listed in Fig. 3D) compared to the untreated cells (fig. S5G).  The lung 

cancer TCGA database revealed that WNT2 expression is lower in tumor tissue 

compared to normal tissue. However, some studies reported the aberrant activation of 

WNT2 autocrine signaling in ~50% of NSCLC primary tumors and cell lines. Therefore, 

the functional significance of the WNT signaling pathway in sotorasib resistance or 

sensitivity warrants further investigation.  We treated the three cell lines with half IC50 

and IC50 doses of sotorasib for 3 days, and immunoblotting was done. The blots showed 

increased protein expression of WNT2 in the H23 and H358 cell lines upon sotorasib 

treatment, whereas the SW1573 cells already had high expression of WNT2 (fig. S5H).  

Next, we performed exome sequencing analysis on the H23 cells resistant to 7.5 µM of 

sotorasib (Iso 7.5 cells). The mutational analysis did not show any additional mutations in 

the KRAS gene, but several nonsynonymous mutations were observed in the genes 

encoding PCMI, CNTNAP3, WDR64, PCSK4, and TAS1R3 in the resistant cell lines (fig. 

S5I). Subsequently, we continued to treat these Iso-7.5 resistant cells with increasing 

concentrations of sotorasib until they became resistant to 20μM sotorasib (Iso 20 cells). 

The genomic mutational analysis of these Iso-20 cells showed new nonsynonymous 

mutations in genes LMO2, SIX5, SOX2, PRICKLE2, and ARHGAp33, which were not 

present in the Iso-7.5 cells (fig. S5I). Interestingly in the RNA seq analysis, we did not 

observe any significant change in the expression of these mutated genes suggesting a 

nonsignificant contribution of these genes in sotorasib resistance. 

8. WNT2 knockout sensitizes cells to sotorasib. 

Using a CRISPR/Cas9 plasmid against the WNT2 locus, we generated WNT2 knockout 

SW1573 and H23 cell lines and determined their sensitivity to sotorasib by live cell 

proliferation assays. We observed reduced expression of WNT2 in the puromycin-

selected H23 cells, suggesting a majority of cells have the knockout (fig. S6A, 

immunoblot). Nonetheless, we observed that WNT2 knockout alone was enough to 

inhibit cell proliferation in H23 cells, and the addition of sotorasib further suppressed cell 

growth (fig. S6A, line graph). However, in SW1573 cells we did not observe any 

significant change in cell growth compared to the control both in the absence or presence 

of sotorasib (fig. S6B, line graph). The SW1573 cells used in the assay showed 

approximately 50% reduction in WNT2 expression indicating a mixed population of 

knockout and non-knockout cells or a heterozygous deletion (fig. S6B, immunoblot). 



   

 

Interestingly, another possibility of a lesser effect of WNT2 KO in the SW1573 cell line is 

the presence of CTNNB1 mutation, which can induce its de novo activation and stability.   

Next, we tested whether knocking down ITGB4 in the WNT2 knockout H23 cells would 

further sensitize them to sotorasib. We transfected the H23 WNT2 knockout cells with an 

ITGB4 siRNA followed by treatment with the IC50 concentration of sotorasib and 

discerned the effect on cell proliferation in real time. Indeed, ITGB4 knockdown further 

inhibited cell growth upon the addition of sotorasib (fig. S6C). Thus, the data indicate that 

both the ITGB4 and WNT2 signaling work independently and inhibiting both genes could 

reduce drug resistance significantly.   

  Knocking down CTNNB1 and ITGB4 sensitize sotorasib resistant cells to sotorasib. 

To decipher the involvement of WNT2/-catenin signaling in imbibing sotorasib 

resistance, we transfected the H23 parental cell line, sotorasib resistant (20 µM) isogenic 

line as well as SW1573 cells with 10 nM of CTNNB1 siRNA, 10 nM ITGB4 siRNA, or with 

both CTNNB1 (10 nM) and ITGB4 (10 nM) siRNA. Their proliferation in response to 

sotorasib treatment was followed for 96 hours, which reveals that sotorasib treatment 

could inhibit H23 or H23 Iso 20 cell proliferation significantly upon knocking down both 

ITGB4 and CTNNB1 (fig S6D and E). The knockdown of CTNNB1 in SW1573 cells 

followed by sotorasib treatment also inhibited cell growth significantly (fig S6F). The 

results were suggestive that WNT2/−catenin signaling was contributing to sotorasib 

resistance and targeting the signaling could reverse tolerance to sotorasib.  

 −catenin inhibitor (BC2059) and sotorasib are synergistic 

To determine the effect of a -catenin-specific inhibitor, BC2059, against the resistant 

SW1573 cell line, we treated the cells with varying concentrations of sotorasib and 

BC2059. The inhibition matrix showed that 10 nM of BC2059 could inhibit SW1573 cell 

growth by 10%, whereas a combination of 10 nM of BC2059 with 1 µM, 16 µM, or 24 µM 

of sotorasib could inhibit cell growth by 24%, 33%, or 49%, respectively (fig. S7A). The 

combinations of 10 nM BC2059 and 1 µM, 16 µM, or 24 µM of sotorasib had a synergistic 

effect as indicated by the synergy heatmap with a synergy score of 15.54 and the 3D 

contour plot (fig. S7B to D). The results suggest that combining BC2059 and sotorasib 

could be a good therapeutic strategy for suppressing the growth of sotorasib resistant 

tumors. We then analyzed changes in protein expression and signaling in response to 

increasing concentrations of BC2059 alone but observed no significant changes in the 

expression of WNT2, -catenin, or ITGB4 (fig. S7E), indicating that BC2059 may affect 

the localization of -catenin or disrupt its protein-protein interactions, which would require 

further investigation. To ascertain the effect of drug combination on the SW1573 cells, we 

treated the cells with increasing concentrations of sotorasib alone or in combination with 

BC2059 for 72 h, and changes in protein expression and signaling were determined by 

immunoblotting (fig. S7F).  

11. Sotorasib resistant cells are sensitive to adagrasib.   



   

 

The cell proliferation assay with increasing concentrations of adagrasib was also tested 

using the  H358 and H23 cell lines. The data indicated that adagrasib could suppress the 

growth of cells significantly and the IC50 for the two cell lines was calculated to be 0.51 

µM, and 2.15 µM, respectively (fig. S8A). The signaling changes induced by adagrasib 

were also analyzed and are shown in fig. S8B. Having observed that sotorasib refractory 

cells can be sensitive to adagrasib in 2D cultures, we then evaluated the efficacy of 

adagrasib in 3D spheroid cultures by determining the changes in spheroid growth and 

caspase activity (fig. S8C). The changes in spheroid growth were analyzed upon 

adagrasib treatment (10µM). The spheroid growth was completely abrogated within 48 h 

for H358 and by 96 h for the H23 spheroids, which was not the case when spheroids 

derived from the same cells were treated with sotorasib. Reducing the concentration to 

5µM also abrogated spheroid growth for the H358 and H23 spheroids (fig. S8D).  The 

red mean intensity changes for the final time point were analyzed and found to be 80% 

reduced at a minimum concentration of 0.6 µM of adagrasib for H358 cells, whereas for 

the H23 spheroids, the reduction was 40% (fig. S8E). The loss of red intensity also 

indicates the reduction in the spheroid viability, which was confirmed by the caspase 

assay. The caspase-3/7 activity was upregulated within 24 h of 10µM adagrasib treatment 

in H358 and H23 spheroids, and for the lower concentration, the caspase activity was 

upregulated by 48h (fig. S8F). Together, these data demonstrate significant differences 

in the signaling alterations induced by the two KRAS G12C inhibitors and show that 

adagrasib treatment exhibits a more robust phenotype compared to sotorasib.    

12. Knocking down WNT2 or inhibiting ITGB4 and WNT2/-catenin signaling sensitizes 

cells to adagrasib.   

We used the WNT2 KO H23 and SW1573 cell lines to determine their sensitivity to 4 days 

of treatment with adagrasib. The data revealed a 4-fold increase in cell growth for the 

control cells and a 3-fold increase for the cells treated with 0.25 µM adagrasib. WNT2 KO 

cells had a weaker proliferation with only a 2.5-fold increase in growth in the absence of 

adagrasib, whereas, in the presence of 0.25 µM adagrasib, we only observed a 1.5fold 

increase in cell count, suggesting that adagrasib treatment of WNT KO H23 cells 

exhibited a stronger inhibition of cell proliferation (fig. S8G, left graph). In contrast, WNT2 

KO in the SW1573 cell line did not sensitize the cells to adagrasib induced growth 

inhibition (fig. S8G, right graph).  

Next, we screened for the inhibitory effect of adagrasib and CFZ drug combination against 

the SW1573 cells. We observed that after 72 h of drug treatment,10 nM of CFZ was able 

to inhibit the growth of the SW1573 cells by 60%, and the addition of 1 µM of adagrasib 

had an additional effect leading to 75% inhibition compared to 47% inhibition by adagrasib 

alone. A similar effect was also observed for the combination of 1µM adagrasib and 5.5 

nM of CFZ in the H23 cell line (fig. S8H). The data suggests the inhibitory effect of 

adagrasib and CFZ drug combination to be additive. We also validated the inhibitory effect 

of adagrasib on sotorasib refractory cells by determining its effect on the isogenic H23 

sotorasib resistant line (resistant to 20 µM sotorasib). This analysis clearly showed that 



   

 

adagrasib could significantly inhibit the growth of these cells even at lower concentrations 

(fig. S8I), suggesting that adagrasib monotherapy remains active even in conditions of 

sotorasib resistance, and in combination with CFZ can induce even stronger inhibition.  

13. Gating strategy for Cell-Cycle analysis.   

IncuCyte® Cell Cycle Green (GFP) /Red (mKate2) Lentivirus was used to infect the cell 

lines and these infected cells were selected against the antibiotic (1 µg/ml) puromycin for 

generating stable cell lines. The selected cells were cultured as well as stocked for 

experimental purposes. For the FACS experiment, the cells were seeded at a density 

between 100,000 cells / well of 6 well culture plates and after 12hr of seeding, the old 

media was replenished with fresh media or with media containing specific inhibitors. After 

72 h of treatment, the floating as well as adherent cells were harvested, washed with PBS 

two times, and resuspended in the 500μl of PBS. These resuspended cells were used for 

FACS using the Attune Nxt Flow cytometer and the software Attune NxT Software.  

FlowJo V10 was used for the gating and analysis as shown in the fig S9. The IncuCyte 

cell cycle markers are nuclear specific; therefore, we used the stable cell lines expressing 

nuclear specific green or red fluorescent proteins for compensation. SSC-H /FSC-H gates 

were used to gate the cells and these gated cells were used to gate the singlets using the 

SSC-H /SSC-A gates.  The singlets were used to determine DAPI negative versus 

positive cells (fig. S9A and B). The DAPI negative cells were used to analyze the green 

only (BL1: excitation 488nm, emission filter 530/30, Y-axis), red only (YL2: excitation 

561nm, emission filter 620/15, X-axis), red and green or none of the fluorescent protein 

expressing cells. The SW1573 regular cell line was used as a negative control to identify 

background fluorescence and gate the negative population (fig. S9A).  The untreated 

SW1573 cells expressing the cell cycle fluorescent markers were used for the gating for 

positive population green, red, and both red and green fluorescence (fig. S9B).  

14. In vivo studies of the sotorasib or adagrasib combination with CFZ.  

Mice xenografts were created with SW1573 cells to determine the antitumor effects of 

sotorasib, adagrasib, and CFZ, and their combinations in vivo (fig. S10A). Each mouse 

was injected with 1 million SW1573 cells diluted in 100µl of saline. Once a palpable tumor 

formed, the mice were divided into groups, and drug treatment was initiated. The changes 

in tumor growth were also measured over time. Next, we also analyzed the changes in 

mice body weight over time and did not observe any significant reduction in the mice 

weight, suggesting the drug combination was not toxic to the mice (fig. S10B). Compared 

to the control group, adagrasib, sotorasib, and CFZ treatment caused a significant 

reduction in tumor weight measured at the end of the study (day 56), and combining CFZ 

with adagrasib or sotorasib led to a significant reduction in tumor weight compared to 

single treatments (fig. S10C). Treatment with sotorasib, adagrasib, or CFZ alone caused 

a ~52%, 58%, and ~56% reduction in the tumor area, respectively. Combinatorial 

treatments showed reductions of ~65% with the sotorasib plus CFZ combination and 

~69% with the adagrasib plus CFZ combination (fig. S10D). No macroscopic evidence of 

metastasis to other organs was evident for any experimental groups. Together, these 



   

 

results underscore the potential of sotorasib or adagrasib plus CFZ combination therapy 

as a novel therapeutic strategy for NSCLC, especially in sotorasib resistant lung cancer.  

 

Supplementary Excel Files:  

Excel File 1: Differential gene expression tables.  

Excel File 2:  Differential pathway enrichment (Downregulated),  

Excel File 3:  Differential pathway enrichment (Upregulated),  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   

 

Supplementary Figure 1 

 

Supplementary Figure 1. NSCLC KRAS G12C cell lines respond to KRAS G12C 
inhibitor sotorasib at varying concentrations. A) Sotorasib (AMG510) IC50 values for H23, 
H358, and SW1573 cell lines at 72 h. The IC50 calculation was done using the nonlinear 
regression analysis, sample per group n=3.  B) Mean red intensity analysis showed a 
significant reduction in the mean intensity at 0.3µM of sotorasib for H23 and H358 cell 
line derived spheroids. A similar effect was seen in SW1573 cells at a higher 
concentration of 10 µM. Ordinary one-way ANOVA was used to calculate the statistical 
significance, sample per group n=4, *p<0.01, ***p<0.001, ****p<0.0001. C) The analysis 
of caspase3/7 activity showed an 8-12 fold increase in caspase activity within 72 h of 
sotorasib treatment for the H358 cells whereas there was only a 5 to 6-fold increase for 
the H23 cells, and less than 2 fold change for the SW1573 cells. Two-way ANOVA test 
was used to calculate the statistical significance., sample per group, n=4. 

 

 

 



   

 

Supplementary Figure 2 



   

 

Supplemental Figure 2. NSCLC KRAS G12C cell lines respond to KRAS G12C inhibitor 
ARS1620 at varying concentrations. A) H358, H23, and SW1573 were treated with an 
increasing concentration (0.3-10 µM) of ARS1620, and fold change in cell count was 
determined over the course of 72 h. Two-way ANOVA test was used to calculate the 
statistical significance., sample per group, n=3. B) ARS1620 IC50 values for H23, H358, 
and SW1573 cell lines at 72 h. The IC50 calculation was done using the nonlinear 
regression analysis, sample per group n=3. C) H358, H23, and SW1573 cell line-derived 
spheroids were treated with an increasing concentration (0.3-10 µM) of ARS1620, and 
images were taken with IncuCyte live cell imaging system on day 5. Red fluorescence 
indicates cell viability and green fluorescence indicates caspase-3/7 activity. D) Spheroid 
area and growth kinetics data indicated a 70% reduction in spheroid growth at 10µM of 
ARS1620 for both H358 and H23 cell lines, and a ~25% reduction in the SW1573 cell 
line. Two-way ANOVA test was used to calculate the statistical significance, samples per 
group n=4. E) Mean red intensity analysis showed 5µM of ARS1620 could reduce H358 
spheroid red intensity by 80%, H23 spheroids by 50 %, and the SW1573 spheroids by 40 
%. Ordinary one-way ANOVA was used to calculate the statistical significance, sample 
per group n=4, ****p<0.0001. F) The analysis of caspase3/7 activity showed a 19-fold 
increase in activity within 24 h of 2.5 µM of ARS1620 treatment for the H358 cells whereas 
there was only a 5-fold increase for the H23 cells, and no change in the SW1573 cells. 
Two-way ANOVA test was used to calculate the statistical significance, samples per 
group n=4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   

 

Supplementary Figure 3 



   

 

Supplementary Figure 3. Supporting data for Figure 2. A) A cartoon showing the Ras 
signaling through ERK and mTOR, made using BioRender. B) H23, H358, and SW1573 
cells were treated with sotorasib IC50 concentration for 72 h, and changes in protein 
expression and signaling were determined by immunoblot. C) H23, H358, and SW1573 
cells were treated with ARS1620 IC50 concentration for 72 h, and changes in protein 
expression and signaling were determined by immunoblot.  D) H358, H23, and SW1573 
cells were treated with half IC50 (IC50/2) and IC50 concentration of sotorasib for 72 h. 
These same cells were made resistant to IC50 concentration of sotorasib (IC50 R), and 
changes in protein expression were determined by immunoblot. E) Effect of PXN and 
ITGB4 single knockdowns and double knockdown with sotorasib on cell growth after 72 
h of drug treatment. Two-way ANOVA was used to calculate the statistical significance 
for each group (si Control, si PXN, si ITGB4, and si PXN + si ITGB4, n = 3 per group, ns= 
not significant, *p<0.05, **p<0.001, ***p=0.0001, ****p<0.0001) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   

 

Supplementary Figure 4.  



   

 

 

Supplementary Figure 4. Supporting data for Figure 2. A) Highest synergy score for 

sotorasib and CFZ was calculated for SW1573 cells and represented as 3D Bliss plot. B 

and C) Percent of inhibition in SW1573 cells was determined under normoxia and hypoxia 

culturing conditions with increasing concentrations of sotorasib (1-64 µM) and fixed 

concentration of CFZ (9.5 nM) to determine which are antagonistic, additive, and 

synergistic. D) SW1573 cells were treated with an increasing concentration of sotorasib 

(8-32 µM) with or without the addition of CFZ 9.5 nM and fold change in cell count was 

determined over the course of 72 h. Two-way ANOVA was used to calculate the statistical 

significance for each time point and for each drug concentration, n = 3 per group. E and 

F) The combination effect of CFZ and sotorasib on ITGB4, AKT, ERK activation, and 

H2AX was analyzed using SW1573 and H23 cell line, respectively.   

 



   

 

 



   

 

Supplementary Figure 5. Supporting data for Figure 3A) Clustering analysis of 712 
genes that were downregulated or upregulated and common to the 3-day treatment group 
and the 7 weeks treatment group. B and C) Top Enrichr gene set enrichment analysis 
done on the gene expression data to find significant upregulation of EMT gene sets, with 
FDR < 0.0001. D) Heat map representing the differential changes in the expression of 
genes contributing to Hallmark pathway KRAS Signaling Upregulation. E) GSEA MSigDB 
Hallmark enrichment plots for KRAS-UP (top FDR = 0.0039, bottom FDR = 0.62. F) 
Taqman probe-based qPCR analysis to confirm upregulation of top 3 upregulated genes 
(CCL2, WNT2, CFTR) previously determined by RNA sequencing. Ordinary one-way 
ANOVA was used to calculate the statistical significance, sample per group n=4, 
****p<0.0001. G) Using SYBR Green qPCR assay, RNA sequencing data was validated 
by confirming upregulation or downregulation of the other top 10 genes. H) H358, H23, 
and SW1573 cells treated with half IC50 dose and IC50 of sotorasib for 72 h confirm an 
increase in WNT2 protein expression. I) The mutations identified in exome sequencing 
analysis on the H23 isogenic cells resistant to 7.5 µM (Iso 7.5 cells) and 20 µM (Iso 20 
cells) of sotorasib.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   

 

Supplementary Figure 6 

 

Supplementary Figure 6. Supporting data for Figure 3. A and B) WNT2 CRISPR 
knockout (KO) and addition of sotorasib IC50 concertation inhibiting proliferation of H23 
and SW1573 cells, respectively over the course of 72. Immunoblot shows the knockout 
efficiency in mixed populations. Two-way ANOVA test was used to calculate the statistical 
significance, samples per group n=3, ****p<0.0001. C) ITGB4 knockdown in WNT2 KO 
H23 cells enhances the sensitivity of H23 to sotorasib. Two-way ANOVA test was used 
to calculate the statistical significance, samples per group n=3, ****p<0.0001. D, E, and 
F) Effect of ITGB4 and CTNNB1 single knockdowns and double knockdown with 
sotorasib 3 µM on the proliferation of H23 sotorasib (20 µM)-resistant cells over 96 h (line 
graph) and percent change in growth at 96 h (bar graph). Two-way ANOVA was used to 
calculate the statistical significance for each time point and for each condition (si Control, 
si ITGB4, si CTNNB1, si CTNNB1+si ITGB4, n = 3 per group, ****p<0.0001.  



   

 

Supplementary Figure 7 

 

Supplementary Figure 7. Supporting data for Figure 3. A) SW1573 cells were treated 

with 8 different concentrations of sotorasib (AMG510) and β-catenin inhibitor BC2059 in 

the form of a matrix to determine % inhibition of proliferation. B) Synergy scores were 

calculated and represented as a Bliss plot. C) and D) The highest synergy score for 

sotorasib and BC2059 was calculated for SW1573 cells and represented as 2D and 3D 

average synergy Bliss plots. E) SW1573 cells were treated with an increasing 

concentration of sotorasib 0 to 60 nM for 72 h and immunoblotting was done to determine 

significant changes in protein expression. F) The SW1573 cells were treated with 

increasing concertation of sotorasib alone or in combination with BC2059 for 72 h 

changes in protein expression and signaling was determined by immunoblotting.  
 



   

 

Supplementary Figure 8.  



   

 

Supplementary Figure 8. Supporting data for Figure 4.  A) H358, H23, and SW1573 

cells were treated with increasing concentration (0.6-10 µM) of adagrasib (MRTX) for 72 

h to determine the effect on cell proliferation. The dotted line represents a fold change in 

cell count which corresponds to half of the total fold change shown by control cells. Two-

way ANOVA was used to calculate the statistical significance for each time point and each 

drug concentration, n = 3 per group, ****p<0.0001.  B) H23, H358, and SW1573 cells 

were treated with adagrasib IC50 concentration for 72 h, and changes in protein 

expression and signaling were determined by immunoblot. C) Images of the H358, H23, 

and SW1573 cell line-derived spheroids after 144h of adagrasib treatment with an 

increasing concentration (0.31-10 µM). D) Changes in the spheroid area with respect to 

adagrasib treatment, E) changes in the spheroid red intensity, and F) changes in the 

caspase activity were determined. Ordinary one-way ANOVA was used to calculate the 

statistical significance, sample per group n=3, ****p<0.0001.  G) Effect of WNT2 CRISPR 

knockout (KO) and addition of adagrasib on cell proliferation over the course of 96 h in 

H23 (left graph) and SW1573 cells (right graph). Two- way ANOVA test was used to 

calculate the statistical significance., sample per group, n=3, ****p< 0.0001. H) Matrix of 

6 different concentrations of adagrasib (MRTX849) and 4 different concentrations of CFZ 

to determine percent of inhibition at various combinations of doses in SW1573 and H23 

cells. I) H23 parental cells and H23 sotorasib (20 µM)-resistant cells were treated with 

adagrasib (IC50/4, IC50/2, and IC50) to determine fold change in cell count over 96 h. 

 

 

 

 

 

 

 

 

 

 

 

 

 



   

 

Supplementary Figure 9 

 

 

Supplementary Figure 9. Supporting data for Figure 6. Gating strategy for Cell Cycle 
analysis. A) The SW1573 regular cells were used as a control for analyzing the negative 
population and the back-ground fluorescence. B) The SW1573 untreated stable cell line 
expressing fluorescent markers were analyzed for singlet, and DAPI negative population 
in the same way as the regular cells. Next, the DAPI negative population were gated in 
reference to the regular cells for double negative, green, red, or both positive. The same 
gating strategy was used for the cells treated with drugs. 

 

 

 

 

 

 

 

 

 



   

 

Supplementary figure 10 

 

Supplementary Figure 10. Supporting data for Figure 7. A) Photos of mice SW1573 

xenografts from day 0 to day 56 (end of the experiment) with sotorasib (AMG510) (10 

mg/kg), adagrasib (MRTX849) (10 mg/kg), and CFZ (2 mg/kg) single treatments as well 

as drug combination treatments (sotorasib + CFZ, adagrasib + CFZ). Photos of excised 

tumors on day 56. B) No major changes in the weight (g) of mice on day 0 and day 56 

(end of experiment) of treatment indicated no drug induced toxicity. C and D) Tumor 

weight (g) and area (mm2) of mice SW1573 xenografts after sotorasib (AMG510) (10 

mg/kg), adagrasib (MRTX849) (10 mg/kg), and CFZ (2 mg/kg) single treatments as well 

as drug combination treatments (sotorasib + CFZ, adagrasib + CFZ). One-way ANOVA 

was used for calculating statistical significance across various treatments, n= 5.  
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